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Abstract: Indonesia faces a challenge of conventional energy scarcity in the
future. The primary issue with the first-level healthcare industry is its limited use
of solar energy, particularly for sterilising medical devices, which is crucial in
remote areas to ensure their safety and effectiveness. The research aims to
analyse the expansion of solar energy utilisation in the sterilisation of medical
devices. The research employs a qualitative method with a grounded theory
approach, collecting data through interviews and literature reviews. The research
location is at the Rizki Sehat Clinic, Serang Regency, Indonesia. The design
thinking approach enables the expansion of solar-powered medical sterilisers in
private first-level health facilities, overcoming the limitations of electric and
manual sterilisers, which have often been suboptimal due to electricity supply
constraints and conventional energy operating costs. This innovation has proven
to be efficient and environmentally friendly. It can be implemented gradually
through a process that involves identifying needs, designing prototypes,
conducting demonstrations, providing training, and expanding to additional
facilities. The theoretical implications enrich the literature on the adoption of
renewable energy technologies in healthcare. Practically, this study provides
systematic implementation guidelines for health facility managers in improving
the quality and sustainability of solar-powered medical device sterilisation
services. The limitations of research on the scope of a single object, as well as
conceptual studies, have not thoroughly evaluated economic aspects across
various regions. The subsequent research was conducted in various regions with
distinct characteristics, utilising a cost-benefit analysis that incorporated solar
power and a digital monitoring system.
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Introduction

The scarcity of conventional energy sources, such as oil, gas, and coal, is projected to
pose a significant challenge in the future, alongside increasing energy demand and limited
available reserves (Arvidsson et al., 2021). Data indicate that the world's conventional
energy is expected to experience a crisis and decline over the next fifty years (IEA, 2025).
Conventional energy scarcity is driving the need for alternative energy innovations, such as
solar energy, to ensure the sustainability of the energy supply amid increasing demand and
limited reserves.

Especially in Indonesia, dependence on fossil energy is still very high and poses
economic risks due to global price fluctuations and significant environmental impacts, thus
threatening the stability and sustainability of the national energy system (IESR, 2024).
Indonesia's conventional energy data, especially oil and gas, is only enough for the next one
to two decades, while coal has a much longer reserve life (BPS, 2023). This condition
highlights the importance of transitioning to renewable energy to ensure national energy
security and long-term sustainability.

In response to the crisis, the presence of renewable energy sources is an urgent need
to ensure sustainability and preservation of nature. Renewable energy, such as solar power,
is not only environmentally friendly because it reduces carbon emissions, but also supports
sustainable development principles that are aligned with the Sustainable Development
Goals (SDGs)(Alisjahbana & Murniningtyas, 2018; Yuniar Yasmin et al., 2024). The use of
renewable energy allows the creation of a more independent, clean, and sustainable energy
system for future generations.

One of the important investments in the health service sector is the procurement of
medical devices and the provision of cheap and affordable energy sources (Corio et al., 2023;
Said et al., 2020). This investment is crucial to ensure optimal health services, especially in
tirst-tier health facilities or Fasilitas Kesehatan Tingkat Pertama (FKTP) such as health centres,
clinics and independent practices, which often face budget constraints and access to
conventional energy infrastructure (HBS, 2018). The provision of efficient medical devices
and affordable energy sources will improve service quality while reducing operational costs
(Sanders & Ananda, 2021). Therefore, investment in efficient medical devices and affordable
energy is a key strategy to strengthen access, quality, and sustainability of health services in
FKTP, especially in resource-limited areas.

Indonesia has geographical advantages, including a tropical climate and its position
on the equator, which provides it with exposure to sunlight throughout the year and stable,
high radiation intensity. This condition strongly supports the application of solar-powered
technology in various sectors, including the sterilisation of medical devices in FKTP,
because of the abundant and reliable potential of solar energy throughout the year
(Hendrayansyah, 2024; UI, 2022). However, unfortunately, the initial investment constraints
for solar panel installations and energy storage systems are still quite expensive, especially
for small scales such as FKTPs in remote areas and the mastery of domestic solar panel
technology is still low, the demand for small markets, as well as public education and
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awareness of FKTP owners or managers about the benefits and maintenance of solar
technology is still minimal (Bayu & Windarta, 2021; Kharisma et al., 2024).

