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Used cooking oil (UCO) is a household waste that poses environmental risks when 

improperly disposed of, yet offers potential as a renewable feedstock for biodiesel 

production. This study aims to quantify current and projected household-generated UCO 

in North Denpasar District, estimate biodiesel (B100) potential, and analyze its village-

level spatial distribution using Geographic Information Systems (GIS). A household 

survey of 357 respondents was conducted across 11 villages, determined using Slovin’s 

formula and purposive sampling, from which annual UCO generation per household was 

derived. Population growth was projected using a geometric model with an annual growth 

rate of 1.25%. Spatial analysis and mapping were performed using GIS, while spatial 

autocorrelation was examined using Moran’s I, Local Indicators of Spatial Association 

(LISA), and Getis–Ord Gi* hotspot analysis. The results show that household UCO 

production in 2025 reached 233,015 L/year, varying from 8,949 L/year to 46,038 L/year 

across villages. Total UCO availability is projected to increase by 13.2% to 263,838 

L/year by 2035, corresponding to a biodiesel potential of 211,070 L/year. Global Moran’s 

I (-0.146) indicates weak spatial autocorrelation, with LISA and Gi* analyses identifying 

only one statistically significant localized cluster (p ≤ 0.05). This study provides the first 

village-level spatial database and ten-year projection of household UCO potential in 

North Denpasar, offering a practical basis for targeted waste-to-energy planning and 

urban biodiesel initiatives. 
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1. INTRODUCTION

Energy demand in developing countries continues to 

increase in line with industrial expansion and population 

growth, intensifying the need for alternative and renewable 

energy sources. In Indonesia, the National Industrial 

Development Master Plan (RIPIN) 2015–2035 identifies the 

industrial sector as a key driver of national economic growth, 

thereby requiring a reliable and sustainable energy supply. 

One of the most promising alternatives is biodiesel, which 

offers several advantages over fossil fuels, including lower 

emissions, higher cetane numbers, improved combustion 

efficiency, and biodegradability, making it an environmentally 

friendly renewable energy source [1]. 

Among various biodiesel feedstocks, used cooking oil 

(UCO), also known as waste frying oil, represents a readily 

available and low-cost raw material, particularly from 

household cooking activities. Its utilization contributes not 

only to national energy security but also to environmental 

protection by reducing pollution caused by improper disposal. 

When discharged into drainage systems and waterways, UCO 

increases chemical oxygen demand (COD) and biological 

oxygen demand (BOD), disrupts aquatic ecosystems, and 

degrades soil structure by obstructing water infiltration [2, 3]. 

Consequently, the conversion of UCO into biodiesel offers 

combined environmental and economic benefits. Recent 

studies, however, emphasize that despite its advantages, UCO 

valorization faces multiple challenges related to feedstock 

quality variability, decentralized generation, and inefficient 

collection systems, particularly in urban areas of developing 

countries [4, 5]. 

Unlike UCO generated by restaurants and food service 

establishments, household-derived UCO exhibits distinct 

characteristics that complicate its recovery and utilization. 

Household UCO is typically produced in small quantities per 

unit, spatially dispersed across residential areas, and stored 
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under varying conditions that affect its quality and suitability 

for biodiesel production [5, 6]. These characteristics result in 

higher transaction and collection costs and require spatially 

informed planning approaches to design efficient recovery 

systems at the urban scale [5]. 

Denpasar City, the capital of Bali Province, is a significant 

contributor to UCO generation due to its high population 

density and intensive domestic cooking activities. A study 

conducted by Universitas Udayana reported that 

approximately 98% of households in Denpasar generate waste 

cooking oil, with an average cooking oil consumption of 10.74 

L per week and a conversion rate of 39.2% into waste oil [7]. 

This translates into an estimated potential of approximately 

293,192 L of UCO per month at the city scale. Without 

adequate collection and management systems, such volumes 

pose substantial environmental risks; conversely, they also 

represent a considerable opportunity for household-based 

biodiesel production. Similar urban case studies in developing 

countries have demonstrated that household UCO can form a 

viable renewable energy feedstock when supported by 

appropriate spatial planning and policy interventions [6, 8]. 

