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Abstract

Community-scale solar water-pumping systems (SWPSs) have become ideal alternatives
for remote villages that lack electricity and water access. In Indonesia, SWPSs have been
installed in many villages, but they often malfunction. Although technical studies are
available, evidence showing the effect of post-construction support on the interplay in
SWPS projects is scarce. Therefore, this study examined the post-construction support
from the perspectives of the communities and local actors in four SWPS projects in rural
Indonesia using a questionnaire survey. Three types of support were considered in the
research framework and selected as dependent variables for regression analysis: capac-
ity building, financial assistance, and technical assistance. Data were collected from 275
beneficiaries and 11 local actors, including local governments and implementing organi-
zations, and statistical analysis was conducted. The results showed that, on average, the
communities perceived that the community-based organization (CBO)-a local team that
manages SWPS projects—was incapable of solving problems independently. Moreover,
the existing support was inadequate and did not meet the requirements of the communi-
ties. This study found three determinants of the need for support: technical skills, funds
for technical assistance, and financial management (eigenvalues of 2.89, 1.51, and 1.23,
respectively). Logistic regression analysis revealed that technical skills were particular-
ly crucial because this factor significantly determined the need for all types of support
(»<0.05 and p<0.01). However, relying on the support of local actors is difficult, because
of their limited resource availability. These findings highlight the significance and role of
the support aspect in achieving the sustainability of renewable energy projects in rural ar-
eas. Although increased effort to improve the capabilities of the CBOs is necessary, future
projects must also consider the trade-off between renewable energy technology and the
consequent need for support. Accordingly, designing projects that promote support from
all stakeholders is imperative.
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1 Introduction

In developing countries with limited national grid, solar water-pumping systems (SWPSs)
are an ideal solution to meet the demands of water supply and micro-irrigation in villages.
This technology is classified as solar photovoltaics (PV) for productive use, and provides
the direct benefit of a water pumping and supply system that has minimal environmen-
tal impacts and is more affordable than diesel-powered pumps in the long run (Bannister,
2000), particularly considering the high diesel prices in rural areas. The system uses renew-
able energy (RE) from sunlight to generate electricity, which then operates a pump to lift
water. Moreover, an SWPS is considered technologically advanced and reliable, has low
operational costs, and is expected to last for 20 years (UNESCAP, 1991).

The sustainability of RE technology and the societal context depend not only on tech-
nical functionality, but also on social and institutional factors (Fudge et al., 2016). After
construction is completed, the implementing organizations generally transfer responsibility
for operation and maintenance to a community-based organization (CBO), which is a group
of local communities that manages the system. However, mismatches often occur between
the prescribed and actual capacities of the CBO, thereby affecting the sustainability of the
project (Hjalmarsdottir, 2012). Although the community management approach provides
increased control and opportunity for strategic decision-making to communities, regular
support is crucial for a technically complex system that cannot be easily operated and main-
tained (IRC, 2001). Moreover, Rahmani et al. (2020) concluded that extensive and continu-
ous post-construction support from an institution is a factor that contributes to the success
of sustainable community RE projects. Without a supportive environment, these projects as
innovations cannot be sustained and developed (Dobravec et al., 2021). Support for pump
technology have only focused on the assessment of hand pumps and wells; therefore, a gap
exists in the literature on mechanized pipe water systems, which are more complex and
require additional assistance (Miller et al., 2019). Thus, investigating the support for RE
projects, especially solar-powered pumps, has become imperative with increased installa-
tion of RE systems, particularly in developing countries, to expand access to basic human
needs using low-carbon technology.

Indonesia is a developing country that has actively implemented the SWPS. Approxi-
mately 189 SWPS projects were reported in Indonesia between 2005 and 2021 (Lorentz,
2021). Many studies on the SWPSs in the country have explored technical aspects, such as
design and construction reports (Primawan & Iswanjono, 2019), and the analysis of tech-
nology performance corresponds to economic analysis (Usman et al., 2018). Regarding the
social aspects of SWPSs, scholars have investigated the process of transferring knowledge
(Salis et al., 2018) and the participation of different stakeholders (Wahyuni et al., 2015).
Recently, research has been conducted on the socio-economic impact of the SWPSs in Indo-
nesia (Rahmani et al., 2021) and its local governance (Rahmani et al., 2023). Globally,
the literature on community-scale RE projects has focused on sustainability assessment,
for example, from the techno-social and socioeconomic perspectives (Hong & Abe, 2012),
and on the evaluation of project performance (Lopez-Gonzalez et al., 2019). In the social
aspect, various topics have been explored, such as community engagement (Joshi et al.,
2019), social mobilization in the context of energy transition (Marquardt & Delina, 2019),
management failure (Ikejemba et al., 2017), socioeconomic impacts, and impacts related
to the millennium development goals (Terrapon-Pfaff et al., 2014). Nevertheless, scientific
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research on the support aspect is scarce. This study aims to improve the understanding and
provide empirical evidence of the support aspect for an SWPS by proposing a novel analyti-
cal framework from the perspectives of communities and local actors (local governments
and implementing organizations).