However, one of the main challenges in expanding the sterilisation of solar-powered
medical devices in first-tier healthcare facilities in Indonesia is budget constraints and
limited access to innovative technologies. Many FKTPs still face challenges in procuring
modern tools and resources for initial investment, as well as limited technical capacity in
the operation and maintenance of renewable energy systems.

An interview with a private first health care manager who "often face problems such as
limited electricity, causing electric sterilisers to be often not used, manual sterilisation processes by
boiling water, but not always reaching adequate temperature and pressure and limited operational
funds to buy fuel or generators” (Saputra, 2025).

Sterilisation of medical devices is a mandatory procedure in health services to
prevent the transmission of infections. However, many health services in developing
countries, including Indonesia, face limited electricity, so the sterilisation process is often
not optimal (Soto et al., 2022). Solar energy offers sustainable solutions that can address
these issues, but the adoption of this technology is still limited (Kishore et al., 2025). An
innovative approach centred on user needs is needed to ensure these solutions are practical,
easy to adopt, and sustainable.

The primary challenge in utilising solar energy for sterilising medical devices at the
tirst level of healthcare services lies in the gap between Indonesia's vast geographical
potential and the actual implementation of this technology in the field (Izuka et al., 2023).
Although Indonesia has abundant and stable sunlight exposure throughout the year, the
implementation of solar technology is still constrained by high initial cost factors, a lack of
supporting infrastructure, limited expertise, and inadequate comprehensive regulatory and
policy support (Pertamina, 2021; Ukoba et al., 2024).

Indonesia's advantage lies in its vast potential for solar energy, thanks to its
geographical position on the equator and a tropical climate that allows for exposure to
sunlight throughout the year using renewable energy, especially solar power, is still far
from optimal (PLN, 2021). The primary gap lies in the disparity between increasing energy
demand and the energy supply produced, particularly in remote areas that still face limited
access to electricity. In addition, high initial investment costs, a lack of supporting
infrastructure, limited skilled human resources, and inadequate education and public
awareness, including among FKTP managers, are the main obstacles to the adoption of this
technology. This has led to many first-tier health facilities (FKTP) in remote areas still
relying on conventional energy that is not environmentally friendly and not always reliable.

Previous research Rahmawati et al., (2023) Researching the prototype design of a
solar power plant for alternative energy sources in a portable medical device sterilisation
machine with quantitative methods, experimental approaches, and explanatory analysis

Then, Castiblanco Jimenez et al. (2021) examine design thinking as a framework for
designing sustainable waste sterilisation systems, specifically in the case of the Piedmont
region, Italy, using quantitative methods, experimental approaches, and descriptive
analysis. Meanwhile,  Said et al. (2020) analysed the engineering of solar ovens for
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sterilisation of medical devices at the Pemouthan Ulu Induk District Health Centre, Ogan
Ilir Regency, with a mixed research method, participatory action research (PAR) approach
and descriptive analysis.

Sigalingging and Ananda (2021) analyse the design and construction of sterilisation
room energy supply devices using solar power systems with quantitative methods,
experimental approaches, and descriptive analysis. Meanwhile, the study aims to expand
the sterilisation of solar-powered medical devices, especially in first-level health services,
such as health centres, clinics, and medical independent practices, which, incidentally, still
have many limitations.

Methodology

The qualitative research method employing the Grounded Theory approach enables
researchers to achieve a profound and comprehensive understanding of phenomena that
are not amenable to quantification or explanation through purely descriptive means (Haig,
2007). Grounded Theory is distinguished by its capacity to generate or refine theoretical
frameworks directly from empirical data encountered in the field (Strauss & Corbin, 1998).
In alignment with this perspective, Creswell and Clark (2011) argue that this approach
facilitates the development of theories at the conceptual level, thereby making a significant
contribution to the advancement of knowledge within a given discipline.

