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The increasing number of city park waste / open spaces will contribute to increase the number 

of city park waste. This study aims to predict waste generation and analyze city park waste’s 

potential as biofuels. The observation was conducted on ten thematic parks in Bandung city. 

The waste generation model was developed based on the number of trees, season, and park 

area. The average waste generation is 0.44±0.24 tons/day/park. The seasonal changes’ effect 

in parks had a significant impact with a P-value of 0.02 < 0.05. The most significant variable 

of the city park’s waste generation is the number of trees in every park with a P-value = 0.0002 

< 0.05 generation model = 0.5435(number of tree) - 0.6783. The characteristics of sulfur and 

moisture are 0.31% and 2.6% respectively, while carbon content is high as much as 40.45%. 

The heating value is 15.2 MJ/Kg, and fixed carbon is 72%, while the cellulose is 21.87%. The 

study concluded that the city parks’ waste is potential as raw material for biofuel or 

transformed into other energy materials. 
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1. INTRODUCTION

Green open space biomass, which includes park waste, is an 

abundant but underutilized source of renewable energy raw 

materials [1, 2]. Accumulation of wastes without proper 

management leads to different environmental problems, such 

as the excessive release of greenhouse gases into the 

atmosphere. In addition, it has led to a shortage of available 

areas for waste disposal, resulting in [3] unsustainable waste 

management [4], and in most countries, these issues are of 

serious public health concern [5-7]. Therefore, an analysis of 

the generation and characterization of leaf waste biomass from 

the Bandung City Thematic Park was conducted to provide 

solutions for handling garden waste. 

Bandung is one of the cities with the most well-known 

waste issues, and the accumulation of garbage has become a 

daily sight, decreasing environmental quality. The existence of 

green open spaces is an effort of the government to overcome 

environmental problems. There is an obligation to equip urban 

areas with 30% green open space based on the Regulation of 

the Minister of Public Works Number 05/PRT/M/2008. 

Undeniably, the amount of waste generated will also increase 

with the increasing number of green open spaces. Bandung 

City has a high volume of waste growth every year, with the 

generation reaching an average of 1,477 tons per day. Organic 

waste, such as urban solid from the city park, makes up the 

bulk, accounting for 63% or approximately 930 tons. (Data 

from DLHK Bandung City). There are many green open 

spaces in Bandung Indonesia, such as the trending thematic 

parks similar to city parks in functions. Geographic factors 

such as seasons and weather influence the types and number 

of wastes generated. The city park, which should be free of 

trash, is currently filled with leaves, plastics, snacks, and fabric 

trash. Leaf litter has the most significant volume compared to 

other types. The composition of the wastes was 11.6% in 2016 

but reached the highest level in 2017 at 32.2%, equivalent to 

515.2 m3/day compared with other waste types such as 19.2% 

food scraps, 10.8% paper, 11.8% plastics, 3.5% clothes, 1.9% 

rubber and leather, 3.6% glass, and others 21.3%. These 

increase in number as new parks and green open spaces are 

constructed (Data from the Bandung Sanitation Department, 

2017). The increasing amount of park waste raises problems, 

especially regarding limited landfills and ineffective 

processing technology. Until now, the local government of 

Bandung city still has not found the best solution to the waste 

problem. The sanitation department has devised some 

alternatives however, there are still controversies since it is not 

entirely supported. Park waste management had been 

conducted by composting only 1%, some of it was burned, and 

the rest was dumped into the TPA.  

The Generation, composition, and characteristics of waste 

are very supportive things in developing a management system 

for waste in an area, especially in residential areas. The 

problem must be available in order to develop an alternative 

good waste management system. Changes in seasonal rainfall 

patterns such as wetter winters and drier summers with a 

greater likelihood of drought can alter the overall hydrology of 

waste management. In summer it is drier but the concentration 

of organic waste streams is higher [8]. Research results 

reported that the highest values were found in summer for the 

organic waste from Astana city, Kazakhstan [9]. Waste 

generation for January was around half that for December in a 

traditional African city [10]. This information is supported by 

the results of research by Adeleke et al. [11] that the effective 

factor of generation is influenced and composition follows 

different patterns in different places at different locations at 
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different times and seasons. Studies related to waste 

generation were reported by Shu et al. [12-14]. 

