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This paper investigates the sustainability of off-grid renewable energy systems (RES) installed in rural commu-
nities. Through a solar home system (SHS) case project in Alumar Island, Philippines, the performance of users
to sustain their systems was assessed using a novel approach proposed by the authors: the capacity and willing-
ness approach. This approachwas an adaptation to advancements in human development theory—the paradigm
shift from the traditional resources approach to the capabilities approach, as proposed byA. Sen. The actualfinan-
cial and technical performances of users were predicted using ordered logit regression analysis. It was found that
financial capacity attributes, e.g., income and expenses, were prominent in explaining financial performance;
know-how-related attributes, e.g., education, were prominent in explaining technical performance; and
willingness-related attributes, i.e., willingness to pay, explained both financial and technical performance. The
findings aim to provide developers and communities with better strategies for beneficiary scoping, technology
selection, and capacity development.

© 2015 International Energy Initiative. Published by Elsevier Inc. All rights reserved.
Introduction and objective of the study

Efforts have been made to improve the sustainability of renewable
energy systems (RES) in rural settings by focusing on important aspects
such as using appropriate technologies and financial mechanisms that
cater to specific users' needs and capacities. According to the World
Bank, determining the capacity of users and their willingness to pay
are essential aspects in the technology selection process of off-grid
projects (World Bank, 2008). The challenge, however, lies in properly
defining users' capacity and willingness. There are difficulties in
interpreting information about the users and communities amidst the
limited time and budget constraints of most development projects.
There are perceived merits in determining how limited information
about users can be used to characterize their capacities and enable de-
velopers to effectively assess and foresee sustainability.

This study proposed amethodology to assess the relevance of capac-
ity and willingness of users to the sustainability of RES. The objective is
to predict or estimate the sustainability performance of users based on
users' capacity and willingness attributes. The study focused on users'
attributes which relate to the financial and technical performance in
sustaining their power supply system. For this case, a solar home system
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(SHS) project in a rural community setting, particularly in Alumar
Island, Bohol, Philippines, was investigated. Having reliable users' per-
formance foresight was thought to improve the process of planning
and designing appropriate systems for rural electrification projects
using RES.

Off-grid RES and sustainability

Problem setting

Developing a sustainable power project requires a good understand-
ing of not only the technology but also the community and recipient
users. According to World Bank guidelines for off-grid electrification
projects, calculating tariff roughly commensurate to the consumer's
ability and willingness to pay is important for the viability of off-grid
services (World Bank, 2008). Conducting detailed investigations, how-
ever, are not always feasible due to time and cost constraints. This is es-
pecially evident for developing countries, like the Philippines, with
many rural areas simultaneously needing attention yet having limited
resources, i.e., time, budget, and manpower, to develop such projects.

With resource limitations, developers resort to using easily accessi-
ble, simple, and general information about the community and users
to design the projects, usually through rapid rural appraisals (RRA)
(Chambers, 2009). Using such simplified data poses a challenge in pro-
cessing limited information to meet the complex needs of a power pro-
ject. To pursue sustainability, it is essential to adopt an effective
d.
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methodology to characterize the capacity of users to sustain their
systems.

Defining sustainability, capacity, and willingness

Sustainable development has taken its globally recognized definition
from the United Nations' 1987 Brundtland report called “Our Common
Future” (UNWCED, 1987). This investigation adopts a specific definition
of sustainability: the capacity of a system to maintain output at a level
approximately equal to or greater than its historic average (Lynam
and Herdt, 1989). In this regard, we refer to the system users as the in-
struments that have the capacity to maintain and sustain a certain
power system.

Capacity is defined as the ability of individuals, institutions, and so-
cieties to perform functions, solve problems, and set and achieve objec-
tives in a sustainable manner (UNDP, 2007). Since capacity is quite
multidimensional, we narrow down our scope to describe a certain
facet of capacity: the capacity of a user to sustain a particular RES
(SHS) system through time as measured by the user's ability to pay
the financial requirements and perform the technical requirements of
the system. For rural RES, the financial and technical aspects of projects
are two of themost common sources of problems that affect the sustain-
ability of such projects.

While user capacities to sustain the systems vary, it may not always
be the case that those with good capability will have the same high in-
terest in sustaining the system. Even if some users are capable theymay
still be unable and disinterested to perform the necessary actions, evi-
dently leading to a failed or unsustainable project (Hong and Abe,
2011, 2012; Hong et al., 2011). This occurrence leads developers to dis-
cuss another dimension of RES projects sustainability that we refer to as
the users' willingness to sustain.

In this study, we define a user's willingness to sustain as the inten-
tion or readiness of the user to sustain a particular energy supply system
through time. This can bemeasured by the amount of resources/efforts/
utility a person is willing to exchange to sustain the system.Willingness
as a concept is not new. Quite related, the term willingness to pay has
since been used as a tool to approximate the value of certain non-
market goods according to the perceptions and intentions of users and
stakeholders (NREL, National Renewable Energy Laboratory, 1999).
Fig. 1. Photos of the project
Willingness to sustain, however, does not aim to valuate in monetary
terms but rather to measure the readiness of an individual to achieve
a certain goal, e.g., paying for electricity.

While capacity deals with abilities and willingness deals with inten-
tion or readiness, it may not be as easy to interpret, much less quantify,
these qualities in a person. In this study, it was postulated that these
qualities are manifested in certain user attributes which are more obvi-
ous and measurable. It was inferred that distinguishing capacity from
willingness and ability from intention, can improve a developer's under-
standing of the limited information about users in relation to project
sustainability.

