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Abstract

:

The most practical solution for over 70% of the world’s unelectrified population is decentralized electrification, usually with renewable energy integration. The sustainability of these systems has been a central issue with studies looking at its multidimensional nature. However, perhaps the most overlooked aspect is the ability of the consumers to proactively use electricity. This paper addresses this urgent need to understand not just the sustainability from exogenous factors but, more importantly, from the factors that motivate the end-users to consume electricity. Applying the concept of user-perceived value (UPV) in electrification, a proposed multidimensional assessment framework, consisting of 12 motivators, was grouped according to UPV categories. Using a 5-point Likert scale questionnaire, 29 beneficiaries in Gilutongan Island, Cordova, Cebu, Philippines, were asked to evaluate their motivation to consume electricity, six months after they were provided with increased electricity access through a 7.92 kWp solar photovoltaic installation. Analysis showed that the households regarded 9 of the 12 factors as moderate to strong motivators, with better social standing compared to other households without electricity and the ability to engage in productive uses of electricity emerging as the strongest influencers. The proposed framework is deemed beneficial to policy-makers to pragmatically understand what drives rural households to proactively consume electricity and implement developments and policies to stimulate an increase in demand.






Keywords:


rural electrification; isolated islands; user-perceived value; electricity consumption drivers; renewable energy












1. Introduction


One of the United Nations’ sustainable development goals (SDG) is SDG7—to ensure universal access to affordable, reliable, sustainable, and modern energy. Over the years, global organizations have endeavored to provide universal access, especially to marginalized populations around the world. Their efforts have paid off as the number of unelectrified population has been reduced from 1.2 billion in 2010 to 840 million in 2017 [1]. According to the 2020 progress report on SDG7, global electrification rate has improved from 83% in 2010 to 90% in 2018 with steady growth of the renewable energy share in the electricity supply from 16.3% in 2010 to 17.3% in 2017 [2]. The majority of the unelectrified population live in sub-Saharan Africa and in the least-developed countries in Asia. In most cases, these regions are isolated and off-grid such that cost-effective electrification relies on decentralized energy systems (DES) integrated with renewable energy technology (RET) [3,4].



There is some uncertainty as to the sustainability of DES, and studies have already been undertaken to determine these challenges within several identified dimensions and indicators. Ineffective prioritization, biased decision-making process, and information gaps that limit appropriate planning mechanisms affect the long-term sustainability of DES projects in rural areas [5,6]. From a technical standpoint, one of the palpable issues with DES, especially with RET deployments, is the intermittent nature of renewable energy sources that necessitates the integration of battery energy storage systems (BESS), thereby increasing capital requirements [7,8,9]. While diesel generator sets might address the issue on high capitalization of renewable energy technologies, running electricity on conventional fossil fuels will prove to be more costly in the long term [10]. Another salient point is the possibility of over- or underestimating system capacity due to the indeterminate electricity demand in rural areas, which could also impact the effective management of capital costs [11,12,13]. Typical business models also hand over operations and maintenance of DES to the local community, and the lack of competence and capabilities of these local organizations tend to result in system failures [14]. The need to empower end-users to enable pro-active participation through capacity building becomes an obligatory step towards sustainable implementation [15].



The high capitalization requirements of DES compel national governments to entrust rural electrification efforts to private parties, small developers, and even the local communities [16]. However, because of the uncertain energy markets in off-grid areas, there can be some reluctance from private investors to scale up electricity access. The success of such projects is considered to largely depend on the level of government commitment and the robustness of institutional frameworks and enabling policies to support these stakeholders, especially through financial incentivization [17,18]. The strength of institutional frameworks and not the technology is deemed as a more influential determinant of rural electrification sustainability [19]. Governments must address the disorganization within policies and within regulatory bodies with respect to rural electrification to enable a more streamlined strategy towards addressing energy access in isolated areas and, likewise, must strengthen research and development to address information gaps and must enforce adequate capacity building and knowledge transfer amongst adopters to reduce or eliminate energy mismanagement [20].



While deliberating on the multidimensionality of rural electrification could help in the sustainable implementation of energy access projects, the most logical preliminary issue to address is the ability of electrification systems to meet the end-users’ actual needs [21]. The adoption of DES, especially those that integrate renewable energy technologies, in providing increased electricity access to rural areas is seen to promote socio-economic development of the community and the consumers. However, the perceived high investment requirements underrate the future benefits of renewable energy deployments, forcing rural consumers, whose typical livelihoods do not require electricity, to turn down such developments [22]. There is also an argument that while rural electrification does provide for socio-economic development of the community, the benefits are mostly biased towards users with higher average expenditures and incomes [23]. Thus, for DES in rural areas to be sustained, there is an urgent need to determine not just the long-term economic and environmental impacts of adopting renewable energy but, more importantly, how these projects can affect individual social and economic benefits to the end-users [24].



