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Abstract 

Environmental drainage infrastructure plays a vital role in reducing flood risks, particularly in urban areas experiencing rapid population growth and increasing 
runoff pressure. However, drainage systems in many residential environments remain inadequate due to limited maintenance, land-use changes, and insufficient 
community involvement. This study aims to analyze how community empowerment and the use of appropriate technology contribute to improving environmental 
drainage infrastructure. Specifically, it examines the forms of active community participation, the most suitable low-cost and adaptive technologies for residential 
drainage improvement, and the key factors that support the integration of both approaches for sustainability. This research uses a qualitative literature study 
method by systematically reviewing scholarly articles, policy documents, and empirical studies related to community-based drainage management. Data were 
collected through document analysis and analyzed using qualitative content analysis to identify major themes connected to participation, appropriate technology, 
and community-based environmental management. The results show that community participation significantly enhances drainage performance through routine 
maintenance, participatory planning, and monitoring activities. Meanwhile, appropriate technologies such as biopores, infiltration wells, permeable pavements, 
and vegetated swales provide effective, low-cost, and environmentally friendly solutions that can be adopted and maintained by local communities. The synergy 
between empowerment and technology generates long-term sustainability by strengthening local ownership, improving environmental awareness, and ensuring 
continuous system functionality. The findings highlight the potential of integrating social and technological strategies to build resilient, adaptive, and community-
driven drainage systems. 
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INTRODUCTION 

Environmental drainage management is a critical component in mitigating flood risks in residential areas experiencing rapid 

population growth and urbanization (Jiang et al., 2018). Urbanization increases impervious surface areas, reducing infiltration and 

increasing surface runoff, which places additional pressure on existing drainage systems (Oudin et al., 2018; Shukla & Gedam, 

2018). The declining capacity of drainage systems is further exacerbated by land-use changes and the lack of routine maintenance 

(Lee et al., 2020). These conditions highlight the need for collaborative approaches that involve communities in community-based 

environmental management (Pretty, 2011). 

Drainage refers to an engineered system designed to collect, convey, and manage surface water runoff to prevent flooding, erosion, 

and damage to infrastructure and surrounding environments. A drainage network typically consists of open channels (ditches, 

gutters), closed conduits (pipes, culverts), infiltration points, and retention facilities that work together to direct stormwater to 

disposal points or promote infiltration and reuse. Modern drainage planning also incorporates considerations of increasingly intense 

rainfall events driven by climate change; therefore, contemporary designs rely on updated rainfall scenarios and hydrologic–

hydraulic modeling tools such as SWMM to predict system performance under various return periods (Annisa & Maknun, 2024; 

Kilgore et al., 2024; Putri et al., 2023). 

In current practice, the concept of drainage is shifting from merely transporting water to adopting sustainable urban drainage 

strategies, integrating Low Impact Development (LID) and SuDS approaches that mimic natural hydrological processes—such as 

bioretention, infiltration wells, and permeable landscapes—to reduce peak discharge, improve water quality, and enhance 

groundwater recharge. Integrated approaches combining grey and green infrastructure, supported by numerical design verification, 

have become standard to improve urban flood resilience and reduce long-term maintenance costs. Recent studies confirm that 

increasing conveyance capacity alone is insufficient; landscape-based interventions and routine management are essential to achieve 

sustainable stormwater outcomes (Anggraini et al., 2024; Maglia & Raimondi, 2025). 

https://creativecommons.org/licenses/by/4.0/deed.id
http://ijte.americanjournal.us/index.php/ijte
mailto:n.r.puspita@outlook.com
mailto:vinsensia.sensi@gmail.com


| International Journal of Technology & Energy  Nurkhasanah Rina Puspita, Vinsensia Paola Prattyni | 

| Volume 1, Number 3, 2025   124 | 

Community empowerment has been proven to be an effective approach in improving environmental management because it 

strengthens collective ownership and responsibility (Kapucu, 2011). Studies on community participation indicate that higher levels 

of citizen involvement contribute to greater effectiveness in public infrastructure management programs (Arnstein, 1969). This 

approach also enhances community resilience to environmental risks, including hydrometeorological disasters (Aldrich & Meyer, 

2015). Therefore, empowerment becomes a crucial foundation for sustainable environmental drainage improvement. 

The use of appropriate technology—such as biopores, infiltration wells, and sustainable drainage systems (SuDS)—has become an 

increasingly relevant solution for managing surface runoff (Fletcher et al., 2015). Technologies like biopores have been shown to 

significantly increase soil infiltration and reduce the burden on drainage channels (Suri et al., 2021). Infiltration wells are also 

effective in addressing urban flooding, particularly in densely populated residential areas (Cherqui et al., 2015). The implementation 

of simple and locally adaptable technologies enables communities to initiate local innovations according to their environmental 

needs (Ellis & Lundy, 2016). 