Case study of a solar home system in a rural island in the Philippines

In order to further understand the concepts of capacity and willing-
ness to sustain, a rural island case scenario where an SHS project is in
operation was investigated. Solar home systems (SHS) are compact
photovoltaic (PV) generation systems composed of only a few key com-
ponents: PV panel, charge controller, and a battery. These compact sys-
tems can generate power for a typical rural household and are especially
applicable when households are situated far from each other and far
from the main electricity grid. The system utilizes the solar PV modules
to charge the batteries during daytime to power light, radios, and cell
phone chargers well into the night. These types of systems have been
used to powermillions of households in Asia, Africa, andmanymore de-
veloping areas (World Bank, 2008).

This paper investigated a project in Alumar Island, a small rural is-
land located 3 km from themain island of Bohol, Philippines. The island
has a population of about 800 people (170 households)withfishing and
seaweeds farming as the main means of livelihood. While rich with
aquatic resources, electricity and basic lighting has been the main chal-
lenge for the island residents.

In year 2008, the Philippine Department of Energy (DOE), the Japan
International Cooperation Agency (JICA), and the Alumar local govern-
ment unit (LGU) came into partnership to provide 50 households in
the community with their own solar home systems (SHS). Each SHS
unit was composed of a solar panel (55–75 Wp), a charge controller, a
lead-acid battery, and a few lighting appliances, i.e., 3 U of 11-W com-
pact fluorescent lamps. While the units were provided on a first-
and solar home system.



Fig. 2. Model development process.
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come-first-served basis, recipients were required to pay a participation
fee of PhP 1,500 to avail of the system (1 PhP = 0.024 USD). This was
done to sort out those who were indeed willing and determined to
avail of a system. Fig. 1 shows a household with an installed SHS in
Alumar Island.

The individual households are required to pay a monthly mainte-
nance fee of 200 PhP (5 USD) to the community cooperative, the
Barangay Alumar Power Association (BAPA). The funds are allotted for
technical maintenance support and a portion goes to a savings fund
for battery and charge controller replacement. All users were required
to undergo a workshop prior to installation to learn the simple opera-
tions and maintenance tasks necessary for their own systems: cleaning
the battery and charge controller, checking for battery water level, and
refilling if necessary; safety checking for wirings; and regulating appli-
ance usage.

In a sustainability perspective, the proper functioning of the system
relies heavily on the financial and technical performance of the users. If
monthly dues are paid properly, the batteries and charge controllers can
be replaced when the components reach end of life. If proper basic
Fig. 3. Capacity and willingne
operations and maintenance are performed correctly, the efficiency
and life-span of the parts would serve well for the designed years of
service.

The project started in 2008, and it has since become evident that
some of the users were not in a good position to maintain the SHS for
the long run. Some users were delinquent in paying monthly dues
while others neglected the daily maintenance tasks. Given the fairly
well-documented financial performance of users and the identifiable
conditions of differences in technical performance of users, this particu-
lar project case in Alumar served as a good scenario to further investi-
gate the tendencies of users in sustaining RES systems in rural settings.

Methodology and theoretical framework

Methodology

An explanatory research approach was used to define a new per-
spective and theory in understanding sustainability of rural RES pro-
jects. A case investigation was conducted for the SHS project in
ss approach framework.



Fig. 4. User attributes as proxies for capacity and willingness.
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Alumar Island, Philippines. The methodology of the investigation and
model development process are shown in Fig. 2.

The theoretical framework of capacity and willingness assessment
was first discussed using theories from human development. The
framework was then applied to the island case. Two surveys were con-
ducted: (a) a survey of users' attributes and financial performance and
(b) a technical assessment to determine and score the users' technical
performance. The Alumar SHS users, made p of a total of 50 households,
were surveyed, in local Visayan dialect, relating to their demographics
and electricity usage. The surveys were done in coordination with the
BAPA and experts from DOE–Visayas field office.

After data collection, the users' attributes, which relate to the capac-
ity and willingness of users, were empirically classified. Based on the
theoretical framework, performance models were then developed
using models of the capacity-related and willingness-related attributes.
Fig. 5. (a–d) Sensitivity ana
The ordered logit regression model was found appropriate to predict or
estimate user performance. Ordered logit uses maximum-likelihood es-
timation of probabilities of performance scores. Since ordered logit uses
categorical data, a categorization stepwas applied prior tomodel devel-
opment. Sensitivity analyses were also conducted. The investigation
then outlined the practical and policy implications.
Theoretical framework and application

The sustainability framework proposed in this investigation takes
root from theories of human development, which has inspired concepts
for economic development (Yonehara, 2009). One traditional approach
inmeasuring human development and an individual's quality of life has
been through the resources approach. This approach used monetary in-
dicators, e.g., income and consumption, and non-monetary indicators,
e.g., education, health, water, and electricity, based on resources
(Alkire, 2008). It has been argued, however, that measuring develop-
ment orwelfare based on resources alone did not comprehensively con-
sider other functions, as resources were merely instruments to other
objectives. This eventually led to the development of the capabilities ap-
proach in measuring quality of life, as proposed by Amartya Sen (Sen,
1992). The capabilities approach argues that quality of life should be con-
ceived andmeasured in terms of capabilities instead of resources or util-
ity (Sen, 2008). This concept tried to distinguish the difference between
having resources and being able to use these resources to achieve a goal.

From Sen's capabilities approach to understanding human welfare,
the author adopts a similar paradigm shift to explain RES sustainability
and user performance. The proposed concept is termed as the capacity
and willingness approach. This approach mainly postulates that in
order to better estimate sustainability performance, both the capacity
and the willingness of users should be considered instead of the re-
sources available. It is, however, recognized that resources are
lysis for C_2_Financial.
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important attributeswhich aremeasurable and can be used to represent
and indicate the capacities of users.

