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Abstract— The main focus of this research is to analyze reduction of carbon dioxide by the green space. The benefits of the model is as an 

upcoming settlement plan in petrochemical industrial area, especially the green space determination. The value of cumulative 

concentration of carbon dioxide can be used as an indicator of the carbon dioxide reduction process. The main variable of this research 

is carbon dioxide reduction (Net_CO₂), land use (LU), carbon dioxide consentration (C), and green space fraction (GS). Data 

measurements of carbon dioxide concentration time series for 12 hours with an interval of 1 hour to get the value of Net_CO₂. Structural 

Equation Modelling (SEM) used in this research to analyze the correlation between variables and parameters. Observations was carried 

out at 25 sampling locations during five working days as construct model, and observations during five working days in the following 

week as testing model. The result of this research is mathematical model of green space determination for reduce carbon dioxide of 

ambient air in petrochemical industrial area. Model of green space for reduce carbon dioxide in petrochemical industrial area is P  =  – 

0,113 – NetCO₂ + 0,0576 Lnrth + 0,0686 Lp – 0,683 Cmax + 1,592 Cave. 
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I. INTRODUCTION 

Industrial activity is the second largest consumer of fuels in Indonesia. Industrialization activities have generated more than 20% 

of greenhouse gas emissions. The increase in the concentration of carbon dioxide in the air may cause the increase in temperature 

on the earth, hence, it will cause climate change [1]. One of the industrial sectors that produces CO₂ emissions is the petrochemical 

industry. Some earlier research concluded that photosynthesis process by the vegetation capable to reduce carbon dioxide from 

ambient air [2-6]. The vegetation is a component of the green space in petrochemical industrial area. Industrial green space is 

intended to reduce the level of pollution, namely the CO₂ emissions produced by the activities of the petrochemical industry. 

Therefore, it is necessary to plan the management of the green space layout in the upcoming petrochemical industrial area through 

the application of green space models to CO₂ reduction. 

II. LITERATURE SURVEY 

Carbon dioxide is a chemical compound consisting of two oxygen atoms (O₂) which are covalently bonded with carbon atoms 

(C) as exhaust from the rest of the results of perfect carbon combustion [7]. Carbon dioxide is a group of greenhouse gases with a 

concentration greater than other GHGs, which ranks second after H₂O [8]. Greenhouse gas emissions in Indonesia from all sectors 

in 2000 were 1377982 Gg CO₂e and the industrial sector contributed 3.12% [9]. The source of CO₂ emissions from the petrochemical 

industry sector is 379 MtCO₂ / yr from a total of 470 sources [10]. Green space is an elongated and / or clustered area, whose use is 

more open, where plants grow, both naturally grown and intentionally planted [11]. Green space can be said its enough if it is able 

to absorb all emissions contained in an area, if there is still residual emissions it is necessary to add green space [12]. Green spaces 

have a significant relationship with CO₂ concentrations in the air with a significance value of 0.001 <0.05 [13]. 

III. MATERIAL AND METHOD 

A. Location and time 

The study was conducted at PT Petrokimia Gresik, located in Gresik, East Java, with an area of 450 ha. The study was conducted 

in the dry season. The observation of construct model was carried out for five working days. Furthermore, the observation for testing 

model was carried out in the following week. 

B. Sampling time 

The data collection was conducted on weekdays. It was carried out during daytime because this study aims to develop the green 

space models in its worst conditions where high activity occurs. The specified period was 12 hours with an interval of 1 hour. It 

started at 06.00, and ended at 18.00. The measurement of CO₂ concentration is carried out in the morning, afternoon and evening. 

Then, the data was interpolated to obtain CO₂ series data for 12 hours. 
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C. Sample size 

The data collection was conducted on weekdays. It was carried out during daytime because this study aims to develop the green 

space models in its worst conditions where high activity occurs. The specified period was 12 hours with an interval of 1 hour. It 

started at 06.00, and ended at 18.00. The measurement of CO₂ concentration is carried out in the morning, afternoon and evening. 

Then, the data was interpolated to obtain CO₂ series data for 12 hours. 

D. Sampling method 

CO₂ data retrieval used a Lutron CO₂ Meter device. It was measured at a height of ± 2 meters from the ground, representing the 

average human height. It is due to the majority of human activities are carried out at that height [15]. The measurement of time 

interval (∆t) for 1 minute consists of ten times scanning every 6 seconds. The CO₂ concentration at t minute is ten times the average 

concentration per 6 seconds, with the following equation: 

 

C(t=minute) = (C(t= 6 sec) + C(t=12 sec) + … +C (t=60 sec)) /10  (1) 

 

E. Cumulative Concentration Value of Carbon Dioxide (Net_ CO₂) 

The cumulative CO₂ concentration of ambient air for one period (Net_CO₂) can be used as an indicator of the CO₂ reduction 

process [16]. CO₂ concentration data per 1 minute for 12 hours were analyzed to obtain the CO₂ cumulative value. The mass of air 

pollutants per ambient air volume [  or pollutant concentration (C), is: 

 

C=          (2) 

 

CO₂ concentrations in one location change each time (t). The value rate of change in ambient air concentration during one time 

interval or CO₂ cumulative concentration is: 

 

Net_ CO₂ =         (3) 

 

ΔC is the change in CO₂ concentration during one time interval (Δt). The rate of change in concentration can be stated as ∫ . 

