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Abstract  

South Tangerang has green open spaces currently widely used for community recreation, namely City Park  

1 BSD and City Park 2 BSD. Recreational activities can contribute to environmental impacts. Life Cycle 

Assessment is an approach used to trace the impact of each recreational activity. This research aims to 

inventory inputs and outputs, calculate the magnitude of emissions based on impact categories, and 

formulate impact control scenarios for recreational activities in green open space, South Tangerang. The 

main data collected were the characteristics and activity patterns of visitors. At each recreational activity 

stage, the input type is identified, and the magnitude of emissions is calculated using the basic formula: 

Emissions = activity data x emission factor. The next stage is interpreting the results by formulating impact 

control scenarios. The identified inputs are gasoline and diesel fuel, electrical energy, urine, soap, and 

organic and inorganic solid waste. Emissions of transportation activities are CO2, N2O, CH4, SO2, and NO2; 

emissions of organic waste processing are N2O and CH4; emissions of inorganic waste processing are CH4; 

emissions of electricity use are CO2, SO2, and NO2; as well as emissions of using toilets and soapy water 

are  CH4 and PO4
3–. Recreational activities in City Park 1 BSD produce greater emissions than in City Park 

2 BSD, with hotspots in visitor transportation. Impact control can be carried out using two scenarios: 

limiting motorized vehicles' use and reducing plastic waste. 

Keywords: green open space, life cycle assessment, recreation 

1. Introduction 

The dynamics of life's demands in big cities and the high work intensity can cause boredom. 
This condition will be exacerbated by various environmental problems such as air pollution, 
traffic jams, and environmental discomfort so that it can cause a decline in people's health, 
both physically and psychologically [1–3]. Recreation is one way to overcome these various 
problems [4–6]. Recreation in free time can be a source of happiness [7]. Recreation is 
important in maintaining or improving a person's health by balancing work and relaxation, 
promoting respiratory circulation and better digestion. Recreation reduces the potential for 
lifestyle-related diseases such as fatigue and obesity through stress management and 
meditation [8]. Apart from that, recreation also contributes to a person's emotional stability 
by providing increased relaxation and calm, creative activities so that it can increase work 
productivity [9,10]. 

One of the recreation destinations for city residents is green open space (GOS), which can 
provide a comfortable, fresh environment and as a means for carrying out enjoyable 
activities. GOS also has the function of controlling air pollution, beautifying the city 
environment, regulating water management and wildlife habitat, providing environmental 
education, and increasing environmental comfort [11,12]. South Tangerang is a buffer area 
for Jakarta that can potentially be affected by various environmental problems that occur in 
Jakarta [13,14]. The population of South Tangerang is 1,378,466, the majority of whom are 
officers or employees [15]. South Tangerang has GOS that are widely used, including City Park 
1 BSD and City Park 2 BSD. Currently, the two GOS are used by the community for sports, 
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taking photos, and community gatherings. The area of GOS in South Tangerang in 2010 was 
6,070 ha, while in 2020 it was 4,224 ha [16]. 

Recreation is a series of activities starting from residence to the recreation destination, 
namely GOS, carrying out recreational activities in GOS, and returning to residence. This 
activity can produce exhaust emissions, chemical residues, solid waste, liquid waste, 
originating from transportation, accommodation, food waste, drink waste, energy 
consumption and human waste [17,18]. The recreation sector is responsible for around 8% 
of the digital carbon footprint, with around 60% of this being due to transportation for 
recreation [19]. Air pollution caused by transportation from recreation is in the form of NOx, 
PM2.5, PM10, CO and SO2 emissions [20]. Various exhaust gas emissions and chemical residues 
can contribute to global warming, ozone depletion, acidification, eutrophication, and 
photochemical oxidation [19].  

South Tangerang has an unhealthy air quality index [21]. In addition, water pollution in rivers 
in South Tangerang was also found, including light pollution to heavy pollution due to 
domestic waste [22]. As environmental pollution increases and its contribution to global 
environmental problems, efforts are needed to control negative impacts in various sectors, 
including recreation [23,24]. One approach that can be used to trace the environmental 
impacts of various stages of recreational activities is Life Cycle Assessment (LCA). This 
approach is a compilation and evaluation of inputs, outputs, and potential environmental 
impacts during their life cycle, so that the stages of recreational activities that can reduce 
their potential impacts can be identified [25,26]. The research aims to conduct an inventory 
of inputs and outputs, calculate the magnitude of emissions based on impact categories, and 
formulate scenarios for controlling the impact of recreational activities in GOS, South 
Tangerang. 