This study emphasized that support from external communities is essential for the sus-
tainability of SWPS projects. The following research question was addressed: What are the
determinants of the need for support in SWPS projects? The study was conducted in two
steps. First, an analytical framework and hypotheses were formulated, and these hypotheses
were tested on four SWPS projects in the rural Gunungkidul District, Indonesia. Second,
data were collected through a questionnaire survey administered to communities and local
actors. The communities were enquired about their evaluation of SWPS project perfor-
mance, current existing support, and the need for support, whereas local actors were asked
about their interest in SWPS technology, availability of resources, and capability to provide
support.

The following section, Sect. 2, discusses the analytical approaches employed for exam-
ining the support from both communities and local actors. Sections 3 and 4 describe the
study area and the methods used, respectively. Section 5 presents the results of the study
and Sect. 6 elaborates on the findings considering the relevant literature. Finally, Sect. 7
concludes the paper.

2 Analytical approaches

Previous research on a community-scale SWPS (Rahmani et al., 2023) interviewed the CBO
or project management team about crucial factors that influence the sustainability of the
SWPS. The three crucial factors were insufficient skills, lack of a reserve budget, and the
repair of electrical damage. Based on these results, this study interpreted these three factors
as three types of necessary support: (1) capacity building, (2) financial assistance, and (3)
technical assistance. These three types of support were selected as dependent variables in
the regression analysis used to predict the determinants of the need for support.

This study investigated the support dimension for an SWPS according to two scopes of
assessment: the perspectives of the communities and local actors. This section elaborates on
the applied theoretical approaches for each scope.

2.1 Framework for the perspective of communities

The sustainable performance of an SWPS, particularly a community-managed project,
involves multiple indicators in internal communities, including skill, financial, and tech-
nical factors (Short & Thompson, 2003). The skill indicator relates to the capability and
knowledge of the CBO managing the system, whereas the financial indicator concerns the
user’s commitment to pay a service fee, affordability, and incentives for the team. The tech-
nical indicator is related to the technological aspects of an SWPS, including ease of use,
ease of maintenance, and technology durability. The SWPS operates only during the day
under sunlight exposure, and the daily output varies depending on the solar radiation condi-
tions (UNESCAP, 1991), which affect water sufficiency for household consumption. The
community-based evaluation in this study also included their perspectives on assistance for
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the SWPS, both the existing support and the need for support in terms of capacity building,
technical assistance, and financial assistance.

2.2 Framework for the perspective of local actors

Generally, a sense of shared responsibility exists among the stakeholders involved in sup-
porting and improving the local system (Chaudhuri et al., 2020). Two types of support mod-
els are available for a community-managed rural water supply system: a demand-driven
approach, where the responsibility to seek services is on the communities themselves, and
a supply-driven approach, where a provision of technical assistance, repairs, and other ser-
vices is included (The World Bank, 2009). Considering an SWPS in a local context, this
study assessed the local government’s capacity to provide support for an SWPS. Local gov-
ernment refers to the government structure below the national government; that is, prov-
inces, districts (kabupaten), subdistricts (kecamatan), and villages (desa) (Usman, 2001).
Implementing organizations, such as international donors, national agencies, universities,
and non-profit organizations (NPOs), were also included because they played a crucial role
during project development. Herein, the local governments and implementing organizations
were defined as “local actors.”

The degree to which local actors can provide support is related to the interest in RE
technology and the availability of resources (Mey et al., 2016). High interest can drive
local actors to engage in activities related to providing support. Appropriate oversight and
supportive action from local actors includes efforts to allocate resources within the institu-
tion (Derks & Romijn, 2019). An agency with limited resources may have a lower capac-
ity to provide support. The assessment of local actors also included their perspectives on
their ability to provide support for capacity building, financial assistance, and technical
assistance.

The proposed framework is shown in Fig. 1. Based on the aforementioned literature, the
research variables were formulated, as shown in Tables 1 and 2 in the Methodology section.

3 Study area

The hypothesis was tested at four project locations in the Gunungkidul District, Yogyakarta
Province, Indonesia. Gunungkidul is a karst, where the landscape typically comprises car-
bonate rocks, and the aquifers form a distinct underground water stream (Hartmann et al.,
2014). Owing to the hilly topography, population settlements are mostly concentrated in a
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Fig. 1 Analytical framework
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Table 1 Variables of analysis in the perspective of communities

Variables Description Scale of assessment

SWPS project performance

Skill aspect

* Performance of CBO CBO capability in SWPS 1 =very bad to 4=very good
operational

* Sufficient training

* Solve problems
independently

Financial aspect
* Willingness to pay
* Affordability

* Incentives for CBO

Technical aspect
* Frequency of using SWPS

» Water sufficiency

* Ease of use

* Ease of maintenance
* Technology durability

Existing of support
Capacity building
Financial assistance
Technical assistance
Need for support
Capacity building
Financial assistance
Technical assistance

Sufficiency of training to gain
skills

CBO ability to solve problems
independently

Willingness to pay for user fee
Affordability of service fee

Willingness to pay for CBO’s
incentives if any

Frequency of using water from
SWPS

Sufficiency of water for house-
hold consumption

Ease of using SWPS

Ease of conducting maintenance

Technology durable for a long
time

Existing of support regarding the

variables

Need of support regarding the
variables

1 =very not sufficient to 4=very
sufficient

1 =very not capable to 4=very
capable

1 =very not agree to 4=very agree

1 =very not affordable to 4=very
affordable

1 =very not agree to 4=very agree

1 =very rarely/once every 2—3 months
or more, to 4=very often, every week
1 =very insufficient to 4=very
sufficient