Several studies have been made to evaluate sustainable rural electrification from a multidimensional perspective, and the economic, technical, social, environmental, and institutional dimensions have been extensively applied in literature to ascertain the impacts of rural electrification projects to the community as well as its sustainability [25,26,27,28,29]. These studies, however, tend to focus on the exogeny of these multidimensional factors and consider how these external factors affect sustainable implementation and deployment of electrification projects. There is an emergent lack of consideration for the endogenous elements of sustainability, particularly concerning how individual consumers perceive the value of electrification to their existence and how they are motivated to consume electricity. The study of Hirmer and Guthrie (2016) has proposed a user-perceived value framework in understanding how technological innovations in electrification can be fitted to the needs of rural consumers in order to increase user acceptance [30].



This research was built around the propositions in this study and intended to determine what drives households in rural communities to consume electricity considering the user-perceived value perspective and taking into account the economic and non-economic drivers of electricity consumption in rural areas. The study followed a multidimensional assessment (MDA) framework where the goal was to determine the drivers that encouraged the proactive consumption of electricity in rural community households. The research was applied in Gilutongan Island, where a 7.92 kWp solar photovoltaic (PV) system was installed to provide increased electricity access to selected household beneficiaries. The evaluation considered what motivates households to consume electricity and was done at household level. Scoring of the drivers to electricity consumption was done to better understand what motivates rural households to consume electricity once they have been given increased access. Moreover, further analysis was done to determine if motivation was influenced by educational attainment of the respondents and monthly income of the households. Section 2 of this paper presents a review of the drivers of electricity consumption in rural areas, while the methods are discussed in Section 3. Section 4 presents the discussion and analysis of the evaluation. Section 5 discusses the potential impacts of the framework to rural electrification initiatives in the Philippines, while Section 6 presents the conclusions and policy implications.




2. Understanding the Drivers of Electricity Consumption in Rural Areas


With the intensifying global electrification efforts, there is now widespread electricity access in rural populations across the world. Additionally, while work towards extending access to the millions who are still without electricity is in progress, there exists a current and urgent challenge to the success of rural electrification developments. The question of sustainable consumption of end-users has become a forefront issue, and understanding why rural households are cautious to consume electricity and how to stimulate them to increase their demand has become a critical challenge to sustainable rural electrification [31]. Moreover, the sustainable adoption of renewable energy technologies in the rural setting highly depends on the acceptance and the proactive electricity consumption of the rural communities where these technologies are deployed [32]. These points highlight the necessity to understand what motivates rural communities to consume electricity.



Hirmer and Guthrie (2016) proposed a user-perceived value (UPV) perspective in understanding the consumption patterns and behaviors of rural communities [30], where UPV was defined as the extent to which a good or service meets the consumer’s needs and wants. It was postulated that in understanding this, project developers are able to better understand consumer decisions, which until now, have not been extensively considered in the implementation of rural development programs. The value perceived by end-users of rural electrification projects poses a significant role in the success and sustainability of these initiatives that goes beyond the common elements of financial value, technology choices, and capacity building, as it influences the uptake and acceptance of such projects [33]. Despite the obvious socio-economic benefits of increasing electricity access, the successful adoption, as with any other technology or innovation, relies on how effectively it can be sold to the end consumers [34], and thus, relies on how consumers perceive the value of electricity access to their entity and existence. In a case study in rural India, consumers were seen to value availability of electricity power, reliability, and price, with consumers inclined to pay more provided that the supply was reliable, as opposed to low-cost but erratic supply [35]. End-users, while predisposed to value the benefits of electrification to health, work, and education, also regarded the autonomy of children, improvement in family life, and reduction of stress as driving aspects to adoption and acceptance of technology [36].



There is also a tendency for project developers to focus on designing a reliable and affordable electricity generation system, neglecting the demand aspect, the values placed by the end-users on the energy service, and the consumers’ preferences in terms of electricity consumption [37]. The need for social acceptance of renewable energy technologies has been highlighted in numerous sustainability studies for energy access as this also impacts how communities are motivated to consume electricity [38,39,40]. Concerns about cost and inequality, as well as potential abusive and inequitable business practices, are significant points that could lead to unacceptability of electrification technologies in rural areas [40]. Moreover, slow diffusion of electrification technologies in the rural communities can be attributed to the end-consumers’ lack of information and ability to test the technologies, such that prior deployments and the visibility of successful implementations with neighboring communities is a more useful approach of communicating consumer benefits rather than simple word-of-mouth [41]. Information, coupled with active social involvement, is also cited as a fundamental ingredient in the successful promotion of ocean wave energy as a renewable energy resource [42]. The effective engagement of the local community and the improvement of consumer behaviors, particularly in using efficient electrical appliances, are key factors in the sustainability of minigrid deployments [43].



