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Abstract

:

Peru has historically been among the Latin-American countries with a low rural electrification rate. Aiming to improve this situation, the country conducted several electrification efforts in the last few decades that included off-grid photovoltaic (PV) solutions for remote areas (where the grid expansion was unviable). More recently, the government has also sponsored a ‘massive program’ that aims to deploy a minimum of 150,000 off-grid PV solutions in the upcoming years. In this paper, we assess the sustainability of rural electrification programs in Peru, paying special attention to the ongoing “massive program”. Our assessment considers four dimensions of sustainability (institutional, economic, environmental, and socio-cultural) and is based on an exhaustive qualitative document analysis complemented by semi-structured expert interviews. We found that the lack of strong formal institutions with a flexible and decentralized structure seriously compromises the sustainability of rural electrification efforts in Peru. Staff rotation and overlapping competences have caused disturbing changes and inhibited following a strategic line, while widespread outsourcing combined with weak controls have often affected the reliability of the deployed systems. Although cross subsidies have made off-grid PV systems affordable for users, systems often fell short of energy demand. Notably, we found that Peruvian officials appear to be unaware of the importance of local participation, and there is a significant mistrust between the government and the rural population (especially in areas where mining is extensive). As a consequence, most of the projects are still designed without the participation and engagement of the communities, which has frequently led to project failures, payment defaults, and inhibited seizing opportunities regarding productive uses of off-grid PV systems. We expect that our findings may help Peruvian institutions to address the most severe drawbacks affecting their rural electrification efforts based on off-grid PV systems.
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1. Introduction


Although Peru has managed to considerably increase its rural electrification rate from 8% in 1993 to 29.5% in 2007 and 78% in 2015 [1], it is still among the countries in Latin America with a low rural electrification rate. Though this increase was primarily due to grid expansions, the government has recently prioritized the deployment of off-grid photovoltaic (PV) systems, especially in the remote areas where the grid expansion is unviable. Communities of these areas are characterized by low energy demand, low income, high dispersion, and difficult accessibility [2].



In this paper, we critically analyse the current status and challenges of rural electrification programs (based on off-grid PV systems) in Peru. We aim to better understand drivers of success and highlight flaws that have compromised the sustainability of these efforts. Paying special attention to the ongoing deployment of 150,000 off-grid PV systems, we addressed the following research question: Are the Peruvian rural electrification programs based on off-grid PV systems sustainable?



In order to answer our research question, we conducted an exhaustive qualitative document analysis complemented by semi-structured expert interviews. This approach has been broadly used for the assessment of sustainability (see, for example, [3,4,5,6,7]). The interviewees included experts from different ministries, project managers from leading Non-Governmental Organizations (NGOs), public and private companies’ representatives, supervisors, and researchers. Although below we describe several relevant PV-based electrification efforts in Peru, our research was aimed at gathering an overall picture of the rural electrification efforts in the country, rather than measuring the success or failure of a specific project.



The gathered information allowed us to assess the sustainability of rural electrification efforts in Peru. Our assessment was based on a set of indicators (adopted from [7]) corresponding to the four dimensions of sustainability considered in this paper: institutional, economical, environmental, and socio-cultural. Additional methodological details are provided below.



Institutional sustainability has been acknowledged as an important factor for the sustainability of rural electrification initiatives (see, e.g., [8,9]). For institutions to be sustainable, they need to be stable and durable [10,11,12]. In that context, Gollwitzer [13] highlights the importance of the organizational set-up, which includes adopting and enforcing norms and regulations. Authors further agree that, for an effective sustainable energy development, the openness to participation of all stakeholders is imperative [14,15,16]. The participation is important for decentralization, which makes sense not only because of numerous technical advantages of decentralized renewable energy (RE) solutions [17,18], but also because it favors the adaptability of the institutions. Indeed, sustainable institutions must have the ability to adapt to the needs of the country over time [8,11,14,19].



Economic sustainability of electrification solutions requires ensuring the affordability of the systems [19,20], which implies adopting cost-effective solutions and procuring funding for both the initial investment and the operation and maintenance (O&M) of the systems [11,21,22,23]. Access to electricity is also expected to contribute to an increase in household income of users [24,25]. However, contributing to the income of users also requires ensuring the reliability of the energy systems [26]. Dunmade [23] and Chaurey and Kandpal [27] therefore stress the importance of local availability of spare parts for adequate maintenance and a reduction of its downtime.



The lack of awareness and citizen participation in environmental decision-making may thwart the progress towards environmental sustainability [28]. Awareness should hence be assessed in evaluations of energy choices; for instance, it has been found that RE could contribute to greater environmental awareness of citizens in remote areas, and even motivate them to participate in environmental initiatives of other fields [29]. However, not only the awareness of environmental concerns is appraised in environmental sustainability, but also the prevention of negative environmental impacts (e.g., [11,14,20]); these impacts may be of global or of local nature [8,20]. Besides the mitigation of greenhouse gases, environmental impacts also concern the conservation of a stable resource base, the safeguard of biodiversity, the prevention of deforestation, avoidance of noise, and waste management [14,23,30]. For off-grid PV systems and particularly their batteries, this implies that the waste disposal requires a proper treatment, as the impact evaluation must consider the whole lifecycle of a technology [31,32].



Socio-cultural sustainability is closely related to the notion of social justice, as access to modern energy can contribute to better living conditions due to a healthier environment, access to information (e.g., radio or TV), higher security (through public lighting), and better education [8,11,12,20]. The equity in the amount of energy consumption per capita as well as the disparity of energy use between different groups of people (e.g., according to gender, ethnical background, etc.) determines the accessibility [9,10,20,33]. Moreover, an energy solution can be considered to be sustainable if it is accepted by the society, which will depend on multiple factors, including the consideration of culture and traditions in the energy planning [23,34]; the participation of the local community [9,14]; and the exchange of information aimed at learning experiences and knowledge-sharing [35].



