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ABSTRACT : Intersections are part of the urban road network which tends to experience congestion due to an 
increase in the number of motorized vehicles and uncoordinated traffic lights between the other intersection 

arms. In this condition it will increase the number of victims of CO2 dioxide in motor vehicles from incomplete 
fuel combustion at signalized intersections. The number of victims of dioxide (CO2) at the intersection of Jl. S. 

Saddang Baru – Jl, Veteran in the city of Makassar due to motorized vehicles during queues and delays.With the 

Biomass method (Brown, 1997) the plant absorption capacity at the intersection arm Jl, S. Saddang – Jl, 

Veteran was 488.63 kg. The arm of the intersection of Jl, Veteran Utara is 1,720.32 Kg. The arm of the 

intersection of Jl, S. SaddanG is 100,,41 Kg. arm intersection Jl. Southern veterans 1,720.32 kg. The difference 

in CO2 absorption of plants is influenced by the type and number of trees as well as the CO2 absorption 

capacity of each tree in the arm of each intersection. For Jl. North Veterans – Jl. Veterans tree position is 

located on the median road, while Jl S. Saddang Baru and Jl, S saddang are located on the left and right 

shoulders. Number of trees and size of tree diameter at the intersection arm of Jl, North Veteran and Jl. 

Southern veterans are relatively numerous and have a relatively medium diameter so that they have a large 

CO2 absorption capacity.From the results of the analysis of each type of plant that is in each arm of the 

intersection is a value that will be compared to the value of the results of motor vehicle CO2 exhaust emissions 
to obtain a value for the needs of absorbent plants. The arrangement and selection of plants at the signalized 

intersection is based on the type and potential for CO2 absorption and land suitability at the signalized 

intersection.It is recommended for the selection and arrangement of plants at signalized intersections based on 

the Minister of Public Works Regulation No. 5/PRT/M/2012 and Road Landscape Engineering Planning so as 

to produce a sustainable signalized intersection. 
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I. INTRODUCTION  

The transporation sector is one of the sectors that is of concern related to climate change. The high 

growth of vehicle ownership in developing countries is allegedly contributing to high greenhouse gases (wright 

and Fulton 2005). In Indonesia, the growth of motor vehicles every year increased, based on “Badan Pusat 

Statistik (BPS)” 2020 showed the number of motor vehicles in 2019 as many as 133.811.462 vehicles and in 

2020 as many as 136,316 726 vehicles. The ratio of increasing the number of vehicles throughout Indonesia by 

1.84% nationally. In general, motorized vehicle emissions with fossil fuels produce 14% carbon dioxide, 50-

60% carbon dioxide and hydro carbon, nitrogen oxide emissions about 30% (Hawng 2007 in Edwin Hidayat 
2013). 

Due to the increase in the number of vehicles one of the crossroads in Makassar City is the intersection 

of Jl. S.Saddang and Jl. Veteran often occurs the vehicle of the intersection during rush hours. The performance 

of the reservoir is categorized as very poor based on the ratio of vehicle flow ratio (Q) with capacity (C) more 

than 1. The occurrence of long delays and long queues at intersections cause vehicle exhaust emissions in the 

form of carbon monoxide (CO) due to incomplete combustion that can provide a decrease in air quality around 
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the reservoir. Carbon monoxide released through the exhaust of motor vehicles at certain limits can cause health 

problems both motorcycle vehicle users, pedestrians and people who live and practice the safety of the vehicle. 

One way to lower air pollution levels due to CO2 carbon dioxide from motor vehicles at intersections is 

the way of vegetation. Vegetation activities in the form of greening to stabilize CO2 concentrations (Sarmiento 

2003 in Edwin hiadyat, 2013). Greening is the most widely available in areas of road-owned space provided as 
an ecological function including crossroads areas.  

The problem is the type and ability of air pollutant absorption, number of plants and arrangement of 

suitability of space function. On the other side, to measure the uptake of CO2 in the space around the crossroads 

there are how many ways there is a way between them is to use the Biomass method. For the tree biomass 

method this is done using almetric equations of Brown's research (1997) However, there has been no study of 

the needs of CO2 absorbent plants and the arrangement of the suitability of space functions in the street in 

makassar city. 