The motivation of households to consume energy is also deemed to be influenced by several demographic factors. In a case study in Iran, household income was seen to potentially lead to variation in electricity consumption, whereas head-of-household age did not have any significant impact [44]. Aside from income, factors such as gender, age, household size, and having children in the household were also seen to influence the level of electricity consumption patterns among households [45,46]. In a study in Greece, a positive correlation was seen between energy consumption and income, age, employed members in the household, and gender [47]. Moreover, the study concluded that households with higher educational levels tend to use electrical appliances more intensively than households with lower educational levels.



Consumers play a crucial role in the successful adoption and sustainable deployment of electrification systems and renewable energy technology, especially in rural areas where people’s livelihoods are not dependent on electricity. Simply providing for electricity access to rural communities does not imply growth and development, as the need for the communities to proactively consume electricity, especially through productive means, is critical to sustainable development [48]. While economic impacts to the community and the mitigation of climate change are good indicators of the sustainability of electrification, there is a more exigent need to look at the social implications of electrification and determine how consumers are motivated to use the technology and how acceptable the technologies are at end-user levels [49,50]. Therefore, the need to identify what drives end-users to consume electricity and the perceived value they associate to increased access is crucial, especially in rural electrification initiatives (refer to Table 1).




3. Materials and Methods


3.1. Conceptual Framework


User-perceived value is a significant determinant of the attitude of users to a certain product or service and the impact of user behavior to product or service satisfaction, thus, establishing its user-perceived effectiveness [56]. In most cases, user-perceived value is established considering user satisfaction and multidimensional variables that achieve such satisfaction. Typical dimensions considered are the functional value, emotional value, social value, conditional value, and epistemic value [57,58], while other dimensions are service performance value, monetary value, brand integration value, and convenience value [59]. These context-related (conditional, epistemic) and content-related (emotional, social, convenience, monetary) values are perceived to lead to loyalty (commitment, purchase intentions) and, thus, can lead to outcomes (willingness to pay) [60]. In some cases, the customer-perceived value is deemed to be correlated to the perceived benefits and perceived sacrifices experienced by the consumers [61,62,63].



In the context of rural electrification, it is deemed worthwhile to consider how users regard the benefits of increasing rural electricity access, as policies have shifted to private capitalization and rural electrification projects have become commercial ventures. Sustainability of such projects rely on consumers’ socio-economic growth that improves their capacity to pay, as well as their proactive consumption of electricity, as energy access projects that are heavily dependent on donations seldom see sustainable results [64,65,66]. However, the concept of user-perceived value is not extensively applied in research related to rural electrification projects with research emphasizing the economic, technical, or environmental barriers to project realization and sustainability and downplaying consumer value perception and user behavior [67,68]. Studies that do consider user value proposition consider that technologies influence complex processes that push for the sustainability of technological innovations [69,70,71].



This research is grounded on the user-perceived value concept as discussed in Hirmer and Guthrie (2016) [30] and follows the established pillars used to determine user-perceived value as discussed in Hirmer (2014) [33] in determining what motivates rural households to consume electricity. It is understood that most rural electrification initiatives rely on raising awareness and educating the consumers of the social, economic, and environmental impacts of electrification rather than convincing users that developed initiatives to meet their needs are something that they ought to want. The typical pillars to determine user-perceived value, as discussed by Hirmer (2014), are the: (1) functional value—which corresponds to economy, quality and performance, convenience, physical compatibility, and service); (2) social significance value—which corresponds to identity and status; (3) epistemic value—which corresponds to novelty, knowledge, and curiosity; (4) emotional value—which corresponds to association, fun, memorability, and safety; and (5) cultural value—which corresponds to tradition, religion, and spirituality. Figure 1 presents the framework in assessing what motivates households in rural communities to consume electricity, following the concepts from Hirmer and Guthrie (2016), Hirmer (2014), and the drivers identified in Table 1. The framework makes use of user-perceived values in determining what motivates rural consumers to consume electricity. It contends that functional, social, epistemic, emotional, and economic values establish the overall user-perceived value of increased electrification, which in turn, drives rural households to consume electricity. This motivation to consume ultimately leads to consumer satisfaction of and loyalty to the increased electrification service.




3.2. Case Environment


Gilutongan Island (10°12′00″ N, 123°59′00″ E) is an island village (barangay) under the jurisdiction of Cordova, Cebu. The island is currently powered by a 194 kVA diesel generator set that provides electricity to the island residents for 4.5 h every night. Residents who are connected to the generator pay US$ 0.14 (Php 7) per light bulb and US$ 0.15 (Php 8) per power outlet every day. The payment is collected daily by designated representatives of the local government unit (LGU) and payment collections are used to purchase diesel to power up the generator. As of the 2019 report of the island’s local government unit, there are a total of 2179 people and 370 households on the island. The barangay is composed of four sub-villages (sitios). There is an integrated school on the island that serves elementary to senior high school students, a health care center, churches of different religions, a private restaurant for tourists, and a private resort that is not yet operational.