Based on this theoretical framework, we have built up a set of indicators (see Table 1; see also [7]) clustered into the four dimensions (institutional, economic, environmental, and socio-cultural) of sustainability considered in this paper. These indicators were used to qualitatively evaluate to what extent Peru’s rural electrification efforts based on off-grid PV systems are sustainable.




2. Materials and Methods


In order to assess the sustainability of off-grid PV projects in Peruvian rural areas, we conducted a qualitative document analysis [36] complemented with semi-structured interviews [3].



The document analysis enabled us to gather important insights on electrification programs and cases, regulations, policies, and statistical data on rural electrification in Peru. It included public documentations such as the National Plan of Rural Electrification (PNER by its Spanish acronyms); electrification laws and regulations; energy pricing models; statistic databases; publications on experiences from Peruvian electrification projects (case studies); project auditing; and scientific papers on related topics. This qualitative document analysis helped us with identifying and selecting experts for the semi-structured interviews.



The interviews allowed us to understand and to unearth issues that could not be unveiled by the document analysis; expert interviews have indeed been broadly used for the assessment of sustainability (see, for example, [3,4,5,6,7]). A total of 18 interviews were conducted, of which 15 were face-to-face interviews, and three interviews were held by Skype® (Berlin, Germany) in cases where the interviewees were not able to be reached personally; interviews lasted between 30 and 83 min. Most of the interviews were recorded and transcribed afterwards, except for two cases where interviewees rejected be recorded. In these cases, handwritten notes were taken during the interview and complemented with additional notes right after the interviews had finished. The interviewees were of higher hierarchical positions (directors, project managers, leading researchers, and division leaders; see Table 2), as we were interested in the overall institutional and organizational conditions.



According to the four dimensions of sustainability, coding schemes were defined for the gathered information using MAXQDA® [37] software (Redmond, WA, USA) (see [38]).




3. Peru: Country Profile


3.1. General Background


Peru’s total population counted about 31 million in 2015 [39], of which the rural population represented 21% in 2014, though its share is declining (e.g., in 1990, it still accounted for 31%) [40]. Moreover, although total poverty has dropped from 58.7% in 2004 to 23.9% in 2013, rural poverty (48%) remained significantly higher than urban poverty (16%) [41].



Peru reformed its Constitution (law N° 27680) in 2002 to foster decentralization. The administrative division in Peru now comprises 24 departments that are governed by 26 regional governments; these departments consist of 196 provinces and 1854 districts [39,42]. In addition to restructuring its administrative division in 2002, the decentralization also entailed budget allocation to regional and local governments. However, budget allocation has neither come along with capacity building nor with the establishment of control and evaluation mechanism [43]. Furthermore, national and regional goals lacked any form of coordination (e.g., [43,44]).



This has led to poor results in decentralization, such that the country is recently showing trends of recentralization: e.g., whereas the annual budget of the central government accounted for 67% of the total budget in 2013 (16% regional, 17% local government), it increased to 75% in 2016 at the expense of the regional/local government budget (14% regional, 11% local) [45].




3.2. The Peruvian Energy Sector


The Ministry of Energy and Mining (MEM) was founded in 1968 (Decree No. 17271; substituted by Decree 25962 in 1992). In 1972, the government passed the Normative Electricity Law (Decree Law No. 19521), which induced the nationalization of the electricity companies. It was exerted by the company ELECTROPERU, which was created the same year for that purpose. Ten years later (1982), the General Electricity Law was enacted, stipulating that energy distribution was passed on from ELECTROPERU to regional companies, while ELECTROPERU was converted to a public-private company [46].



In 1992, the enactment of the Electric Concession Law (No. 25844) privatized the electricity market (including parts of ELECTROPERU). The role of the state focused on the regulation of the sector. Privatization was not fully accomplished, as only 14 companies were privatized between 1994 and 1997 [47]. As revealed by Torero and Pasco Font [47], privatization led to an increase in the electrification tariff of 6 cents per kilowatt hour (kWh) in 1996 to 10 cents/kWh in 1998, but the electrification rate did not progress as expected in urban areas [48]. Electrification rate in rural areas by contrast did increase due to higher investments in rural electrification, which remained in public hands and was therefore conducted by the MEM with public funds [48].



In the context of privatization in the 1990s, and in order to regulate the electricity, hydrocarbon and mining industries, the Organization for Investment in Energy and Mining was founded in 1996 with the name of OSINER (since 2007, the name changed to OSINERGMIN). In addition to its role as a supervisor, OSINERGMIN also sets electricity tariffs based on the policies defined by the MEM [49].



There are currently 43 electricity generation, nine transmission, and 23 distribution companies operating in Peru, which can be both public or private [50]. The electricity distribution companies (EDCs) are usually operating in small areas around urban centres; they have the obligation of providing electricity to clients that claim for energy and that are located within 100 m of the EDC’s existing network [51].



Policies for RE are regulated in Decree 1002 (enacted in 2008), which stipulates national interest for the participation of RE in the energy mix. According to this Decree, every five years, the MEM defines a target share of RE of the national electricity consumption. Aiming to reach this target (currently 5%), the Supreme Decree N° 050-2008-EM stipulates a hybrid model with a request for proposals for RE (conducted biannually) coupled with a guaranteed feed-in tariff for 20–30 years [52]. For each technology, the MEM defines how much energy needs to be generated (possibly by several bidders) [52].