1 =very not satisfied to 4=very
satisfied

1 =very not satisfied to 4=very
satisfied

1 =very not satisfied to 4=very
satisfied

1 =very rarely/1-2 times a year to
4=very often/once a month

1 =very not important to 4=very
important

Table 2 Variables of analysis in the perspective of local actors

Variables Description Scale of
assessment
Preference of support model Preference in support model demand-driven or N/A
supply-driven approach
Interest in SWPS technology Interest to SWPS technology in comparison with 1=not in-

Availability of resource

Capability to provide support
* Capacity building

* Financial assistance

* Technical assistance

diesel pumps

The availability of resources (comprises funding,
knowledge, data, access to materials, personnel, time,

and incentives)

The capability to provide support with regard to the

variables

terested and

2 =interested
1=not available
and 2=available

1 =not capable
and 2=capable
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Fig. 2 Map of study area. Source: Author

Table 3 Project location and number of samples

Project initials  Implementing organizations Years operating Beneficiaries Sample
(household) (house-
hold)
Gl NPO and international donors 4 years (2014-2018) 80 67
G2 NPO and national agency S years (2014-2019) 80 65
G3 University and NPO 1 years (2016-2016) 180 123
G4 University and NPO 3 years (2017-2021) 22 20

certain area, often far from water sources or springs. In remote neighborhoods without a
water utility network, the common method to obtain water is by buying it in a water truck
(5-m> tank) from private sellers at approximately 3 USD/m?, which is expensive. Other
methods include harvesting rainwater and collecting water directly from springs using a
jerrican (a narrow flat-sided container for liquids). Hence, a decentralized energy—water
system is considered appropriate for such neighborhoods (Fig. 2).

Several implementing organizations have initiated community-scale SWPSs in rural
districts since the 1980s (Rahmani et al., 2023). Projects that were operated in the study
area last five years, from 2016 onwards, were chosen in this study, and four projects that
fit the criteria were selected (Table 3). Communities participated in all the projects during
the development process. After construction was completed, management of the SWPSs,
including the responsibility for their operation and maintenance, was entrusted to the CBOs.
Currently, the systems are non-functional in three projects, namely G1, G2, and G3, whereas
G4 is partially functional. Interviews with the CBOs revealed that the cause of malfunctions
in all locations was faulty electrical components. In G1 and G2, damage was reported in the
solar PV and pump, in G3 in the pump, and in G4 in the inverter.
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4 Methodology
4.1 Sampling, data collection, and research variables

The data were collected using a questionnaire survey of communities or SWPS beneficiaries
and local actors. The sample size of beneficiaries was set by considering the required accu-
racy level of the estimates and the resources needed to conduct the survey using the Yamane
formula (Yamane, 1967). Accordingly, the sample size was estimated to be 273 people (one
representative per household), and it was rounded off to 275 to ensure proportionate dis-
tribution within each study location (Table 3). Local actors were selected according to the
local government of the district in which the project was located and the implementing orga-
nization that initiated the project. Table 4 presents a list of the local actors. The data were
collected through the following two methods: (1) face-to-face questionnaire interviews with
the communities, the head of the village, the head of the sub-district, and the district depart-
ment and (2) written questionnaires that were sent via the Internet to the provincial agency
and the implementing organizations. The method was chosen based on the convenience of
the respondents.

The questionnaires for the beneficiaries were structured into the following four sections:
(1) respondent profile; (2) SWPS performance: skill, financial, and technical aspects; (3)
existing support; and (4) need for support. The questionnaires for the local actors comprised
the following three sections: (1) preference for a support model, (2) interest in SWPS tech-
nology, (3) availability of resources, and (4) capacity to provide support. Data were gathered
from July to October, 2021 with the help of five surveyors who received training before
conducting the survey. The interviews and questionnaires were administered in Indonesia.
This study was approved by the Tokyo Institute of Technology’s Human Ethics Committee
(Tokyo, Japan).

4.2 Data analysis

The data analysis comprised two parts according to the scope of the hypothesis: perspec-
tives of the communities and local actors. Data from the community perspective were ana-
lyzed using four methods: (1) descriptive statistics, (2) chi-square test of independence, (3)
principal component analysis (PCA), and (4) ordinal logistic regression. Descriptive statis-
tics included frequencies, average values, and variances; it aims to interpret a dataset’s char-
acteristics through data distribution, central tendencies, and variability (Marshall & Jonker,
2010). The chi-square test of independence between two variables determines whether the
variables (nominal or categorical) are independent or related, with the null hypothesis (HO)
implying no relationship between them (Ho, 2006). In this analysis, using crosstab table, the
relationship between two variables is identified in terms of their statistical significance in

Table 4 List of local actors

Local actors Number of interviewees Coded initials
Representative of province agency 1 PA
Representative of district department 2 DD1, DD2
Head of sub-district 2 SD1, SD2
Head of village 3 V1,V2,V3
Representative of implementing organizations 3 101, 102, 103
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three categories: p<0.01 indicates a strong relationship (***), p<0.011 to p<0.05 implies a
moderate relationship (**), and p<0.051 to p<0.10 indicates a weak relationship (*).