In March 2020, a 7.92 kWp solar photovoltaic system with 28.8 kWh battery energy storage system was installed in one of the sub-villages (sitios) on the island to provide increased electricity access to 11 household beneficiaries composed of 44 individuals. The system was installed on two rooftops located within the vicinity of the 11 household beneficiaries (see Figure 2). Initially, the households used telephone wires and undersized wires to connect to the main distribution line of the diesel generation system and did not use electrical safety devices, such as switches and circuit breakers, such that lights and appliances were immediately turned on when the diesel generator was turned on. With the provision of the solar PV system, the distribution system of the beneficiary households was also improved with distribution wires, switches, and breakers, installed according to Philippine electrical standards. For one year after the installation, the households were provided with 24-h electricity, except for 17 days when service disruptions were recorded due to battery depletion caused by insufficient solar charging. Each household was provided with an electric meter for easy tracking of their daily consumption. The household beneficiaries paid a flat rate of US$ 0.4 per day provided that their consumption did not exceed 1 kWh per day. Households who consumed more than 1 kWh per day paid a tariff computed based on the rate of US$ 0.4 per kWh.




3.3. Data Collection and Treatment


Data were collected from beneficiaries who were of legal age and were already contributing to the household income. This meant that of the 44 individual beneficiaries, 29 were the respondents. A survey instrument was developed to determine consumption motivators of the respondents and reviewed by the Ethics Review Committee of the researchers’ academic institution. The survey was divided into three parts: the first part explored the demographic information of the household beneficiaries; the second part sought to determine their current status after increased electricity access had been provided; and the third part aimed to establish how certain factors motivated or deterred households from consuming electricity. The third part contained statements about what motivated rural households to consume electricity and was designed based on a 5-point Likert scale with degrees defined as strongly agree, agree, neutral, disagree, and strongly disagree to the statements (see Appendix A: Table A1). The data were collected through guided individual interviews of the respondents so that no respondent was influenced by the answers of the other respondents. The questionnaire was translated in the local dialect and the respondents’ answers were subsequently transcribed and translated to the English language.



Descriptive analysis was used to interpret collected data, where modes were calculated to determine the degree of influence of a motivator over the drive of the rural population to consume electricity; although means and median were likewise established. The mode was considered the more appropriate measure, providing the value at which the probability mass function took its maximum value, while the mean hardly provide an appropriate measure of motivations, as the degree of motivation could not be inferred by a non-integer value [72]. In the analysis, numerical values were assigned to the respondents’ answers to each motivator statement, assigned as follows: strongly agree—5; agree—4; neutral—3; disagree—2; and strongly disagree—1.



Regression analysis was done to establish the relationship between the motivators and the independent variables: (1) monthly income and (2) level of education. In the analysis, the data collected were first analyzed for normality using the logarithmic transformation using Equation (1):


  f  ( x )  =   log  b  x  



(1)




where     log  b  x   is the base-b logarithm function (base 10 is considered), and x refers to the numerical value of the respondents’ answers to each motivator statement, assigned as follows: strongly agree—5; agree—4; neutral—3; disagree—2; and strongly disagree—1. If data are established as normal, a simple linear regression analysis follows to determine the relationship between the dependent and independent variables following the formula for coefficient of correlation given in Equation (2):


  r =    ∑  i = 1  n   (   x i  −  x ¯   )   (   y i  −  y ¯   )       ∑  i = 1  n     (   x i  −  x ¯   )   2   ∑  i = 1  n     (   y i  −  y ¯   )   2       



(2)




where xi refers to the respondents’ answers for each motivator (dependent variable), yi refers to the corresponding value of the independent variable,   x ¯   refers to the arithmetic mean for all values of x, and   y ¯   refers to the arithmetic mean for all values of y. If established as non-normal, an ordinal logistic regression analysis is done using SPSS PLUM and the estimated values of R2 or the coefficient of determination is used to provide information on how much of the variance in data can be explained by the independent variables, established through Cox and Snell’s, Nagelkerke’s, and McFadden’s pseudo-R2 statistics. To represent numerically the independent variables, numerical values are assigned according to Table 2.





4. Results and Discussion


The 11 household (HH) beneficiaries, composed of 44 individuals, were provided with increased electricity access last March 2020 through a 7.92 kWp solar PV system that was installed on two rooftops within their vicinity. The majority of the beneficiaries were aged below 30 years old (55%), while 27% were aged 30 to 59 years, and only 18% were above 60 years old. Among the beneficiaries, 32% were only elementary graduates, only 5% held college degrees, and 9% were not of school age (see Figure 3). The main source of livelihood for the beneficiaries was fishing (11 beneficiaries), while others worked as a restaurant vendor, salesclerk, and hotel housekeeper (four beneficiaries). There were only two beneficiaries who had their own businesses as small vending storeowners, and five of them were working in the local government unit of the island, holding various positions. Other beneficiaries were plain housewives (seven beneficiaries), students/underage (13 beneficiaries), or had no work at all (two beneficiaries).