3.3. Rural Electrification


As in 1993, the rural electrification rate was about 8% (see Figure 1) and the private sector was not interested in electrifying remote areas, the MEM established a new division called Executive Project Management (DEP; Decree No. 021-93) to promote rural energy projects with special funds. Moreover, one year later, a new public EDC (‘Electrical Infrastructure Administration Enterprise’ (ADINELSA)) was founded to deal and manage rural electrification projects from local institutions (e.g., from municipalities). ADINELSAs clients are located outside the operation areas of others’ EDCs.



In 2007, the DEP was merged with a project for rural electrification improvement, and renamed as General Direction of Rural Electrification (DGER). Later that year, the Direction of Grant Funds (DFC) and the Project Management Direction (DPR) were created to operate under the DGER [1]. While the DFC has been in charge of conducting electrification projects supported and funded by international organizations (e.g., Worldbank), the DPR acts by using national funds.



Rural electrification is regulated under the Law of Rural Electrification (Law 28749) enacted in 2006. It stipulates that the state is in charge of planning the rural electrification by means of the DGER. Owing to the alleged financial unattractiveness of this sector, the law allocates state subsidies to rural electrification [53]. The law further specifies that the DGER is responsible for elaborating the PNER, an annually published strategy paper on rural electrification with a time horizon of 10 years.



In the case of projects conducted by the central government aimed at rural electrification based on off-grid solutions (i.e., stand alone PV systems), although the regional or local governments request the electrification, the projects need approval from the MEM and from the Ministry of Economics and Finance (MEF). Projects are registered in a database, the National System of Public Investment (SNIP) to avoid project duplications [54]. If approval is given from both the MEM and the MEF, the EDC (or ADINELSA) of the region where the project is located will issue a request for tenders. The private company that wins the tender conducts the installation of the off-grid systems, but the EDC (or ADINELSA) will be in charge of O&M [1,55].



Regional and local governments can also promote rural electrification projects with off-grid solutions, either in collaboration with the MEM, or on their own account (and financed from own resources); in the latter case, the approval from MEF/MEM is not necessary. When these energy systems become operative, the local/regional governments may lease or transfer the assets to the EDC of the region [56].



Among the rural electrification initiatives based on off-grid solutions, several projects are deploying stand-alone PV systems. Some of them are worth mentioning. Between 2006 and 2013, the DFC conducted the Rural Electrification Improvement Project I (FONER I) in collaboration with the Worldbank that triggered rural electrification initiatives based on PV [57]. The DFC is currently running a follow-up project (FONER II), which will deploy a total of 11,000 off-grid PV systems [57].



Moreover, OSINERGMIN conducted a request for tenders (commissioned by the MEM) in 2014 to install between 150,000 and 500,000 stand-alone PV systems all around the country in the so-called ‘massive program’. The contract was signed with the MEM/DPR in a public-private partnership; the installation started in August 2015 and completion was planned for mid 2016 [1]. The contract stipulates that the private company that won the tender, Ergon S.A., is in charge of the identification of potential users (by a survey), the installation, and the O&M of the systems for 15 years; the administration (e.g., tariff collection) on the other hand will be carried out by the EDCs of the covered regions [58].



Typical PV systems for rural households from these programs have a capacity of 60 Watts peak (Wp) or below, and included a battery capacity ranging from 60 ampere hours (Ah) to 100 Ah; the PV modules may either be installed on the rooftop (e.g., in 52% of the revised systems) of each dwelling, or on a pole—either way it is common to have one system per household [58]. The installations of all of the programs also contained a charge controller and three light bulbs [58].



Table 3 provides an overview of the rural electrification programs in Peru that have been analysed in this paper. The list includes public project as well as projects sponsored by NGOs.





4. Results


4.1. Institutional Sustainability


4.1.1. Stability (Durability)


Although the PNER includes a long-term perspective on rural electrification aiming to assure planning security to the electrification policy, reality has diverged from this objective. Abrupt political changes in the energy sector have inhibited following a clear and strategic policy line. According to a representative of OSINERGMIN, these political changes have been an issue for RE policies as the RE quota has been fixed depending on who is in the government, thus leading to high uncertainty. Moreover, the staff rotation in the MEM caused by political changes has led to a loss of know-how.



Furthermore, mistrust towards formal institutions is widespread in Peru. The red tape in the public sector was an often-named problem, which has led to animosity towards the governments and the public institution in general. The lack of trust in the government may have also contributed to widespread outsourcing. In rural electrification, the installation of off-grid PV systems and their O&M is outsourced; the regulatory agency (OSINERGMIN) has even outsourced the supervision of these outsourced activities.




4.1.2. Regulation and Standards


Technical standards for off-grid PV systems in Peru are not up to date (e.g., technology for light bulbs has improved considerably in the meantime) [72]. Additionally, the quality of the mostly imported components of off-grid PV systems is not controlled, which has resulted e.g., in premature battery failures. Due to the lack of quality standards, rural electrification projects (particularly those implemented by local governments) are compromised by the use of very poor qualitative parts.



OSINERGMIN’s supervision of the EDCs has indeed been weak regarding off-grid PV systems for rural electrification. In fact, up to now, only two punctual revisions were conducted by OSINERGMIN in 2011 and 2013, where a total of 1110 off-grid PV systems from different public and private projects were inspected. Out of these 1110 revised systems, 34% were found inoperative [59]. Part of the problem is that, in Peru, regulations are not clear regarding what actions to take and who is held responsible if the systems are not operative.



Some interviewees have also described the lack of technical standards as a problem affecting the “massive program”. A representative of OSINERGMIN admitted that many technical details were not included in the request for tenders of the “massive program”. As a consequence, disagreements between the MEM and Ergon concerning the technical standards of the systems delayed their implementation in 2015.