Two methods of multivariate analysis were used in terms of the community perspective:
PCA and ordinal logistic regression. PCA aims to simplify many intercorrelated measures
into a few representative constructs or factors. This is based on the assumption that all
variables are correlated to some degree. Therefore, variables measuring similar underly-
ing factors should have high correlations and those measuring dissimilar factors should
have low correlations, resulting in a few representative factors that can be used for further
analysis (Ho, 2006). Logistic regression is suitable for classifying variables into two or
more categories based on a set of predictors. Regression analysis is suitable for models with
binary or categorical dependent variables. However, the independent variables (predictors
or determinants) in logistic regression can be both continuous and dichotomous (or categori-
cal), making the method extremely flexible (Denis, 2019). In this study, the independent
variables were the composite scores of the components extracted from PCA.

The local actors’ data were analyzed using descriptive statistics and Fisher’s exact test.
This number of data points was relatively small, at only 11. Therefore, Fisher’s exact test
was employed for small datasets, as the chi-square test is typically invalid for small samples
(Azen and Walker, 2011). The significance levels and hypotheses were similar to those of
the chi-square test. Data processing was performed using Microsoft Excel for coding and
cleaning, and data analysis was performed using SPSS v.25 (Fig. 3).

5 Results

This section describes the findings of the study. First, the results from the evaluation of the
SWPS from the perspectives of communities are presented, followed by the perspectives of
local actors.

SWPS project performance Existing of support Need for support

= Skill aspects (3 variables) = Capacity building = Capacity building

= Financial aspects (3 variables) = Financial assistance gl = Financial assistance
= Technical aspects (5 variables) = Technical assistance = Technical assistance

Perspective of
communities

Descriptive analysis

Descriptive analysis l Descriptive analysis |

Principal Component Analysis. ‘

Deterainants of the need for suppoxt

Ordinal logistic regression

Availability of resources ‘ Capability to provide support

= Capacity building
Descriptive analysis

= Financial assistance
= Technical assistance

Descriptive analysis

Interest in SWPS technology ‘

Descriptive analysis

Perspective
of local actors

government and
the implementing
organization

Fisher’s exact test

Fig. 3 Flowchart of research variables and method of analysis. Note: White box: research variables; blue
box: method of analysis
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5.1 Perspective of communities

This section comprises three parts: the profile of the surveyed households, community eval-
uation of the SWPS, and determinants of the need for support.

5.1.1 Profile of surveyed households

Most respondents were male (56%), 45-65 years old (51.6%), and had primary education
(42.5%). Most of the surveyed households were employed in the agricultural sector (58.2%)
and, on average, had a household size of 4.1 persons. The average household income was
primarily between IDR <400,000 and 800,000 (USD 28.14-56.28). This is below the stan-
dard minimum regional income of USD 124.18 per month. Table 5 presents the demograph-
ics of the surveyed households.

5.1.2 Evaluation of the SWPS from the community perspective

This section presents the results of the SWPS project performance from the community
perspective. The scale of assessment ranged from 1 to 4, indicating very negative to very
positive, according to each variable (Table 1). The results are presented as mean scores and
standard deviations in Table 6.

Considering the skill aspect, the respondents perceived that the CBO performed inad-
equately in operating the SWPS (mean score=2.46) and was incapable of solving problems
independently (2.66). They also considered that the training conducted during project prepa-
ration was insufficient to gain skills (1.12). In terms of financial aspects, respondents were
willing to pay (2.97) and agreed to pay for CBO incentives, if any (2.99). They considered
the user fee for SWPS to be affordable (3.36).

From the technical aspect, the results show that the respondents (2.89) often used water
from the SWPS when it was available, but they perceived that the water was insufficient
for household consumption (2.26). Thus, they had to gather water from different sources to
fulfill their household needs. These results reveal that while the user fee of the SWPS was
cheap (for example, in G1 approximately 0.52 USD/m?), the respondents incurred addi-

Table 5 Respondents’ demographic

Variable % Variable %
Sex Employment of household head
Male 56.0 Farmer 58.2
Female 44.0 Daily labor 14.9
Age Entrepreneur 11.3
25-44 36.7 Construction labor 6.5
45-65 51.6 Others 9.1
>65 11.7 Average monthly household income (in IDR)
Education <400,000-800,000 50.2
Not finish primary school 12.4 810,000-1,200,000 20.0
Primary school 42.5 1,210,000-1,600,000 73
Junior high school 26.9 >1,610,000 22.4
Senior high school and above 18.1 Average household size (Std dev) 4.1(1.3)

Notes: 1 USD=14,213 IDR (November 1, 2021).
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Table 6 Descriptive statistics of
the evaluation of SWPS project
performance

Table 7 Descriptive statistics of
existing support and the need for
support

Table 8 Chi-square test of the
need for support and the existing
support

Notes: *** implies significance
at 0.01.