The theoretical framework shown in Fig. 3 differentiates the re-
sources approach from the capacity and willingness approach leading
to sustainability. For this investigation, sustainability is measured by
the performance of users, specifically financial and technical perfor-
mance. Performance has been viewed as key outputs of capacity and ca-
pacity development, linking it to sustainability (Morgan, 1997; USAID,
1998; Browne et al., 2001).

The traditional resources approach depicts the technical and finan-
cial feasibility and sustainability of projects based on the resources
available to the users. Relating with the Alumar case, a resources ap-
proach would use indicators such as user's income and expenditures
to indicate how a user has access to the resources to sustain the system.
As argued by A. Sen, this perspective has certain limitations in
explaining how users are able to convert the resources into achieve-
ments (Todaro and Smith, 2009).
Fig. 6. (a–e) Sensitivity ana
The capacity and willingness approach shifts the paradigm to per-
ceive user performance as a function of capacity. Current development
theory suggests that performance is affected by both the capacity or
abilities of an individual and the external environment (Browne et al.,
2001). Both factors are aggregated as the capacity component to the
model. The approach further proposes that performance is not only af-
fected by capacity but also by the intention or willingness of the users
to perform. Thus, a willingness component is distinctly added to the
model. As capacity and willingness are quite intangible, making it diffi-
cult to measure, it is postulated that these abilities and intentions man-
ifest in specific user attributes which are measurable.

The model can be understood and tested when adopted to the
Alumar case, shown in Fig. 4. The user attributes are used as proxies
for the capacity and willingness components to explain performance
and sustainability. Sustainability of RES was defined by users' financial
and technical performance. The financial dimension is defined by how
users are able to pay their monthly payments to keep using their SHS
lysis for C_3_Financial.



Fig. 8. (a–d) Sensitivity analysis for C_3_Technical.

Fig. 7. (a–d) Sensitivity analysis for C_2_Technical.
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Table 1
Survey data of user attributes.

List of variables Var name Mean SD Min Max Values Units

1 Actual financial performance A_Financial 0.70 0.2 0 1 0–1 Ratio
2 Actual technical performance A_Technical 12.5 1.9 8 15 0: low to 15: high Score
3 Gross income GrossIncome 6,172 2,321 3,000 15,000 – PhP
4 Net income NetIncome 687 701 20 4,400 – PhP
5 Education Education 1.5 1.0 1 5 1: low to 5: high Score
6 Age Age 44.9 10.2 25 63 – Years
7 Members Members 5.3 2.3 1 12 – Persons
8 Hours of electricity use ElecUse 1.5 0.6 1 3 1: low to 3: high Score
9 Food expense FoodExp 3,461 1,353 1,000 9,200 – PhP
10 Water expense WaterExp 232 275 0 1,400 – PhP
11 Education expense EducExp 467 476 0 2,500 – PhP
12 Electricity expense (current) ElecExp 284 300 200 2,000 – PhP
13 Electricity expense (prior to PV system) PrePVExp 204 119 100 700 – PhP
14 Health-related expense HealthExp 570 503 100 2,500 – PhP
15 Transportation expense TransExp 412 489 0 3,120 – PhP
16 Self-rating of system know-how SelfRating 1.8 0.9 1 4 1: low to 5: high Score
17 Willingness to pay (max) Will_MaxPay 184 38.1 70 250 – PhP
28 Ease of payment (SHS) EasePay 3.1 1.5 1 5 1: low to 5: high Score
19 Willingness to maintain Will_Maintain 4.9 0.4 4 5 1: low to 5: high Score
20 Electricity importance ElecImp 2.1 1.0 1 4 1: low to 5: high Score

Source: Survey 2011b and Survey 2012.
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units. On the other hand, the technical dimension is defined by how
users are able to operate and maintain the physical parts of the SHS,
i.e., batteries, charge controller, and loads, to be in workable condition.

Typical user attributeswere determined and classified into capacity-
related and willingness-related attributes. For financial capacity, for ex-
ample, the gross incomemay indicate a user's ability to earn and be able
to pay for the costs of the system. For technical capacity, the education
level would indicate a user's ability to comprehend and perform the
necessary maintenance tasks. The willingness components of the
model seek to determine the user's readiness and intention to pay for
the financial needs and perform the technical tasks. Willingness to pay
and the perceived importance of electricity are some attributes that
may indicate readiness and intention.
Table 2
Technical scoring mechanics.

Category Scoring questions

A.1 Battery How many times was the battery changed since 2008?

A.2 Does the user have stocked distilled water supply for t

A.3 Is the battery clean (terminals and casing)?

B.1 Charge controller Is the charge controller clean (casing)?

B.2 Is the charge controller positioned and connected prop

B.3 Does the user bypass the controller (even occasionally

C.1 Load, Wiring,
and Usage

Are the loads positioned properly (e.g., lights, sockets)

C.2 Are the loads wired properly?

C.3 Are the loads and wires clean?

C.4 Are there loads exceeding 12 V?