City park waste is complicated to analyze and characterize 

due to its significant seasonality and variation. However, 

environmental advantage estimation of differentiated 

management, such as using woody portions for energy and 

introducing home composting for tiny fractions of garden 

waste, requires a precise definition of the various material 

fractions of garden waste. Generation and characteristics are 

required to establish the availability of raw materials. 

In sufficient numbers and the appropriate and sustainable 

technology. Furthermore, several studies have related to the 

conversion of park waste into energy in several countries. 

determined the amount of waste generated and analyzed the 

energy produced. Wastes collected from various gardens in the 

United States were examined five times in the spring and 

summer, at various composting facilities, for their physical 

and chemical characteristics as well as combustion values [15]. 

Furthermore, sampled wastes in Aarhus, Denmark, based on 

seasons, and studied them to learn about the gasification 

process, a significant component of park waste The 

considerable variation in the leaves' composition depends on 

the location, and the age of the trees, and the season [16]. 

Little data and statistics are available regarding city park 

waste generation. Studies related to the generation and 

characteristic park waste are still minimal. This study aims to 

predict a waste model generation and analyze the potential of 

city park waste as a biofuel feedstock based on its generation 

and characteristics. The waste generation variables are seasons, 

the number of trees, and the area of the park. The characteristic 

includes calorific value, FTIR, XRF, CHNSO analysis, and 

FTIR The results obtained can be developed in waste 

management in urban green open spaces and expand in many 

cities to realize a national energy policy while protecting the 

environment by reducing the greenhouse effect. 

 

 

2. MATERIALS AND METHODS  

 

2.1 Study area 
 

As one of the most developed cities in Indonesia, Bandung 

is the capital of the province of West Java. It was constructed 

50,000 years ago by a volcanic explosion [17], and has 768 

city parks, with an area of 2,032.21 Ha. The object of research 

is public open space in the form of city-scale thematic parks 

within the area of Bandung City. The public open spaces 

sampled were Lansia, Photo, Maluku, Inklusi, Cibeuying, 

Pranatayuda, Tongkeng, Pet, Musik, and Superhero Parks. 

Meanwhile, the city has a complete waste problem, especially 

the limited place for final disposal. The average age of the 

plants studied is 10 to 20 years with tall plants. The total 

generated produces 1,600 tons/day of solid waste daily, 

including waste from gardens. The map of Bandung City’s 

position is shown in Figure 1(a) and the Geographic location 

of the study area in Bandung City, West Java, Indonesia is 

shown in Figure 1(b). The area and number of tree plant 

information are shown in Table 1 and Type and age of 

Bandung city park plants shown in Table 2. 
 

2.2 Equipment and material 
 

The weight of waste samples was conducted using scales 

with a capacity of 50 kg, and heavy-weight tarps were used as 

containers for sorting and mixing waste. Box sampling size 20 

x 20 x100 cm was used to measure the volume of waste, and a 

rolling meter is used to measure the area of the park, tools such 

as rubber gloves, brooms, and plastic bags are needed to 

collect and preserve waste samples for analysis. 

 

Table 1. Number of trees and the park area with an average 

amount of waste generated 

 
City park Park area (m2) Number of trees 

Lansia 9461.2 270 

Inklusi 1187.4 134 

Maluku 3375.0 332 

Cibeunying 2892.3 40 

Superhero 1153.6 30 

Tongkeng 2030.6 18 

Photo 1004.0 15 

Pet 1000.0 126 

Pranata Yuda 1198.1 87 

Musik 1181.2 10 

 

Table 2. Type and age of Bandung city park plants 

 

City park 

name 
Plant type 

Plant 

age 

(years) 

Lansia 

Mahoni (Switenia mahagoni), Ganitri 

(Elaeocarpus sphaericus Schum), Pinus 

(Pinus merkusi) dan nusa indah (Mussenda 

frondose), kemiri (Cerbera odollam), 

beringin (Ficus benjamina), Damar (Agathis 

alba). 