 

II. METHODOLOGY 

 This study uses a quantitative descriptive method by examining the amount of vehicle emissions as a 

vehicle emission factor, based on the approach method per fuel consumption as follows  
 

Exhaust Emissions CO2 = F x E*10-9 

 

where : 

CO2  = Carbon dioxide exhaust emissions  

F       = Emissions factor, gasoline = 69.300 kg/TJ,  

Solar = 74,100 Kg/Tj 

E       = Value of Energy, gasoline = 33,66 MJ/l, Solar = 36,9  MJ/I 

 

In a matter of units of CO2 converted in units of kg/l. After that, to calculate vehicle emissions per consumption 

of fuel oil at the intersection of S.Saddang – Jl. Veterans can be done with the following formula: 

 
VE = C x EF Fuel x Cons. Fuel 

where : 

VE  = Vehicle Emissions  

C   =  Storage capacity based on green time  (smp/hours) level of fuel consumption at the time of queue                    

(litre / smp-hours), taken d =1,4 vehicles at idle. Cons. Fuel  = d*D/3600*NQ 

D    = Congestion (second/smp) 

NQ = Number Of Queue (smp) 

 

The next step is calculation of biomass, because the rainfall research area < 1500 mm / year. So based on [22], 

the biomass can calculated with the following formula: 

 
Y = exp (-1,996+2,32*ln(D)) 

where :  

Y = Biomass per tree (kg) 

D = DBH = Diameter of the chest (cm) 

 

Then, to find out the amount of carbon stores (C) use equality below : 

 

Cb = Y x % C 

where: 

Cb = Carbon content of biomass (kg)  

Y   = Biomass per tree (kg) 
% C organic = perentase value of carbon content, taken at 0,47-0,5  

After that, to find out the amount of CO2 uptake after the amount of carbon stores are known, the following 

equation is used: 

CO2 = 3,6667 x Cb 

where : 

CO2 = uptake of carbon dioxide (kg/tree)  

Cb    = Carbon Content of biomass (g). 
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Next, the final step is selection of the right types of plants to absorb CO2 at the crossroads based on the planning 

procedure for landscape engineering and the PU Ministerial Decree No. 05/PRT/M/2012 about guidelines for 

planting trees on the road network system. 

 

III. RESULT AND DISCUSSION  
 CO2 calculation based on traffic conditions at Jl. S, Saddang – Jl Veteran at three times, namely peak 

hours in the morning (06.00-11.00), noon (12.00-14.00) and afternoon (16.00-19.00). The types of vehicles 

surveyed, namely motorcycles (MC), Light Vehicles (LV) and heavy vehicles (HV) are then categorized into 

two categories, namely vehicles using gasoline fuel and vehicles using solar fuel. Therefore, the results are 

obtained according to the Table 1, Table 2, and Table 3. 

 

Table 1. Amount of motor vehicle CO2 exhaust emissions in the morning peak hours (Kg/smp) 

intersection 

Amount of exhaust emissions (CO2) 

Morning 

Gasoline Solar Amount 

(kg/smp) (kg/smp) (kg/smp) 

Jl. S.Saddang Baru (T) 0,497 0,583 1,082 

Jl. Veteran Utara (U) 0,001 0,002 0,003 

Jl. S Saddang Lama (B) 0,410 0,481 0,481 

Jl. Veteran selatan (S) 0,106 0,106 0,124 

Source: Analysis Results 

 

Table 2. Amount of motor vehicle CO2 exhaust emissions at peak hours of Noon (Kg/smp) 

intersection 

Amount of exhaust emissions (CO2) 

Noon 

Gasoline Solar Amount 

(kg/smp) (kg/smp) (kg/smp) 

Jl. S.Saddang Baru (T) 0,004 0,005 0,009 

Jl. Veteran Utara (U) 0,005 0,006 0,011 

Jl. S Saddang Lama (B) 0,872 1,022 1,894 

Jl. Veteran selatan (S) 0,093 0,108 0,201 

Source: Analysis Results 

 

Table 3. Amount of motor vehicle CO2 exhaust emissions in peak afternoon hours (Kg/smp) 

intersection 

Amount of exhaust emissions (CO2)  

Noon 

Gasoline  Gasoline 

(kg/smp) (kg/smp) (kg/smp) 

Jl. S.Saddang Baru (T) 0,499 0,585 1,083 

intersection 

Amount of exhaust emissions (CO2) 

Noon 

Gasoline  Gasoline 
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 (kg/smp) (kg/smp) (kg/smp) 

Jl. Veteran Utara (U) 0,002 0,003 0,005 

Jl. S Saddang Lama (B) 0,475 0,557 1,033 

Jl. Veteran selatan (S) 0,379 0,444 0,823 

Source: Analysis Results 

 

From the results of the CO2 calculation, the largest value is selected from the peak time of morning, afternoon 

and evening to be included in the analysis of the calculation of the number of vehicle emissions at each 

intersection as follows. 