North Denpasar District constitutes one of the key urban 

zones in Denpasar, characterized by relatively high population 

density and household activity, suggesting a substantial 

potential for UCO generation. Nevertheless, detailed 

quantitative information on the availability of household-

derived UCO in this district remains limited, particularly with 

respect to its spatial distribution and long-term dynamics. 

Existing studies tend to focus on aggregate quantity estimation, 

while high-resolution spatial mapping, long-term projections, 

and the integration of Geographic Information Systems (GIS) 

to support the planning of practical UCO collection and 

logistics systems remain insufficiently explored [8, 9]. 

Accurate, spatially explicit data are therefore critical to 

support renewable energy planning and urban waste 

management policies. 

Accordingly, this study aims to: (1) analyze the potential 

volume of household-generated UCO in North Denpasar 

District over the next ten years; (2) estimate the potential yield 

of biodiesel (B100); and (3) map the spatial development of 

biodiesel potential using GIS. The findings are expected to 

support local government strategies for waste-to-energy 

initiatives, enhance household-level environmental awareness, 

and contribute to sustainable energy planning in Bali through 

the application of circular economy principles [10]. 

 

 

2. MATERIALS AND METHODS 

 

2.1 Study area 

 

This research was conducted in the North Denpasar District, 

Denpasar City, Bali Province, Indonesia. Geographically, 

North Denpasar borders Abiansemal and Mengwi sub-districts 

of Badung Regency to the north, East Denpasar to the east, 

West Denpasar to the west, and central Denpasar to the south. 

North Denpasar District covers 31.42 km² (3.142 ha) and 

consists of 11 administrative villages: Ubung, Ubung Kaja, 

Peguyangan, Peguyangan Kaja, Peguyangan Kangin, Dauh 

Puri Kaja, Dangin Puri Kaja, Dangin Puri Kauh, Dangin Puri 

Kangin, Tonja, and Pemecutan Kaja [11]. 

According to the Statistics Bureau of North Denpasar [11], 

the district’s population reached 85.043 people, with an 

average density of 5.411 inhabitants km⁻² and an annual 

growth rate of 1.25%. The spatial extent of the study area is 

presented in Figure 1. 

 

2.2 Instrument and materials 

 

The research utilized a combination of field instruments, 

spatial datasets, and computational tools to support data 

collection and analysis. A Global Positioning System (GPS) 

device was employed to determine the geographic coordinates 

of sampled households and to record spatial reference points 

across the study area. Field documentation, including 

photographs and short video clips, was conducted using a 

digital camera through the Open Camera mobile application. 

A personal computer (PC) was used for data entry, statistical 

tabulation, spatial analysis, and preparation of maps and 

figures, while a printer was used for producing hard copies of 

maps and reports. 

 

 
 

Figure 1. Study area map in the North Denpasar District 

 

Spatial and base data were derived from several sources. A 

topographic base map of Denpasar City with a scale of 

1:25,000 obtained from the Geospatial Information Agency 

(BIG) served as the administrative and spatial reference. In 

addition, high-resolution QuickBird satellite imagery (0.6 m 

spatial resolution, recorded in 2024) obtained from Google 

Satellite was used to delineate village boundaries and validate 

field locations. These instruments and data sources 

collectively supported accurate spatial representation and 

analytical processing in the study. 

 

2.3 Data collection and sampling 

 

Primary data were obtained through a household survey to 

estimate the average generation of UCO per household. The 

total number of households (N) in North Denpasar District in 

2025 was 39,752, based on official population statistics. The 

minimum sample size was calculated using Slovin’s formula 

with a margin of error (e) of 5%. The Slovin’s formula ensures 

quick and effective sample size computation for survey-based 
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studies [12]. The Slovin’s formula analysis resulted in a 

required sample size of approximately 396 households. Due to 

field constraints, a total of 357 households were successfully 

surveyed, which remains statistically acceptable for regional-

level estimation.  

The 357 household samples were distributed proportionally 

across the 11 villages in North Denpasar District based on the 

number of households in each village, ensuring adequate 

representation of spatial and demographic variability within 

the study area. The Slovin formula given in Eq. (1) [12, 13]. 