Meter readings were obtained every week to determine the electricity consumption per HH beneficiary. Figure 4 presents the graph of the consumption for all eleven households starting from 30 March 2020 to 13 September 2020. The first week’s meter readings were relatively large compared to the succeeding weeks as this was the first reading done since the households were provided with increased electricity access on the first week of March. Three weeks had already lapsed when this reading was made, thus, this first reading was considered to be three weeks of electricity consumption for the households. Disregarding the first week data, the highest recorded meter reading was for HH6 on week 6 at 20.27 kWh, while the lowest recorded meter reading was for HH7 on week 12 at 0 kWh, as this week, no household member was in their house.



Average actual electricity consumption was computed considering 27 weeks (including the three-week lapsed period when no meter reading was done but electricity consumption had already started). On average, the electricity consumption was 6.14 kWh per week with the highest average recorded by HH6 at 11.49 kWh per week and the lowest average recorded by HH1 at 3.25 kWh per week (see Figure 5). Based on an initial load profiling survey prior to installation, HH1 expressed the highest forecasted consumption at 27 kWh per week, while the lowest was HH9 with 0.82 kWh per week. Both households recorded the most significant difference in terms of surveyed and actual consumption at −88% for HH1 and +660% for HH9.



The majority of the respondents (72%) indicated that they were confident in the reliability of the solar photovoltaic system and have acquired or extended their use of household appliances for their convenience and even engaged in small productive uses of electricity to augment their incomes. Moreover, 66% of the respondents felt that the system could adequately supply their electricity needs. However, some respondents felt that while they were able to increase their duration of electricity use, their inability to use certain appliances as they pleased made them consider the supply to be inadequate or unreliable. Some of the households expressed the desire to use refrigerators since increased access was given but were deterred from doing so because the appliances they wished to use were regarded as inefficient and outdated and the project implementers were cautious to add such appliances to the load of the all-PV system.



Respondents regarded social value as a significant motivator to electricity consumption. The majority of the households (90%) agreed that with the 24-h connection that was provided to them, they experienced increased access to information as they had more time to use televisions or mobile phones that allowed them to communicate and access the internet. The increased duration of electrical appliances, such as electric fans and mobile phones, led 93% of the respondents to feel strongly driven to consume electricity. However, there were also some households who indicated that their use of rice cookers and electric irons were hampered, thus inferring deterred access to conveniences. In rural isolated islands in the country where electricity was almost never available to the coastal communities for more than 4 h every day, 93% of the beneficiaries agreed that having increased access could project better status for the connected households considering that their neighbors only had night-time access. Moreover, this prompted other neighboring households who were not beneficiaries of the project to have other solar developers install solar home systems on their rooftops to also increase their access to electricity. On the other hand, beneficiaries were also motivated to consume by being part of the local association and by having a sense of ownership, as they were told to maintain and operate the system, with 72% of the respondents indicating agree or strongly agree answers to this factor. However, 3% of the respondents indicated that being part of the local organization was not a particularly strong motivator for them, further stating that they would prefer to not be part of the organization due to individual differences with the other beneficiaries.



Meanwhile, epistemic value did not strongly influence the beneficiaries to consume electricity. Only 48% and 28% of the respondents considered curiosity or prior knowledge of renewable energy technologies, respectively, as motivators to consume electricity for households. Curiosity and prior knowledge were attributed by the respondents to the solar installation on the island’s local school, as well as solar installations in other neighboring islands. Respondents acknowledged that these installations spurred their interest in the ability of solar PV systems to provide for reliable electricity supply to the consumers. However, several of the respondents felt impartial to these factors as an influence to their current consumption behavior with 48% for curiosity and 62% for prior knowledge.



The beneficiaries positively responded to transparency as a motivator to consume electricity, with 83% of the respondents indicating that the electrical meters allowed them to see their consumption and has encouraged them to use electricity as they can now control their usage. However, 10% of the respondents said that while it is a good motivator, it does not particularly compel them to use electricity because they also do not know how to do meter readings, thus, it is not specifically helpful to them. On the other hand, 41% of the respondents said that providing for safety devices, such as switches and circuit breakers, inculcated a sense of security for their households. According to the respondents, witnessing how the generation and distribution systems were installed also attenuated their doubts as to the reliability of the system. However, 31% of the respondents felt that this was not a strong influence in terms of assuring health and well-being, further stating that they would have preferred the electrification to also provide for better health services to the community above the mere provision of safety electrical devices.