Variables Mean SD
Skill aspects
Performance of CBO 2.46 0.731
Sufficient training 1.12 1.402
Solve problems independently 2.66 0.540
Financial aspects
Willingness to pay 2.97 0.178
Affordability 3.36 0.661
Incentives for CBO 2.99 0.104
Technical aspects
Frequency of using SWPS 2.89 1.149
Water sufficiency 2.26 0.781
Ease of use 2.65 0.642
Ease of maintenance 2.33 0.563
Technology durability 2.22 0.559
Variables Mean SD
Existing of support
Capacity building 0.42 0.686
Financial assistance 1.12 1.135
Technical assistance 1.88 1.573
Need of support
Capacity building 2.90 0.861
Financial assistance 3.20 0.984
Technical assistance 3.12 0.962
Variables Need for support
Capacity Financial Tech-
building assistance nical
assistance
Existing of support
Capacity building 0.000%** 0.000%*** 0.000%*%*
Financial assistance 0.000%** 0.000%** 0.000%**
Technical assistance 0.000%** 0.000%** 0.000%**

tional expenses to buy more water because the water supply from the SWPS was insuffi-
cient. This result also highlights a disadvantage of the SWPS, which is that the daily output
depends on solar radiation. Considering the technical aspect, the mean score was below 3,
indicating that the respondents were unsatisfied. Ease of use had a relatively higher score
than ease of maintenance and technology durability (2.65, 2.33, and 2.22, respectively).
The statistical analysis results of the relationship between existing support and the need
for support are presented in Tables 7 and 8. The results in Table 7 confirm that all types of
existing support were significantly lower (mean existing capacity building, financial assis-
tance, and technical assistance support=0.42, 1.12, and 1.88, respectively) than the corre-
sponding need for support (mean need=2.89, 3.19, and 3.12, respectively). The chi-square
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test results in Table 8 show that the proportion of existing support differed significantly from
that of the need for support. All variables in existing support were associated with the need
for support (p<0.01).

5.1.3 Determinants of the need for support

The analysis of these determinants consists of two steps: PCA and logistic regression. PCA
was used to cluster the 11 variables of SWPS project performance into a few intercorrelated
representative factors. The variables derived from the PCA results were then applied to a
logistic regression analysis to predict the determinants of the need for support.

In the first step, a PCA with Kaiser-Varimax rotation was conducted to maximize the
variance of the squared loadings, which are the correlations between factors and variables.
This resulted in a smaller number of variables with high factor loadings, whereas the rest
had low factor loadings. Consequently, a few key variables were identified for interpreta-
tion (Glen, 2023, n.d). Components are considered significant only if their eigenvalues are
equal to 1 or higher. An eigenvalue represents the proportion of common (shared) and spe-
cific (unique) variances explained by an extracted component. An eigenvalue greater than 1
implies that the component explains a larger proportion of the common variance than that
of the unique variance (Ho, 2006).

The PCA requirements, including the Kaiser—Meyer—Olkin measure of sampling ade-
quacy (KMO>0.5) and Bartlett’s test of sphericity (significant at p<0.05), were met by
the variables. From the PCA, three components (eigenvalue>1) that explained 51.2% of
the variance were extracted, as shown in Table 9. Component 1, labeled technical skills,
had the highest total variance (26.3%), indicating that it represented the largest fraction of
the dataset. Component 2 was labeled funds for technical assistance and Component 3 was
labeled financial management.

Subsequently, the composite score (REGR factor score) obtained from each component
in the PCA was used to describe each project location. Figure 4 displays a scatter plot of the

Table 9 Rotated component matrix

Variables Component Label
1 2 3
(T) Ease of maintenance 0.758 0.204 0.039 Component 1:
(T) Technology durability 0.708 -0.042  —0.007  Technical skill
(T) Ease of use 0.660 0.212 —0.086
(S) Performance of CBO 0.644 0.162 0.286
(T) Frequency of using SWPS 0.116 0.851 0.036 Component 2:
(T) Water sufficiency 0210 0.805 0.113 Funds for technical assistance
(F) Affordability —0.092 —0.594 0.104
(S) Sufficient training 0.244 -0.031 0.529 Component 3:
(S) Solve problem independently ~ 0.335 0.218 0.394 Financial management
(F) Willingness to pay -0.002 0.372 -0.589
(F) Incentives for CBO 0.267 —0.132 —-0.682
Eigenvalue 2.896 1.515 1.230
Variance (%) 26.329 12.769 11.178
Cumulative (%) 26.329 40.098 51.276

Note: (T), technical; (S), skill; (F), financial. Extraction method: principal component analysis. Rotation
method: Kaiser-Varimax rotation.
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Fig. 4 Mean of composite factor scores presented in each project location
Table 10 Logistic regression of dependent variable: capacity building
Estimate S.E.  Wald df Sig. 95% C.I.
Lower Upper
Thres- [Need_capacity=0] -2.850 0.255 124992 1 0.000 —3.349 -2.350
hold [Need_capacity=2] 2683 0240 124.640 1 0.000  -3.154 —2212
[Need_capacity=3] 2.321 0.222 109.466 1 0.000 1.886  2.756
Loca-tion Technical skill 0.784 0.165 22.722 1 0.000*** 0462 1.107
Funds for technical assistance —0.148  0.151 0.959 1 0327 —0.443 0.148
Financial management 0.335 0.149 5.048 1 0.025*%*% 0.043 0.628

Note: Final model fitting information: p=0.000; goodness-of-fit: Pearson chi-square test: p=0.397;
deviance test: p=1.000; Nagelkerke’s R?=0.137.

mean scores with their standard errors. The results revealed that project G1 had relatively
higher mean scores for all factors than the other locations. Project G2 had positive mean
scores in terms of funds for technical assistance, whereas projects G3 and G4 had low
scores. Furthermore, projects G2 and G4 had negative mean scores in terms of technical
skills, whereas project G3 had slightly higher scores.