Table 1 shows the sampling design. Figure 2 shows the 

distribution of households per village in North Denpasar 

District. 
 

𝑛 =
𝑁

(1 + 𝑁. 𝑒2)
 (1) 

 

where, n is the number of samples, N is the total household 

population, and e is the allowable error (0.05). 
 

Table 1. The sampling design 
 

No. Village 
Households 

(HH) 

Proportion 

(%) 

Samples 

(nᵢ) 

1 Ubung 2,318 5.83 21 

2 Ubung Kaja 4,878 12.27 44 

3 Peguyangan 3,086 7.76 28 

4 
Peguyangan 

Kangin 
3,757 9.45 34 

5 
Peguyangan 

Kaja 
1,943 4.89 17 

6 
Dauh Puri 

Kaja 
5,269 13.26 47 

7 
Dangin Puri 

Kaja 
3,750 9.43 34 

8 
Dangin Puri 

Kauh 
1,721 4.33 15 

9 
Dangin Puri 

Kangin 
1,940 4.88 17 

10 Tonja 4,094 10.30 37 

11 
Pemecutan 

Kaja 
6,996 17.60 63 

 Total 39,752 100 357 

 

The sampling design combined stratified proportional 

sampling at the village level with purposive criteria at the 

household level. Each household was selected based on 

predefined targeting households involved in daily cooking 

activities that generate UCO. The questionnaire collected data 

on household size, frequency of oil use, and average volume 

of used oil produced per month.  

Each household location was georeferenced using GPS to 

enable spatial mapping. Spatial analysis was conducted using 

an areal-based approach rather than point-based interpolation. 

Household UCO generation estimates were aggregated at the 

village level and assigned to administrative polygons in 

Quantum Geographic Information System (QGIS). This 

approach was selected due to the administrative relevance of 

village boundaries for waste management planning and policy 

implementation. Additional demographic data, such as the 

number of households and population per village, were 

obtained from local government records and field verification 

to support analysis and projection modeling. 
 

2.4 Data analysis 
 

Data analysis consisted of three main stages: population 

projection, biodiesel conversion estimation, and spatial 

mapping. The potential of UCO generation was projected for 

a 10-year period (2025–2035) using the geometric population 

growth model [14, 15], assuming a constant annual growth rate 

of 1.25%. The projection formula is expressed as given in Eq. 

(2): 

 

𝑃𝑡 = 𝑃0(1 + 𝑟)𝑡 (2) 

 

where, 𝑃𝑡 = population in year t, 𝑃0 = base population, and 𝑟 = 

annual population growth rate (0.0125). 

 

 
 

Figure 2. The household’s distribution per village in North 

Denpasar District 

 

The biodiesel yield (B100) was then estimated from UCO 

volume based on a conversion ratio of 5 L of UCO → 4 L 

biodiesel, equivalent to 80% efficiency [16, 17]. The formula 

used as Eq. (3): 

 

𝐵 = 0.8 ×  𝐽 (3) 

 

where, 𝐵 = biodiesel potential (L) and 𝐽 = total UCO volume 

(L). 

 

2.5 Spatial autocorrelation analysis 

 

To statistically examine the spatial distribution of 

household UCO production, a spatial autocorrelation analysis 

was conducted using GeoDa (an open-source software 

developed by the Center for Spatial Data Science at the 

University of Chicago) [18]. The analysis was performed at 

the village level, using total annual household UCO 

production as the primary attribute. 

Spatial relationships among villages were defined using a 

contiguity-based spatial weights matrix (Queen Contiguity) 

[19], which considers villages sharing common boundaries or 

vertices as neighbors. The spatial weights matrix was row-

standardized prior to analysis. 

Global spatial autocorrelation was assessed using Moran’s 
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I to evaluate whether the overall spatial distribution of UCO 

production exhibits clustering, dispersion, or randomness [20, 

21]. Local spatial autocorrelation was further examined using 

Local Indicators of Spatial Association (LISA) to identify 

clusters and spatial outliers [22, 23]. In addition, Getis–Ord 

Gi* hotspot analysis was applied to detect statistically 

significant concentrations of high or low values [24], in this 

case, UCO values. Statistical significance for all spatial 

analyses was evaluated using a random permutation approach 

with a significance threshold of p ≤ 0.05. 