The rationale for employing this method lies in its distinctive strength: it enables the
formulation of theories that are intrinsically grounded in empirical data collected directly
from the field, thereby minimising the influence of prior theoretical constructs. The
application of Grounded Theory is particularly apt for investigating and elucidating the
expansion of solar-powered medical sterilisation technologies within Indonesia's primary
healthcare sector, as it allows for a nuanced understanding of contextual factors and
emergent patterns relevant to the local context.

Data Collection and Validation

Data were gathered through in-depth interviews with managers and medical
equipment sterilisation service officers at Rizki Sehat Privata Clinic in Serang Regency of
Indonesia, utilising purposive sampling techniques. The inclusion criteria prioritised
individuals possessing substantial knowledge and expertise regarding medical equipment
and facility management, ensuring the relevance and credibility of the information
obtained.

Data validation employs source triangulation techniques to verify the information
obtained by combining the perspectives of various sources, thereby exploring a
phenomenon more holistically and reducing the potential for bias that may occur when
relying on only one data source, from collection to presentation and conclusion.

Data Analysis
The data analysis process employed the design thinking methodology, integrated
with the six models of social evolution. Design thinking is widely recognised for its
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effectiveness in addressing complex challenges through a creative, user-centred, and
iterative approach. In the context of data analysis, this methodology facilitates the
identification of solutions closely aligned with user needs, enabling the extraction of more
profound and meaningful insights. The principal strengths of design thinking in data
analysis include its emphasis on user orientation, collaborative engagement with diverse
stakeholders, iterative refinement, and innovative problem-solving. Consequently, this
approach yields solutions that are not only more creative and relevant but also
demonstrably effective in addressing the multifaceted nature of problems, maintaining a
consistent focus on user needs.

The analytical approach uses the Design Thinking Model Social Evolution 6 (SE6) as the
evolution process of social innovation by combining the evolution model 6 with the six-
stage spiral model of social innovation (Murray et al., 2010). The goal can be to create a
model by modifying the social innovation process to make it more accessible, intuitive and
applicable to multidisciplinary sciences (Moreira et al., 2021).

The analytical strategy adopted in this study integrates the Social Evolution 6 (SE6)
design thinking model as a progressive framework for social innovation, achieved by
synthesising the Evolution 6 model with the six-stage Social Innovation Spiral proposed by
Murray et al., (2010). This fusion enables a dynamic and iterative process that traces the six
social innovations through distinct stages: empathy, exploration, elaboration, exposure,
execution and expansion, thus facilitating a holistic and user-centred approach to complex
problem-solving. The principal objective of employing this combined model is to develop a
more accessible, intuitive, and multidisciplinary framework for social innovation, as
articulated by Moreira et al., (2021) thereby enhancing its applicability across diverse
scientific and professional domains.

The preparation of the six social evolution models and the social innovation spiral
model involved defining innovation and evolution as a logical form, serving as the basis for
creating an ideal model tailored to the needs of its users. The following illustrations answer
the objectives of this research:

EMPATIA

EXeCucho
EXPANSAO

Figure 1. 6 Social Evolution Model
(Source: Moreira et al., 2021)

Each phase within the model requires clear delineation to ensure that each
component is comprehensively articulated, as outlined below:
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a) Empathy: This stage involves identifying emerging challenges and understanding
underlying social needs, serving as the foundation for subsequent innovation.

b) Exploration: At this juncture, the focus shifts to generating and refining ideas that
address the identified needs and challenges.

c) Elaboration: This phase encompasses the development of prototypes, iterative testing,
and further refinement, facilitating the transformation of concepts into viable solutions.

d) Exposure: Here, the project is formally presented to relevant stakeholders, enabling
feedback and broader engagement.

e) Execution: This stage involves the practical implementation of the solution,
accompanied by rigorous evaluation to assess its impact and effectiveness.

f) Expansion: The final phase seeks to achieve systemic change by scaling successful
innovations and integrating them into broader social structures.