±10-30 

Inklusi 

Angsana (Pterocarpus indicus), Ki hujan 

(Albizia saman), Trembesi (Albizia saman). 

Saga (Denanthera pavonina L). 

±10-30 

Maluku 

Ganitri (Elaeocarpus ganitrus), Cemara 

angin (Casuarina equisetifolia), Tanjung 

(Mimusops elengi), Kenari (Canarium 

commune), Damar (Agathis alba), Mahoni 

(Switenia mahagoni), Kaca piring (Gardeni 

ajasminoides). 

±10-30 

Cibeunying 

Angsana (Pterocarpus indicus), Ki hujan 

(Albizia saman), Polyalthia longifolia 

(glodokan), Tanjung (Mimusops elengi). 

±10-30 

Superhero 

Mahoni (Switenia mahagoni), tanjung 

(Mimusops elengi), Mahoni (Switenia 

mahagoni), Nangka 

(Artocarpuschampeden). 

±10-30 

Tongkeng 

Mahoni (Switenia mahagoni), Trembesi 

(Albizia saman), Tanjung (Mimusops 

elengi). 

±10-30 

Photo 

Mahoni (Switenia mahagoni), beringin 

(Ficus benjamina), Tanjung (Mimusops 

elengi), Ki hujan (Albizia saman). 

±10-30 

Pet 

Sukun (Artocarpus altilis), Mahoni 

(Switenia mahagoni), Acacia mangium, 

Artocarpus heterphyllu, Eucalyptus alba 

(Ampupu/leda), Polyalthia longifolia 

(glodokan), Pinus merkusii. 

±10-30 

Pranatayuda 

Angsana (Pterocarpus indicus), Ki hujan 

(Albizia saman), Mahoni (Switenia 

mahagoni), beringin (Ficus benjamina), 

Akasia (Acacia mangium Willd) 

±10-30 

Musik 
Mahoni (Switenia mahagoni), Flamboyan 

(Delonix regia), trembesi (Albizia saman) 
±10-30 

 

2.3 Methodology 
 

2.3.1 Generation of park waste 

Analysis of the generation and composition of ten waste 

samples was carried out from Bandung City Park. 
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Measurements and sampling were conducted for four months 

during the rainy and dry seasons, from June to September. The 

measurement of waste generated from the different park 

locations was conducted using a digital scale (WeiHeng, 

China). Sampling was carried out five times a week and 

monitored for four months. The amount of park waste was 

analyzed based on the area (kg/m2/day), type of garden, 

seasons in dry and rainy seasons, and the number of plant 

species (kg/number of tree/day). Garden type is used as a 

waste generation variable, related to the number, area of the 

park, and types of plants based on the theme of the park. For 

example, Tongkeng Park, Superhero Park, Cibeunying, Musik 

Park, and Photo Park are designed for children's and youth's 

playgrounds with a small number of trees, medium-sized 

plants, and a relatively small park size. Lansia park, pet park, 

and Maluku park are designed as a nature park in the city 

designed with a varied number of plants, and a large garden 

design, consisting more of high-level plants such as Mahogany, 

Angsana, Banyan trees, and others. The pet park is designed 

as a pet playground with a large garden design, more trees, 

high-level plants, and others so that the type of park gives a 

different waste generation. 

 

 
(a) 

 
(b) 

 

Figure 1. Research Location; (a) The map of Bandung City's 

position and (b) the Geographic location of the study area in 

Bandung City, West Java, Indonesia 

 

2.3.2 Characterization of park waste 

The samples were randomly taken in the different areas of 

the garden, stirred, and about 2 kg were stored in plastic to 

maintain the original moisture content before being subjected 

to the characterization tests. The leaves were crushed using a 

blender and sieved with a 20 mesh-screener 157 (425-850 µm). 

The samples were dried in an oven to below ten wt% moisture 

content at a temperature of 105℃ for 24 h. Furthermore, the 

characterization was conducted on ten mixed and treated city 

park waste examples. These were then subjected to proximate 

and ultimate analyses, characterized based on the cellulose, 

hemicellulose, and lignin contents before passing through 

XRF (X-ray fluorescence) and Fourier Transform Infrared 

(FTIR). 

