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ABSTRACT

Air pollution is still become a global issue in big cities. The automotive emission is a major problem in this issue.
This study aims to analyze the levels of emissions produced in Surabaya City, based on engine capacity and
production year. Data collecting was undertaken in 5 regions of Surabaya). Emission test was was carried out
based on SNI 19-17118.1-2005 for gasoline-engine vehicles and SNI 19-17118.2-2005 for diesel-engine
vehicles). The test results were then compared to Environmental Regulation No. 05, year of 2006. Tests were
carried out for vehicles with engine capacities of 1000 - 6800 cc and vehicle production years below 1995, between
1996-2006 and above 2007. Based on the results of testing, analysis and discussi()lﬁrried out, several things can
be stated as follows: (1) Based on engine capacity, the engine categories of 1200 cc, 1300 ce, 1500 cc, 1800 cc
and 2000 cc h#% the highest number of units passing the cmissi()lesl. Meanwhile, machines with a capacity of
1000 cc, 2300 cc, 2500 cc, 2800 cc, 3000 cc, 6000 cc and 6800 cc had the highest number of failed test units. (2)
based on the year of production, theeu‘s 1995 and above have a balance between passing and failing. Meanwhile,
the 1996 to 2006 production years had the hnlest number of units that passed the emission test, as well as the
2007 and lower production years, which also had the highest number of units passing the emission test. Surabaya
as a big city has compiled and implemented a program to keep the environment clean and green, known as the
Surabaya Green and Clean program.
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INTRODUCTION

Nowadays air pollution becomes more a global issue in big city in the world including Indonesia. The automotive
emission is the major problem in this issue. Meanwhile, air quality 1s one of the important elements for the survival
of human and other creatures on Earth. The increase in the number of vehicles and the use of fossil fuels have
contributed greatly to the decline in urban air quality in the world [1,2]. Sources of air pollution in urban areas
include trade, industry, power plants, domestic fuels and transportation. Transportation is a sector that causes
significant carbon dioxide (CO) emissions and accounts for 7,738 million metric tons of fossil-fueled vehicles in
2015-2016 [3,4]. We have acknowledged air pollution as one of the "most dangerous killer" and as a "major threat
towards health" because of the extraordinary effects towards the health of human in all ages and other creatures
[5]. In fact, there were just a few countries took air pollution. However, along with the rapid development of
technology and industry, more countries become aware towards the air pollution problem. They realized that
technological developments such as motor vehicles and industrial processes leads to air quality problems [6.
The growth in the number of vehicles driven by socio-economic development is a major challenge related to air
pollution, energy availability and public health in many countries. The table 1 shows the growth data of the motor
vehicle number in Indonesia in the period of 2013-2017 [8].
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Table 1. Growth In The Number Of Motor Vehicles In The Period 2013-2017

Types of Motorized Year
Vehicles 2013 2014 2015 2016 2017
Passenger car 1484514 12.599.038 13.480 973 14.580 666 15.493 068
Bus Car 2.286.309 2.398.846 2.420.917 2.486.898 2.509.258
Freight cars 5615494 6.235.136 6.611.028 7.063.433 7.523.550
Motorcycle 84.732.652 92.976.240 98.881.267 105.150.082 113.030.793
Total 104.118.969 114.209.260 121.394.185 129.281.079 138.556.669

1

Air pollution p.mduced by motor vehicles comprises carbon monoxide (CO), carbon dioxide (COz), nitrogen
oxides (NOx) in the form of nitric oxide (NO) and nitrogen dioxide (NO:), hydrocarbons (HC), sulfur oxides (
S0x) in the form of sulfur dioxide (SO3) and sulfur trioxide (SO;), and particles (PM10)[9,10]. It causes CO
emissions by two factors, incomplete combustion in thaombusti()n chamber and poor mixture [2]. The level
permitted pollutans exceeds the limit, cause a variety serious health problems, suc:tas respiratory problems,
allergies, cancer, cardiovascular and respiratory diseases, and even death. For the elder, infants, toddlers, children,
sensitive people, and those who suffer from asthma and other disorders vulnerable to the effects of air pollution
[11.12].