C.5 Are the loads used properly, not exceeding the recomm

Source: author, with expert opinion from DOE-VFO and BAPA staff.
Adopting ordered logit regression analysis (Ologit)

Applying the proposed approach, quantifiable user attributes are
used as proxies for capacity and willingness of an individual to predict
the performance of an individual. In this study, the ordered logit
(Ologit)model, an extension of the logitmodel capable of handlingmul-
tiple categorical data, was found appropriate to estimate the perfor-
mance of users. A reference literature shows the application of Ologit
using the resources approach. In the study by (Tae, 1993), the electricity
demand of households was estimated using household resources such
as income, appliances, and number of family members. To differentiate
the approach in this study, we extend the application of Ologit models
to utilize the capacity and willingness attributes of households to
Score: criteria 15 points total

3: replaced ≤1×
2: replaced 2×
1: replaced ≥3×

3

he battery? 1: Yes
0: None

1

1: Yes
0: No

1

2: Very clean
1: Considerably clean
0: Not at all

2

erly? 1: Yes
0: No

1

)? 2: Yes
0: No

2

? 1: Yes
0: No

1

1: Yes
0: No

1

1: Yes
0: No

1

1: Yes
0: No

1

ended loading time and amount? 1: Yes
0: No

1



Table 5
Categorical scores for C_3_Financial.

Score Label Range Count %

Score 1 Poor b 12 26
Score 2 Average 0.55 23 49
Score 3 Good 0.8 12 26

Total 47 100

Source: author, from Survey 2011b, Survey 2012, and cluster analysis.

Table 3
Classifying user attributes.

Capacity related

Financial attributes Technical (know-how) attributes
Gross income Education
Net income Self-rating
Expenses Hours of electricity use
Food
Water
Education Other general attributes
Electricity (prior to PV) Members
Electricity (current) Age
Health
Transportation
Willingness related
Financial willingness Technical willingness
Willingness to pay (max) Willingness to maintain (SHS)
Ease of payment (SHS) Electricity importance rating

Source: author.
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explain sustainability performance. The following paragraphs explain
the process of applying Ologit.

For categorical variables with a meaningful sequential order, an or-
dered logit or Ologit regression analysis can be used. Ologit begins by
categorizing the dependent variable into k categories with values i
(e.g. i1 = poor, i2 = average, and i3 = good). The probability of a
given observation y to have a categorical value i is calculated as
Eq. (1). Ologit estimates the log-odds probability S of the predicted var-
iable to a linear relationship of the predictor variables x using the
maximum-likelihood principle. The linear prediction of the log-odds
probability is depicted as Eq. (2). The probability that an observation
(Sj + uj) lies between cut points k can be computed through the equa-
tions in Eq. (3).

Pr y j ¼ i
� �

¼ Pr ki−1bS j þ u≤ki
� � ð1Þ

Sj ¼ x1 jβ1 þ x2 jβ2 þ…þ xmjβm ð2Þ

Pr Sj þ ujbk
� � ¼ 1= 1þ eS j−k

� �
ð3Þ

Pr Sj þ ujNk
� � ¼ 1−1= 1þ eS j−k

� �

Pr k1bSj þ ujbk2
� � ¼ 1= 1þ eS j−k2

� �
−1= 1þ eS j−k1

� �

The linear prediction produces coefficients (β) in log-odd units. The
significance of the predictors to the model is depicted by the z statistics
and P value. The overall significance of themodel is assessed by the chi-
square value and the pseudo-R2 (Armstrong and Jackson, 2009; Hu
et al., 2006). For the investigation, the software STATAwas used to com-
pute Ologit estimations (Stata Corp., 2007). Further details, applications,
and explanations of the process of Ologit can be acquired through the
following references (Ayuso and Santolino, 2007; Tae, 1993).

The following introduces the process for model and variable selec-
tion adopted for the study: (1) initially introduce several predictor var-
iables and check for significance of the overall model (χ2) and per
variable (P values) to the 90% or 95% confidence interval (CI),
Table 4
Categorical scores for C_2_Financial.

Score Label Range Count %

Score 1 Poor b0.55 12 26
Score 2 Good ≥0.55 35 74

Total 47 100

Source: author, from Survey 2011b, Survey 2012 and Cluster Analysis.
(2) systematically and empirically eliminate the variables that are not
significant, and (3) accept the model using several criteria: (a) overall
model significance is acceptable at 95% CI, (b) pseudo-R2 is reasonable,
(c) majority of the variables are significant at least to the 90% CI, and
(d) overall predictive ability is high. The ideal maximum number of ex-
planatory variables to retain would be 1 variable per 10 observations
(Long, 1997). For this case, with 47 observations, 5 retained explanatory
variables were considered acceptable.

Model testing was performed by calculating the percentage of cor-
rectly predicted scores from the actual performance scores. Model accu-
racy was computed as % accuracy = correctly predicted scores (users) /
total number of users. Among several models, a single most admissible
model was selected for each of the 2 and 3 category scoring based on
the model accuracy.

Sensitivity analysis was conducted to check the marginal effects on
probabilities. Marginal effects, denoted as ds/dx, measures instanta-
neous rate of change of probabilities (Long, 1997). This indicates how
a particular variable, when increased or decreased while holding all
other variables constant at their means, would affect the probability of
a particular score. Figs. 5–8 depict the sensitivity analyses of variables.
The abscissa displays the range of values for the variable while the ordi-
nate displays the probability value of the variable. More information on
understanding such graphs can be found in Stata Corp. 2007 and Long,
1997.

Model development and analysis

Data collection

The Alumar SHS project has a total of 50 SHS users, 47 of whichwere
noted to be applicable for the investigation. Individual household sur-
veys were conducted to collect basic information about the users, as
shown in Table 1. Respondents were limited to be the household head
or the spouse to represent the household.

For the actual financial performance of users (A_Financial), project
reports and documentations dating back to the start of the project in
2008 were compiled and analyzed. Financial performance can be mea-
sured by the completeness of payments a person has made through
the course of time to maintain the system. A_Financial is measured in
percent or ratio of the total number of monthly paymentsmade divided
by the total months, i.e., 39 months, payments were required: A_Finan-
cial score = total payments made / total payments required.