 

2.6 Research workflow 

 

The research procedure was designed to ensure systematic 

data acquisition, analysis, and validation. The workflow 

consisted of seven main stages: 

(1) Preliminary survey to identify study sites and household 

sampling points; 

(2) Data collection, including household interviews and 

GPS-based spatial recording; 

(3) Data tabulation and analysis using statistical and 

geometric projection models; 

(4) Calculation of UCO and biodiesel potential based on 

conversion ratios; 

(5) Development of thematic maps; 

(6) Spatial autocorrelation analysis; 

(7) Preparation of reports and dissemination of findings. 

 

 

3. RESULT AND DISCUSSION 

 

3.1 Current potential of used cooking oil in North 

Denpasar 

 

The analysis revealed that households in North Denpasar 

District collectively produce approximately 233,015 L/year 

UCO, equivalent to 186,414 L of biodiesel (B100) after 

conversion. The estimation was derived from survey data 

combined with population statistics and conversion 

assumptions. Among the eleven administrative villages, 

Pemecutan Kaja recorded the highest potential with 46,038 

L/year, while Dangin Puri Kauh produced the lowest with 

8.949 L/year. The distribution of UCO generation across 

villages in 2025 is presented in Table 2. The distribution of 

UCO generation per village is illustrated in Figure 3. This map 

shows a clear clustering of high-UCO-producing villages in 

central and northern zones, reflecting denser residential 

patterns. 

 

 
 

Figure 3. Map of potential used cooking oil (UCO) 

availability in North Denpasar in 2025 

 

Table 2. Village-level used cooking oil (UCO) production in North Denpasar in 2025 

 

No. Village 
Average UCO per Household 

(L/year) 

Total UCO Output 

(L/year) 

Average UCO per Capita 

(L/year) 

1 Ubung 5.30 12,285 1.25 

2 Ubung Kaja 6.35 30,990 1.35 

3 Peguyangan 6.00 18,516 1.24 

4 Peguyangan Kangin 4.37 16,423 0.84 

5 Peguyangan Kaja 7.87 15,301 1.64 

6 Dauh Puri Kaja 6.19 32,602 1.71 

7 Dangin Puri Kaja 6.08 22,804 1.65 

8 Dangin Puri Kauh 5.20 8,949 1.27 

9 Dangin Puri Kangin 5.90 11,452 1.21 

10 Tonja 4.31 17,655 1.16 

11 Pemecutan Kaja 6.58 46,038 1.59 

 Total 64.15 233,015 14.91 

This pattern correlates with population size and household 

density, where more densely populated areas tend to yield 

higher UCO volumes [25]. The estimated household UCO 

generation rate of approximately 5.86 L per household per 

year in North Denpasar falls within a reasonable empirical 

range when compared to other household-level studies in 

developing contexts. For example, a household survey in 

Malaysia found that average UCO generation was 

approximately 1.27 kg per household per month, which 

corresponds to about 15.24 L per household per year, 

assuming similar oil densities and usage patterns [26].  

Additionally, larger-scale assessments of UCO 

management note substantial quantities of UCO generated 

when aggregated across urban populations, supporting the 

notion that per-household volumes on the order of several 

liters per year are plausible for dense city districts [27]. 

74



 

Although direct comparisons across studies are complicated 

by methodological differences in data collection and 

conversion assumptions, the observed generation rate in this 

study is consistent with other reported estimations and does 

not appear to be an outlier. This comparative context suggests 

that the level of household UCO generation estimated here is 

neither implausibly high nor unusually low, providing 

additional confidence in the robustness of the survey-based 

estimates and their use in spatial modeling and biodiesel 

potential assessments.  

 

3.2 Biodiesel B100 production potential 

 

Using a conversion factor in which 5 L of UCO yields 4 L 

(80% conversion rate) of Biodiesel B100, the total production 

potential for North Denpasar in 2025 is estimated at 186,414 

L/year. The potential of B100 production in each village in 

North Denpasar is presented in Table 3. 