The majority of the respondents agreed that economic value of electrification was a strong motivator for them to consume electricity. In terms of equitability, 79% of the respondents implied that the current tariff was a reasonable value considering that they now had 24-h electricity access, while 14% still considered the tariff to be more expensive compared to the mainland. Of the respondents, there were 76% who engaged in productive uses of electricity (PUEs), prompting them to use electricity for longer periods during the day. One of the households acquired a freezer and sold ice and other ice treats on the island. Other households, who already owned small stores prior to the solar PV installation, extended operating hours of their videoke machines. Still other households engaged in other simple PUEs, such as mobile charging and cold-water machines. Although the households collectively indicated that they would have wanted to further use additional electrical appliances to improve their income-generating activities but were discouraged to do so, they still found that the system was able to provide them with enough capacity to engage in productive uses of electricity, albeit modestly.



4.1. What Motivates Rural Households to Consume Electricity?


In determining the degree to which households were motivated to consume electricity, modes were calculated for each of the factors summarized in Table 3. All identified factors ranged between moderate motivators to strong motivators for the households to consume electricity, except for the M7 (satisfying curiosity or RET), M8 (satisfying prior knowledge of RET), and M10 (assurance in health and well-being), which respondents indicated were neutral in terms of motivating them to consume electricity. Of note were the strong motivators—better status in local community (M5) and ability to engage in PUE (M12). The increased electricity access was seen by the beneficiaries as progress for their social standing in the community and, per discussions and observations, have prompted neighboring households to commission other solar PV developers to install solar home systems in their houses. Moreover, as the households were required to pay for electricity consumption, most of them were encouraged to engage in productive uses of electricity to improve their income-generation activities. While some households were deterred from using their old electrical appliances, particularly refrigerators, some households invested in acquiring new and energy-efficient freezers to start an ice-making business. Likewise, households engaged in moderate productive activities using electricity, with five households engaged in mobile charging for a fee and one household selling cold water using water-cooling machines. Means still suggest that both M5 and M12 are among the strong motivators to electricity consumption, along with increased access to information (M3) and conveniences (M4), as well as transparency of the system (M9).



It can be observed that all motivators have negative skewness, signifying non-symmetry, although results for M4, M7, and M10 can be considered fairly symmetrical. Local ownership (M6) and equitability of tariff (M11) results are highly skewed to the negative side, suggesting that a higher proportion of the minority of the respondents considered these factors as low motivators to consume electricity. However, all other values for skewness suggest acceptable levels. Meanwhile, it can also be observed that M6, M7, M8, and M11 are heavy-tailed to the right side, although values for kurtosis are also within acceptable levels.




4.2. Household Income and Educational Attainment as Influencers to Motivate Electricity Consumption


Figure 6 shows the histogram for each motivator. The test for normality indicates that logarithmically-transformed data for the motivators under the functional, social, epistemic, and economic values are not normally distributed with p-values of less than 0.05, while data for the motivators under the emotional value are normally distributed with p-values of greater than 0.05 (see Table 4). As such, analysis for correlation of the motivators under the functional, social, epistemic, and economic values is done using ordinal regression, while the analysis for correlation of the motivators under the emotional value is done using simple regression.



Table 5 summarizes the results of the regression analysis. With values for coefficients of correlation and determination falling below the 0.7 to 1.0 range, results suggest that the degree to which motivators drive the respondents to consume electricity is not influenced by either their income or their educational attainment. Both independent variables are weakly correlated to the motivators, suggesting that the income and educational attainment of the respondents do not predict how they are driven to consume electricity. This suggests that household monthly income and respondent educational attainment are insignificant predictors to the motivators of electricity consumption for the community beneficiaries.





5. Potential Impacts to Rural Island Electrification in the Philippines


As the Philippines is steadily working towards the provision of electricity to rural communities and far-flung areas, the focus has strongly been on the technological and economic aspects of the projects with little emphasis on what motivates end-users to consume electricity. While looking at these two dimensions could profoundly impact project deployments, proactive consumption by the end-users should also be emphasized. Sustainability is primarily supported by the proactive use of electricity by the consumers and only secondarily by the design, the techno-economic studies, and the multidimensional sustainability assessments. Without proactive consumption, any sound project deployment is eventually bound to fail. The proposed multidimensional assessment framework for electricity consumption drivers, strongly based on the user-perceived value of electricity service, could be a beneficial tool for policymakers in the country to determine what particularly motivates rural households to consume electricity. Policies could then be designed around these motivators to ensure that households are encouraged to utilize electricity. Such as the case presented in this research, strong motivators to consume electricity hinge on the promotion of better status in the community and the ability to engage in productive uses of electricity. In providing increased electricity access to communities such as this, it would be logical to also consider how electricity can impact the social lives of the inhabitants, as well as provide policies to support beneficiaries to engage in productive uses of electricity.