Collaboration between active community participation and appropriate technology creates a more adaptive and sustainable drainage 

management approach (Liu & Jensen, 2018). Engaging communities in planning and implementing sustainable drainage 

technologies strengthens technical understanding and improves long-term maintenance quality (S. Charlesworth et al., 2016). 

Several studies show that when communities are involved in maintaining water infrastructure, the overall function and performance 

of drainage systems increase significantly (Brown & Farrelly, 2009). This approach aligns with sustainable development goals that 

emphasize community involvement in water resource management (Un-Habitat, 2020). 

The urgency of this research lies in the need for an integrative model that combines community empowerment with the 

implementation of appropriate technology for improving drainage infrastructure, given that most studies still treat these two aspects 

separately (Sunarharum et al., 2014). The scarcity of empirical studies on such integration has resulted in many community-based 

drainage programs becoming unsustainable after the initial implementation phase (Satterthwaite, 2011). With the increasing 

frequency of urban flooding due to climate change, a community empowerment model that strengthens both technical and social 

capacities is urgently needed (IPCC, 2022). 

Previous studies have demonstrated that community participation has a significant impact on the success of environmental 

management, including drainage management (Agrawal, 2001). Other research emphasizes that appropriate technologies such as 

infiltration wells, biopores, and green drainage systems are highly effective in reducing surface runoff (S. M. Charlesworth et al., 

2003). However, many of these studies focus either on technical solutions or social participation in isolation, without examining the 

potential of combining both approaches (Ostrom, 2010). Therefore, a research gap exists regarding how the integration of 

community empowerment and appropriate technology can strengthen community-based drainage improvement (Larsen et al., 

2016). 

This study aims to analyze the contribution of community empowerment and appropriate technology to improving environmental 

drainage infrastructure. Specifically, it explores the forms of active community participation, the types of appropriate technologies 

most suitable for residential environments, and the key factors that support the successful integration of these strategies in 

strengthening sustainable drainage systems. 

 

METHOD 

This study employs a qualitative research design with a literature study approach, which systematically examines scholarly works, 

empirical studies, policy documents, and reputable publications related to community empowerment, environmental drainage 

infrastructure, active community participation, and appropriate technology. A literature study is suitable for identifying theoretical 

foundations, synthesizing empirical findings, and mapping research gaps in order to construct a comprehensive analytical 

framework (Creswell, 2021; Snyder, 2019). Through this approach, the research emphasizes conceptual depth rather than numerical 

measurement, enabling a nuanced understanding of community-based environmental infrastructure development. 

 

Data Sources 
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The data in this research consist of secondary sources derived from academic journals, books, conference papers, institutional 

reports, and government regulations relevant to drainage infrastructure management and community empowerment. The materials 

were gathered from credible academic databases such as Google Scholar, Scopus, and ScienceDirect, as well as policy documents 

produced by environmental and public works agencies (Bowen, 2009). These sources offer diverse conceptual and empirical insights 

that support the formulation of a comprehensive analysis of participatory and technology-based drainage improvement initiatives. 

 

Data Collection Technique 

Data collection was conducted using a document analysis technique, which involves systematically reviewing and interpreting 

relevant literature to extract key themes, theoretical constructs, and empirical evidence (Bowen, 2009). The selection of documents 

followed specific inclusion criteria, such as relevance to the research topic, publication within the last ten years, and credibility of 

the authors or institutions. This process ensured that the collected materials were both current and academically reliable. The 

documents were examined using guided reading, coding, and thematic categorization. 

 

Data Analysis Method 

Data were analyzed using qualitative content analysis, which enables the systematic interpretation of textual data through coding, 

categorization, and thematic synthesis (Vaismoradi et al., 2013). This analytical method helps identify central themes such as forms 

of community participation, challenges in drainage infrastructure, and the role of appropriate technology in environmental 

management. The analysis followed three stages: (1) data reduction through initial coding, (2) data display through thematic 

categorization, and (3) conclusion drawing and verification to ensure the validity of interpretations (Miles et al., 2020). This 

approach allows the study to develop a conceptual understanding that integrates community empowerment theory with practical 

technological solutions for drainage infrastructure improvement. 