4.1.3. Decentralization and Openness to Participation


Article 3 of the law of Rural Electrification specifies that the MEM shall develop projects for rural electrification in collaboration with regional and local governments. However, the MEM is centrally designing the projects, without the participation of those who are closest to the community (i.e., the EDCs). Moreover, the role of the rural communities is limited and they are not involved at all in the design and implementation of projects.



Decentralization (understood as redistribution of the funds to elected local governments) has allowed local or regional governments to implement electrification projects by themselves. However, as mentioned above, these projects have been rarely successful. Indeed, though the number may not be representative, the two supervisions conducted by OSINERGMIN (2011/2013) found that only one out of 29 supervised PV systems implemented by municipalities was operative [59]. A representative of the Ministry of Development and Social Inclusion (MIDIS) explained these flaws by the fact that, although funds were remitted from the national to local and regional governments, they were not accompanied by development programs and technical assistance to the local governments.



Decentralization in Peru has also been plagued by a lack of coordination. Although projects implemented by local or regional governments should be registered in the SNIP to avoid duplications, this is often not occurring. Furthermore, the data the government holds on rural electrification are not up to date. In fact, electrification rate published by the MEM diverged considerably from other databases (such as census data) [56].



The lack of reliable data also became evident in the case of the “massive program”. The MEM gave Ergon a tentative database of the communities that lack electricity access, but many of the communities from the MEM’s database were already electrified. In fact, in the request for tenders of the “massive program”, the number of installations under contract was not set partially due to the fact that the actual number of households without electricity is still unknown.




4.1.4. Adaptability


The sustainability of rural electrification programs demands for institutions that have the capacity to adapt to the situation of a country and its needs. This normally implies having strong formal institutions with a flexible and decentralized structure [73,74]. However, regarding rural electrification, the organization of the MEM/DGER hardly meets these criteria.



Currently, two agencies (DFC and DPR) both under the MEM/DGER, conduct off-grid PV projects for rural electrification. The need of having two agencies both focused on rural electrification is not clear. Although project proposals for rural electrification from across the country are presented to the DGER and thereinafter assigned to either one of the agencies, there are no written criteria that determine to which one a project is assigned. Competences of both agencies appear to be overlapping, which has caused a rivalry between them.



Several interviewees argued that projects from the DFC were technically superior to those from the DPR. The difference may be due to the fact that the DFC has vast experience in off-grid PV system installations, whereas, until very recently, the DPR had no interest in PV. Still, the “massive program” is being coordinated by the DPR, leaving the DFC completely out.



The lack of a single agency with the responsibility of promoting and overseeing all rural electrification programs in the country seems to be a major drawback, which compromises the ability of Peruvian institutions to ensure the sustainability of off-grid PV projects (including the “massive program”). In addition, the current regulations may not be flexible enough for allowing EDCs to adapt to the particularities of the communities. For example, aiming to meet the needs of isolated communities in remote areas, several interviewees mentioned a variety of applications such as Solar Pico Systems (SPS) (i.e., small-scale solutions of 0.3 Wp up to 10 Wp such as solar lanterns; see [75] for details). SPS may be useful in remote regions that EDC technicians cannot reach regularly as well as for nomad communities (who change their dwelling several times per year). However, SPS solutions have not yet been considered in government projects and, recently, the MEM rejected a proposal of the German Corporation for International Cooperation (GIZ by its German acronym) to consider SPS for remote areas. This example shows that Peruvian institutions still have problems to adapt to the needs of different communities, which inhibit seizing opportunities.





4.2. Economic Sustainability


4.2.1. Cost Effectiveness and Reliability


In order to be sustainable, a solution for electrification must be cost-effective. In remote areas of Peru, conventional grid expansions have shown to be too difficult and expensive [59]. In these cases, off-grid PV systems are a cost-effective alternative and, therefore, several EDCs and NGOs have been deploying off-grid solutions in these areas for years.



Aimed at cost-effectiveness, basically all EDCs (and NGOs) have outsourced both installations and O&M services to local firms. Moreover, some of the EDCs have recognized the advantage of economies of scale. According to a representative of ADINELSA, they attained lowering the monthly O&M costs from about S/.60 to S/.50 (US$20 to US$17) per user by increasing the number of off-grid PV clients across the country. Indeed, the “massive program” was designed following the approach of economies of scale.



In the case of the “massive program”, the tender bid winner (Ergon) expects the program’s costs per user to be very low, even below the current subsidy paid to the public EDCs in the southern region: Ergon will receive US$8,370,054 per year (for 15 years) for 50,000 users (i.e., about US$167 per system per year) [76]. This is nearly half of the price offered by the second bidder in the same area (that had bidden US$16,703,235) [76]. This difference has been highlighted by several interviewees that were quite sceptical about the reliability of the service offered by Ergon. Indeed, although the contract of the “massive program” stipulates that Ergon must execute all maintenance tasks, no contractual obligation existed to conduct revisions at a fixed period [77].



Reliability of PV systems has already been an issue in Peru for the implemented systems, especially regarding O&M, as public EDCs are under considerable strain to make profits (and rural electrification is a losing deal for them). Moreover, several interviewees explained that most EDCs do not have spare parts for off-grid PV systems in their stock.




4.2.2. Funding


Sustainability of off-grid PV systems requires ensuring funding for the initial investment and the O&M. In Peru, government intervention is inevitable for ensuring funding because rural populations in remote areas are usually poor and can neither afford the systems nor their O&M. Fortunately, budget allocation to rural electrification has increased substantially since 2007, which has contributed to the great increase of the rural electrification rate, as shown by the red line in Figure 2. As explained above, the initial investment of off-grid PV systems may stem from different sources (e.g., state budget, fines, etc.).