2. Materials and Methods 

2.1. Research Location and Time 

 
Figure 1. Research site map in City Park 1 BSD and City Park 2 BSD, South Tangerang. 
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The research was conducted at City Park 1 BSD and City Park 2 BSD in February–April 2024. 
City Park 1 BSD is located on Letnan Sutopo Street, Lengkong Gudang Timur Village, Serpong 
District, South Tangerang with an area of 2.6 ha. City Park 2 BSD is located on Tekno Widya 
Street, Ciater Village, Serpong District, South Tangerang with an area of 9 ha (Figure 1). 

2.2. Tools and Instruments 

The tools used to collect visitor data is a hand counter. Data analysis using Microsoft Excel 
software. The research instruments used were questionnaires and interview guides for data 
collection. 

2.3. Data Collection 

D Data The main data were the characteristics and patterns of visitors' recreational activities 
at City Park 1 Bumi Serpong Damai (BSD) and City Park 2 BSD. Data on visitor characteristics 
includes age, gender, occupation, education, regional origin, and intensity of visit. Data and 
information on recreational activity patterns include means of transportation visitors use, 
forms of recreational activity, food and drink waste, and toilet use. 

Data collection was carried out by interviews using questionnaires. Accidentally sampling 
determined respondents, namely visitors who happened to be at the research location and 
were considered appropriate as data sources [27]. The criteria for respondents are ≥ 17 years 
of age and currently carrying out recreational activities directly in GOS. The number of 
respondents was determined using the Levy and Lemeshow [28] formula, assuming that a 
maximum of 50% of South Tangerang residents recreation in the two GOSs. Determination 
of the number of respondents is as follows: 

n = 
Z(1 – ∝)

2  x p x (1 – p)

d2  = 
(1.96)2  x 0.50 x (1 – 0.50)

(0.10)2  = 96 ≈ 100 respondents 
(1) 

Where n is number of samples; z is confidence level 95% (α = 5%) = 1.96; p is maximum 
estimate 50% = 0.50; and d is sampling error 10% = 0.10. 

Based on calculations, the minimum number of respondents was 100 for both GOSs, but in 
practice the number of respondents for City Park 1 BSD was 51 and City Park 2 BSD was 52. 
The number of visitors was counted using a hand counter for one hour in the morning, 
afternoon and evening on Saturdays and Sundays with three repetitions and on national 
holidays with one repetition. Data and information were collected through field 
observations, literature studies, and interviews with GOS managers. 

The system boundary used in the research is "Cradle to Grave". The stage begins with visitors 
leaving the residence for the GOS and then carrying out recreational activities in the GOS 
until returning to the residence (Figure 2). While in GOS, visitors produce waste by using the 
toilet, soap, eating, and drinking. Organic and inorganic waste from eating and drinking is 
transported to the Cipeucang Final Disposal Site (FDS) at 9.7 km from City Park 1 BSD and 4.5 
km from City Park 2 BSD, which is managed using the open dumping method or open storage 
in media land. 

2.4. Percentage of Respondents' Characteristics and Recreation Activity Patterns 

The respondent is someone who provides answers to questions related to research on the 
required data. Data on the characteristics of respondents required are age, gender, 
occupation, education, regional origin and intensity of visits. Data on characteristics and 
patterns of respondents' recreational activities were calculated in percentage using the 
equation: 

Characteristic/activity percentage = 
Number of respondents with certain characteristics/activities

Number of all respondents
 x 100% (2) 

2.5. Estimating the Number of Visitors 

Estimating the number of visitors is carried out to determine the level of interest of visitors 
in visiting RTH. This data is used to calculate the annual visitor emission value for each RTH. 
The estimate of the number of visitors in a year is obtained from multiplying the number of 
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visitors per day by the number of weekend days plus multiplying the number of visitors per 
day by the number of national holidays for one year for 2024. 

 

 

Figure 2. Flow diagram of recreational activities. 

2.6. Input and Output Inventory 

The LCA stages refer to ISO 14040:2016 [29]. This stage inventories the types of input from 
each stage of recreational activities that produce impacts in the form of emissions (output).  
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returning to residence. 
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2.7. Quantitative Calculation of Environmental Impact 

Quantitative calculations of environmental impacts are only carried out up to the 
characterization stage. The calculation of the number of green house gases emissions was 
carried out after knowing the type and amount of input for each activity as well as the type 
of emissions (output) produced. Quantitative calculations use the following basic formula: 

Emissions = activity data x emission factor (3) 

Types of emissions are classified into impact categories, then emission magnitude data is 
characterised using conversion factors based on impact categories. Quantitative calculations 
of environmental impacts are limited to the Global Warming Potential (GWP), acidification, 
and eutrophication impact categories [17,25,30]. The emissions calculated are total 
respondents' emissions, emissions per person per visit, and emissions per year. 

2.8. Global Warming Potential (GWP) 

The types of pollutants that can cause GWP are CO2, N2O, and CH4. Sources of pollution that 
cause GWP come from electricity, fuel, inorganic solid waste, organic solid waste, and liquid 
waste. The emission magnitude the GWP inventory refers to IPCC [31]. 