 

RESULTS AND DISCUSSION 

Forms of Active Community Participation in Improving Drainage Infrastructure 

The analysis shows that community participation plays a crucial role in enhancing environmental drainage systems, particularly in 

densely populated settlement areas. Active participation manifests in several forms, including community involvement in 

identifying drainage problems, proposing priority improvements, and engaging in routine maintenance activities such as cleaning 

clogged channels, managing solid waste, and monitoring water flow conditions. Participation at the planning stage—such as through 

community meetings, neighborhood discussions, and local decision-making forums—has been found to produce drainage 

interventions that better reflect local needs and contextual constraints. 

 

Figure 1. Community Participation Contributions to Drainage Infrastructure Improvement 
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Community-based actions are especially effective when organized through institutional structures such as community groups, 

neighborhood associations, and local environmental committees. These structures facilitate collective responsibility, resource 

mobilization, and the continuity of maintenance routines. The literature suggests that participatory mapping and community-led 

assessments strengthen environmental awareness and enhance the accuracy of drainage problem identification, ultimately 

contributing to more targeted and sustainable solutions. 

Furthermore, the presence of local champions or community leaders significantly increases community willingness to participate. 

These leaders function as intermediaries between residents and local authorities, ensuring that drainage improvement initiatives 

receive adequate attention and resource support. Overall, the findings indicate that community participation is not limited to physical 

involvement but also includes decision-making, monitoring, and knowledge-sharing processes, which collectively form the 

foundation of empowered community engagement. 

 

Appropriate Technology for Sustainable Drainage Improvement 

Appropriate technology emerges as a vital component for improving drainage infrastructure in low- to middle-income residential 

areas. Technologies that are simple, cost-effective, environmentally friendly, and easy to maintain are shown to be the most suitable 

for community-based drainage interventions. Examples include modular biopores, infiltration wells, vegetated swales, permeable 

pavements, and small-scale constructed wetlands. These technologies reduce surface runoff, enhance water absorption, and mitigate 

flooding risks without requiring complex technical expertise or high operational costs. 

 

Figure 2. Comparative Effectiveness of Appropriate Technologies for Drainage Improvement 

Among the technologies assessed, infiltration-based systems—such as biopori and infiltration trenches—are particularly effective 

in urban neighborhoods with limited land availability. They increase groundwater recharge while reducing the burden on drainage 

channels. Similarly, the use of vegetated swales and green infrastructure components provides added ecological benefits, such as 

improved biodiversity and reduced heat island effects, making them appropriate for community-driven environmental 

improvements. 

The suitability of these technologies is closely linked to the residents’ capacity to operate and maintain them. The analysis shows 

that technologies are more sustainable when accompanied by training, local demonstrations, and continuous knowledge transfer. 

Thus, appropriate technology must be viewed not only as a technical intervention but also as a social innovation that strengthens 

community resilience and environmental stewardship. 

 

Synergy Between Community Empowerment and Appropriate Technology 

The study finds that the integration of community participation and appropriate technology creates a synergistic effect that 

significantly strengthens local drainage systems. Empowered communities are more capable of adopting, adapting, and maintaining 

appropriate technologies effectively, while the technologies themselves enhance community motivation by providing visible and 
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immediate benefits. This synergy is reflected in participatory technology design, co-creation of solutions, and collaborative 

implementation between communities, local authorities, and environmental experts. 

 

Figure 3. Synergy Between Community Empowerment and Appropriate Technology in Strengthening Drainage Infrastructure 

The success of this integration depends on several supporting factors. First, community literacy and awareness regarding 

environmental issues encourage proactive engagement and technology adoption. Second, local government support—in the form 

of funding, training, and technical guidance—ensures continuity and legitimacy of community-driven initiatives. Third, social 

cohesion and collective action capacity within neighborhoods play a central role in sustaining maintenance activities and preventing 

infrastructure degradation. 

Moreover, participatory monitoring mechanisms enable communities to evaluate the performance of drainage systems and propose 

timely improvements. When communities are empowered to take ownership of drainage infrastructure, they develop a sense of 

responsibility that fosters long-term sustainability. This alignment between human capital and technological innovation forms the 

core foundation of resilient and adaptive drainage systems in residential environments. 

 

Factors Supporting Successful Integration of Participation and Technology 

Several key factors are identified as determinants of successful integration between community empowerment and appropriate 

technology in drainage improvement initiatives: 

1. Access to Knowledge and Training 

Training on environmental management, hydrology basics, and simple engineering principles empowers residents to understand 

the function and maintenance requirements of drainage systems. 

2. Collaborative Governance 

Multi-stakeholder collaboration involving communities, local government agencies, NGOs, and academic institutions enhances 

strategic planning, resource allocation, and innovation. 

3. Cultural and Social Norms 

Communities with strong social ties and shared environmental values exhibit higher commitment to maintaining infrastructure 

and adopting new technologies. 