 

Table 4. CO2 Emissions and CO2 Absorption of Existing Trees 

Intersection 

CO2 Exhaust 

Emissions 

Existing Tree CO2 

Uptake 
Difference 

(Kg/Jam) (Kg) (kg) 

Jl. S.Saddang Baru (T) 1.363,78 488,63 875,15 

Jl. Veteran Utara (U) 6,27 1.720,32 -   1.714,05 

Jl. S Saddang Lama (B) 616,85 516,44 100,41 

Jl. Veteran selatan (S) 552,46 1.153,19 -  1.153,19 

Source: Analysis Results 

 

 From the results of the analysis with the method per fuel consumption, obtained the amount of exhaust 

emissions of CO2 motor vehicles each arm is different, the intersection from the east is Jl. S.Saddang Baru total 

emission of CO2 exhaust gases which is 1,363.78 Kg / hour, the intersection from the north is Jl. Veteran north 

which is 6.27 Kg. The intersection from the West is jl. S.Saddang long ago the total emission of CO2 exhaust 

gases is 616.85 Kg / hour. The intersection from the south is Jl, Veteran South total CO2 exhaust emissions are 

552.46 kg / hour.  Of the four intersections, the new Jl. S.Saddang intersection has the highest volume of 

exhaust emissions. This is influenced by the volume of traffic at the peak afternoon hours which is greater. In 

addition, Jl. S.Saddang is a one-way road with four lanes. The intersection of Jl. Veteran North has a smaller 

volume of CO2 exhaust gases than the four intersections, this is influenced by the condition of smaller traffic 
volume in the afternoon, where jl, Veteran North is a two-lane road separated by the median. Jl. Veterans north 

is a road connecting to the city activity center so that in the afternoon it is quieter than the morning where people 

use this road to work. The intersection of Jl. S.Saddang and Jl. Veteran Utara is relatively the same volume of 

vehicles in the afternoon, this is influenced by road users returning from work.  

 The CO2 absorption from the results of the analysis of each type of plant at each intersection is a value 

that will be compared to the value of motor vehicle CO2 exhaust emissions to get the value of absorbent plant 

needs. From the results of the analysis of CO2 absorption there is a difference in the value of each intersection, 

the absorption of CO2 in plants at the junction. S.Saddang – Jl. Veteran amounting to 488.63 kg. Intersection of 

Jl. Veteran North amounted to 1,720.32 Kg. Intersection jl.S.Saddan amounted to 100.41 Kg. Intersection jl. 

Veteran South amounted to 1,153.19 kg. Differences in plant CO2 absorption are influenced by the type and 

number of trees and the CO2 absorption of each tree in each plant. For Jl. Veteran north – Jl. Veteran tree 
position is located on the median of the road while Jl.S.saddang baru and Jl.S saddang are located on the left and 

right of the roadside. The number of trees and the size of the diameter of trees at the intersection of Jl. Veteran 

North and Jl. Veteran south relatively many and relatively moderate diameter so that it has a large co2 

absorption on the road.  

 The relationship between motor vehicle CO2 exhaust emissions in each arm and CO2 absorption in 

existing plants greatly affects. Where there is a difference between the emission of MOTOR VEHICLE CO2 

exhaust gases and the CO2 absorption of existing plants. At the intersection of S.Saddang Baru has a difference 
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of 875.15 kg means that at this intersection requires additional trees to absorb the difference in CO2 caused by 

the capacity of the intersection. At the intersection jl. Northern veterans and Jl. Northern veterans showed a 

minus difference which means that the required CO2 exhaust emissions are less than the CO2 absorption of 

existing plants at the intersection so no additional CO2 absorbent trees are needed. But in the implementation of 

the structuring of the street to provide comfort it is recommended to follow the Regulation of the Minister of 
Public Works Number .5/PRT/M/2012 and Road Landscape Engineering Planning.  
 