For the actual technical performance of users (A_Technical), a special
scoring systemwas developed for the purpose, as shown in Table 2. The
objective was to be able to score the condition of the solar home system
in a particular household based on criteria which relate to the function-
ability of the system. The scoring systemwas developed in consultation
Table 6
Categorical scores for C_2_Technical.

Score Label Range Count %

Score 1 Poor b12 11 23
Score 2 Good ≥12 36 77

Total 47 100

Source: author, from Survey 2011b, Survey 2012, and cluster analysis.



Table 7
Categorical scores for C_3_Technical.

Score Label Range Count %

Score 1 Poor b12 11 23
Score 2 Average 12 ≤ s b 14 21 45
Score 3 Good ≥14 15 32

Total 47 100

Source: author, from Survey 2011b, Survey 2012, and Cluster Analysis.

110 G.W. Hong et al. / Energy for Sustainable Development 28 (2015) 102–114
with experts from the DOE and the local technicians who maintained
the SHSs.

For financial items, GrossIncome, NetIncome, FoodExp, WaterExp,
EducExp, ElecExp, PrePVExp,HealthExp, and TransExpwere approximated
for a typical month. For further analytical purposes, the percentages of
the expenses vs. theGrossIncomewere also computed. These percentage
values are noted as follows: P_FoodExp, P_WaterExp, P_EducExp,
P_ElecExp, P_PrePVExp, P_HealthExp, and P_TransExp.

The level of education (Education) of the household head was con-
sidered and scored for the following categories: 1 = elementary non-
graduate, 2 = elementary graduate, 3 = high school non-graduate,
4 = high school graduate, and 5 = college or vocational school level.

For hours of electricity use (ElecUse), typical daily usage was catego-
rized as follows: 1 = less than 3 h; 2 = 3–8 h; and 3 = more than 8 h.

For the self-rating of SHS system know-how (SelfRating), respon-
dents were asked to score their relative confidence of their knowledge
about the SHS. The ratings were in a 1–5 scale: 1 = not knowledgeable
to 5 = very knowledgeable.

For willingness of users to pay (Will_MaxPay), the respondents were
asked the following question: What is the maximum monthly amount
(in PhP) are you willing to pay for the SHS system? As secondary data,
the percentage of Will_MaxPay vs. the GrossIncome was computed as
P_WillMaxPay.

For willingness of users to maintain the system (Will_Maintain), the
users were asked the following question: How willing are you to per-
form/follow the necessary actions/procedures to properly maintain
the SHS system? The score ranged from 1 if not willing to 5 if very
willing.

For the ease of payment of SHS (EasePay), respondents were asked
to score their relative comfort or level of ease in paying the monthly
maintenance cost of the system. The ratings were done in a 1–5 scale
from 1 = not easy at all to 5 = very easy.

For the level of electricity importance (ElectImp), respondents were
asked to score the relative level of importance of particular household
needs, such as food, water, house, electricity, transportation, and health.
The top 5 items were ranked in a 1–5 scale from 1= least important to
5 = most important.

Classification of variables

After collecting and checking the data from each household, the var-
iables were classified as whether they were capacity-related or
willingness-related based on empirical judgment. Variables were fur-
ther sub-classified into financial- or technical (know-how)-related var-
iables. The variables are shown in Table 3.
Table 8
Model for C_2_Financial.

Predictors Coef. SE z P N z

TransExp −0.0022 0.0013 −1.71 0.087
WaterExp 0.0062 0.0028 2.20 0.028
PrePVExp −0.0076 0.0046 −1.66 0.097
EasePay 0.6796 0.3203 2.12 0.034
/cut1 −0.4367 1.0770
Prob N χ2: 0.0132; pseudo-R2: 0.2368; prediction accuracy: 85%

Source: author, from Survey and OLOGIT Analysis.
Categorization through cluster analysis

The Ologit model requires predicted variables to be categorical in
form. For the performance scores, A_Financial is a continuous variable
while A_Technical takes on integer values. To meet the Ologit model re-
quirements, both variables were systematically categorized into mean-
ingful scores, specifically, into 2 and 3 categories, which can indicate the
user performance to be “poor and good” or “poor, average, and good”,
respectively. The categorization step was done through cluster analysis,
an exploratory data analysis technique used to categorize data into
groups depending on their similarities or dissimilarities. The study
adopted the agglomerative hierarchical clustering method with
complete-linkage. The software STATA was used to perform the cluster
analyses (Stata Corp., 2007; Sambamoorthi, 1999).

Financial performance cluster analysis
From the cluster analysis, the A_Financial scores were meaningfully

clustered into 2-category and 3-category scorings. The 2-category clus-
ter, named C_2_Financial, distinguished poor fromgood performers. The
3-category cluster, named C_3_Financial, identified poor, average, and
good performers. In order to conform to the Ologit model, which uses
numerical variables for explained variables, the performance categories
need to be relabeledwith numerical designations. For C_2_Financial, the
good and poor performers were labeled as Score 1 and Score 2, respec-
tively, as seen in Table 4. For C_3_Financial, the categories were labeled
as Score 1, Score 2, and Score 3, as seen in Table 5.

Technical performance cluster analysis
From the cluster analysis, the A_Technincal scores, weremeaningful-

ly clustered into 2-category and 3-category scorings. The 2-category
cluster, named C_2_Technical, identified poor and good performers.
The 3-category cluster, named C_3_Technical, identified poor, average,
and good performers. To conform to the Ologit model, performance
scores were relabeled numerically. For C_2_Technical, the good and
poor performers were labeled as Score 1 and Score 2, respectively, as
seen in Table 6. For C_3_Technical, the categories were labeled as Score
1, Score 2, and Score 3, as seen in Table 7.