(1) Proximate, ultimate, and calorific value analysis 

The proximate analysis calculated the moisture, ash, 

volatile solids, and carbon contents using the gravimetric 

method. These values were measured using an oven and 

furnace following the ASTM standard at the ITB. 

Environmental Engineering Hazardous Waste Laboratory 

before performing the ultimate analysis. C, H, N, and S's 

elemental composition was analyzed using a CHNS analyzer 

conducted at the Tekmira Bandung Laboratory. According to 

ASTM, the calorific values were calculated using a Bomb 

Calorimeter (Parr 1261, Volt: 230V50/60Hz). 

(2) Cellulose, hemicellulose, and lignin analysis 

The lignocellulosic biomass wt.% composition of cellulose, 

hemicellulose and lignin was determined by chemical methods 

at the Center for Pulp and Paper Laboratory, Bandung 

Regency, and the detailed procedure was described by 

Pasangulapati et al. [18]. Biomasses were previously sampled 

and prepared through TAPPI T257 and conditioned through 

TAPPI 264. 

(3) FTIR and XRF analysis 

The FTIR analysis was analyzed using an FTIR analyzer 

over 400-4,000 cm-1. Furthermore, the XRF (Rigaku 

supermini 200, Europe) analyses were conducted at the 

Geological Engineering Laboratory of ITB Bandung. 

(4) Statistical analysis 

Statistical analysis of park waste generation based on the 

number of trees, park area, and seasons. Analysis of variance 

(ANOVA) determined the relationship between the effect of 

season, the impact of the number of trees, the type of park, and 

the area on the generation, test criteria: 

 

Fcount=
𝐾𝑇 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝐾𝑇 𝑔𝑎𝑙𝑎𝑡
 compared to F table 

 

if, F0,05<Fcount<F0,05 then accept H1 at the 5% level of 

significance. Additionally, linear regression analysis obtained 

the model equation relationship between the number of trees 

and the park area to the generation of garden waste. 

 

 

3. RESULTS  

 

3.1 Generation of city park 

 

Generally, the bulk of waste generated was leaves from tall 

tree species with an average age of five years and 2 x 2 m. City 

park waste generation by season is shown in Figure 2. Figure 

shows the dry season, Maluku, Lansia, Inclusion, and 

Pranatayuda Parks generated 140 kg/day (0.14 tons/day), 130 

kg/day (0.13 tons/day), 110 kg/day (0.11ton/day) and 20 

kg/day (0.02 ton/day) of wastes. In addition, more leaves were 

generated in the dry season, the summer period, compared 

with the rainy session, and the average park waste generation 

was 447.5 ± kg/day/park or 0.44±0.24 tons/day/park. Based on 

Table 3, the significance level for the dry season and rainy 

season is 0.02 < 0.05, this indicates that there is a significant 

difference in the number of generations in the dry and rainy 

seasons. The results of this study are similar to other studies 

performed in the city of Astana, Kazakhstan. The highest 

values were found in summer for the organic waste [9]. The 

results of this study are also supported by eastern European 

countries, such as Russia and Ukraine [19]. The increase in 

waste generation in the dry season was reported by researchers 

in the city of Jammu, India Indian city [20]. 

City park waste generation with the garden area is shown in 

Figure 3, in the figure Lansia park, with an area of 9,461m2, 

was the largest, but with an average yield smaller than both 

Inklusi and Maluku due to the uneven distribution of trees in 

the garden. The most significant yield based on the area was 
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found in the Inklusi park at 0.10 kg/m2/day, followed by 

Maluku at 0.04 kg/m2/day, and there was even distribution.  

 

 
 

Figure 2. Garden waste generation by season 

 

Table 3. t-test results of the generation of city park waste of 

seasonal variation 

 
One-Sample Test 

Component t df Sig. (2-tailed) 

Dry season 2.641 9 0.027 

Rainy season 2.651 9 0.026 

 

 
 

Figure 3. City park waste generation by season with the park 

area (kg/m2/day) 

 

Figure 4 shows City park waste generation with the number 

of trees. The number of trees in Maluku Park was about 332 

species composed of large and small trees, with a total waste 

generation of 136.6 kg/day (0.41 kg/ number of tree/day) 

during the dry season. A total waste generation of 121.43 

kg/day (0.4 kg/ number of tree /day) placed Lansia Park as the 

second most polluted. Due to management factors, Pet Park 

followed this with 140 species and waste generation of 23.78 

kg/day (0.16 kg/number of tree/day). Overall it can be 

concluded that the generation of Bandung city park waste will 

increase along with the increasing number of city parks. 