 

Table 3. Village-level production of biodiesel B100 potential 

in North Denpasar in 2025 

 

No. Village 
B100 Potential 

(L/month) 

B100 Potential 

(L/year) 

1 Ubung 819 9,828 

2 Ubung Kaja 2,066 24,792 

3 Peguyangan 1,234 14,813 

4 
Peguyangan 

Kangin 
1,095 13,139 

5 Peguyangan Kaja 1,020 12,241 

6 Dauh Puri Kaja 2,173 26,082 

7 Dangin Puri Kaja 1,520 18,243 

8 Dangin Puri Kauh 597 7,159 

9 
Dangin Puri 

Kangin 
763 9,162 

10 Tonja 1,177 14,124 

11 Pemecutan Kaja 3,069 36,831 

 Total 15,533 186,414 

 

 
 

Figure 4. Map of potential B100 production in North 

Denpasar in 2025 

This conversion efficiency is within the typical range 

reported in transesterification studies involving household 

UCO feedstocks. Spatial variability in biodiesel B100 

production potential is illustrated in Figure 4. This map 

highlights the geographic clustering of household waste 

generation, supporting the proposal to establish centralized 

collection hubs in high-density zones. 

This finding highlights that household-level UCO can 

become a strategic renewable-energy resource [28]. Biodiesel 

derived from UCO not only reduces waste disposal in urban 

drainage systems but also cuts greenhouse gas emissions 

compared to fossil diesel.  

Pemecutan Kaja supplied the highest biodiesel potential 

(36,831 L/year), while Dangin Puri Kauh provided the lowest 

(7,159 L/year). This uneven distribution highlights the need 

for differentiated collection strategies-centralized depots in 

high-yield villages and integrated community-based collection 

in low-yield areas. The mean biodiesel potential per village is 

16,947 L/year, indicating that even medium-population areas 

produce meaningful amounts of renewable fuel.  
 

3.3 Ten-year projection of used cooking oil and biodiesel 

potential from 2025 to 2035 
 

The next decade presents a critical opportunity to assess 

how demographic expansion and household cooking behavior 

will influence the renewable energy potential of North 

Denpasar. Using a geometric population growth rate of 1.25% 

per year as the basis for projection, the analysis indicates that 

UCO generation will increase steadily in line with the district’s 

expanding household population from 2025 to 2035. This 

trajectory reinforces UCO as a dependable long-term 

feedstock and underscores its strategic significance in 

sustaining biodiesel B100 production within North Denpasar’s 

evolving energy framework. 

Accurately projecting the future contribution of UCO to 

North Denpasar’s renewable energy supply necessitates 

consideration of household consumption patterns and 

population growth. As the number of households increases, the 

quantity of UCO generated is expected to rise proportionally. 

Analysis at both district and village levels enables the 

formulation of more effective strategies for collection, 

processing, and distribution. By integrating demographic 

trends with UCO generation, a robust framework is established 

for estimating biodiesel B100 potential over the forthcoming 

decade. 

Based on the growth model, total UCO production is 

projected to rise from 233,015 liters in 2025 to 263,838 liters 

in 2035, reflecting a decade-long increase of 13.2%, consistent 

with household expansion trends. Village-level projections 

show differential contributions, with Pemecutan Kaja 

maintaining the highest UCO potential at 36,831 L, while 

Dangin Puri Kauh records the lowest at 7,159 L by the end of 

the projection period. 

Intermediate villages such as Peguyangan Kaja, 

Peguyangan Kangin, and Tonja remain stable contributors 

within the range of 14.000–21.000 L throughout the projection 

window. These quantitative forecasts align with current 

demographic structures, indicating that spatial production 

patterns will remain largely consistent over time. 

Applying the 80% conversion efficiency commonly 

achieved under base-catalyzed transesterification, the 

biodiesel B100 production potential follows the same upward 

trend. Total biodiesel output increases from 186,414 liters in 

2025 to 211,070 liters in 2035, mirroring the steady growth in 

75



 

UCO supply. The projected values are summarized in Table 4. 

Figure 5 shows the projected trajectory of total UCO 

production and total B100 potential in Northern Denpasar 

from 2025 to 2035. 
 