The design thinking process model serves as a foundational framework, typically
commencing with an interview phase to gather insights, followed by the formulation of the
core problem, the ideation and development of potential solutions, the creation of
prototypes, and finally, the rigorous testing of these prototypes to determine their
effectiveness in addressing the identified issues (Syed et al., 2021).

This methodological approach was instrumental in formulating recommendations
for expanding medical device sterilisation services in primary healthcare facilities. The
process aligns with strategies for developing healthcare industries that transition
incrementally from conventional to renewable energy sources, particularly solar power,
thereby supporting sustainable innovation in healthcare delivery. Furthermore, the model's
suitability is reinforced by its adaptability to the specific characteristics of innovation and
evolution, including the scale, composition, dynamics, and temporal constraints inherent in
the local context (Pressman, 2019).

Result and Discussion

Research Results

Improving the quality of innovation and implementation of sterilisation for solar-
powered medical devices in private first-tier health facilities requires a thorough
understanding of each stage of the innovation process, from empathy to expansion. Each
stage—empathy, exploration, elaboration, exposure, execution, and expansion—has a
strategic role in ensuring that the solutions developed are truly relevant, effective, and
sustainable.

This process requires the active involvement of all stakeholders, from identifying
user needs and challenges (empathy), finding and developing ideas (exploration), designing
and testing solutions (elaboration), dissemination and demonstration of innovations
(exposure), implementation in the field (execution), to expanding impact and systemic
adoption (expansion). With a structured and collaborative approach, each of these stages
can reinforce each other and contribute to creating health service innovations that are
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adaptive, responsive, and oriented to the real needs of the community, as can be
summarised in the following figure:

Table 1. 6 Social Innovation Models Expanding Solar-Powered Medical Device Sterilisers

Empathy Exploration  Elaboration Exposure Execution Expansion
Electric Identify the Designing and Introduce Implement Expanding
sterilisers are need for prototyping and solar sterilisers the use of
often unusable, efficient, solar-powered demonstrat in healthcare solar

and manual affordable, sterilisers, e solar facilities, train sterilisers to
sterilisation and conducting sterilisersto officers, and more
processes, such  environment trials to ensure health monitor  the private

as boiling water, ally friendly temperatures  facility effectiveness first-tier

do not always sterilisation =~ and pressures managers and efficiency healthcare
reach adequate solutions, that meet and staff. of using the facilities
temperatures such as the medical tools. and

and pressures, utilisation of standards conducting
and are limited  solar energy sustainabili
by operational for the ty impact
funds to sterilisation evaluations

purchase fuel or

of medical

generators. devices.

The informant responded to the readiness of health facility management in adopting
solar-powered medical device sterilisation technology by explaining that "The readiness of
our facilities is quite good, especially in terms of basic infrastructure and commitment to innovation.
However, we still need technical training for staff and funding support to ensure optimal
implementation and maintenance of tools can be carried out on an ongoing basis” (Saputra, 2025).
Meanwhile, the sterilisation officer responded, "My experience has been quite positive; the solar-
powered steriliser is easy to operate and environmentally friendly. However, I still need to adapt to
the new features and understand routine maintenance procedures to keep the tool working
optimally” (Muhayat, 2025).

Regarding the main limitations, the manager mentioned, "The main challenges are
budget constraints for initial investment, as well as a lack of technical knowledge related to the
operation and maintenance of solar-based equipment. In addition, we also need to ensure that the
quality of sterilisation still meets applicable health standards” (Saputra, 2025). Meanwhile, related
to the benefits, the sterilisation officer argued, "The main benefit is operational cost efficiency
because it does not depend on PLN's electricity, and the equipment can still be used even if there is a
power outage. In addition, the use of solar energy also supports environmental sustainability
programs at our facilities”(Muhayat, 2025).