2.8.1. Electricity 

Electricity is used as energy for recreational facilities. Facilities that use energy such as lights 
can emit CO2 emission. The following equation obtains emissions produced by electrical 
energy [31]: 

CO2 Emissions = QL x 0.84 kg CO2/kWh (4) 

Where QL is electricity consumption (kWh). 

2.8.2. Fuel 

The use of fuel can produce CO2, N2O, and CH4 emission. Fuel is used for visitor 
transportation. IPCC [31] stated the emission magnitude of transportation can be obtained 
from the following equation with emission factors according to the fuel type (Table 1). 

CO2 Emissions = QF x NK x FE (5) 

Where QF is fuel consumption (L), NK is calorific value (TJ L–1), and FE is emission factor (kg 
CO2 TJ–1). 

N2O Emissions = QF x NK x FE (6) 

Where QF is fuel consumption (L), NK is calorific value (TJ L–1), and FE is emission factor (kg 
N2O TJ–1). 

CH4 Emissions = QF x NK x FE (7) 

Where QF is fuel consumption (L), NK is calorific value (TJ L–1), and FE is emission factor (kg 
CH4 TJ–1). 

 
Table 1. Default emission factor of road transport 

Emissions Diesel Gasoline* 

CO2 74,100 kg CO2 TJ–1 69,300 kg CO2 TJ–1 
N2O 3.9 kg N2O TJ–1 3.2 kg N2O TJ–1 
CH4 3.9 kg CH4 TJ–1 33 kg CH4 TJ–1 
Calorific value 36 x 10-6 TJ L–1 33 x 10-6 TJ L–1 

*Includes pertamax and pertalite. Source: IPCC [31]. 
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2.8.3. Inorganic solid waste 

Solid waste is generated from recreational activities in the form of the use of packaging such 
as plastic spoons, plastic bottles, and styrofoam. Inorganic solid waste produces CH4 
emissions. The conversion value of CH4 emissions is 0.035 CH4 ton–1 of solid waste for tropical 
climate conditions as follows [31]: 

CH4 Emissions = TSW x 0.035 CH4/ton (8) 

Where TSW is Total Solid Waste (ton); and 0.035 is conversion value of CH4 emissions of 
climate zone tropical [31]. 

2.8.4. Organic solid waste 

Organic waste is produced from recreational activities such as leftover food/drink 
ingredients. Organic solid waste produces CH4 and N2O emissions. The conversion value of 
CH4 emissions is 0.4 CH4 ton–1 of organic waste for tropical climate conditions as follows [31]: 

CH4 Emissions = TOW x 0.4 CH4/ton (9) 

Where TOW is Total Organic Waste (ton); and 0.4 is conversion value of CH4 emissions climate 
zone tropical [31]. 

N2O Emissions = TOW x N x 0.07 gr N2O/kg N  (10) 

Where TOW is Total Organic Waste (kg); and N is N content (%): paper = 0.60% [32], bamboo 
skewer = 1.71% [33], banana leaves = 2.11% [34]. 

2.8.5. Liquid waste 

Liquid waste results from using soapy water in the toilet. Liquid waste produces CH4 
emissions. Determination of the magnitude of CH4 emissions uses the following equation 
[31]: 

CH4 Emissions = VLC x C x 0.25 kg CH4/kg COD (11) 

Where VLC is liquid waste volume (L); and C is COD value (mg L–1): urine = 770 mg L–1 [35], 
soap = 547 mg L–1 [36]. 

GWP emission values are obtained from the conversion of CO2, N2O, and CH4 to CO2eq. 
Conversion value is obtained through comparison. The comparison of GWP emission values 
is as follows [31]: 1 kg CO2 = 1 kg CO2eq; 1 kg N2O = 298 kg CO2eq; 1 kg CH4 = 25 kg CO2eq. 

2.9. Acidification 

The types of pollutants that can cause acidification are SO2 and NO2. Acidification is one of 
the environmental impacts caused by human activities. Sources of pollution that cause 
acidification come from the use of electricity and fuel. 

2.9.1. Electricity [37] 

SO2 Emissions = QL x 8.1 g SO2 /kWh (12) 

Where QL is electricity consumption (kWh). 

NO2 Emissions = QL x 4.17 g NO2/kWh (13) 

Where QL is electricity consumption (kWh). 

2.9.2. Fuel [38] 

SO2 Emissions = QF x NK x 59.61 kg SO2/TJ (14) 

Where QF is fuel consumption (L) and NK is calorific value (TJ L–1) (Table 1). 

NO2 Emissions = QF x NK x 1.322 kg NO2/TJ   (15) 

Where QF is fuel consumption (L) and NK is calorific value (TJ L–1) (Table 1). 
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The acidification emission value is obtained from the conversion of SO2 and NO2 to SO2eq by 
comparison [39]: 1 kg SO2 = 1 kg SO2eq; 1 kg NOx = 0.7 kg SO2eq. 