Nevertheless, even the poorest inhabitants of remote areas are expected to contribute to the O&M costs. In Peru, OSINERGMIN fixes the electricity tariffs for urban and remote users, including for off-grid PV systems. For the latter, tariffs are set every four years, and they may vary according to three main factors: (1) who is the investor (private or public company); (2) the size of the PV modules; and (3) the location (coastal lowlands, Andean highlands, Amazon basin, or special Amazon regions) that determines the amount of energy disposed respectively.



Since the tariff would far outweigh the spending capacity of the users, it is subsidized with a cross-subsidy fund, the Social Electric Compensation Fund (FOSE). According to Law No. 27510 (established in 2001 and modified to include off-grid PV systems in 2010), the FOSE is a cross-subsidy administered by OSINERGMIN for poor households with a monthly energy consumption of below 100 kWh [78]. The contributions for the cross-subsidy scheme are stemming from users with a monthly electricity consumption of above 100 kWh (usually from urban areas). While different subsidy ranks are defined, the greatest subsidy (currently 77.5%) is given to off-grid clients with an energy consumption of below 30 kWh [79]. For example, the monthly tariff from a public EDC applied to a user with a system of 70 Wp at the coastal lowlands amounts to S/.30.55 (about US$10) per month, but the users ultimately pay only S/.6.25 (about US$2) after applying the FOSE [80]. Tariffs are higher for users from private companies (S/.47.12 in total and S/.9.42 user contribution in this example) to compensate for the private company’s initial investment [80].



The FOSE seems to make electricity affordable to rural populations. According to a RE researcher, the MEM had conducted a baseline study to capture the spending capacity of the poor rural households. This study revealed that even the poorest communities paid between 5 and 6 dollars per month on traditional energy (e.g., candles and kerosene) before receiving the RE solution. Nonetheless, default payment rates vary considerably: whereas Acciona Microenergía Peru`s (AMPs) default rate is below 1%, ADINELSA’s rate varies between 15% and 40%, and the EDC Electro Oriente (ELOR) reported an average of 51.56% in Iquitos [81,82,83]. Though the reasons for these differences are manifold and will be further discussed below, the default seems not to be due to an excessive user tariff.




4.2.3. Contribution to User Income


Business users of Peruvian rural areas considered the availability of electricity to be essential for their businesses [84]. Still, rural electricity for productive uses have so far been limited to projects of grid expansion and some isolated pilot projects. However, there is huge potential for productive uses: e.g., fishing communities in the Amazon basin currently need to acquire ice for cooling the fishes in a city that is 3–4 h away, incurring high costs. A freezer running on electricity powered by PV systems could not only substantially lower these costs, but also assure the cold chain for the fishes. Moreover, increasing output from production would result in higher incomes of the rural population. Despite these opportunities, local governments often don’t have the means to implement the projects. Interdisciplinary projects involving expertise from different disciplines and sectors are urgently needed to seize these opportunities.



The MIDIS was meant to assume this role; the Ministry was founded in 2010 to eradicate extreme poverty by coordinating different public organizations. The MIDIS administrates the Fund for Economic Inclusion in Rural Areas (FONIE), which was created in 2013 to finance interdisciplinary rural projects that attend needs for water and sanitation, electricity, local roads, and telecommunication [85]. However, the FONIE only provides the fund for the project implementation itself without any support to the community after the project implementation.





4.3. Environmental Sustainability


4.3.1. Environmental Awareness


Environmental awareness does not appear to be a priority for the Peruvian elite. Environmental measures that have been taken in this direction were mainly based on international pressure and the recent hosting of the Conference of the Parties (COP) 20 in 2014 in Lima. Although the creation of the Ministry of Environment (MINAM) in 2008 aimed to institutionalize environmental issues, the Ministry is still considered as emerging, mainly because it is lacking experts [86]. Despite the protection of forest resources by law, projects including huge deforestation have been approved [87]. In fact, the Worldbank revealed that, notwithstanding major environmental reforms between 2003 and 2009, hardly any changes were registered concerning overfishing, deforestation, degradation of soil and water bodies caused by agriculture and mining, and poorly managed water resources [88].



According to some interviewees, the lack of environmental awareness is also apparent in the population’s behaviour. For example, a study by McAllister [89] found that trash management became an issue in the community La Zaranda (Province of Ferreñafe in Northern Peru), as littering was a socially accepted practice. Indeed, despite the Environmental Education Project implemented in 2011 and the National Prize for Environmental Citizenship (2009), considerable challenges remain for environmentally responsible citizens [90]. In fact, the increase of socio-environmental conflicts arising from mining conflicts can hardly be associated with protesting against environmental impacts, but rather with a disconcert against the lacking social compensations from the mining industry (e.g., by creating jobs) [91].




4.3.2. Environmental Impact


In Peru, there are neither specific regulations nor any enforcement policies for rural electrification to mitigate critical environmental issues such as battery disposal. For instance, an examination in Cajamarca conducted by OSINERGMIN showed the devastating consequences of abandoned batteries [59]. There are exceptions, however; according to several interviewees, ADINELSA does have a policy on proper battery handling, as batteries are returned to Lima for recycling.



Therefore, various studies from international institutions urge the government of Peru to further substantiate environmental policies for rural electrification based on RE (see e.g., [61,92,93]).