Discussion

Health facility managers report a commitment to good infrastructure and innovation
for adopting solar-powered sterilisation, but highlight the need for technical training and
funding support, consistent with international findings on the importance of human
resource readiness and financial backing for renewable energy adoption in healthcare

https://egas.pubmedia.id/index.php/rei



https://egas.pubmedia.id/index.php/rei

Indonesian Journal Renewable Energy Issues Vol: 2, No 1, 2025 8 of 16

(Pakravan & Johnson, 2021; Ani, 2021). Ongoing technical training and access to initial
investment funds are crucial for optimal operation and maintenance of solar systems in
primary healthcare settings (Ani, 2021). Key challenges include limited initial investment
budgets and a lack of technical knowledge, common barriers in developing countries
(Kishore et al., 2025). The sustainability of solar systems depends on innovative financing
and staff training, while maintaining sterilisation quality aligns with WHO
recommendations for quality control and periodic evaluation of new medical technologies
(Sharma et al., 2024; WHO et al., 2023).

Sterilisation staff report positive experiences with solar-powered sterilisers, noting
ease of use and environmental benefits, but still require adaptation to new features and
regular maintenance. Simple user interfaces and proper training increase adoption and
reduce operational barriers, emphasising the need for ongoing technical support (Garvey,
2024). Primary benefits include operational cost savings, resilience to power outages, and
environmental sustainability. Solar systems lower energy costs, improve service reliability
in areas with unstable electricity, and support sustainability and carbon reduction goals in
healthcare (Khogali et al., 2022; Soto et al., 2022).

Efforts to Increase Empathy in Expanding the Sterilisation of Solar-Powered Medical
Devices in Private First-Tier Health Facilities

Empathy here means health workers and managers understand the challenges faced
by patients and sterilisation staff, such as limited electricity, high costs, and infection risks
from poor sterilisation. Strong empathy improves service quality, patient satisfaction, and
outcomes, as solutions better match user needs (Rohlen & Skilbred, 2016). Empathy should
also guide technological innovation, like solar sterilisers, by involving end-users in every
stage, from identifying problems to evaluating impact. This leads to more relevant and user-
friendly solutions, as well as greater trust among staff and patients. Innovations rooted in
empathy are more widely adopted, while those lacking empathy often fail and increase
dissatisfaction (HBS, 2018).

In the digital era, digital empathy—authentic, responsive, patient-focused
communication—is vital. Technology like monitoring apps should consider digital literacy,
culture, and user preferences, especially in private first-tier facilities (Kishore et al., 2025).
Digital empathy fosters stronger relationships and facilitates effective technology adoption.
Empathy can be improved through training, simulation, and fostering an organisational
culture that values empathy. Role-play, reflection, and leadership training enhance
empathy skills (Izuka et al., 2023). Involving patients and sterilisation staff in development
teams ensures solutions meet real needs. Thus, empathy underpins the sustainable
expansion of solar-powered sterilisation in private first-tier healthcare facilities.
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Efforts To Increase Exploration in Expanding The Sterilisation Of Solar-Powered
Medical Devices in Private First-Tier Health Facilities

The exploration began by identifying key challenges, including limited access to
electricity, high operational costs, and the risk of infection due to suboptimal sterilisation.
A study by WHO et al. (2023) demonstrates that a solar-powered autoclave system can
produce sterile steam with high efficiency using a simple solar collector, even in less-than-
ideal weather conditions, making it suitable for small clinics in areas with limited electricity
availability. These findings confirm that technology exploration must consider real
conditions in the field for the solutions developed to be truly applicable.

Furthermore, the exploration of solutions also includes an analysis of the economic
and environmental benefits of solar energy applications. Research by Raman et al., (2024) It
shows that the installation of solar power systems in primary healthcare centres can lower
energy costs by up to 75% over the operational life and significantly reduce carbon
emissions. By reducing reliance on diesel generators and fossil fuels, private healthcare
facilities can allocate larger budgets to patient care and services. This exploration must also
consider the need for energy storage, ensuring the steriliser continues to function optimally
in the absence of sunlight.