IV. CONCLUSIONS AND SUGGESTIONS   

I. Conclusions  

The results of this research study can be concluded: 

a) Motor vehicle CO2 exhaust emissions at the intersection of Jalan S.Saddang – Jl, Veteran does not 

show the value of similarities between the arms. This condition is greatly influenced by the volume of 

traffic on different road junctions.  

b) The difference between the amount of MOTOR VEHICLE CO2 exhaust gas and plant absorption at 

certain intersections that show a positive value (+), then additional plants / trees are needed to reduce 

the residual value. When there is a difference that shows a negative value (-), then no additional / 
additional trees are needed..  

c) The number of additional plants at the intersection of Jl.S.Saddang baru and Jl.S.Saddang junction is 

based on the CO2 absorption capacity of plants/trees and suitable tree species in the crossroads area.  

 

II. Suggestion 

After conducting the study and conclusions in this study, it is recommended: 

a) At each signalized intersection, capacity optimization is carried out based on the green light so that 

traffic light coordination occurs between intersections so that the CO2 concentration at signalized 

intersections is not too high at certain intersections. 

b) In order to avoid the difference between the needs of CO2-absorbing plants and the relatively large 

CO2 exhaust emissions, it is advisable to plan a projection of the needs of CO2-absorbing plants with 

the level of CO2 emissions of motorized vehicles that occur so as to create a continuous signalized 
intersection. 

c) In the selection and arrangement of trees in the signalized intersection area, it is necessary to adjust the 

available land conditions and the appropriate tree species so as to provide the aesthetics of the 

signalized intersection. 

d) For further research, it is recommended to coordinate signalized intersections and include conditions of 

wind direction, humidity and other methods 

 

REFERENCES 
[1] Abdurarazaq. 2010. “Daya Serap Pohon terhadap Karbondioksida”.http: //ncca 19. Wordpress.com /2016/07/20/ data-daya-serap-

Pohon-terhadap- karbondioksida 

[2] Adinugroho, W. & K. Sidiyasa. 2006. "Model Pendugaan Biomassa Pohon Mahoni (Swietenia macrophylla King.) di Atas 

Permukaan Tanah". Jurnal Penelitian Hutan dan Konservasi Alam, 3(1): 103-117 

[3] BabapourAliyar Zahra .at.el,2020, “Effect of traffic-induced air pollution on seed germination of Arizona Cypress (Cupressus 

arizonica Green) and Black Pine (Pinus nigra Arnold)”. 

[4] Urban Forestry & Urban Greening Volume 55, November 2020, 126841 

[5] Basuki, T.M, P.E. van Laake, A.K. Skidmore, Y.A. Hussin. 2009. Allometric Equations For Estimating The      Above-Ground 

Biomass In Tropical Lowland Dipterocarp Forests. Forest Ecology and Management Journal, 257 1684– 1694, ELSEVIER 

[6] Chapman Lee,2007 “Transport and climate change: a review”  Journal of Transport Geography Volume 15, Issue 5, September 

2007, Pages 354-367 

[7] Camila Freitas Salgueiredo at.el,2014 “Overview of strategies for reducing CO2 emissions during the use phase of passenger cars” 

Transport Research Arena 2014, Paris. 

[8] Dahlan, E.N. 1989. “Studi kemampuan Tanaman dalam menyerap timbal Emisi dari Kendaraan Bermotor”.Tesis.Program 

Pascasarjana.Insitutu Pertanian Bogor. Bogor. 

[9] Da Silva AM et al. 2010. Roadside Vegetation: Estimation And Potential For Carbon Sequestration, Iforest – Biogeosciences And 

Forestry Journal 3: 124-129. 

[10] Edwin Hidayat, Penyerapan Emisi Co2 Dari Kendaraan Bermotor Melalui Teknologi Vegetasi Di Ruang Milik Jalan, Jurnal Sosek 

Pekerjaan Umum, Vol.5 No.2, Juli 2013 hal 76 – 139 

[11] F. J. Miharja, Husamah dan T. Muttaqin “ Analisis kebutuhan ruang terbuka hijau sebagai penyerap emisi gas karbon di kota dan 

kawasan penyangga Kota Malang” JPLB, 2(3):165-174, 2018. 