2.10.  Eutrophication 

The types of pollutants that can cause eutrophication are NO2 and PO4
3-. Sources of pollution 

that cause eutrophication come from the use of electricity, fuel, and liquid waste. 

2.10.1.  Electricity [37] 

NO2 Emissions = QL x 4.17 g NO2/kWh (16) 

Where QL is electricity consumption (kWh). 

2.10.2.  Fuel [38] 

NO2 Emissions = QF x NK x 1.322 kg NO2/TJ (17) 

Where QF is fuel consumption (L) NK is calorific value (TJ L–1) (Table 1) 

2.10.3.  Liquid waste [31] 

PO43– Emissions = VLC x C x 0.022 kg PO43–/kg COD (18) 

Where VLC is liquid waste volume (L); and C is COD value (mg L–1): urine = 770 mg L–1 [35], 
soap = 547 mg L–1 [36]. 

The eutrophication emission value is obtained from the conversion of NO2 and PO4
3– to PO4

3–

eq by comparison [39]: 1 kg PO4
3– = 1 kg PO4

3–eq; 1 kg NOx = 0.13 kg PO4
3–eq. 

2.11.  Interpretation of Result 

The results interpretation stage is carried out to identify hotspots that are of concern to be 
controlled or reduced. Hotspots are activities that have the greatest impact on the 
environment. Then formulate scenarios/recommendations for alternative activities that can 
reduce the environmental impact of recreational activities. 

3. Results 

3.1. General Condition 

City Park 1 BSD is located on Jalan Letnan Sutopo, Lengkong Gudang Timur Village, Serpong 
District, South Tangerang, with a 2.6 ha area established in 2004. The location of City Park 1 
BSD is on the side of Jalan Letnan Sutopo, so it is easily accessible by vehicle. However, the 
location is not traversed by public transportation. Tree species were dominated by shade 
plants, with a total of 365 individual trees in 46 species [40]. Facilities at City Park 1 BSD 
include the main entrance gate with signage, a parking area, a plaza with a small stage, a 
children's recreation and play area as well as an educational park, seating, a sports area with 
fitness equipment, a skatepark area, jogging track, bridge, toilet, and prayer room. 

City Park 2 BSD is located on Jalan Tekno Widya, Ciater Village, Serpong District, South 
Tangerang, and it has 9 ha, consisting of 7 ha of open space and 2 ha of rivers. City Park 2 BSD 
was established in 2006. The topographic condition of City Park 2 BSD varies relatively from 
flat to quite steep, around 2–25%. The average daily noise level was 50.71 dB with a sunlight 
intensity of 1,282.7 lux. The average air temperature was 28.4 °C and the average humidity 
was 74% with a wind speed of 0.7 m s–1 [41]. Tree species were dominated by shade plants 
with 722 trees in 40 species [40]. Facilities at City Park 2 BSD include a parking area, bridge, 
welcome area, amphitheater, plaza, gazebo, seating, prayer room, toilet, jogging track, sports 
area with fitness equipment, children's play area, skatepark area, food court, sitting area, 
lake view deck, and gateball field. The problems faced are the illegal buildings of street 
vendors and the accumulation of rubbish [42]. 

3.2. Respondent Characteristics 

Respondents were visitors who carried out recreational activities at City Park 1 BSD and City 
Park 2 BSD. Respondent characteristics were similar between the two GOS locations. Most 
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respondents were adults (19–44 years) with 36 each (70.59%) in City Park 1 BSD and 35 
(67.32%) in City Park 2 BSD. Adult visitors need interaction between physical exercise and 
using GOS environmental services for health [43]. In addition, physical activity in GOS in the 
medium to long term can make a person fitter and have an ideal body weight [44]. Women 
constitute most visitors, 28 (54.90%) at City Park 1 BSD with 27 (51.92%) at City Park 2 BSD. 
Women prefer carrying out social activities in GOS [45]. 

Most respondents' last education in City Park 1 BSD was Junior High School/equivalent and 
High School/equivalent, 15 (29.41%). In contrast, most respondents' last education in City 
Park 2 BSD was High School/equivalent, 27 (51.92%). The respondents' occupations were 
dominated by students, with 22 person (43.14%) and 26 person (50%), respectively. Students 
busy with academic activities, both in the classroom and outside, can experience fatigue and 
decreased mental health, so it is necessary to improve students' physiological and 
psychological health and the perception of quality of life through recreation in GOS [46].  