Table 4. Projection of used cooking oil (UCO) production 

and biodiesel B100 potential in North Denpasar for 2025–

2035 
 

Year Households 
UCO Production 

(L/year) 

B100 Potential 

(L/year) 

2025 39,752 233,015 186,414 

2026 40,247 235,931 188,744 

2027 40,751 238,908 191,126 

2028 41,262 241,951 193,561 

2029 41,782 245,060 196,048 

2030 42,310 248,237 198,590 

2031 42,846 251,483 201,187 

2032 43,391 254,799 203,839 

2033 43,944 258,186 206,549 

2034 44,506 261,644 209,315 

2035 45,010 263,838 211,070 
 

 
 

Figure 5. The projected trajectory of total used cooking oil 

(UCO) production and total B100 potential in Northern 

Denpasar 
 

 
 

Figure 6. Projected used cooking oil (UCO) production 

potential in North Denpasar in 2035 

High-yield villages like Pemecutan Kaja, Ubung, and Dauh 

Puri Kaja continue to dominate biodiesel potential, each 

exceeding 28,000-40,000 L/year by 2035. Meanwhile, Dangin 

Puri Kauh and Dangin Puri Kangin remain the lowest 

contributors, supplying 8,000-12,000 L/year of B100. The 

proportional relationship between demographic expansion and 

renewable fuel output demonstrates the scalability and 

reliability of household UCO as a feedstock. Figure 6 shows 

the projected UCO production potential in North Denpasar in 

2035. 

Although numerical trends form the foundation of this 

projection, spatial modeling deepens the interpretation of 

future potential. The projected distribution of UCO in 2035 

remains concentrated in the southern and western parts of the 

district, while Figure 6 shows a similar spatial pattern for UCO 

potential. The 2035 UCO projection map clearly shows that 

production will remain concentrated in the southern and 

western parts of the district, where population density and 

cooking activity are highest.  

Similarly, Figure 7 shows the 2035 biodiesel B100 

projection map. Figure 7 reveals that these same areas 

constitute the strongest feedstock corridors for future biodiesel 

production. This stability in spatial structure suggests that 

long-term planning for collection networks, processing hubs, 

and feedstock logistics can be undertaken with confidence, as 

the core high-output zones are unlikely to shift significantly 

over the next decade. 

The ten-year projection confirms that household-generated 

UCO in North Denpasar represents a consistent, quantifiable, 

and expandable renewable energy resource. The combination 

of reliable demographic growth, stable cooking behavior, and 

favorable conversion efficiency strengthens the potential for 

developing decentralized biodiesel initiatives. These findings 

provide a strong foundation for policy planning, investment 

strategies, and community-based sustainability programs 

aimed at integrating UCO-derived biodiesel into the district’s 

future energy landscape. 
 

 
 

Figure 7. Projected biodiesel B100 production potential in 

North Denpasar in 2035 
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3.4 Spatial autocorrelation analysis of household used 

cooking oil production 

 

Global Moran’s I analysis indicates a weak and negative 

spatial autocorrelation for annual household UCO production 

in North Denpasar (Moran’s I = –0.146), suggesting the 

absence of a strong global clustering pattern at the village 

scale. This result implies that villages with similar UCO 

production levels are not systematically clustered in space, and 

the overall spatial distribution tends toward randomness. 

LISA analysis further reveals that only Ubung village 

exhibits statistically significant local spatial autocorrelation at 

the 5% significance level (p ≤ 0.05), while no villages are 

significant at the 1% or 0.1% levels. The identified village is 

classified as a Low–High (LH) cluster, indicating relatively 

lower UCO production compared to its neighboring villages. 

The majority of villages show no significant local spatial 

dependence. Figure 8 shows the LISA cluster map of village-

level annual household UCO production in North Denpasar 

District. 

 

 
 

Figure 8. LISA cluster map of village-level annual 

household used cooking oil (UCO) production in North 

Denpasar District 

 

Consistent with the LISA results, the Getis-Ord Gi* hotspot 

analysis identifies only one statistically significant hotspot (p 

≤ 0.05), while no significant coldspots are detected. This 

finding confirms that the spatial concentration of household 

UCO production is highly localized rather than widespread 

across the study area.  