The World Health Organization (WHO) on its official website explains that air pollution is dangerous for children.
In worldwide, 14% of children aged 5-8 years stated suffer from asthma, air pollution causes some of which.
Every year, 543,000 children younger than 5 years die with respiratory ailments related to air pollution effect. Air
pollution can also cause the growth of cancer cells in children, sllaed fetal brain growth in pregnant women, and
can cause cognitive impairment in both children and adults [13]. Several studies have explained the g‘écls of air
pollution on the respiratory system. According to [14] the problem of air pollution is the largest in Indonesia
because it causes 50% of morbidity throughout the country. Diseases caused by vehicle emissions and air pollution
include acute respiratory infections, bronchial asthma, bronchitis, skin irritation, lung cancer, and cardiovascular
disease. It affects increasing of NOx up to 51%, PM2 .5 increasing up to 26%, and other pollutants such as SO,
PM10, VOC, and O3 [9,14]. The results of [15] research aimed at analyzing the impact of particles of less than
10 microns (Pal(]) on the ambient air quality of Jakarta and Palembang, showing that the highest PM10
[@ncentrations in Jakarta and Palembang have exceeded the ambient air quality standard ( 150 pg / m?). This will
decreased visibility impact, dust exposure, increased sensitivity of asthma and bronchitis and also other respiratory
diseases [15].

From several studies conducted above show that the high and low level of air pollution in an area has a negative
impact towards the respiratory system of human and other creatures. The decline of air quality happened since
over the last few year shows it is important to promote these emission reduction efforts. the awareness effort for
improved air quality under vehicle sales. We conducted this research to analyze the emission level produced in
one of the major cities in Indonesia, in the city of Surabaya. The focus in this study is the level of emissions
produced based on engine capacity and the year of production both in gasoline and diesel-engine vehicles. Given
that Surabaya is the second largest metropolitan city and the increase in vehicle growth is increasing, it is necessary
to study the effect of engine capacity and vehicle production year. These two factors have never been studied and
can be used as material for taking preventive measures. It is hoped that this study will be taken into consideration
to anticipate and reduce air emissions in Surabaya.

METHODS
Type of Research

Research is one effort made in solving an existing problem, so it can justified. This research used is descriptive
quantitative method, which is not only providing a description, but also collecting quantitative data and getting a
conclusion

Research Sites

Researchers took place in the city of Surabaya, Central Surabaya, JI Sedap Malam (Surabaya city hall), West
Surabaya J1. Mayjen Sungkono, North Surabaya J1. Indrapura (in front of the East Java DPRD), East Surabaya J1.
Kertajaya (in front of the Kertajaya Sports Hall), South Surabaya (in front of the Surabaya Zoo). We choose
Surabaya as a research site because the city of Surabaya is the largest in East Java, which produces the largest
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pollution for its heavy traffic.

Threshold of Motor Vehicle Emission

In this study it carried the emission test out based on standards set by the Indonesian government Environmental
Ministerial Regulation No 05 of 2006 as shown in table 2 [16].

Table 2. Motor Vehicle Emission Threshold Category; M, N, and O

Producti Parameter
Category yeu:r on Co HC Opacity Test method
(%) (ppm) (%HSU)
Gasoli or vehich < 2007 4.5 1200
dsolne motor venicle > 2007 15 200
Diesel motor vehicle)
Idle
G 35 < 2010 70 Free Accelerati
-bw <o, ton 22010 40 rec Acceleration
-Gw >335 ton = 70
> 2010 50

Research Instruments

To get gas emission test data for both gasoline and diesel engines, the instruments described in Figure 1 and testing

standards required.