Most respondents came from South Tangerang, as many as 31 person (60.78%) in City Park 
1 BSD and 23 person (44.23%) in City Park 2 BSD. South Tangerang GOS is an alternative 
location for exercise or picnics that is cheap, comfortable and has easy accessibility. Most 
visits to City Park 1 BSD were once a month, as many as 21 person (41.18%), while City Park 
2 BSD was dominated by once a week, as many as 15 person (28.85%). Most respondents 
visited City Park 1 BSD and City Park 2 BSD to carry out recreational activities in the form of 
picnics, 20 (39.22%) and 18 (34.62%). 

3.3. Inventory Analysis 

Inventory analysis includes inputs and outputs released into the environment during the life 
cycle. Most respondents used motorized vehicles, as many as 29 (58.86%) in City Park 1 BSD 
and 42 (80.77%) in City Park 2 BSD. Most respondents use motorbikes for ease of parking and 
efficiency. Respondents using motorbikes with two passengers were 21 (41.18%) in City Park 
1 BSD and 31 (59.62%) in City Park 2 BSD. Most of the vehicles used were petrol-fueled, as 
many as 46 respondents (90.20%) in City Park 1 BSD and 47 respondents (90.38%) in City Park 
2 BSD. Most respondents used 1,500 cc with 14 (27.45%) in City Park 1 BSD, while in City Park 
2 BSD, the majority had 125 cc with 19 (36.54%). Cubic centimeter (CC) describes the capacity 
(volume) of the cylinder in a motor vehicle engine. The larger the cylinder capacity, the 
greater the exhaust gas emissions tend to be [47]. All respondents (100%) in City Park 1 BSD 
did not use vehicles for recreational activities in GOSs, while in City Park 2 BSD there were 49 
respondents (94.23%). 

Most respondents did not use the toilet in city parks, with 32 (62.75%) in City Park 1 BSD and 
42 (80.77%) in City Park 2 BSD, respectively. This is because, on average, respondents to city 
parks only come for a short time, so they do not need a toilet. Most respondents did not 
wash their hands with soap during activities in GOSs, as many as 44 (86.27%) in City Park 1 
BSD and 50 (96.15%) in City Park 2 BSD. Visitors generally use hand sanitizer or wet wipes to 
clean their hands. 

Respondent input data was taken based on recreational activity patterns. Inputs of 
recreational activities include gasoline and diesel fuel, electrical energy, urine, soap, and 
organic and inorganic solid waste (Table 2). 

Table 2. The magnitude of respondents' recreational activity input 

No. Activity Input Unit City Park 1 BSD City Park 2 BSD 

1 Transportation     
a Visitor 

(Home-GOS; Round Trip) 
Gasoline litre 28.38 17.39 
Diesel litre 0.51 0 

b Waste disposal (GOS-FDS) Diesel litre 4.27 1.98 

2 Activities in GOS    
a 
  

Eating and drinking Organic solid waste kg 0.003 0.73 
Inorganic solid waste kg 0.96 0.91 

b Toilet use Urine litre 5.87 2.67 
Soap litre 0.05 0.01 
Electricity kWh 0.36 0 
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The outputs produced are CO2, N2O, CH4, SO2, NO2, and PO4
3– (Table 3). The greater the 

amount of input brought in, the higher the emissions that will be produced. The biggest input 
is the use of transportation by visitors. 

Table 3. The magnitude of emissions from respondents' recreational activities 

No. Activity 
Emission 
type 

Unit 
The magnitude of emissions 

Emission total 
City Park 1 BSD City Park 2 BSD 

1 Transportation      
a Visitor 

(Home- GOS; Round 
Trip) 

CO2 kg CO2 49.99 43.89 93.88 
N2O kg N2O 2.31 x 10–3 2.03 x 10–3 4.34 x 10–3 
CH4 kg CH4 2.34 x 10–2 2.09 x 10–2 4.43 x 10–2 
SO2 kg SO2 4.30 x 10–2 3.78 x 10–2 8.07 x 10–2 
NO2 kg NO2 9.53 x 10–4 8.37 x 10–4 1.79 x 10–3 

b Waste disposal (GOS-
FDS) 

CO2 kg CO2 11.39 5.28 16.67 
N2O kg N2O 5.99 x 10–4 2.78 x 10–4 8.77 x 10–4 
CH4 kg CH4 5.99 x 10–4 2.78 x 10–4 8.77 x 10–4 
SO2 kg SO2 9.16 x 10–3 4.25 x 10–3 1.34 x 10–2 
NO2 kg NO2 2.03 x 10–4 9.42 x 10–5 2.97 x 10–4 

2 Activities in GOS     
a Eating and drinking    
 Organic solid waste CH4 kg CH4 1.25 x 10–3 0.29 0.29 

N2O kg N2O 3.70 x 10–6 3.17 x 10–4 3.21 x 10–4 
Organic solid waste CH4 kg CH4 3.36 x 10–2 3.17 x 10–2 6.53 x 10–2 

b Toilet use     
 Urine CH4 kg CH4 1.13 x 10–3 5.14 x 10–4 1.64 x 10–3 

PO4
3– kg PO4

3– 9.95 x 10–5 4.52 x 10–5 1.45 x 10–4 
Soap CH4 kg CH4 6.20 x 10–6 1.40 x 10–6 7.50 x 10–6 