4.4. Socio-Cultural Sustainability


4.4.1. Accessibility (Disparity, Equity)


As pointed out above, access to electrification in rural areas has increased notably in Peru in recent years. Moreover, through the implementation of the “massive program”, it is expected that other 150,000 households (in fact, as of December 2015, 190,000 systems were registered for installation; [81]) will get access to electricity for the first time. Although each of these households will receive systems of the same capacity (which appears to comply with a criterion of equity), the amount of energy supplied by the same off-grid PV systems in Amazon regions may be significantly lower than in the southern coastal lowlands [94]. Further disparities arise from the fact that the tariff depends on the EDC; users who are attended to by a private company have to pay more; e.g., in special Amazon regions, the tariff rises to S/.2.08 per kWh in the case of private EDCs, while it amounts to only S/1.26 per kWh in the Amazon basin and S/.1.39 per kWh in special Amazon regions [94].



Significant disparities in the access of energy affect the remote rural areas. Reaching these areas often requires trips of several hours by boat across the Amazon basin, and therefore they offer even less profits for EDCs. A representative of the MEM admitted that they don’t properly attend to these regions in the FONER program, and they are not expected to be considered in the “massive program” either. Regarding the latter, the contract stipulates that Ergon (the tender bid winner) is expected to install the systems wherever it is “viable”.




4.4.2. Social Acceptance


In general, the demand for access to electricity and the acceptance of off-grid PV solutions are both high in rural Peru. An Ergon representative declared that, as part of the “massive project”, they had censored more than 150,000 dwellings, and none of the households has refused the offered off-grid PV system. Several interviewees mentioned the importance of modern communication technologies such as cell phones or computers, which have diffused even to the most remote parts of the country.



Nonetheless, the interaction between the community members and outsiders (e.g., representatives of EDCs) seems to have become problematic in areas where the mining industry is operating. According to a social researcher, the community usually holds a historically conflictive relationship with the companies. As discussed elsewhere (e.g., [91]), socio-environmental conflicts have indeed increased considerably in Peru.



These conflicts feed mistrust, which in turn appears to be related to default (that has plagued some off-grid PV projects by ELOR and ADINELSA). A representative from an NGO revealed that the level of mistrust due to conflicts with the mining industry have caused a loss of credibility also towards NGOs, such that gaining people’s trust has been essential for reducing their current default rate to less than 1%.



Based on these experiences, NGO-sponsored project managers and university researchers concurrently agreed on the importance of a participative approach, meaning that the local community is embedded in the project from the beginning. Unfortunately, this methodology is not used in government projects.




4.4.3. Accuracy


In order for a project to be accurate, it has to meet the specific local needs and consider the socio-cultural reality of each community. Unfortunately, it is not clear if Peruvian officials are widely aware of the need of accuracy. For example, ADINELSA deploys off-grid PV systems with capacities of either 50 Wp or 85 Wp. The decision on the system capacity is based on the user’s expenses for alternative energy sources (such as candles, kerosene) before electrification. The limited capacity of ADINELSA solutions has been criticized, since it was not defined according to community-specific energy needs; the EDC, however, argues that higher capacity may be too expensive for some households (as the tariff depends on the capacity).



In the “massive program”, Ergon will install 120 Wp systems everywhere regardless of the user’s habits of its region. A MEM representative and a high ranking official agreed that ideally the capacity of the systems would have been defined according to the real needs and the income level determined in a baseline analysis of each community and pursuant to the different local, cultural, and geographical circumstances. However, this has not been done to save costs.




4.4.4. Cultural Justice


Peru is culturally extremely diverse, with multiple indigenous communities living across the country. Besides gender issues and language differences, there is diversity in the community organization and the willingness to participate in projects. However, culture has mostly been neglected in the public sector. Although the request for tenders of the “massive program” stipulated that “[t]he Investor will design the autonomous RER [Renewable Energy Resources] installations taking into consideration the background and the social economic characteristics of the user” [58], there are no specific indications (except for translating system handbooks to indigenous languages) of how this should be put into practice.



The disregard of socio-cultural particularities of rural communities has also been reported regarding the role of women in rural electrification, who were found to hardly participate in the projects. This deficiency in socio-cultural aspects has led to project failures or payment defaults. The EDCs tend to attribute these defaults to an excessive price, or to the users’ unwillingness to pay. However, in NGO-sponsored projects that have succeeded in engaging the community, the default rate is much lower.





4.5. Summary of the Results


The analysis presented in this section has shown that Peru is quite strong in the economic sustainability dimension, while significant weaknesses became evident particularly in the institutional and socio-cultural dimension, which has in turn negative implications for the environmental dimension of sustainability. For each sustainability indicator considered in this paper, Table 4 provides a summary of the strengths and weaknesses of rural electrification efforts in Peru based on off-grid PV solutions. Based on the results, some conclusions will be drawn in the following section.





5. Conclusions


In this paper, we assess the sustainability of rural electrification programs in Peru, paying special attention to the “massive program” (that aims to deploy a minimum of 150,000 off-grid PV solutions in the upcoming years). Our assessment was based on a set of indicators corresponding to the four dimensions of sustainability considered in this paper: institutional, economic, environmental, and socio-cultural.



The sustainability of rural electrification programs demands for strong formal institutions with a flexible and decentralized structure. However, we found that the organization of the MEM/DGER hardly meets these criteria. Two agencies (DFC and DPR) both under the MEM/DGER, currently conduct off-grid PV projects for rural electrification. Competences of both agencies (DFC and DPR) appear to be overlapping, which has caused rivalry between them. Moreover, steady staff rotation has caused disturbing changes in the regulatory framework of Peru; this instability has inhibited following a strategic line in rural electrification as projected by the PNER.