Factors that significantly affect the rate of increase in park 

waste generation are the number of trees and the influence of 

the weather. but it is undeniable that the effect of tree age and 

the number of leaves is thought to also affect the amount of 

park waste generation in the green open space of city parks. 

The amount of waste generated by city parks is so large and 

continues to increase that it has the potential to be developed 

and utilized in new energy sources and other forms. Therefore, 

the characteristics are very necessary. 
 

 
 

Figure 4. City park waste generation by season with the 

number of trees (kg/ number of tree /day) 

 

Figures 5 predicted waste generation from the regression 

model for the number of trees. The equation y=0.5435x-

0.6783 and the value of R²=0.92 show that the relationship 

between the number of trees and the waste generation was very 

significant. The correlation of 92% and 8% is due to other 

factors such as seasons and weather. Model y=0.5435x-0.6783, 

where y=the rate of generation of city park waste and x=the 

number of trees. The model with the highest parsimony 

resulted in an adjusted coefficient of 0.92, showing a high 

influence on the phenomenon studied and a good predictive 

capacity. Figure 5 predicted waste generation from the 

regression model for the city park area. The equation 

y=0.0158x+18.237 and R²=0.4159. The coefficient of 

determination R = 0.419 shows a positive relationship between 

the city park area and the rate of generation of waste. It 

accounted for approximately 40% of waste generation, while 

the remaining 60% was due to other factors such as weather, 

season, and number of trees. The equation y=0.0158x+18.237 

was not used to determine the number of city park waste 

generated based on the city park area. 

 

 
 

Figure 5. Predicted city park waste generation from the 

regression model 
 

Table 4 shows an analysis of variance for the generated 

model. Multiple Linear Regression was used to analyze the 

relationship between variables and the forecast model to 

determine the waste generation rate. Analysis of variance for 

the relationship between waste generation shows a significant 

level (F) 0.0001<0.05, meaning a significant influence of the 
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city park area and the number of trees on the waste generation 

rate. The relationship is evident by the adjusted R Square value 

of 0.90, which indicates that it is also the most closely related 

variable to waste generation. Analysis of variance for the 

generated model base on park area is obtained a (p-value) of 

0.66>0.05 from the t-test for the effect of two variables, 

indicating that generated model base on park area with 

equation y=0.0158x+18.237 does not significantly affect the 

generation rate. In contrast, the number of trees has a (P-value) 

=0.0002<0.05, implying that the equation y = 0.5435x - 0.6783 

number of trees significantly determines the generation rate of 

the waste. 

 

Table 4. Analysis of variance for regression of the generated 

model 

 

 Coefficients 
Standard 

Error 
t Stat P-value 

Intercept -2.03 9.45 -0.21 0.83 

Park area 0.001 0.003 0.45 0.66 

Number 

of tree 
0.52 0.07 6.79 0.0002 

 

3.2 City park waste characteristics 

 

3.2.1 Ultimate analysis 

The ultimate analysis determined the chemical composition 

of leaves waste samples such as ash, total sulfur, carbon, 

hydrogen, oxygen, and calorific value. Based on Table 5, the 

components of the city park waste include 40.45% carbon, 

5.62% hydrogen, 0.30% sulfur, and 0.98% oxygen, with a 

calorific value of 3612 Cal/gram. A study conducted by Shah 

[21] using samples of leaves (Catappa) and pole Glodokan 

(Longifolia) resulted in carbon levels of 43% and 49%, 

respectively. Meanwhile, the hydrogen content of Catappa 

and Longifolia was 5.5% and 5.7%, while the oxygen contents 

were [22] the ultimate analysis of peanut shells. According to 

Shah [21], the volatility of substances with higher oxygen 

content is high with low heat [22, 23]. The C and H elements 

in the biomass bind to form volatile organic substances and 

fixed carbon, which significantly affect the energy content 

[24]. Studies conducted by Yin [24] and Sheng and Azevedo 

25], also showed the relationship between elements such as C, 

H, O, and S to the heating value (HHV). However, stated that 

the effect of element O was not significant, as it played no role 

in the decrease in HHV [23]. The sulfur content in Table 5 was 

smaller at 0.31%, compared with other components. 