Further exploration is needed to integrate health facility design with renewable
energy sources as a whole. The integration of solar panels and energy storage systems into
the design of healthcare facilities not only improves operational efficiency but also enhances
the facility's resilience to power supply disruptions. Article Faisal (2021) highlights that the
application of renewable energy, especially solar, can increase resilience, cost efficiency, and
support the achievement of net-zero emission targets in the health sector. This exploratory
approach also encourages cross-disciplinary collaboration between engineers, facility
managers, and healthcare workers.

Finally, exploration in this context should be driven by global trends and evolving
best practices. Many countries and medical device manufacturers are now actively
developing and adopting solar-powered medical devices, such as vaccine refrigerators and
sterilisers, which have been shown to improve access to healthcare in remote areas (Jati,
2024). Exploration efforts should include technology feasibility studies, involvement of local
stakeholders, and design adaptation to suit the needs and conditions of private first-tier
health facilities in Indonesia. Thus, comprehensive exploration will accelerate the adoption
of environmentally friendly and sustainable solutions in the healthcare sector.

Efforts To Improve Elaboration on Expanding the Sterilisation of Solar-Powered Medical
Devices in Private First-Tier Health Facilities

Expanding sterilisation for solar-powered medical devices in private first-tier
healthcare facilities requires a systematic approach, from design to prototype testing
tailored to local needs. Capellan-Pérez et al. (2020) highlighted the need for solar autoclave
prototypes that achieve standard sterilisation temperatures and pressures. Tests showed
that the device can maintain 121°C and 2.1 bar for over 20 minutes, meeting international
standards. Arvidsson et al. (2021) further stressed the importance of material selection and
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efficient solar collector design for reliable sterile vapour production across diverse
conditions, making thorough component testing essential. Integration with facility
infrastructure is also key. Nigeria's ECM (2025) program demonstrated that solar solutions
enhance device reliability, reduce electricity costs by 40-50%, and mitigate voltage
fluctuation risks. Sigalingging and Ananda (2021) found that 90% of facilities using solar
systems report cost savings and greater reliability. Therefore, solar designs should be
adapted to meet facility energy needs and ensure adequate maintenance and monitoring
mechanisms.

Environmental and sustainability factors must be taken into consideration. Yasmin
et al., (2024) found that solar systems with battery storage can reduce carbon emissions by
up to 9,371 kg CO; and decrease energy costs by up to 75% compared to diesel, while also
enabling sterilisation in off-grid facilities, thereby expanding access in remote areas (Said et
al., 2020). Continuous evaluation and adjustment are vital. Rohlen and Skilbred (2016)
showed that adoption success depends on user training, stakeholder engagement, and
technical support, while regular evaluation and design adaptation based on user feedback
ensure operational fit and healthcare impact (Kishore et al., 2025). Thus, comprehensive,
participatory elaboration is key to the successful expansion of solar-powered sterilisation in
private first-tier healthcare facilities.

Efforts To Increase Exposure in Expanding The Sterilisation Of Solar-Powered Medical
Devices in Private First-Tier Health Facilities

Exposure involves sharing innovation results, technology demonstrations, and
engaging stakeholders. Effective interventions—such as live demonstrations, training, and
donor involvement, significantly accelerate the adoption of solar electrification in
healthcare, boosting managers’ confidence when they witness proven success (WHO et al.,,
2023). Demonstrating solar sterilisers to healthcare staff and management through field tests
and on-site training is crucial, as it lets workers observe, test, and understand the
technology’s benefits, building confidence and reducing resistance to change (Castiblanco
Jimenez et al., 2021).

Publishing results and best practices via media, conferences, and networks is also
vital. Sharing test outcomes, success stories, and user testimonials encourages wider
adoption, while partnerships with international organisations and donors expand exposure
through training and technical support (Benedettini, 2022; PLN, 2021). Continuous
monitoring, evaluation, and feedback—such as forums, reports, and follow-ups—help
address challenges and refine innovations, ensuring successful and sustainable adoption of
solar-powered sterilisers in private first-tier healthcare facilities (HBS, 2018; ECM, 2025).