Drawbacks in the Peruvian decentralization process have significantly affected prior rural electrification efforts. Decentralization (understood as redistribution of the funds to elected local governments) has allowed local or regional governments to implement electrification projects by themselves. However, these projects have been rarely successful, since the capacities on the regional and local scale on RE projects are basically non-existent. Moreover, the MEM is centrally designing its projects without the participation of those who are closest to the community. Indeed, the role of the rural communities in Peru is limited and they are normally not involved in the design and implementation of projects sponsored by the government.



Despite the country’s huge potential for systems for productive uses that increase the user’s income, these kind of solutions have not been considered so far. This is due to a lack of basic skills and know-how of the rural population on the opportunities and uses of energy as well as on business know-how in general. Interdisciplinary programs (e.g., including drinking water and sanitation, roads, education, etc.) could help with assessing this gap, but recent attempts by MIDIS have fallen behind expectations. This inhibits seizing opportunities regarding productive uses of off-grid PV systems.



Widespread outsourcing as currently occurring in Peru (in rural electrification, off-grid PV system installations and O&M of off-grid PV system are outsourced) requires strong quality control. However, the technical standards for off-grid PV systems are not up to date, while service standards do not exist in Peru. As a consequence, the reliability of off-grid PV systems has been an issue in Peru, especially regarding O&M.



Cross subsidies for subsidizing rural electrification efforts have facilitated a notable increase in the electrification rate of the country in recent years. However, system capacity is determined by its affordability rather than by the needs of the populations. As a consequence, systems often fell short of energy demand. Although some adaptations of the tariff model should be considered (especially regarding tariff equity between regions/between private and public EDCs), we found that the tariff scheme has made off-grid PV systems affordable for users (the tariff is below previous expenditures on traditional fuels like candles).



We also found that MEM projects are still designed without considering the fact that Peru is culturally diverse, which has often led to payment defaults, especially in projects sponsored by the government that failed in engaging the community. Indeed, Peruvian officials often appear to be unaware of the importance of local participation (as local values and lifestyles are disregarded), and there is a significant mistrust between the government and the rural population (especially in areas where mining is extensive).



Environmental awareness is not yet an issue for the majority of the Peruvian elite, such that overfishing, deforestation, and degradation of soil and water bodies caused by agriculture and mining are frequent. Although communities affected by these problems show early signs of the awakening of environmental awareness, we found that there are neither specific regulations nor any enforcement policies aimed at the mitigation of critical environmental issues associated with off-grid PV systems (such as battery disposal).



As the Peruvian case revealed, assuring the sustainability of the off-grid PV systems cannot be achieved by only providing funds for the initial investment and the O&M. Indeed, the high number of inoperative systems in some of Peru’s programs is a strong indicator for their unsustainability. Attention must be paid to the other dimension of the sustainability (environmental, socio-cultural and institutional). We expect that our conclusions may help Peruvian institutions to address the most severe drawbacks affecting their rural electrification efforts, particularly those that can compromise the sustainability of the ongoing “massive program”.
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Figure 1. Electrification rate in Peru. Source: Own elaboration, based on data from [1]. 
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Figure 2. Rural electrification budget (in Million S/.) vs. rural electrification rate. Source: Own elaboration based on [1]. 
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Table 1. Indicators of sustainability used in this study (adapted from [7]).
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	Institutional
	Economic
	Environmental
	Social/Cultural





	Stability (Durability)
	Cost effectiveness
	Environmental awareness
	Accessibility (disparity, equity)



	Regulation and Standards
	Reliability
	Environmental impact
	Social Acceptance



	Decentralization and Openness to participation
	Funding (initial investment; operation and maintenance)
	
	Accuracy



	Adaptability (ability to meet future needs)
	Contribution to income of users
	
	Cultural Justice
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Table 2. Interview partners.
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Area

	
Sub-Area

	
Division (If Applicable)






	
Government Institutions Energy Sector

	
Ministry of Energy—General Direction of Rural Electrification (MEM-DGER)

	
Direction of Grant Funds (DFC)




	
Project Management Direction (DPR)




	
Supervisory Organization for Investment in Energy and Mining (OSINERGMIN)

	
Tariffs, Regulation and Tenders




	
Generation Off-Grid System




	
Consultant

	
High ranking administrative officer and consultant




	
Government Institutions Non-Energy Sector

	
Ministry of Development and Social Inclusion (MIDIS)

	
Technical Project Coordination




	
Academics and Research Institutes

	
Universities

	
Sociologist




	
Technological Transition and Renewable Energies (RE)




	
RE Research Centre




	
Non-governmental organizations(NGOs)

	
ACCIONA

	
ACCIONA Microenergia Perú (AMP)




	
Soluciones Prácticas

	
Renewable Energy (RE) Department




	
Foreign Institutions

	
International Cooperation Agency (ICA)

	
Renewable Energy (RE) Department




	
Energy Companies

	
Public Companies

	
Electrical Infrastructure Administration Enterprise (ADINELSA)




	
Electronoroeste (ENOSA)




	
Electro Oriente S.A. (ELOR)




	
Private Companies

	
Servicios Especializados y Logística En General (SELEGSA)




	
Green Energy




	
Ergon S.A.