In the second step, a logistic regression was performed to identify the factors that signifi-
cantly influenced the need for support. The composite scores of the three extracted compo-
nents (technical skills, funds for technical assistance, and financial management) from PCA
were considered as independent variables. The dependent variable was the need for support
in capacity building, financial assistance, and technical assistance.

The logistic regression model calculates the maximum likelihood estimates using an
iterative process. Herein, several pseudo R? values, including the Cox and Snell R? and
Nagelkerke R, were used to evaluate the fit of logistic models (UCLA Statistical Consult-
ing Group, 2011). The Cox and Snell R? had a maximum value lower than 1. Nagelkerke
R? is a modified version of Cox and Snell R? and is usually preferred because it covers the
entire range from 0 to 1 (Bewick et al., 2005).

All results suggested a good model fit, including final model fitting information (p <0.05)
and goodness-of-fit (p>0.05). Tables 10 and 11, and 12 presents the regression results for
the three extracted components. Significance levels of p<0.05 and p<0.01 are indicated by
(*¥*) and (**%*), respectively.

Table 10 shows that technical skills and financial management are significant determi-
nants of the need for support in capacity building. Both factors positively correlated with
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Table 11 Logistic regression of dependent variable: financial assistance

Estimate S.E.  Wald df Sig. 95% C.1.

Lower Upper

Thres- [Need_financial=0] -2.763  0.247 124970 1 0.000 -3.247 -2.278
hold [Need_financial=1] 2702 0241 125.644 1 0000  —3.174 -2.229
[Need_financial=3] 0.456 0.128 12.735 1  0.000 0.206  0.707

Loca-tion Technical skill 0.436 0.124 12359 1 0.000*%** 0.193  0.679
Funds for technical assistance —0.308 0.123 6.220 1 0.013**  —0.549 -0.066

Financial management 0.141 0.123 1.325 1 0.250 —0.099 0.382

Note: Final model fitting information: p=0.000; goodness-of-fit: Pearson chi-square: p=0.607; deviance
test: p=1.000; Nagelkerke’s R?=0.137.

Table 12 Logistic regression of dependent variable: technical assistance

Estimate S.E.  Wald df Sig. 95% C.I.

Lower Upper
Thres- [Need_technical=0] -2.783 0.249 124993 1 0.000 -3.271 -2.295
hold [Need_technical=1] 2720 0243 125.642 1 0.000  —3.197 —2.246
[Need_technical=2] -2.663 0.237 126.079 1 0.000 —3.128 -2.198

[Need technical=3] 0.783 0.135 33.844 1 0.000 0.519  1.046

Loca-tion Technical skill 0.329 0.124 7.030 1 0.008** 0.086 0.572
Funds for technical assistance —0.476  0.127 13.934 1 0.000*** -0.726 -0.226

Financial management 0.099 0.123  0.638 1 0425 —0.143 0.340

Note: Final model fitting information: p=0.000; goodness-of-fit: Pearson Pearson chi-square: p=0.946;
deviance test: p=1.000; Nagelkerke’s R>=0.091.

the need for support. In terms of financial and technical assistance, as shown in Tables 11
and 12, the determinants were technical skills (positive correlation) and funds for technical
assistance (negative correlation). An example of this interpretation is as follows. Consider-
ing the dependent variable of the need for technical assistance, for an increase in technical
skills by one unit, we expected an increase of 0.329 unit in the log odds of the need for
technical support, provided that the other variables in the model were constant. Based on a
similar assumption, for a decrease in funds for technical assistance by one unit, an increase
0f 0.476 unit in the log odds of the need for technical assistance was expected. The threshold
values are generally not used during interpretation (UCLA Statistical Consulting Group,
n.d.).

5.2 Perspective of local actors

All local actors perceived a demand-driven support model as more suitable than a supply-
driven one for their institutional resources (Table 13). The interest score was relatively
high for all actors, which indicates that they considered SWPS technology as attractive
(mean=1.83). In terms of the availability of resources and capacity for support, the imple-
menting organizations had the highest score among other actors (1.67 and 1.89, respectively).

The Fisher’s exact test (Table 14) was used to assess the relationships between capacity
and interest, and capacity and resource availability. Although descriptive statistics revealed
that the local actors showed a relatively high interest in the SWPS, it was not substantially
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Table 13 Descriptive statistics of interest, availability of resources, and capability to provide support

Local actors Preference of Interest Availability of  Capability

support model in SWPS resources to provide

technology support
Mean SD Mean  SD

Province agency (PA) Demand-driven  2.00 1.29 049  1.00 0.00
District departments (DD1, DD2) Demand-driven  1.50 1.21 043 133 0.58
Sub-district (SD1, SD2) Demand-driven  2.00 1.07 0.19  1.00 0.00
Village (V1, V2, and V3) Demand-driven  1.67 1.52 052 122 0.38
Implementing organizations (101, Demand-driven  2.00 1.67 048  1.89 0.19
102,103)

Note: Codes inside parentheses represent the initials of local actors, as described in Table 2.