4. Resource Availability 

Access to low-cost materials, tools, and financial support determines the feasibility of implementing appropriate technology at 

scale. 

5. Environmental Conditions 
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Suitability of technology is influenced by soil type, rainfall patterns, land density, and existing drainage networks, requiring 

context-specific adaptation. 

The analysis confirms that successful drainage improvement is not solely determined by technical interventions but also by the 

strength of community engagement and the integration of local knowledge with scientific approaches. Thus, combining 

empowerment and appropriate technology represents a holistic pathway for sustainable infrastructure development. 

 

Implications for Sustainable Drainage Development 

The study highlights that sustainable drainage development relies on a dual approach: enhancing community capacity and selecting 

technologies that align with local environments. Policies that promote environmental awareness, strengthen local institutions, and 

support participatory planning are essential for ensuring long-term system functionality. Additionally, integrating green 

infrastructure principles with community-based drainage initiatives is crucial for addressing broader challenges such as climate 

change adaptation, water resource conservation, and urban resilience. 

Community empowerment and appropriate technology together provide a replicable model for many urban and peri-urban areas 

facing similar drainage challenges. The findings demonstrate that involving communities at every stage—from design to 

maintenance—not only increases the effectiveness of drainage systems but also builds social capital and environmental 

responsibility. 

 

CONCLUSION 

This study concludes that community empowerment and appropriate technology play complementary roles in strengthening 

environmental drainage infrastructure. Active participation—ranging from problem identification to routine maintenance and 

community monitoring—significantly improves local drainage functionality. Appropriate technologies such as infiltration wells, 

biopores, vegetated swales, and permeable pavements provide practical, low-cost solutions that communities can easily adopt. When 

both approaches are integrated, they create a synergistic system that promotes local ownership, enhances environmental literacy, 

and ensures long-term sustainability of drainage infrastructure in residential areas. This combination also increases community 

resilience to climate-driven hydrological risks. 

 

Practical Implications 

The findings offer several actionable insights for communities, local governments, and environmental agencies. First, strengthening 

community capacity through training and participatory planning can improve the adoption and maintenance of appropriate 

technologies. Second, governments should prioritize collaborative governance models that encourage shared responsibilities in 

drainage management. Third, low-cost technologies should be promoted through community demonstrations, pilot projects, and 

public awareness programs to encourage widespread adoption. Finally, institutions should support community-led monitoring 

systems to ensure continuous performance evaluation and timely interventions. 

 

Future Research Suggestions 

Future studies should incorporate field-based methods such as interviews, focus group discussions, and participatory rural appraisal 

to capture richer, context-specific insights. Empirical research examining the performance of specific appropriate technologies 

across different urban settings will further strengthen the evidence base. Comparative studies between communities with different 

participation levels may also reveal additional determinants of success. Longitudinal research is recommended to assess the long-

term impacts of empowerment and technology integration on drainage resilience and community adaptability. 

 



| International Journal of Technology & Energy  Nurkhasanah Rina Puspita, Vinsensia Paola Prattyni | 

| Volume 1, Number 3, 2025   129 | 

BIBLIOGRAPHY 

Agrawal, A. (2001). Common property institutions and sustainable governance of resources. World Development, 29(10), 1649–

1672. 

Aldrich, D. P., & Meyer, M. A. (2015). Social capital and community resilience. American Behavioral Scientist, 59(2), 254–269. 

Anggraini, W., Jayady, A., Natadipura, R. K., & Tunafiah, H. (2024). Desain Drainase Efektif dalam Mengatasi Banjir di Ruas Jalan 

Kebon Pala I Jakarta. IKRA-ITH Teknologi Jurnal Sains Dan Teknologi, 8(3), 32–41. 

Annisa, B., & Maknun, I. J. (2024). Modeling of Storm Water Management to Synergize Sustainable Development Goals 6, 9, and 

11 Framework. International Journal of Technology, 15(2), 299–309. 

Arnstein, S. R. (1969). A ladder of citizen participation. Journal of the American Institute of Planners, 35(4), 216–224. 

Bowen, G. A. (2009). Document analysis as a qualitative research method. Qualitative Research Journal, 9(2), 27–40. 

Brown, R. R., & Farrelly, M. A. (2009). Delivering sustainable urban water management: a review of the hurdles we face. Water 

Science and Technology, 59(5), 839–846. 

Charlesworth, S. M., Harkerand, E., & Rickard, S. (2003). A Review of Sustainable Drainage Systems (SuDS) A Soft Option for 

Hard Drainage Questions? Geography, 88(2), 99–107. 