Exhaust Gas Analyzer

Figure 1. Research instrument

Emission test of gasoline-engine vehicles has carried out based on SNI standards 19-17118.1-2005, using an

exhaust gas analyzer instrument [17]. The test steps operated:

g —

=1 O Lh = e

Starting and stabilizing the engine condition until it reaches a working temperature of + 80%;

Increasing the engine speed until it reaches 2100 rpm then hold for + 60 seconds and then returned to idle
condition;

Inserting the probe in the tile pipe, wait for 20 seconds and then start the data retrieval process;
Processing the data retrieval with loading at lap 1500-5500 with range of 500;

Conducting the test, 2 times of each test and calculate the average of data;

Shutting down engines, exhaust gas analyzers, blowers, and other equipment;

Cleaning the test site.

Diesel-engine vehicle has tested for its emission testing which conducted based on SNI 19-17118.2-2005 using
smoke opacity meter [18]. The test steps operated:

(3]

=1 O L o=

Starting and stabilizing the engine condition until it reaches a working temperature of + 80°;

Increasing the engine speed until it reaches 2,900 rpm then holding it for 60 seconds then turning it back
to the idle position;

Inserting the probe in the tile pipe, waiting for 20 seconds and then processing the data retrieval;
Stepping on the gas pedal in maximum level as soon as possible until reaching the maximum engine speed;
Recording the opacity values: data collecting conducted in 3 times:

Turning off the engine, smoke opacity meter, and other equipment;

Cleaning the test site
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RESULTS.AND DISCUSSION

1

Surabaya is one of the metropolitan cities in Indonesia with a very dense population and transportation. Industrial
activity in Surabaya is also high which can worsen the quality of air pollution. Total SO; emissions of 247.45
tonnes / year and NOx of 99.56 tonnes / year produced in the Karang Pilang Industrial area of Surabaya[19]. The
largest pollutants in the air are particles having a diameter of 10 microns which are the most significant source of
fossil fuels burning. According to WHO, 10 micron particle matter has been a carcinogen since 2013, as are sulfur
dioxide and Nitrogen Dioxide [20]. Vehicles with a production year below 2007 play a role in increasing gas
emissions[21]. Based on [22] research, most of the motorized vehicles for younger years over 2004 meet the
threshold. Reducing emissions in the air is a very complex step and requires today's very sophisticated technology,
so that companies and technicians working in machinery can develop to create friendly and reliable vehicles for
long-distance travel. [3] We made efforts to reduce vehicle emissions, such the London Atmospheric Emisssion
Inventory development. The development comprises 3 steps, conducting high-aolution traffic data collection,
analyzing world emission factors based on data [23], and allocating technology from the total fleet based on real
traffic data [24].

Emission Test Results Based on Engine Capacity

The results of emission test of motor vehicles based on engine capacity, grouping presents which based on the
volume of all the pistons in the internal's cylinder combustion engine expressed by using cubic centimeters (cc).
It fails most vehicles in category of 1000 cc to pass the emission test, which are 65 aits, while those who passed
the emission test are 30 units. Unlike the 1000 cc, the other categories such as 1200 cc, 1300 cc, 1500 cc, 1800 cc
and 2000 cc, most of them pass the emission test. In category of 1200 cc there are 5 units pass the emission test,
no vehicle fails the tests. Then in category of 1300 cc there are 37 units pass the emission test, while it fails 33
units in emission test. Meanwhile in category of 1500 cc there are 115 units pass the test, and it fails 47 units. In
category of 1800 cc there are 24 units pass the emission test, while 15 units do not pass the test. Then for the 2000
cc category, the number of vehicles that pass the emission test are 32 units, while it fail 10 units.

The 2300 cc category and above, do not pass the emission test. Category of 2300 cc has 13 units do not pass the
test, while those who passed the emissions test are 5 units. In the category of 2500 cc, the number of vehicles that
do not pass the emission test are 70 units of vehicles, while those which pass the emission test are 50 units. In the
2800 cc category, the number of vehicles that do not pass the emission test are 6 units of vehicles, while those
which pass the emission test is 1 unit of vehicle. Then for the category of 3000 cc the number of vehicles that do
not pass the emission test are 8 units, while those which pass the emission test are 4 units. Category of 6000 cc
the number of vehicles that do not pass the emission test are 2 units, while those that pass the emission test are 2
units. Then for the 6800 cc category, the number of vehicles that do not pass the emission test is 1 unit, while
those which pass the emission test is 1 unit of vehicle. I could see moregraphs of emission test results based on
engine capacity in Figure 2.
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Figure 2. Emission test result based on engine capacity

This shows that the small engine capacity affects the emissions produced by the vehicle. When a large capacity
engine requires a lot of power and influences the high energy use of fossil fuels. This condition causes the time
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needed for combustion to be longer, increasing CO emissions [25]. However, this is not a dominant factor,
machine maintenance and inspection can also contribute to reducing emissions [26].