Table 14 Fisher’s exact test be- Variables
tween the capability of support,
interest, and resources

Capability to provide support

Capacity building Financial Technical

Interest 1.000 1.000 0.455
Resources
Funding 1.000 0.491 0.455
Knowledge 0.015%* 0.194 0.545
Data 0.545 1.000 1.000
Access material 0.545 0.576 0.242
Personnel 0.242 1.000 0.080*
Note: ** and * imply statistical . o 1.000 0.236 0.545
significance at p<0.05 and .
p<0.10. Incentives 1.000 1.000 0.455

associated with the capacity to provide support. Instead, the two resource variables were
related to the capacity to provide support. The results confirmed that knowledge was asso-
ciated with the capacity for support in terms of capacity building and that personnel were
related to the capacity to provide technical assistance.

6 Discussion

This study examined the support dimension for an SWPS in terms of the community’s
and the local actors’ perspectives. Three types of support aspects were assessed: capacity
building, financial assistance, and technical assistance. From the community perspective,
as shown by the chi-square test, the existing support was inadequate and did not meet the
need for support. PCA revealed three factors that determine the need for support: (1) techni-
cal skills, (2) funds for technical assistance, and (3) financial management. A comparative
analysis between the project locations was also conducted, revealing that project G1 had
relatively higher scores than the other projects. Although not the focus of this research,
this analysis can determine the limiting aspects and the types of support that are crucial to
a project. The findings of this study are first presented in this section, followed by relevant
explanations and literature.

The results show that technical skill is a significant determinant because it relates to
the need for all three types of support. Interviews with the CBOs who manage the SWPS

@ Springer



Assessing the post-construction support for solar water-pumping...

revealed that this skill aspect was related to pump repair. Three of the four CBOs mentioned
pumps as the most commonly malfunctioning elements of the system. This confirms a mis-
match between advanced RE technology and the technical skills made available to com-
munities. The principles of technological solutions in a community must fit the employment
of local skills, financial resources, and material resources, such as the availability of spare
parts (Short & Thompson, 2003). Implementing organizations and governments should
consider the trade-off between the benefits of RE technology and the prerequisites of post-
construction support to maintain the sustainability of the technology, particularly in rural
areas. When support cannot be provided, the project’s durability is at risk, which eventually
hinders its sustainability and the associated socioeconomic benefits.

The results of the logistic regression analysis confirm that funds for technical assistance
determine the need for financial and technical support. These findings show that funds col-
lected from user fees may be insufficient for regular repairs. As shown in the descriptive
statistics, the frequency of water use from the SWPS was high (60.7% of the respondents);
therefore, regular appropriate maintenance should be implemented. Scheduled maintenance
is directly related to the lifetime performance of SWPSs (Meah et al., 2008). However,
the qualitative interviews revealed that in all projects, the reserve fund was insufficient to
repair malfunctions. As stated by the CBO representatives, for project G1, “The reserve
fund was insufficient for repairmen,” and for project G4, “We do not have enough funds to
purchase spare parts for replacement.” This shows that the costs of repairs and spare-part
replacements require a budget larger than the collection of service fees. Moreover, the daily
output of an SWPS is typically insufficient for household consumption (58.9%), which may
cause inconsistencies in the collected funds. Although the CBO could have held fundraisers
recruiting users to cover maintenance costs (Meah et al., 2008), it was difficult because most
users were farmers from low-income households. Therefore, although user fees are afford-
able and do not require subsidies, repairs may require additional financial assistance. Fur-
thermore, the SWPS service fee may have to be increased to include the necessary reserve
fund.

Logistic regression analysis also revealed that technical skills and financial management
were the determinants of the need for support in capacity building. Community willingness
to participate in and contribute to manpower is inadequate to ensure sustainability (Ibra-
him, 2017). This is particularly true because, despite training provided to the CBO during
project preparation, most of the respondents (50.6%) considered it insufficient to repair
malfunctions independently. Thus, they stated that the CBO cannot solve the malfunctions
independently.

From the perspective of local actors, we found that their interest in the SWPS does not
relate to their capacity to provide support. They mentioned an interest in SWPS technology,
mainly in terms of environmental protection. The reasons for limited interest include high
capital costs (indicated by V2 and 102, and the list of coded initials presented in Table 4),
the requirement of high-maintenance and skilled technicians (DD1, DD2, SD2, and V3),
and a high risk of vandalism (IO1). Regarding the availability of resources and capacity to
provide support, the results confirmed that the implementing organizations had the highest
score among the local actors. This is expected as the implementing organizations were the
initiators of the SWPS projects, whereas the local governments have not yet installed an
SWPS in Gunungkidul District (Table 3). Generally, the implementing organizations are
expected to provide post-construction support, and the institutional arrangements (institu-
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tional mandate, responsibility, and financing) of local governments do not align with the
development of the SWPS (Rahmani et al., 2023).