PO4
3– kg PO4

3– 5.00 x 10–7 1.00 x 10–7 7.00 x 10–7 
Electricity CO2 kg CO2 0.30 0 0.30 

SO2 kg SO2 2.92 x 10–3 0 2.92 x 10–3 
NO2 kg NO2 1.50 x 10–3 0 1.50 x 10–3 

 

3.4. Contribution of Recreational Activities to Environmental Impacts 

Global warming potential emissions from recreation are in the form of CO2, N2O, and CH4 
[31]. The largest type of emission is CO2. The magnitude of emissions of the main gases 
causing GWP in City Park 1 BSD and City Park 2 BSD are as in Table 4. 

Table 4. The magnitude of emissions causing GWP from respondents' recreational activities in City 

Park 1 BSD and City Park 2 BSD 

Emission type Source impact   
City Park 1 BSD City Park 2 BSD 

(kg CO2eq)  

CO2 Electricity 0.30 0 

Visitor transportation fuel 49.99 43.89 

Waste disposal transportation fuel 11.39 5.28 

N2O Visitor transportation fuel 0.69 0.60 

Waste disposal transportation fuel 0.18 8.28 x 10–2 

Organic solid waste 1.11 x 10–3 9.45 x 10–2 

CH4 Visitor transportation fuel 0.59 0.52 

Waste disposal transportation fuel 1.50 x 10–2 6.95 x 10–3 

Inorganic solid waste 0.84 0.79 

Organic solid waste 3.13 x 10–2 7.29 

Urine 2.83 x 10–2 1.28 x 10–2 

Soap 1.54 x 10–4 3.42 x 10–5 
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Acidification emissions from recreational activities are in the form of SO2 dan NO2. The largest 
type of emission is SO2. The magnitude of emissions that cause acidification from 
respondents' recreational activities in City Park 1 BSD and City Park 2 BSD is as in Table 5. 

Table 5. The magnitude of emissions that cause acidification from respondents' recreational activities in City Park 1 BSD and 

City Park 2 BSD 

Emission type Source impact  
City Park 1 BSD City Park 2 BSD 

(kg SO2eq)  

SO2 Electricity 2.92 x 10–3 0 

Visitor transportation fuel 4.30 x 10–2 3.78 x 10–2 

Waste disposal transportation fuel 9.16 x 10–3 4.25 x 10–3 

NO2 Electricity 1.05 x 10–3 0 

Visitor transportation fuel 6.67 x 10–4 5.86 x 10–4 

Waste disposal transportation fuel 1.42 x 10–4 6.60 x 10–5 

 

Eutrophication emissions from recreational activities are in the form of PO4
3– dan NO2. The 

largest type of emission is NO2. The magnitude of emissions that cause eutrophication from 
respondents' recreational activities in City Park 1 BSD and City Park 2 BSD is as in Table 6. 

Table 6. The magnitude of emissions that cause eutrophication from respondents' recreational 

activities in City Park 1 BSD and City Park 2 BSD 

Emission type Source impact  
City Park 1 BSD City Park 2 BSD 

(kg PO4
3–eq)  

PO4
3- Urine 9.95 x 10–5 4.52 x 10–5 

Soap 5.00 x 10–7 1.00 x 10–7 

NO2 Electricity 1.95 x 10–4 0 

Visitor transportation fuel 1.24 x 10–4 1.09 x 10–4 

Waste disposal transportation fuel 2.64 x 10–5 1.23 x 10–5 

 

3.5. Interpretation of Results 

The final stage in the LCA study is interpretation stage. Recreational activities in City Park 1 
BSD contribute to GWP of 64.05 kg CO2eq, followed by acidification of 5.69 x 10–2 kg SO2eq, 
and eutrophication of 4.45 x 10–4 kg PO4

3–eq. Recreational activities in City Park 2 BSD have a 
total GWP impact value of 58.57 kg CO2eq, followed by acidification of 4.27 x 10–2 kg SO2eq, 
and eutrophication of 1.66 x 10–4 PO4

3–eq. Overall, the impact values of GWP, acidification, 
and eutrophication in City Park 1 BSD are greater than in City Park 2 BSD (Table 7). The largest 
main source of emissions (hotspots) resulting from the impact of GWP, acidification, and 
eutrophication is the use of transportation by visitors, with the GWP impact being the largest 
value. GWP is the largest impact compared to other impacts with transportation as the 
largest contributor to environmental impacts [17]. 