Ordered logit model development and testing

Financial performance estimation using Ologit
By applying Ologit analysis, the categorized A_Financial scores were

estimated. Models were developed for both the 2-category score and
the 3-category scores. The presented models were considered to be
the most admissible models developed using the criteria and process
described for Ologit modeling.

Model for 2-category financial performance. Themodel developed for the
2-category financial performance (C_2_Financial) is shown in Table 8.
The modelχ2 and the pseudo-R2 were found acceptable with an overall
prediction accuracy of 85%. Results in Table 9 showhow6 out of 12 poor
performers and 34 out of 35 good performers were correctly identified.
There were 4 significant variables retained: WaterExp, TransExp,
PrePVExp, and EasePay.
95% Confidence interval ds/dx Mean

−0.0046 0.0003 0.0003 411.57
0.0007 0.0118 −0.0009 232.34

−0.0165 0.0014 0.0011 204.06
0.0518 1.3074 −0.0974 3.104

−2.5475 1.6741



Table 9
Model predictions for C_2_Financial.

Scores Actual Predicted

Total 47 7 40
1 (Poor) 12 6a 6
2 (Good) 35 1 34a

1 (Poor) 2 (Good)

Source: author, from Survey and OLOGIT Analysis.
a Correctly predicted.
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TransExpwas found to have a negative coefficient. We attribute this
behavior to a cost competition phenomenonwith electricity.We postu-
late that household expenses, in general, compete with the availability
of funds to pay for the PV system. Travelling to the nearby islands and
trading their catch is an essential part of livelihood. TransExp indicates
a necessary expense, which competes directly with funds available for
other expenses such as the SHS. Furthermore, this component can be
seen as an effect of the external environmentwhere high costs in trans-
portation expenses can hamper a person's financial capacity.

WaterExp was found to have a positive coefficient. At first, it seems
contrary to our hypothesis that expenseswould affect financial capacity
negatively. Although water is a daily necessity, households may be able
to get it for a minimal price through rain water collection or from
ground water wells. Paying for better quality and more expensive
water on the other hand may be considered a luxury rather than a ne-
cessity or a financial burden. This may show thatWaterExp is an indica-
tor of users with high financial capacity.

PrePVExp is seen to have a negative sign. Intuitively, it was thought
that people with higher electricity costs, before having PV, would be
more diligent to pay for the new type of system. Contrastingly, the neg-
ative sign can be attributed to the distribution structure of the PrePVExp
data. Since most of the users have low PrePVExp, by using the
maximum-likelihood principle, it was found likely that even users
with low PrePVExp can still have good financial performance. We thus
speculate that having a low PrePVExp can be expected from this rural
community and this does not necessarily indicate poor financial
performance.

EasePay has a positive sign which indicates how users who find it
easier to pay the costs of the SHS are more likely to perform well.
EasePay here is considered to represent the willingness attribute of the
user. By finding this component relevant, we find our first indication
of the veracity of the capacity and willingness approach to sustainability
as earlier discussed.

By conducting a sensitivity analysis, we note the marginal effects
(ds/dx) of components and the changes in performance score probabil-
ities as particular variable values change while holding all other values
constant at their means. Results are seen in Fig. 5. While all variables
are found to be significant, we take that TransExp has a range of values
that is most significant to dictate the scores. The higher the TransExp
the higher probability of poor performance.WaterExp and EasePay con-
tribute positively to the probability of good performance and therefore
are good indicators in further screen out good and poor performers.
Table 10
Model for C_3_Financial.

Predictors Coef. SE z P N z

GrossIncome 0.0004 0.0002 2.07 0.039
P_FoodExp −12.72 3.75 −3.40 0.001
P_TransExp −17.05 8.97 −1.90 0.057
P_HealthExp −12.05 6.12 −1.97 0.049
P_WillMaxPay 152.05 53.72 2.83 0.005
/cut1 −3.53 3.46
/cut2 −0.43 3.40
Prob N χ2: 0.003; pseudo-R2: 0.2353; prediction accuracy: 74%

Source: author, from Survey and OLOGIT Analysis.
Model for 3-category financial performance. Themodel developed for the
3-category financial performance (C_3_Financial) is shown in Table 10.
The modelχ2 and the pseudo-R2 were found acceptable with an overall
prediction accuracy of 74%, which was lower than the 2-category
predictions. Results in Table 11 show correct predictions for 6 out of
the 12 poor performers, 21 out of 23 average performers, and 8 out of
12 good performer. There were 5 significant variables retained:
GrossIncome, P_FoodExp, P_TransExp, P_HealthExp, and P_WillMaxPay.

GrossIncomewas found to have a positive coefficient, indicating how
a user has the ability to earnmoney and have the necessary funds to pay
for the SHS.

P_FoodExp, P_TransExp, and P_HealthExp have negative coefficients.
These values are percentages of users' expenses vs. GrossIncome. This
confirms that household expenses may compete with costs or payment
for the PV system and thus affect the ability of the user to pay. Hence,
higher expenses, such as food, transportation, and health, relative to
the gross incomemay indicate some challenges for SHSfinancial perfor-
mance. Percentage values relative to GrossIncome allow us to relatively
compare the performance trends for the low-income and high-income
earners. These expense percentages can also be perceived as contribu-
tions of the external environment to the performance of users. If trans-
portation and health facilities are, for example, difficult to access for a
community, these percentages would be higher andmay cause difficul-
ties for users to pay for SHS. These components, as well as GrossIncome,
altogether interact to represent the capacity component users.