Source: Own elaboration.
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Table 3. Rural electrification programs based on off-grid Photovoltaic (PV) systems considered in this paper.
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	Rural Electrification Improvement Project (FONER I & II)
	RE Programs from the General Direction of Rural Electrification (DGER)
	Massive Program
	Municipalities
	Non-Governmental Organizations (NGOs)





	Reports for ex-post evaluations
	[59,60]
	[59,61,62]
	NA
	[59,63]
	[59,64,65,66,67,68,69,70,71]



	Program sponsored by
	Direction of Grant Funds (DFC) and, Worldbank
	Project Management Direction (DPR)
	Ministry of Energy (DGER)
	Municipalities
	ACCIONA Microenergía Perú (AMP); German Society for International Cooperation (GIZ);

Soluciones Prácticas Universities

Eurosolar



	Location
	Nationwide
	Nationwide, among others: Cajamarca, Ucayali, Loreto, Junin, Cusco, Pasco, Ayachucho
	Nationwide (divided into northern, central, and southern Peru).
	Nationwide, among others: Loreto, Puno, Cajamarca, Ucayali, Amazonas, Piura, Pasco, Madre De Dios
	Cajamarca. Puno, San Martin, Amazon, Cusco

Lambayeque, Piura, Ayacucho, Huancavelica: Ica, Junin, Tacna



	Energy use
	Residential rural electrification; electrification of schools/health centres/social buildings
	Residential rural electrification
	Residential rural electrification; electrification of schools, health centres and social buildings
	Residential rural electrification
	Residential rural electrification (Solar Home Systems (SHS) and Solar Pico Systems (SPS); Schools and Churches, Health Centres, Community Centres



	Capacity/Sizing *
	FONERI: 60 Watt peak (Wp)

FONERII: 60 Wp, 80 Wp were proposed for future installations
	PER/96/028: 50 Wp

PER/98/G31: 35–51 Wp
	120 Wp
	50 Wp
	Renewable Energy Center (CER-UNI): 45–50 Wp

AMP: 60–80 Wp

Eurosolar: 1400 Wp (hybrid solar-wind systems)



	Year of installations
	FONER I: 2006–2011

FONER II: Since 2012
	Since 1996
	Since 2015
	Various, e.g.,: Regional Government of Tacna: 2007–2008

Regional Government of Cajamarca and Loreto: 2011
	CER-UNI: 1986–1987, 1995/1996, 1999

AMP: Since 2009

Eurosolar: 2011

Soluciones Practicas: 2006/2007



	Number of installations/households electrified
	FONER I: 9115

FONER II: 20,000
	PER/96/028: 1523

PER/98/G31: 4200
	150,000–500,000
	Estimation of total users: 6197
	CER-UNI: 100, 451, 781 (different projects)

AMP: ~3900

Eurosolar: 130 communities (902 panels)







* Plant sizes were defined up front independently of the individual needs; see “accuracy” in Section 4.4.
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Table 4. Strengths and weaknesses of rural electrification efforts in Peru based on off-grid PV solutions.
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Indicator

	
Strength

	
Weaknesses






	
Stability

	

	
Frequent rotation of high-ranking officials.




	
Regulation and Standards

	
Technical standards and regulations have been defined.

	
Adopted technical standards are obsolete.




	
The regulatory framework does not consider some technologies (e.g., SPS or micro-grids), which avoids their adoption.




	
No service standards have been adopted.




	
Neither adopted standards nor regulations are enforced.




	
Decentralization and Openness to participation

	
Decentralization efforts have been conducted, including budget allocation to local governments (i.e., municipalities).

	
Lack of technical know-how at local level (i.e., municipalities), which has resulted in failure of municipality-sponsored projects.




	
No interaction or coordination between different sectors, institutions or government levels.




	
Adaptability (ability to meet future needs)

	

	
Duplicity of agencies with overlapping competences and responsibilities.




	
Peru lacks a single decentralized agency for overseeing off-grid electrification programs.




	
Widespread outsourcing with weak quality controls by regulators or EDCs.




	
Affordability

	
Cross subsidies for subsidizing rural electrification efforts.

	




	
Adequate tariff scheme for users of off-grid PV systems. Tariff is below previous expenditures on traditional fuels like candles.




	
Cost effectiveness

	
Official have recognized that off-grid PV systems are a cost-effective alternative to grid expansion. They have also recognized the advantages of economies of scale in the case of stand-alones PV solutions.

	




	
Consideration of operation and maintenance costs

	
Costs, tariffs, and subsidies have been calculated considering both the initial costs and the O&M costs by using a sophisticated model.

	
The O&M costs (and subsequently tariffs and subsidies) may still be underestimated by not properly considering geographical differences between regions.




	
Contribution to income of users

	
Enormous potential for productive use (e.g., refrigerating fresh fish).

	
Productive use has only been considered in electrification projects based on the grid-expansions.




	
Reliability of supply

	

	
The lack of spare parts/maintenance of off-grid PV systems in rural areas has caused high failure rates.




	
Environmental awareness

	
Rural populations (especially in areas where mining is intensive and has caused externalities) have developed a notion of environmental awareness.

	
Environmental awareness is not widespread in the Peruvian elite. Environmental measures appear to be mainly based on international pressure, but the mining activities for example are subjected to few and weak environmental regulations.




	
Environmental impact

	
The National Evaluation System of the Environmental Impact also applies for rural electrification.

	
The lack of specific regulations and enforcement policies on environmental hazards has resulted in negative environmental impacts such as abandoned batteries.




	
Accessibility (disparity, equity)

	
Cross subsidy tariff scheme as well as initiatives (such as the “massive program”), demonstrate the willingness of the Peruvian elite to ensure access to electricity.

	
EDCs and regulators have shown little interest in providing electricity to inhabitants of remote areas.




	
Disparities between regions (price per kWh).




	
Accuracy

	

	
System capacity is determined by its affordability rather than in the needs of the populations. As a consequence, systems often fell short of energy demand.




	
Social acceptance

	

	
There is a significant mistrust between the government and rural population (especially in areas where mining is extensive). This conflictive relationship jeopardizes social acceptance of electrification projects and may result in the rejection of the PV systems.




	
Cultural Justice

	

	
MEM projects are designed without the engagement of the community, as Peruvian officials appear to be unaware of the importance of local participation.








Source: Own elaboration.
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