6. Conclusions


The assessment of the sustainability of rural electrification typically focuses on technological, economic, environment, social, and institutional factors. However, the proactive consumption of electricity by the end-consumers is a more pragmatic but often overlooked factor to sustainability. There is very limited literature that looks into what drives rural consumers to utilize electricity, but the proactive consumption of electricity by the end-users is deemed crucial to the successful implementation of decentralized electrification systems, particularly renewable energy technologies, especially in rural areas where day-to-day living and income generation activities are not reliant on electricity access. This study proposes a multidimensional assessment framework composed of 12 motivators, primarily based on user perceived value of electricity service, to determine what motivates households to consume electricity. The framework was applied in a sub-village in Gilutongan Island, Cordova, Cebu, Philippines, where a 7.92 kWp solar photovoltaic system was installed 2 March 2020. The results of the study indicate that the households largely considered 9 of the 12 motivators to have moderate to strong influence on their consumption patterns. However, the epistemic value and the assurance to health and well-being were neutral values in terms of motivating the beneficiaries to consume electricity. Moreover, better status for the households in the community and the ability to engage in productive uses of electricity are considered to be the strongest motivators for the beneficiaries to consume electricity. The motivation to consume electricity is neither influenced by the household’s monthly income nor the educational attainment of the respondents. It is important to note that this study derives results from a survey of only 29 respondents from 11 households who benefited from the solar PV installation, thus, the limitation to the generalizability of the findings. Further studies could be done to validate with an increased sample size.



However, this simple and pragmatic assessment framework could provide policymakers a logical approach to understand what drives rural households to consume electricity. The information derived from this assessment could help shape strong strategies to develop rural electrification and could promote better policymaking to support project sustainability. Determining and understanding what motivates users to consume electricity could help decision makers, as well as project developers, to plan for support or supplementary services that could promote proactive consumption by the end-users. This, in turn, enhances the sustainability of decentralized electrification systems implemented in rural, isolated areas.
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Table A1. Statements Regarding Motivators to Consume Electricity in Rural Households.
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	Motivator
	Consumer Value
	Statements Degree of Motivation to Consume





	M1
	Confidence in system reliability
	Functional value
	I am motivated to consume electricity because I am confident that the solar PV system is reliable and will not break down despite using various electrical appliances.



	M2
	Confidence in adequacy of supply
	Functional value
	I am motivated to consume electricity because I am confident that the system supply is enough to provide for the requirements in powering up the electrical appliances that I wish to use.



	M3
	Increased access to information
	Social value
	I am motivated to consume electricity because it has provided my household increased access to information and knowledge attainment through television, internet, and other media.



	M4
	Increased access to conveniences
	Social value
	I am motivated to consume electricity because it has provided my household with increased access to conveniences such as electric fans and rice cookers.



	M5
	Better status in the local community
	Social value
	I am motivated to consume electricity because having increased access has conveyed better status for my household in relation to our neighbours.



	M6
	Local organization and sense of ownership
	Social value
	I am motivated to consume electricity because my household is part of an organization that manages the solar PV system, and it has provided me with a sense of ownership of the system.



	M7
	Satisfying curiosity of renewable energy
	Epistemic value
	I am motivated to consume electricity because I want to satisfy my curiosity with regards to renewable energy technologies as electricity sources.



	M8
	Satisfying prior knowledge of renewable energy
	Epistemic value
	I am motivated to consume electricity because I want to satisfy my prior knowledge of renewable energy technologies.



	M9
	Transparency of the system
	Emotional value
	I am motivated to consume electricity because I am able to determine and control our consumption through electrical meters installed in my household.



	M10
	Assurance in health and well-being
	Emotional value
	I am motivated to consume electricity because this has assured the health and safety of my household members.



	M11
	Equitability of tariff
	Economic value
	I am motivated to consume electricity because the tariff is more equitable now that we have increased access as compared to before.



	M12
	Ability to engage in productive uses of electricity (PUE)
	Economic value
	I am motivated to consume electricity because this has allowed my household to use appliances and tools that can improve our income-generating activities.
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Figure 1. Proposed multidimensional assessment framework for household electricity consumption drivers in rural communities. 
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Figure 2. Location of household beneficiaries in Gilutongan Island, Cebu, Philippines. (Note: numbered roofs are the houses of the beneficiaries). 
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Figure 3. Level of education, beneficiaries of the solar PV system in Gilutongan Island, Cebu, Philippines. 
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Figure 4. Weekly electricity consumption for 11 households in Gilutongan Island, Cebu, Philippines. 
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Figure 5. Average weekly electricity consumption, 11 households (Note: HH8 with zero surveyed value was not included in the initial survey). 
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Figure 6. Histogram per motivator. 
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Table 1. Drivers of electricity consumption in rural areas in published literature.
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	Driver
	Sub-Driver
	References