The findings demonstrate that the capacity of local actors to provide support is associated
with available resources, particularly knowledge of capacity building and technical assis-
tance personnel. Sufficiency of resources is a key factor influencing the provision of support
(Miller et al., 2019). This study revealed that local actors perceived that the demand-driven
model was a better fit with their institutional resources. This is expected as demand-driven
support requires relatively fewer resources and operational expenditures than the supply-
driven model (Nagel et al., 2015). In the case of implementing organizations and village
governments (two actors that had relatively higher scores in the availability of resources),
the resources were not specifically dedicated to providing support. For instance, the local
actor indicated by V3 disclosed, “We are not interested in allocating a village budget for
SWPS considering its durability, maintenance, and continuity of water supply.” 101 stated,
“Our institution has limited human resources; hence, the demand-driven model is more
suitable.” Moreover, 103 stated, “Our activities are related to community-based services; to
procure funding, we have to prepare proposals for donors.” Therefore, although resources
are available, they do not serve specifically to support the existing SWPS, nor do they pro-
vide systematic support in practice.

Expecting continuous post-construction support from local actors is challenging because
their resources are not always available, as previously discussed. We conclude that more
effort should be dedicated to community capacity building during project construction to
minimize the need for external support during project deployment. Hence, the community
should be equipped with the capacity to independently manage SWPSs such as the ability
to detect early malfunctions, access to service centers, and channels to repair components.

7 Conclusion

This study explored four SWPS projects in Indonesia to assess the post-construction sup-
port from the perspectives of communities and local actors. Three types of support were
assessed: capacity building, financial assistance, and technical assistance. From the commu-
nity perspective, a clear gap was observed in the existing support and the need for support
in all these aspects.

This study identified three determinants of the need for support: technical skills, funds
for technical assistance, and financial management. Technical skills are particularly impor-
tant because they determine the need for all types of support. In particular, attention should
be paid to the skills of pump maintenance and repair because, according to interviews with
the CBO, this component frequently causes the system to shut down in most projects. From
the perspective of local actors, SWPS is considered an interesting technology compared
with diesel pumps. However, in terms of providing support for SWPSs, their capabilities
are limited. Our analysis revealed that support provision was related to availability of insti-
tutional resources, such as knowledge and personnel, rather than interest in technology.
Among other local actors, implementing organizations have relatively more resources and
capacity to provide support. However, their dedicated resources for support were often
unavailable, which prevented them from arranging for support.
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These findings provide insights into the significance and role of the support dimension
for achieving sustainability in local innovation in rural areas. The current system malfunc-
tion could not be handled by the local community and CBO owing to the lack of sufficient
technical skills. However, relying on external actors is difficult, because their resources are
not readily available. Our findings demonstrate a requirement for improving the capacity
of the CBO to sustain technology at an early stage of project development. In addition to
greater effort dedicated to increase communities’ capabilities, RE project planning should
be designed to consider and promote support from all stakeholders beyond project imple-
mentation, rather than technology orientation.

In this study, we did not focus on the categorization of system breakdown and repair
management, which should be investigated in future research. The challenges reported in
this study are not exclusive to the SWPS but are also faced by community-level manage-
ment in areas with an RE system. Hence, our analytical framework can be useful in other
cases that explore the gap in the support for an RE project. A sustainable paradigm must be
implemented during project planning and management to facilitate continuous monitoring,

evaluation, and support.

Appendix: content of questionnaires

Variables

Content of questionnaires

Questionnaire for community
Sex

Age

Education

Employment of household
head

Average monthly household
income

Average household size
Performance of CBO
Sufficient training

Solve problem independently

Willingness to pay
Affordability

Incentives for CBO
Frequency of using SWPS
Water sufficiency

Ease of use

Ease of maintenance
Technology durability
Existing of support

Need of support

Questionnaire for local actors

Sex of the respondent

Age of the respondent

Education of the respondent

Main occupation of the household head

Average monthly household income

Number of family member
How do you think about the performance of CBO in operating the SWPS?

Do you think the training sufficed to gain the necessary skills and
knowledge?

Do you think the CBO has enough skills and knowledge to solve prob-
lems independently?

Are you willing to pay for water service?

What do you think about the affordability of the service fee of SWPS?
Do you agree about the incentives (service management fee) for CBO?
How often you used water from SWPS?

How was the sufficiency of the water for household consumption?
How do you think about SWPS in terms of ease of use?

How do you think about SWPS in terms of ease of maintenance?

How do you think about SWPS in terms of durability?

How is the existing of support for SWPS regarding capacity building,
financial assistance, and technical assistance?

How is the need for support regarding capacity building, financial assis-
tance, and technical assistance?
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Variables Content of questionnaires
Interest about SWPS How do you think about SWPS compared with a diesel-powered system
technology for water infrastructure?

Preference of support model ~ Among supply-driven and demand-driven models, which support model
that you think best-suited with your institution capacity?

Availability of resources How do you think your resources in terms of funding, knowledge, data,
access to materials, personnel, time, and incentives?

Capability to provide support How do you think your institution’s capability to provide support regard-
ing capacity building, financial assistance, and technical assistance?
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