According to the Bureau of Energy Efficiency, the average 

content in fuel is around 0.5-0.8%, and when high, it causes 

corrosion and reduces quality. Furthermore, Shah [21] 

reported that lower sulfur content reduces SOx gas emissions, 

making biomass waste a potential raw material for renewable 

energy with the pyrolysis process. The ultimate analysis shows 

that Bandung city park waste has the potential to be developed 

as an alternative fuel, especially from the composition of low 

sulfur values and high carbon values. Although the calorific 

value of garden waste raw materials is lower than plastic waste, 

garden waste is included in the class of combustible materials 

so that the selection of the right technology is very possible to 

increase the calorific value. 

 

3.2.2 Proximate analysis 

The proximate analysis was used to estimate the fuel 

performance during combustion and determine the leaves 

characteristics of water and ash contents, volatility, fixed 

carbon, and heating value.  

 

Table 5. Characteristics of waste in Bandung City Park 

 
Ultimate analysis Total Proximate analysis Total 

Abu (%) 16.54 Water content) 2.6 

Sulfur (%) 0.31 Ash Content (%) 14.1 

Carbon(%) 40.45 Fixed Carbon content (%) 76.4 

Hidrogen 5.62 Volatile level (%) 5.3 

Oksigen 0.96 Calorific value (cal/gram) 3612 

 

Table 5 shows a proximate analysis of waste in Bandung's 

thematic parks. The heating value is selected from the 

interactions of various chemical components from the biomass, 

such as its fixed carbon, volatile matter, ash, and water content 

[26, 27]. The higher the calorific value, the more efficient its 

combustion, and based on Table 4, the ten parks have different 

characteristics. This was due to the various locations and 

factors of plant species in each garden; therefore, the burning 

effect was also different. Similar results were obtained by Naik 

et al. [28] for wheat, barley straw, hemp straws, and timothy 

grass, with the moisture content in the range of 5.0-7.9% and 

1.1-9.8% for ash content. According to Sasmal et al. [29], 

biomass from Areca catechu, Ziziphus rugosa, and Albizia 

Lucida showed water content of 6.6, 5.2, and 5.8% and ash 

content of 2.9, 1.3, and 1.5%, respectively. The differences 

were due to variations in structures, locations, and the analysis 

method used. In addition, the moisture content has a 

significant effect on the energy value and fuel performance. 

Since the water content is inversely proportional to the heating 

value, the higher it is, the lower the calorific value. A favorable 

humidity for thermal processing ranges from 8-12% [30] water 

content in the category <15% for the conversion process [31]. 

The upper heating value (HHV) of solid biomass is an 

essential factor in determining the energy content of the fuel. 

The calorific value reached 3612 cal/gram (16.2 MJ/Kg), 

above the World Bank-recommended value (6 MJ/Kg) for 

utilization in thermochemical conversion processes [32]. The 

amount of energy is obtained from the difference between the 

level of the products and reactants during a complete 

combustion process, expressed as Higher Heating Value 

(HHV) or Lower Heating Value (LHV). According to Saffe et 

al. [33], HHV and LHV are obtained when the water from 

combustion is in the form of liquid or steam. The LHV 

obtained from paper biomass was 2598 cal/gram [34]. This 

calorific value was relatively lower, but it is more reactive and 

easy to convert than coal. Biomass with higher ignition 

stability is easier to process into high-value fuels such as 

methanol or hydrogen [35]. 

 

3.2.3 Lignin, hemicellulose, and alpha cellulose analysis 

Leaves are lignocellulosic biomass consisting of cellulose, 

hemicellulose, and lignin in 30-50%, 15-35%, and 10-20%, 

respectively. Lignin and extractive substances usually have 

higher calorific values than cellulose and hemicellulose. The 

heating value is directly proportional to the bonded carbon 

content, and lignin is a critical component of wood chemicals 

for determining the extent of the bond and the heating value. 