	Economy
	Affordability of electricity tariff, productive use of electricity (community-level) or local entrepreneurship
	[48,51,52,53,54,55]



	Technology
	Reliability of system, eser interface (metering), appropriateness, adequacy of supply, ease of repair
	[48,51]



	Household energy use
	Access to information/entertainment/other conveniences, knowledge attainment, business opportunities, togetherness, operational expenditure, local demand
	[52,53,55]



	Community services
	Security/comfort/safety, health and wellbeing, business opportunities
	[52,53,54,55]



	Organization
	Maintenance (ability to operate without need for specialized staff), ownership, grassroots organising
	[51,55]



	Poverty mitigation
	Pro-poor policies
	[55]
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Table 2. Equivalent numerical values for educational attainment and income classification.
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	Numerical Value
	Income Classification
	Educational Attainment





	1
	Poor
	Elementary level



	2
	Lower income
	Elementary graduate



	3
	-
	High school level



	4
	-
	High school graduate



	5
	-
	College level



	6
	-
	College graduate







Note: Income classification is based on monthly income of the household and classified according to [73]. Poor household are those with monthly income below Php 7890, while lower income households are those with monthly income between Php 7891 to Php 15,780.
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Table 3. Descriptive statistics for motivators.
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	Motivator
	Mean
	Median
	Mode
	Skewness
	Kurtosis





	M1: Confidence in system reliability
	3.76
	4.00
	4.00
	−0.901
	0.210



	M2: Confidence in adequacy of supply
	3.62
	4.00
	4.00
	−0.593
	−0.713



	M3: Increased access to information
	4.38
	4.00
	5.00
	−0.641
	−0.570



	M4: Increased access to conveniences
	4.34
	4.00
	4.00
	−0.349
	−0.566



	M5: Better status in the local community
	4.52
	5.00
	5.00
	−0.974
	0.010



	M6: Local organization/ownership
	3.97
	4.00
	4.00
	−1.201
	1.868



	M7: Satisfying curiosity of RE
	3.55
	3.00
	3.00
	−0.345
	1.425



	M8: Satisfying prior knowledge of RE
	3.14
	3.00
	3.00
	−0.558
	1.474



	M9: Transparency of the system
	4.21
	4.00
	5.00
	−1.067
	0.600



	M10: Assurance in health/well-being
	3.14
	3.00
	3.00
	−0.154
	−0.821



	M11: Equitability of tariff
	3.90
	4.00
	4.00
	−1.319
	1.323



	M12: Ability to engage in PUE
	4.17
	5.00
	5.00
	−1.049
	−0.305
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Table 4. p-values for logarithmically-transformed data for the motivators.
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	Motivator
	Kolmogorov–Smirnov Test
	Shapiro–Wilk Test





	Log-transformed functional value
	0.001
	0.003



	Log-transformed social value
	0.008
	0.002



	Log-transformed epistemic value
	0.001
	0.001



	Log-transformed emotional value
	0.060
	0.061



	Log-transformed economic value
	0.001
	0.001
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Table 5. Regression analysis, motivators v. income and educational attainment.
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Motivator

	
Coefficient of Correlation




	
Household Monthly Income

	
Respondent Educational Attainment




	
M9: Transparency of the system

	
0.095

	
−0.272




	
M10: Assurance in health/well-being

	
0.133

	
−0.055




	
Motivator

	
Estimated Coefficient of Determination




	
Household Monthly Income

	
Respondent Educational Attainment




	
Cox and Snell

	
Nagelkerke

	
McFadden

	
Cox and Snell

	
Nagelkerke

	
McFadden




	
M1: Confidence in system reliability

	
0.024

	
0.026

	
0.009

	
0.104

	
0.112

	
0.041




	
M2: Confidence in adequacy of supply

	
0.020

	
0.022

	
0.007

	
0.210

	
0.224

	
0.085




	
M3: Increased access to information

	
0.031

	
0.037

	
0.017

	
0.223

	
0.262

	
0.133




	
M4: Increased access to conveniences

	
0.074

	
0.089

	
0.043

	
0.296

	
0.356

	
0.197




	
M5: Better status in the local community

	
0.051

	
0.063

	
0.031

	
0.186

	
0.226

	
0.119




	
M6: Local organization/ownership

	
0.051

	
0.057

	
0.022

	
0.174

	
0.192

	
0.081




	
M7: Satisfying curiosity of RE

	
0.009

	
0.010

	
0.004

	
0.170

	
0.190

	
0.081




	
M8: Satisfying prior knowledge of RE

	
0.004

	
0.004

	
0.001

	
0.220

	
0.230

	
0.080




	
M11: Equitability of tariff

	
0.022

	
0.023

	
0.009

	
0.201

	
0.218

	
0.088




	
M12: Ability to engage in PUE

	
0.024

	
0.027

	
0.010

	
0.208

	
0.231

	
0.100
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