The cumulative CO₂ concentration of ambient air for one period was obtained from the integration of the concentration change rate 

curve for one period. 

 

Fig. 1 shows the area above the curve (A1 + A3) marked positive (+), meaning that the CO₂ concentration of ambient air increases. 

The area under the curve (A2) is negative (-), meaning that the CO₂ concentration of ambient air decreases. The cumulative CO₂ 

concentration of ambient air during the period n = (Net_CO₂) is the amount of addition and reduction of CO₂ concentration of 

ambient air during that period or the value of Net_CO₂ = A1 + A3-A2.  

 
Fig. 1  Concentration rate curves of CO₂ (Net_ CO₂) [9] 

 

F. Determinnation of green space model 

The structural equation modeling used in this study is SEM-PLS with the smartPLS 3.0 program. In this study, the inner model 

is the relationship between land-use variables (LU), green space fraction (GS), and CO₂ concentration (C) on CO₂ reduction. In the 

other hand, the outer model is a measurement model that connects the indicators with latent variables. In this study, the outer model 

is the relationship between: the proportion of non-green space area (Lnrth), the proportion of offices (Lk), the proportion of housing 

(Lr), and the proportion of plants (Lp), to the land use (LU); the proportion of trees (P), clumps (D), and grasses (R) to the fraction 

of green space (GS); and the minimum concentration (Cmin), maximum concentration (Cmax), and average concentration (Cave) 

to the CO₂ concentration (C). The outer model in this study is a formative indicator, not the reflective one. It is due to the indicators 

are assumed to be uncorrelated. 
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IV. RESULT AND DISCUSSION 

The average CO₂ concentration in the industrial area of PT Petrokimia Gresik is 582 ppm. This concentration is higher than the 

CO₂ concentration in global air, which is 407.8 ppm [17]. The CO₂ concentration in PT Petrokimia Gresik is still within the tolerance 

level in accordance with the quality standards issued by OSHA which is less than 600 ppm. 

 

The cumulative CO₂ concentration (Net_CO₂) based on the time series data shows that the locations of cluster I and cluster II 

have a Net_CO₂ value marked as negative (-) which means that the CO₂ reduction process was greater than CO₂ emissions with the 

highest reduction value of –609 ppm. In the other hand, the locations of cluster III, IV, and V showed the positive (+) Net_CO₂ 

value. It means that the CO₂ emission process is greater than the CO₂ reduction process with the highest emission value of 1424 

ppm. 

 

The results of running the algorithm with the PLS program show that Rsquare value is 0.909 which means that the proportion of 

land-use variables (LU), green space fraction (GS) and CO₂ concentration (C) explains the variance value of 0.909 or 91%. The 

variables that influence the Net_CO₂ value are; the proportion of trees (P), plants (Lp), non-green space area (Lnrth), maximum 

concentration (Cmax) and average concentration (Cave). The results of running the mathematical equation model are as follows: 

 

Net_CO₂ = 0,092 LU – 0,113 GS + 0,946 C 

LU  = 0,626 Lnrth + 0,746 Lp 

C  =  – 0,722 Cmax + 1,683 Cave 

GS  =  P 

 

Thus, the green space mathematical equation model was obtained to increase CO₂ reduction using linear regression, as follows: 

 

P  =  – 0,113 – NetCO₂ + 0,0576 Lnrth + 0,0686 Lp – 0,683 Cmax + 1,592 Cave 

 

which, 

P  = the proportion of trees 

Net_CO₂  = the values of CO₂ reduction by green space  

Lnrth  = the proportion of non-green space area 

Lp  = the proportion of plants 

Cmax  = maximum concentration 

Cave  = average concentration 

 

After obtaining the mathematical equation model, it is necessary to confirm the data through the testing model stage. The next 

stage is comparing the results of the construct model values and the results of the testing model values. Then, it was analyzed by 

calculating the value of Rsquare. The result of the comparison between the P testing model value and the P value of the construct 

model in Fig. 2 shows the value of R² = 0.928. Rsquare was more than 0.6 hence it can be concluded that the model is accurate. 

 

 
Fig. 2  Construct model vs testing model for P 

V. CONCLUSIONS 

 

 

 

 

 

y = 1.1757x - 1.4325
R² = 0.9276

0

10

20

30

40

50

60

0 20 40 60

P
 c

o
n

st
u

ct
 (

%
)

P testing (%)

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE I, JANUARY/2019

ISSN NO: 2394-8442

PAGE NO:20



 

 

 

The average CO₂ concentration in the industrial area of PT Petrokimia Gresik is 582 ppm, which is higher than the CO₂ 

concentration in global air at 407.8 ppm. Tree indicators negatively affect Net_CO₂. In addition, the greater the proportion of tree 

area, the smaller the CO₂ concentration. Plants indicators, non green space area, the maximum concentration and the average 

concentration have a positive effect on Net_CO₂. In addition, that the greater the proportion of those five indicators, the greater the 

CO₂ concentration of ambient air. The green space model for CO₂ reduction of ambient air in PT Petrokimia Gresik involving the 

land-use variables, fractions of green space and the CO₂ concentration, is: 

 

P  =  – 0,113 – NetCO₂ + 0,0576 Lnrth + 0,0686 Lp – 0,683 Cmax + 1,592 Cave 
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