Therefore, increased content results in higher bonded carbon 

and biomass heating value [23]. Table 6 showed 10.20%, 

10.17%, and 21.87% of lignin, hemicellulose, and Alpha 

Cellulose. Higher results were obtained in Ketapang leaves 

(Catappa) with 14% lignin, 12% hemicellulose, and 42% 

alpha-cellulose, while Pole Glodokan (Longifolia) leaves had 

20% lignin, 13% hemicellulose, and 41% cellulose [21]. 
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Research from rice husk waste and sawdust yields were 

13.45% and 22.75% (w/w) of cellulose, respectively [36]. 

Differences in contents are strongly influenced by the structure 

of plant species, geographic location, climate, and the plant's 

taxonomic [31]. 

 

Table 6. The results of the lignin, hemicellulose, cellulose 

 
Parameter analysis Unit Result Basic 

Lignin % 10.20 SNI 0492-2008 

Hemiselulosa % 10.17 SNI 14-1304-1989 

Alfa selulosa % 21.87 SNI 8400: 2017 

 

3.2.4 FTIR analysis 

The FTIR analysis was performed to detect the changes in 

the biomass functional groups (Figure 6). The main 

characteristics were attributed to the different chemical groups 

such as cellulose, hemicellulose, and lignin components of the 

biomass, and a more significant percentage of transmission 

was observed within 3400-3000 cm-1 (area 456). This range is 

similar to the stretch band of hydrogen bonds in the OH group 

from cellulose or hydroxyphenyl glucoside bonds of lignin's 

guaiacyl and syringyl groups [17]. The subsequent 

transmission was observed in areas 7 and 8 within 2,923.56-

2,854.13 cm-1, which is a single bond. Previous studies have 

shown axial deformation of aliphatic CH associated with 

phenols, alcohols, carboxylic acids [23], and aldehydes [24] 

functional group. Additionally, transmission deformations 

were observed in areas 12 and 13 within 1619.91-1724.05 cm-

1, with a double bond associated with C = O hemicellulose 

stretching and H - O - H deformation vibrations [25]. Areas 

14,15,16,17, and 18, within the 1,442.49, 1,380.78, and 

1,319.07 cm-1, were with deformation of C-H in cellulose and 

hemicellulose. In comparison, 1,241.93 - 1,199.51 cm-1 

showed the release of C - O, and stretches of lignin and xylan 

[17]. In area 19, the transmission of 1,052.94 cm-1 was 

associated with the vibrational stretching of C - O in cellulose 

and hemicellulose [26]. 

 

 
 

Figure 6. The results of FTIR analysis 

 

3.2.5 X-Ray Fluorescence Spectrometry (X-RF) 

The X-RF test was conducted to determine the constituent 

elements of the leaves, which were converted into bio-

allergenic compounds. XRF analysis is shown in Table 7 

Results showed that the most significant component was Ca 

(calcium) at 51.6%, followed by Fe (iron) at 15.8%, Si (Silica) 

at 12.2%, and K (potassium) at 8.91%, while others were in 

small quantities, as shown in Table 7. Composition of 

Ketapang leaves and Pole Glodokan research by Shah [21] 

include Al, B, Ba, Ca Na, K, Ca Co, Cr, Cu, Fe, K, Li, Mg, 

Mn, Na, Ni, Pb, Sr, and Zn. Meanwhile, the dominant element 

in both samples was K at 64,795 ppm. During autumn, 

Constituents of dry leaves in Central Europe were Ca, Mg, K, 

Mn, Fe, P, and Zn, while Ca was the highest at 43.3 grams/Kg. 

Pnakovic and Dzurenda [37] reported that the elemental 

composition of biomass is influenced by environmental 

conditions. The mineral constituents are vital parameters for 

secondary pyrolysis reactions and affect the reactivity of 

charcoal during pyrolysis. Mineral substances can decrease the 

amount of tar and increase the formation of charcoal and gas 

because inorganic materials accelerate dehydration and 

charring reactions during pyrolysis. The variation in the 

distribution of products depends on the composition and type 

of minerals, such as the content of inorganic substances like K, 

Cl, Na, P, Ca, Mg, causing environmental problems [31]. 