Charlesworth, S., Warwick, F., & Lashford, C. (2016). Decision-making and sustainable drainage: Design and scale. Sustainability, 

8(8), 782. 

Cherqui, F., Belmeziti, A., Granger, D., Sourdril, A., & Le Gauffre, P. (2015). Assessing urban potential flooding risk and identifying 

effective risk-reduction measures. Science of the Total Environment, 514, 418–425. 

Creswell, J. W. (2021). A concise introduction to mixed methods research. SAGE publications. 

Ellis, J. B., & Lundy, L. (2016). Implementing sustainable drainage systems for urban surface water management within the 

regulatory framework in England and Wales. Journal of Environmental Management, 183, 630–636. 

Fletcher, T. D., Shuster, W., Hunt, W. F., Ashley, R., Butler, D., Arthur, S., Trowsdale, S., Barraud, S., Semadeni-Davies, A., & 

Bertrand-Krajewski, J.-L. (2015). SUDS, LID, BMPs, WSUD and more–The evolution and application of terminology 

surrounding urban drainage. Urban Water Journal, 12(7), 525–542. 

Jiang, Y., Zevenbergen, C., & Ma, Y. (2018). Urban pluvial flooding and stormwater management: A contemporary review of 

China’s challenges and “sponge cities” strategy. Environmental Science & Policy, 80, 132–143. 

Kapucu, N. (2011). Social Capital and Civic Engagement. International Journal of Social Inquiry, 4(1). 

Kilgore, R., Atayee, A. T., & Herrmann, G. R. (2024). Urban Drainage Design Fourth Edition. United States. Federal Highway 

Administration. Office of Bridges and Structures. 

Larsen, T. A., Hoffmann, S., Lüthi, C., Truffer, B., & Maurer, M. (2016). Emerging solutions to the water challenges of an urbanizing 

world. Science, 352(6288), 928–933. 

Lee, C., Kim, W., & Jeen, S.-W. (2020). Measurement of flux at sediment–water interface using a seepage meter under controlled 

flow conditions. Water, 12(11), 3071. 

Liu, L., & Jensen, M. B. (2018). Green infrastructure for sustainable urban water management: Practices of five forerunner cities. 

Cities, 74, 126–133. 

Maglia, N., & Raimondi, A. (2025). A new approach on design and verification of integrated sustainable urban drainage systems 

for stormwater management in urban areas. Journal of Environmental Management, 373, 123882. 

Miles, H., Huberman, A. M., & Saldana. (2020). Qualitative data analysis: A methods sourcebook. New York: Sage Publications, 

Inc. 

Ostrom, E. (2010). Polycentric systems for coping with collective action and global environmental change. 20th Anniversary Special 

Issue, 20 (4), 550–557. 

Oudin, L., Salavati, B., Furusho-Percot, C., Ribstein, P., & Saadi, M. (2018). Hydrological impacts of urbanization at the catchment 

scale. Journal of Hydrology, 559, 774–786. 



| International Journal of Technology & Energy  Nurkhasanah Rina Puspita, Vinsensia Paola Prattyni | 

| Volume 1, Number 3, 2025   130 | 

Pretty, J. (2011). Interdisciplinary progress in approaches to address social-ecological and ecocultural systems. Environmental 

Conservation, 38(2), 127–139. 

Putri, F. K., Hidayah, E., & Ma’ruf, M. F. (2023). Enhancing stormwater management with low impact development (LID): A 

review of the rain barrel, bioretention, and permeable pavement applicability in Indonesia. Water Science & Technology, 

87(9), 2345–2361. 

Satterthwaite, D. (2011). How urban societies can adapt to resource shortage and climate change. Philosophical Transactions of the 

Royal Society A: Mathematical, Physical and Engineering Sciences, 369(1942), 1762–1783. 

Shukla, S., & Gedam, S. (2018). Assessing the impacts of urbanization on hydrological processes in a semi-arid river basin of 

Maharashtra, India. Modeling Earth Systems and Environment, 4(2), 699–728. 

Snyder, H. (2019). Literature review as a research methodology: An overview and guidelines. Journal of Business Research, 104, 

333–339. 

Sunarharum, T. M., Sloan, M., & Susilawati, C. (2014). Community engagement for disaster resilience: flood risk management in 

Jakarta, Indonesia. Proceedings of the Second ANDROID Residential Doctoral School, Work Package III, 151–160. 

Un-Habitat. (2020). World cities report 2020: The value of sustainable urbanization. UN. 

Vaismoradi, M., Turunen, H., & Bondas, T. (2013). Content analysis and thematic analysis: Implications for conducting a qualitative 

descriptive study. Nursing & Health Sciences, 15(3), 398–405. 

 