P_WillMaxPay is seen to have a positive coefficient, representing the
willingness component of the user. As it is a percentage value to the
GrossIncome, we are able to observe the willingness of users relative to
their incomes. This relative sense of willingness may arguably be a bet-
ter indicator of willingness than the actual willingness to pay value. The
significance of P_WillMaxPay to the model, nonetheless, confirms our
hypothesis of being able to use both the capacity and willingness com-
ponents to explain users' performance.

Sensitivity analysis was again conducted to determine the marginal
effects and effects on probabilities of particular variables. Results are
seen in Fig. 6. Among the three expense variables (P_FoodExp,
P_TransExp, and P_HealthExp), only P_FoodExp had the range of values
which significantly dictates the scores from poor, to average, and to
good performance. P_WillMaxPay had negative marginal effect at the
means and thus an increase in value would decrease the probability of
poor performance.

Technical performance estimation using Ologit
Applying ordered logit analysis, we are able to estimate the

categorized A_Technical scores. The presented models for 2-category
and 3-category were considered to be the most admissible models de-
veloped using the criteria and process described for Ologit.

Model for 2-category technical performance. Themodel developed for the
2-category technical performance (C_2_Technical) is shown in Table 12.
The modelχ2 and the pseudo-R2 were found acceptable with an overall
prediction accuracy of 89%. Results in Table 13 show how 7 out of 11
poor performers and 35 out of the 36 good performers were correctly
95% Confidence interval ds/dx Mean

0.0000 0.0009 −0.0001 6172.3
−20.06 −5.38 1.65 0.57
−34.62 0.52 2.22 0.06
−24.05 −0.05 1.57 0.09

46.76 257.34 −19.77 0.03
−10.31 3.25
−7.09 6.23



Table 13
Model predictions for C_2_Technical.

Scores Actual Predicted

Total 47 8 39
1 (Poor) 11 7a 4
2 (Good) 36 1 35a

1 (Poor) 2 (Good)

Source: author, from Survey and OLOGIT Analysis.
a Correctly predicted.

Table 11
Model predictions for C_3_Financial.

Scores Actual Predicted

Total 47 7 30 10
1 (Poor) 12 6a 5 1
2 (Ave) 23 1 21a 1
3 (Good) 12 0 4 8a

1 (Poor) 2 (Ave) 3 (Good)

Source: author, from Survey and OLOGIT Analysis.
a Correctly predicted.

112 G.W. Hong et al. / Energy for Sustainable Development 28 (2015) 102–114
identified. There were 4 significant variables retained: GrossIncome,
Education, SelfRating, and P_WillMaxPay.

GrossIncome was found to have a positive coefficient. In the earlier
model, this was a capacity indicator for the user's financial capacity.
For this case, GrossIncome shows how a person's financial abilities can
extend to reflect the technical abilities a person has to operate and
maintain the SHS.

Education was found to have a positive coefficient, indicating how
having better education can point towards better technical perfor-
mance. Since Education was not found significant for financial perfor-
mance, it can be said that education plays a more important role in
the technical performance of users.

SelfRating had a negative coefficient. The distribution structure of
SelfRating and A_Technical was analyzed, and it was found that higher
technical scorers rated themselves low in terms of know-how about
the system. This may indicate a general trend of users' perception and
confidence about their knowledge of the system: those who are better
educated may be more aware of the complexities of the system and
thus rate themselves low. Those who perform poorly may have tenden-
cies to rate themselves higher than what they may really know.

P_WillMaxPaywas seen to have a positive coefficient.While this var-
iable points to thefinancial willingness of the user, its significance in the
technical model indicates how financial willingness can also reflect the
willingness of users to maintain their systems. This confirms that will-
ingness to pay is not only an amount to valuate a certain resource but
also indicates the willingness component of users to sustain their sys-
tems. Further, this confirms how willingness plays an important role,
along with other capacities, in operating and maintaining SHS.

Sensitivity analysis was again conducted to determine the marginal
effects and effects on probabilities of particular variables. Results are
seen in Fig. 7. While all variables showed certain significance, particular
attention should be given to GrossIncome and P_WillMaxPay since these
have a range of values that define poor and good performers. While
Education also plays a significant role, care should be given for SelfRating
as users' perception of their knowledge may be counter intuitive.

Model for 3-category technical performance. Themodel developed for the
3-category technical performance (C_3_Technical) is shown in Table 14.
Themodelχ2 and the pseudo-R2 were found acceptable with an overall
prediction accuracy of 64%, which was lower than the 2-category pre-
dictions. Results in Table 15 showed correct predictions for 6 out of 11
poor performers, 18 out of 21 average performers, and 6 out of 15
good performers. The low accuracy rating can be attributed to the diffi-
culty of distinguishing average and good performers.
Table 12
Model for C_2_Technical.

Predictors Coef. SE z P N z

GrossIncome 0.0019 0.0007 2.73 0.006
Education 3.14 1.69 1.86 0.063
SelfRating −1.58 0.79 −2.01 0.044
P_WillMaxPay 122.05 66.27 1.84 0.065
/cut1 14.19 6.19
Prob N χ2: 0.0003; pseudo-R2: 0.4207; prediction accuracy: 89%

Source: author, from Survey and OLOGIT Analysis.
There were 4 significant variables retained: GrossIncome, Education,
SelfRating, and P_WillMaxPay. These variables were the same for the 2-
category scoring. All variables retained their coefficient signs, which
confirm the consistent significance of these variables in explaining tech-
nical performance.