 

Table 7. The components mineral of leave waste park from 

Bandung thematic parks 

 
No Component Result Unit 

1 Al 2.49 mass % 

2 Si 12.2 mass % 

3 P 1.15 mass % 

4 Si 1.75 mass % 

5 Cl 1.41 mass % 

6 Ti 8.91 mass % 

7 Ca 51.6 mass % 

No Component Result Unit 

8 Ti 1.62 mass % 

9 Mn 0.79 mass % 

10 Fe 15.8 mass % 

11 Zn 0.2 mass % 

12 Sr 0.5 mass % 

13 Ag 1.5 mass % 

 

 

4. DISCUSSION OF RESULTS 

 

This study highlights two important issues. The first is how 

much municipal park waste is generated every day in the park. 

Information about the generation of garden waste is very 

limited, especially the effective factor that determines the 

amount of garden waste generation. Therefore, in this study, a 

simple mathematical model was developed that relates the 

seasonal factors, the number of trees, and the area of the park 

to the generation. These results can be used to predict the waste 

generated in different areas and park areas. The second is 

shows the characteristics of city park waste with a low sulfur 

composition and water content of 0.31% and 2.6%, 

respectively, with a high carbon content of 40.45%. The 

calorific value is 15.2 MJ/Kg, and the fixed carbon value is 

72%, while the chemical composition contains 21.87% 

cellulose, provide information that city park waste can be 

developed as one of the raw materials for renewable energy. 

This information is very important in the management of city 

park waste originating from green open spaces so it is 

recommended that the city park waste management system, 

especially the city of Bandung, be developed into an energy 

source. It is estimated that there are three types of bioenergy 

products that can be produced by garden waste in the form of 

bio-oil, bio-chart and gas produced by simple pyrolysis 

technology. In future developments, this system can be 

implemented by means of all municipal park waste being 

collected centrally in an area where pyrolysis facilities are 

available to process waste into biofuel. The biofuel products 

are then sold as added value from the facility. 
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5. CONCLUSIONS 

 

The generation of urban park waste is increasing due to the 

increasing number of green open spaces in urban areas. Waste 

generation in Bandung city park reaches 0.44±0.24 

tons/day/park. This indicates that sufficient quantities are 

available for biofuel production. The most generation of city 

park waste is obtained in the dry season, so seasonal factors 

affect generation. The number of trees determines the rate of 

city park waste generation reaching 90%, and the area of the 

city park only affects 40%, so these two components can be 

used as effective factors in determining the prediction of 

municipal waste generation. Characteristics show a calorific 

value of 3612 cal/gram (16.2 MJ/Kg), above the WorlBank 

recommendation of (6 MJ/Kg) so that it meets the 

requirements for thermochemical conversion processes. The 

low sulfur content at 0.31% reaches the standard set by the 

Bureau of Energy Efficiency for biofuel production (0.5-0.8%). 

Meanwhile, the water content in the category <15% is efficient 

for the thermal conversion process. 

The results prove that the city park was the potential for 

converting waste to biofuel feedstock production and other 

energy products. The findings of this study provide some 

detailed information that can help in designing a city solid 

waste management system from green open spaces as an 

energy source. The next step is needed for the development of 

information obtained from the results of this research, namely 

the application of technology applications that are practical, 

economical and environmentally friendly to obtain energy 

products that can practically be used to replace fossil fuels. 

Further research should emphasize several perspective 

considerations such as possible recovery, technology 

feasibility, economic accounting and environmental impact 

assessment. Methodology that has been carried out in this 

study can be used as a guide for future work to identify the 

magnitude of the energy and nutrient recovery potential and 

can also help decision makers to achieve sustainable 

development in this case for Indonesia and other countries that 

have similar condition. 
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NOMENCLATURE 

 

cm Centimeters 

kg Kilogram 

Number of trees number of plants 

m2 Square centimeter 

Tons/day tonnes per 
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