The convergence of Moran’s I, LISA, and Gi* results 

suggests that household UCO generation in North Denpasar is 

not primarily driven by spatial proximity among villages. 

Instead, UCO production appears to be influenced more 

strongly by village-specific household characteristics, cooking 

practices, and consumption behavior. Given the limited 

number of spatial units (11 villages), the detection of a single 

significant local cluster is statistically reasonable and indicates 

localized heterogeneity rather than systematic spatial spillover 

effects. Figure 9 shows the statistical significance map (p-

values) of Getis–Ord Gi* analysis for annual household UCO 

production in the North Denpasar District. 

The spatial distribution provides a practical basis for 

designing differentiated UCO collection strategies in North 

Denpasar. Villages identified as consistently high-yield areas, 

particularly Pemecutan Kaja and Dauh Puri Kaja, are suitable 

locations for piloting community-based UCO collection 

points. Concentrating initial infrastructure in these areas 

would maximize collection efficiency, reduce logistical costs, 

and enable rapid accumulation of feedstock for biodiesel 

production. 

 

 
 

Figure 9. Statistical significance map (p-values) of Getis–

Ord Gi* analysis for annual household used cooking oil 

(UCO) production in North Denpasar District 

 

In contrast, villages with lower UCO output, such as Dangin 

Puri Kauh and Peguyangan Kangin, may not justify standalone 

collection facilities. In these areas, UCO collection can be 

integrated into existing household waste management and 

recycling systems, such as waste banks or community-based 

solid waste programs. This integrated approach minimizes 

additional operational costs while maintaining household 

participation. 

To enhance participation across all villages, supportive 

policy instruments are required. These include small financial 

incentives, price guarantees for collected UCO, or non-

monetary rewards linked to existing community programs. 

Public awareness campaigns emphasizing environmental 

benefits and safe disposal practices are also necessary, 

particularly in villages with lower awareness and participation 

levels. 

The spatially explicit results of this study demonstrate that 

UCO collection systems should not be uniformly implemented 

across the district. Instead, a phased and location-specific 

approach, informed by spatial analysis, offers a more effective 

pathway for supporting circular economy initiatives and future 

biodiesel production in urban areas. 

 

 

4. CONCLUSIONS 

 

This study provides the first village-level spatial database 

and ten-year projection of household-generated UCO potential 

in North Denpasar District, Indonesia. By integrating 
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household survey data, demographic projection, and GIS, the 

study quantifies current and future UCO availability and 

visualizes its spatial distribution at a fine administrative scale. 

In 2025, household UCO production in North Denpasar 

reached 233,015 L/year, with substantial inter-village 

variation ranging from 8,949 L/year in Dangin Puri Kauh to 

46,038 L/year in Pemecutan Kaja. Based on an annual 

population growth rate of 1.25%, total UCO production is 

projected to increase to 263,838 L/year by 2035. 

Correspondingly, biodiesel (B100) potential is estimated to 

rise from 186,414 L/year to 211,070 L/year over the same 

period. 

Spatial autocorrelation analysis using Moran’s I, LISA, and 

Getis–Ord Gi* indicates weak global spatial dependence and 

highly localized clustering, with only one village showing 

statistically significant spatial association. These results 

suggest that household UCO generation is not governed by 

broad spatial patterns but rather by village-specific household 

behaviors and consumption characteristics. 

From a policy perspective, the findings support targeted and 

spatially informed waste-to-energy strategies. High-output 

villages such as Pemecutan Kaja, Dauh Puri Kaja, Ubung, and 

Ubung Kaja are suitable locations for piloting community-

based UCO collection points and localized awareness 

programs. In contrast, villages with lower and more dispersed 

UCO generation may benefit from integration with existing 

municipal waste recycling systems and incentive-based 

household participation schemes. 

This study demonstrates that household-derived UCO 

represents a stable and gradually expanding renewable energy 

feedstock. The village-level spatial framework and long-term 

projections developed in this study provide a practical 

foundation for refined waste management planning and 

decentralized biodiesel development in urban areas of 

developing countries. 
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