Emission Test Results by Vehicle Production Year

Figure 3 shows that for the production year of above 1995, the number of vehicles that pass and do not pass is
almost balanced, which states that 78 units of vehicles passed the emission test while those that do not pass the
emissions test of 77 units of vehicles. Then for the production year of between 1996 and 2006, the vehicle which
pass the emission test large which is 215 units, while those that do not pass the emission test are 190 units.
Meanwhile, for the production year of 2007 and below, vehicles pass the emission test, which is amount of 12
units while those that do not pass the emission test are 3 units.

The overall analysis shows that vehicles with a production year below 2007 have failed the emission test [27].
This is caused by the wear and tear of the engine components and a lot of dirt stuck to the air filter. Young vehicle
age can reduce emissions released into the air. However, that does not mean that young vehicles are not likely to
pollute the air. This, if excessive use and irregular maintenance, can also produce air emissions. Based on a case
study conducted by [26] (they found it that there are three factors that influence exhaust emissions, vehicle age,
vehicle maintenance, and engine capacity by having multiple linear relationships.

> 2007

1996 - 2006

Production year

O Pass the emission test

B Do not pass the emission test

% 2P 4% 6P 80P 100%
Unit of vehicles (%)
Figure 3. Emission test results based on engine capacity

ale form of government attention to efforts to reduce air pollution caused by the transportation sector by following
the United Nations Framework Convention on Climate Change (UNFCCC) in Bali. The result of the meeting, the
government made a policy by increasing the quality of fuel in accordance with Euro standards and revitalizing the
use of CNG and improving fuel quality [28]. Meanwhile, in Surabaya, which has gas emission problems above
the tolerance threshold for human health, it is also taking preventive measures[29]. Surabaya since 2000 has been
very concerned about problems related to air pollution. This is stated in the 2000-2005 Surabaya City Strategic
Plan to carry out a program of direct handling of emission pollution sources[30].

The introduction and implementation of Surabaya government programs in schools and campuses in increasing
awareness and participation to jointly reduce exhaust gas emissions[31]. The Car Free day program has been
implemented in several points in Surabaya, such as JI. Darmo and Jl. H.Ir. Soekarno[32]. The Surabaya
government is also collaborating with campuses to control air pollution[33]. According to [34] there are 2 ways
to deal with pollution pollution in Surabaya, namely: 1. With the Law on Environmental Health, air pollution can
be controlled in an effort to prevent and / or mitigate the impact of air pollution; and 2. The government
disseminates government regulations and laws regulating the environment in order to raise awareness among the
public about the importance of environmental conservation. To this day, the Surabaya government continues to
pay attention to reducing air pollution by developing and improving existing programs, namely ‘Surabaya Green
and Clean’ initiated by the mayor of Surabaya.

CONCLUSION

Based on the data got from the results of testing, analysis, and discussion, some conclusions can be drawn: (1)
Based on engine capacity, vehicles with a capacity below 2000cc have the highest number of units that pass the
emission test. Meanwhile, engines with engine capacities above 2000 cc to 6800 cc have the highest number of
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failed test units; and (2) based on the year of production, the yeea 1995 and above have a balance between passing
and failing. Meanwhile, the 1996 to 2006 production years had the haest number of units that passed the
emission test, as well as the 2007 and lower production years, which also had the highest number of units passing
the emission test. Preventive actions taken by the Government to keep the environment clean and green in an
effort to reduce air pollution include the Surabaya Green and Clean program.
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