Table 7. GWP, acidification, and eutrophication emission magnitude from recreational activities in 

City Park 1 BSD and City Park 2 BSD 

Impact category Unit 
Emission magnitude 

City Park 1 BSD City Park 2 BSD 

GWP kg CO2eq 64.05 58.57 
Acidification kg SO2eq 5.69 x 10–2 4.27 x 10–2 
Eutrophication kg PO4

3-eq 4.45 x 10–4 1.66 x 10–4 

 

The estimated number of visitors at City Park 1 BSD is 57,890 persons year–1, while at City 
Park 2 BSD it is 54,669 persons year–1. The average emissions from each visitor in one visit 
and the annual emission value at City Park 1 BSD and City Park 2 BSD have the greatest GWP 
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impact compared to acidification and eutrophication (Table 8). Visitors to City Park 1 BSD 
tend to emit greater emissions than City Park 2 BSD. 

Table 8. GWP, acidification, and eutrophication emission magnitude from recreational activities in 

City Park 1 BSD and City Park 2 BSD 

Impact 
category 

Unit 

Emission magnitude 

City Park 1 BSD City Park 2 BSD 

Emissions per person 
per visit 

(kg per person per visit) 

Emissions  
per year 

(kg year–1) 

Emissions per person 
per visit 

(kg per person per visit) 

Emissions  
per year 

(kg year–1) 

GWP kg CO2eq 1.26 72,702.07 1.13 61,520.87 
Acidification kg SO2eq 1.12 x 10–3 64.57 8.20 x 10–4 44.84 
Eutrophication kg PO4

3-eq 6.30 x 10–6 0.37 1.10 x 10–6 6.06 x 10–2 

4. Discussion 

4.1. Contribution of Recreational Activities to Environmental Impacts 

Global Warming Potential (GWP) is a measure of the impact of various Greenhouse Gases 
(GHG) on warming the earth. Increasing GHG emissions in the atmosphere create a blanket 
around the earth, blocking the escape of heat from solar energy that is not reflected outside 
the earth [48]. The increase in anthropogenic greenhouse gas emissions significantly 
contributes to rising temperatures on the earth's surface which causes global warming, rising 
sea levels, increasing atmospheric storms, changes in wind patterns, rain and hydrological 
cycles which disrupt the environment [49,50]. 

CO2 emissions contribute the most to GWP in City Park 1 BSD and City Park 2 BSD. The biggest 
contributor to CO2 emissions comes from using fuel in visitor transportation. Then, CH4 
emissions also show a greater impact than N2O. The largest GWP impact generator based on 
its emission source is City Park 1 BSD, respectively, from the largest, namely transportation 
used by visitors and managers who require fuel, inorganic solid waste, electricity, organic 
solid waste, urine, and soap. 

The largest sources of emissions in City Park 2 BSD are visitor transportation fuel, organic 
solid waste, waste disposal transportation fuel, inorganic solid waste, urine, soap, and 
electricity. Most of the organic and inorganic solid waste disposed of by visitors is only one 
unit. In contrast, liquid waste depends on the intensity of soap and toilet use, which is rare, 
so the GWP impact value is relatively low. The largest carbon footprint value in recreational 
activities is visitor transportation compared to food, accommodation, and recreational 
activities [51]. 

Acidification is one of the environmental impacts caused by human activities which produces 
SO2 and NOx emissions [52]. Acidification is caused by the leaching of heavy metals in soil and 
water which increases the concentration of hydrogen ions, thereby lowering the pH. The 
negative impact is disruption of the food network between animals and plants, both on land 
and in waters [53]. In addition, when acidification occurs, many organisms must add energy 
to maintain acid-base balance, metabolism, and other biological functions, thereby affecting 
growth, reproduction, and survival [54]. 

SO2 emissions contribute more than NO2 as a cause of acidification in City Park 1 BSD and City 
Park 2 BSD. The highest SO2 value is influenced by the presence of fuel in the transportation 
visitors use. The largest producers of acidification impacts based on their emission sources 
are City Park 1 BSD and City Park 2 BSD, respectively, namely visitor transportation, waste 
disposal transportation, and electricity. City Park 2 BSD has no electricity emission value 
because it does not use electricity during the day, whereas City Park 1 BSD uses 2 lights for 
the toilet. 

Eutrophication is a phenomenon in waters where nutrients are excess due to chemicals from 
fertilizers or wastewater discharge, thereby triggering rapid algae growth. The main 
pollutants that cause eutrophication are PO4

3– and NOx. Increasing PO4
3– and NOx in the 
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environment causes the activity of microorganisms also to increase, resulting in increased 
oxygen consumption [54]. This causes the red tide phenomenon due to a surge in nutrients, 
thereby depleting oxygen in the water (hypoxia) and decreasing water quality [55]. 