Efforts to Improve The Execution of Expanding The Sterilisation of Solar-Powered
Medical Devices In Private First-Tier Health Facilities

Expanding solar-powered medical device sterilisation in private first-tier health
facilities requires careful planning and collaboration. Passively designed solar autoclaves
can provide reliable sterilisation even in poor weather, making them suitable for areas with
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limited electricity access Pakravan and Johnson (2021). Success depends on adapting
systems to local needs, involving users early, and providing technical training.
Sustainability is a significant challenge, as many projects fail due to poor design, lack of
training, inadequate financing or maintenance WHO et al., (2023). Effective execution
requires quality equipment, accurate power planning, and funding for ongoing
maintenance and part replacement.

Integration with existing facility infrastructure is also essential. Solar systems with
batteries can cut energy costs by up to 75%, reduce emissions, and improve device
reliability, but must be paired with continuous training and performance monitoring (Ani,
2021; Ukoba et al. 2024)). Ultimately, adequate policy support, agency collaboration, and
community involvement are essential. Supportive regulations, transparent business
models, and stakeholder engagement at every stage enable sustainable implementation and
help improve service quality, access, and clean energy adoption in Indonesia’s health sector
(Izuka et al., 2023; UI, 2022).

Efforts To Increase The Expansion of Sterilisation of Solar-Powered Medical Devices in
Private First-Tier Health Facilities

Ensuring that solar power systems in health facilities meet requirements for capacity,
device compatibility, and ease of use is crucial for successful expansion. Well-designed solar
photovoltaic systems can reliably operate medical devices, including sterilisers, for over 25
years with proper maintenance (Soto et al., 2022). Falling costs of panels and batteries, along
with better inverter technology, have enabled wider adoption in smaller healthcare
facilities. Expansion should be supported by innovative financing, cross-sector
collaboration, and maintenance guarantees. India's experience shows that government and
donor support, along with partnerships, are key to success (Khogali et al., 2022). This
approach enhances healthcare quality, reduces costs, and lowers emissions. Indonesia can
adopt similar models, involving local governments, the private sector, and philanthropy for
solar steriliser implementation (Corio et al., 2023).

Technological advances—such as integrating solar panels with energy storage and
advanced sterilisation methods like solar autoclaves and electron beam sterilisation —boost
efficiency, even in remote areas (IESR, 2024; IEA, 2025). Digital monitoring should be
included to maintain safety and quality standards, enhancing both service quality and
public trust. Finally, ongoing training, advocacy, and education are essential. The success
of renewable energy in healthcare depends on human resource readiness and community
acceptance (Ani, 2021). Training, best practice forums, and public education will support
the adoption and sustainability of these initiatives. This comprehensive approach can
improve healthcare quality, cost efficiency, and environmental sustainability in Indonesia’s
private first-tier facilities (IESR, 2024; Yasmin et al., 2024).
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Conclusion

The design thinking approach enables the expansion of solar-powered medical
sterilisers in private first-level health facilities, overcoming the limitations of electric and
manual sterilisers that have often been suboptimal due to electricity supply constraints and
conventional energy operating costs. This innovation has proven to be efficient and
environmentally friendly. It can be implemented gradually through a process that involves
identifying needs, designing prototypes, conducting demonstrations, providing training,
and expanding to additional facilities.

The theoretical implications of these findings enrich the literature on the adoption of
renewable energy technologies in healthcare, particularly in the context of developing
countries, such as Indonesia, which face infrastructure and resource challenges. Practically,
this study provides systematic implementation guidelines for health facility managers to
improve the quality and sustainability of solar-powered medical device sterilisation
services. However, this study has limitations in its scope, as it is still limited to a single object
and has not thoroughly evaluated economic aspects across various regions.

Further research was then conducted in various regions with different characteristics,
involving a more comprehensive cost-benefit analysis and an exploration of integrating
solar technology with digital monitoring systems to enhance the effectiveness and efficiency
of health services.
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