[12] Gracia, Sola Austenyta, 2016. “Kajian Kecukupan Ruang Terbuka Hijau Untuk Menyerap Gas Karbon Dioksida (Co2) Dari 

Kendaraan Bermotor Di Jalan Dr. Ir. H. Soekarno, Surabaya(Merr Iic)”, (skripsi) Fakultas Teknik Sipil dan Perencanaan Institut 

Teknologi Sepuluh Nopember Surabaya 2016 

[13] Grote Matt,2017 “Enhancing Urban Road Traffic Carbon Dioxide Emissions Models” (desertation Faculty Of Engineering And The 

Environment University Of Southampton,2017 

[14] Kirmanto Joko, 2012 “Pedoman Penanaman Pohon Pada Sistem Jaringan Jalan”, Lampiran Peraturan Menteri Pekerjaan Umum 

Nomor: 05/Prt/M/2012 Tentang Pedoman Penanaman Pohon Pada Sistem Jaringan Jalan 2009 



American Journal of Engineering Research (AJER) 2021 
 

 
w w w . a j e r . o r g  

w w w . a j e r . o r g  

 

Page 104 

[15] Kristi, Yaaresya William et al. 2015,  Analisis Beban Emisi Udara Co Dan No2 Akibat Sektor Transportasi Darat Di Kota 

Probolinggo, “Jurnal Purifikasi”, Vol. 15, No. 2, Desember 2015 

[16] Kusminingrum Nanny, 2008 “Potensi Tanaman Dalam Menyerap Co2 Dan Co Untuk Mengurangi Dampak Pemanasan Global” 

Jurnal Permukiman Vol. 3 No. 2 Juli 2008 

[17] Martuti, Nana Karida. 2013. “Peranan Tanaman Terhadap Pencemaran Udara di jalan Protokol Kota Semarang”. Jurnal 

Biosantifika, Vol 5 (1) Hal. 36-42 

[18] Marisha Sianne, 2018 “Analisis Kemampuan Pohon Dalam Menyerap Co2 Dan Menyimpan Karbon Pada Jalur Hijau Jalan Di 

Subwilayah Kota Tegalega, Kota Bandung” (skripsi)  Program Studi Rekayasa Kehutanan Sekolah Ilmu Dan Teknologi Hayati 

Institut Teknologi Bandung 2018 

[19] Nurdjanah Nunuj,2015  “Emisi Co2 Akibat Kendaraan Bermotor Di Kota Denpasar Co2 Emissions From Vehicle In Denpasar”. 

Jurnal Penelitian Transportasi Darat, Volume 17, Nomor 1, Maret 2015: 1-14 

[20] Purwanto Ris HadI dkk,2012 “Potensi Biomasa Dan Simpanan Karbon Jenis-Jenis Tanaman Berkayu Di Hutan Rakyat Desa 

Nglanggeran, Gunungkidul, Daerah Istimewa Yogyakarta” Jurnal Ilmu Kehutanan Volume VI No. 2 - Juli-September 2012 

[21] Suparwoko, 2012 “Analisis Pemilihan Jenis Tanaman dan Keamanan Pohon pada Lansekap Jalan Ruang Terbuka Hijau Tempat 

Pembuangan Akhir Sampah Piyungan Yogyakarta” Jurnal Sains dan Teknologi Lingkungan SSN: 2085‐ 1227, Volume 4, Nomor 

2, Juni 2012, Halaman 125‐ 136. 

[22] Sutaryo Dandun,“Penghitungan Biomassa Sebuah Pengantar Untuk Studi Karbon Dan Perdagangan Karbon”, Wetlands 

International Indonesia Programme 2009 

[23] Sweroad,Bina Karya,, 1996 “Manual Kapasitas Jalan Indonesia 1997” Republik Indonesia, Direktorat jenderal Bina 

Marga,Direktorat Jalan Kota (Binkot). 

 

Mahmud, et. al. "Study of CO2 Absorbent Plants at The Signalized Intersection (Case Study : 

Intersection at Jl. S.Saddang Baru – Jl. Veteran, Makassar).”American Journal of Engineering 

Research (AJER), vol. 10(11), 2021, pp. 99-104. 

 

 

 