Sensitivity analysis was again conducted to determine the marginal
effects and effects on probabilities of particular variables. Results are
seen in Fig. 8. The variables displayed similar effects with the 2-
category model.

Practical implications to policies and projects

The models developed have proven to have significantly predicted
user performance given household attributes typically found during
RRAs. The findings of this investigation allow us to have policy and pro-
ject implications for at least four fronts: (1) project beneficiary scoping,
(2) appropriate technology selection, (3) capacity development strate-
gies, and (4) willingness development strategies. These may be applied
to both private and public development projects and processes.

Project beneficiary scoping refers to the initial selection of project
beneficiaries from among many applicants who wish to be provided
with these SHSs. The beneficiary selection process applied in Alumar
granted systems to some users whowere not fully capable of sustaining
their systems. Through the models developed, it becomes possible to
predict the performance tendencies of users and screen out those that
are found incapable of sustaining the system. In selecting beneficiaries,
developers may set certain threshold values for the significant
capacity-related and willingness-related attributes of users.

Appropriate technology selection also takes place in the initial stages
of the project where the type and sizing of the systems are designed to
fit the users. By being able to infer user performance, developers can
design systems that appropriately match users' capacities and needs.
Taking the Alumar case, the poor performers, if predicted, could have
been given alternative means of energy provision such as cheaper and
smaller-sized SHS. Another alternative would have been rechargeable
LED lamps (light emitting diode), which can be charged from the neigh-
boring users' SHS, as proposed by (Hong and Abe, 2012).

Capacity development strategies could also be formulated based on
these identified capacity-related and willingness-related attributes.
For the financial aspect, since expenses were quite prominent indica-
tors, it may be feasible to have workshops on accounting and financial
planning to help users better manage household expenditures. Another
strategy would be to improve key infrastructure in the community to
lessen the costs of significant commodities such as transportation and
95% Confidence interval ds/dx Mean

0.0005 0.0033 −0.0001 6172.34
−0.17 6.45 −0.088 1.532
−3.13 −0.042 0.044 1.766
−7.83 251.94 −3.42 0.0324

2.06 26.32



Table 14
Model for C_3_Technical.

Predictors Coef. SE z P N z 95% Confidence interval ds/dx Mean

GrossIncome 0.0008 0.0003 3.1 0.002 0.0003 0.0013 −0.0001 6172.34
Education 0.63 0.32 1.96 0.05 −0.0004 1.26 −0.092 1.53
SelfRating −0.67 0.38 −1.75 0.08 −1.42 0.08 0.098 1.77
P_WillMaxPay 86.38 45.96 1.88 0.06 −3.71 176.46 −12.66 0.032
/cut1 6.05 2.81 0.54 11.56
/cut2 8.58 2.96 2.79 14.38
Prob N χ2: 0.0021; pseudo-R2: 0.168; prediction accuracy: 64%

Source: author, from Survey and OLOGIT Analysis.
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health. In the light of userwillingness, itmay bepractical to includewill-
ingness development programs as part of project development.

Aside from outlining the practical policy implications, this paper also
seeks to inspire further research in the field of RES sustainability. While
capacity and willingness were found relevant, it may be worthwhile to
investigate the factors affecting these attributes. These may involve ex-
ternal and internal factors such as the norms, culture, and relationships
of individuals and communities.
Conclusions and recommendations

This paper investigated the capacity and willingness of users in sus-
taining RES for rural electrification. The proposed capacity and willing-
ness approach discussed an adaptation to the paradigm shift from the
traditional resources approach to the capabilities approach of human
development. It was thought how typical user attributes would be
able to represent the capacities andwillingness of individuals and there-
in explain their performance in sustaining RES.

A solar home system (SHS) project in a rural island (Alumar,
Philippines) was investigated. For this investigation, sustainability was
explained by user performance in two aspects, namely, financial perfor-
mance and technical performance. Itwas found howboth performances
were practical to measure, making them effective as sustainability indi-
cators for rural electrification projects. User attributes, which are typi-
cally measurable during rapid rural appraisals (RRAs), were collected
for SHS users in the island. These attributes were used to predict the fi-
nancial and technical performance of users using ordered logit regres-
sion (Ologit).

The models developed showed good distinction of attributes
that characterize a particular type of performance. Financial capacity
attributes, i.e., income and expense, were prominent in explaining fi-
nancial performance while technical know-how-related attributes,
e.g., education, were prominent in explaining technical performance.
It was proven that willingness-related attributes, i.e., willingness to
pay, of users were influential in explaining both financial and technical
performance.

The results of the investigation propose several practical policy and
project implications: (1) project beneficiary selection process could be
improved with the capability of predicting the performance of users;
(2) the appropriate systems can be provided to match the estimated
Table 15
Model predictions for C_3_Technical.

Scores Actual Predicted

Total 47 7 31 9
1 (Poor) 11 6a 5 0
2 (Ave) 21 0 18a 3
3 (Good) 15 1 8 6a

1 (Poor) 2 (Ave) 3 (Good)

Source: author, from Survey and OLOGIT Analysis.
a Correctly predicted.
capacities of the users; (3) capacity development strategies can be devel-
oped to target significant capacity attributes, e.g., financial management,
and environmental factors, e.g., transportation and health-related infra-
structure, which affect user performance; and (4) willingness develop-
ment programs can be infused in existing training programs to provide
better awareness of a person's willingness in relation to the project.

Understanding sustainability has becomemore andmore relevant as
rural electrification projects progress tomore unlit areas and communi-
ties. While RES sustainability remains elusively complex, developers
may find it worthwhile to consider two important aspects, the users' ca-
pacity and willingness to sustain.
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