NO2 emissions have a higher eutrophication impact on the environment than PO4
3– in both 

city parks. This is due to the use of fuel, which causes higher NO2 pollution than liquid waste. 
The largest producers of eutrophication impacts based on their emission sources are City 
Park 1 BSD, respectively from the largest to the largest, namely visitor transportation, urine, 
electricity, waste disposal transportation, and soap. City Park 2 BSD has a eutrophication 
impact based on emission sources, namely visitor transportation, urine, waste disposal 
transportation, soap, and electricity. 

4.2. Recommendations for Environmental Impact Control Scenarios 

4.2.1. Scenario 1: Restrictions on motor vehicle use 

The use of fossil fuel transportation impacts the environment in the form of GWP, 
acidification, and eutrophication. The increasing number of motorized vehicles in urban areas 
results in a decrease in the quality of urban life in the form of decreased air quality, increased 
stress due to traffic jams, and reduced physical health due to spending more time in vehicles 
[56]. The control scenario implemented is that visitors who live ≤ 5 km away can use bicycles 
as vehicles when visiting city parks with the reduced impacts of GWP, acidification, and 
eutrophication as in Table 9. 

Table 9. Reducing the impact of GWP, acidification, and eutrophication from Scenario 1 

Impact category Data 
Emission value 

City Park 1 BSD City Park 2 BSD 

GWP (kg CO2eq year–1) Calculation   58,194.37 47,324.93 

Scenario 1 56,037.06 45,816.27 

Reduced impact 2,157.31 1,508.66 

Percentage   3.71% 3.19% 

Acidification (kg SO2eq year–1) Calculation   49.51 40.31 

Scenario 1 47.67 39.02 

Reduced impact 1.84 1.28 

Percentage   3.71% 3.19% 

Eutrophication (kg PO4
3–eq year–1) Calculation   0.14 0.11 

Scenario 1 0.14 0.11 

Reduced impact 5.22 x 10–3 3.65 x 10–3 

Percentage   3.71% 3.19% 

 

The impact of GWP, acidification, and eutrophication on City Park 1 BSD decreased by 3.71%, 
while City Park 2 BSD experienced a reduction of 3.19%. Besides reducing various 
environmental impacts, cycling can benefit the user's health. Physical bicycle activity can 
reduce the risk of physical and psychological disease [57,58]. 

4.2.2. Scenario 2: Plastic waste reduction 

Plastic is a familiar and easily available material, such as food and drink packaging, in everyday 
life. The high demand for plastic will cause the amount of plastic waste to increase. South 
Tangerang Mayor Regulation Number 83 of 2022 concerning Reducing Plastic Waste states 
that the community is expected to implement plastic waste reduction actively. One way to 
do this is using environmentally friendly shopping bags, bringing drinking bottles, and 
avoiding buying food and drinks in plastic packaging. The reduction in GWP impact from the 
plastic waste reduction scenario for recreational activities in City Park 1 BSD and City Park 2 
BSD is presented in Table 10. 

The reduction in the GWP impact in City Park 1 BSD is very significant at 94.78%, while in City 
Park 2 BSD, there will be a decrease of 9.71% (Table 10). City Park 2 BSD has a lower 
percentage because most visitors use organic materials as food packaging than inorganic 
materials (plastic). Guidance and supervision of the prohibition on using single-use plastic 
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shopping bags in the environment must be carried out [59]. Small businesses or people selling 
in GOSs must provide environmentally friendly shopping bags. Education for the public on 
the use of environmentally friendly materials must be provided so that it becomes a habit 
and even a culture [60]. In addition, reducing plastic waste can also be done with a policy 
from eating places or drink sellers that do not use plastic straws or cutlery and replace them 
with more environmentally friendly materials such as paper, bamboo, and stainless steel. 

Table 10. Reducing the impact of GWP from Scenario 2 

Impact category Data 
Emission value 

City Park 1 BSD City Park 2 BSD 

GWP (kg CO2eq year–1) Calculation   989.03 8,593.86 

Scenario 2 51.64 7,759.57 

Reduced impact 937.39 834.29 

Percentage   94.78% 9.71% 

5. Conclusions 

Inputs (materials) inventoried from recreational activities are gasoline and diesel fuel, 
electrical energy, urine, soap, and organic and inorganic solid waste. The outputs of 
transportation activities are CO2, N2O, CH4, SO2, and NO2; emissions of organic waste 
processing are N2O and CH4; emissions of inorganic waste processing is CH4; emissions of 
electricity use are CO2, SO2, and NO2; as well as emissions of using toilets and soapy water 
are CH4 and PO4

3–. Recreational activities in City Park 1 BSD produce greater emissions than 
in City Park 2 BSD. Hotspots are the means of transportation used by visitors. Controlling this 
impact can be done by calling for restrictions on motorized vehicles for those living ≤ 5 km 
from green open space and reducing plastic waste. 
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