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Ahbstract: This study aims to determine the patiern of dissemination. distribution model and estimation of SO2 and
CO gas emission concentration derived from the Tello diesel engine with a dyna mic model approach. The design of
this research 1s descriptive guantilative with Gaussian Model approach and dynamic system model The study was
conducted at PLTD Tello Kota Makassar by collecting secondary data. For model distribution and estimation of SO2
and CO pallution using Gaussian Model and dynamic modelling with Stella. Population in this research 1s data of
emission parameters generated by Tello™s steam power plant influenced by atmospheric stability, wind direction and
velocity 5o as 1o obtam concentration of pollutant by using Craussian calculation sample is SO2 concentration and CO
PLTD Tello contained 1n monitoring report on RKL&RPL implementation for 2012-2017 The results of the dominant
arca of research are the impact of pollution from the Tello diesel power plant based on the dominant wind direction
during 2012-2016 s the Northwest part of the Tello steam power plant at a height of 1 m above the ground with a
distance of 500, 1. 500, 2, 500 and 4.000 m of the Tello diesel powered TTL Aspol, Panaikang, Pampang and
Rappokalling. Total SO2 and CO emission concentrations denved from Tello PLTD dunng 2012-2016 m cach
Jocation at | m above ground level with a distance of 500 m. Le., Aspir Tello SO2 1 395 and CO 1,162 pg m* a distance
of 1.500 m of $02. SO2 1247 and CO 1,039 pg/m’ 2.500 m distance of Pampang 0.878 pg'm’ and CO 0.7317 pg m’
and a distance of 4,000 m of Rappokalling 06363 pg/m" and CO 00,5303 pg/m’ from the pollutant source of the chimney
PLTD Tello The estimated concentration of Sulfur Dioxide (802) and Carbon monoxide (CO) gas emissions based on
12 month dynamic model simulation (2018) is increasing every time until July 2018 at each of four location points at
I m above the surface soil with a distance of 500 m of Aspol lello SO2 026063 pgm® and CO 0.21530 ug'm*, 1500
m distance of Panaikang $030 04447 pgm’ and CO003134 pg'm”, distance 2500 m of Pampang SOz 001760 pg'm !
and CO 000938 ig'm® and a distance of 4.000 m of Rappokalling SOz 000740 pg'm’ and CO:0 00611 pg m' from
the source of the bursts of the Tello steam power plant with the rate of increase in the emission concentration of Asp2
§02 0.0053 and CO 0.0044 timex, S$02 04061 times and CO 0.0004 times, Pampang SO2 0.00021 tmes and CO
0000073 times and Rappokalling SO2 0000078 times and CO 0 0000064 times every month. The concentration of
$02 and CO mimam.nnldhy the Tello steam power plant during 2012-2016 1 still tar below the ambient aur

| stondard MW Governor Decree No.69 Year 2010) in cach locaton at a height of Im above ground
level, 1 e, Aspol Tello 0-1.39 ug/'m", Panaikang 0-1.247 pgm’. Pampang 0-0 878 pg'm' and Rappokalling 0-0 6363
pem® So, it can be said that the four areas are still included in the air quality s quite healthy
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INTRODUCTION

80 18 a clear, colourless pos and levels up 1o
1R% This s smells sting and very homful to
DBumans, Sastiawioyn (1991) The concentration of
an pollution i urban areas hoy o close relationship
with meteorological foetors, The concentration of
§02 cun b influenced by meteorological factors such
i lemperature, relative humidity, wind speed. wolor
rcligtion  ond - pressare (Hossemiebalam  and
GhalTarpasand, 2015). In the Pence River District ol
Northeastern  British  Columbia  Canoda,  high
concentrations of ambient Sulfur dioxide (S0;) are
found. Hmissions ol industrial  activily inferacling
with meteorology and topography, resultmg 1In
atmospheric dispersion vanations that can mcrease
air pollution concentrations (Islam ef al, 2016)

Monitoring results in Korea for the period 1997-
2070, the relative 502 concentration levels showed
an merease dunng the winter due to the combined
eflects of domestic heating and meteorological
condiiopns  SO2 emussions are aflected by the
incomplete combustion of fossi] fucls,  Simlarly,
research conducted m Germany, that one of the
largest contributors to sulfwr dioxide (80z) comes
{rom power plants (AlRafea et al. 2016) Aj (2006)
explams that Carbon monoxide (CO) 15 8 colorless,
non-favored, odorless. non-Nayored, gas-based
prmary polluter having a density smaller than air and
is highly stable and has a residence time of 24

months.
In South Asia, Carbon monoxide (CO)

concentrations show an increase of 16.5% dunng

2000-2010. Increased CO levels are found n the
Indo-Ciangetic Basin (1GH), the minig arcas cast of
Indis, Bangladesh and other arban  areas. Some of

the major contributors Lo {hese emissions come from
agricultural - waste, land transportation industrial
production and power generation (Ul-Haq et al,

2016). In China, power plants generate nearly 0%

of carbon emissions (Yan et al., 2017).

The results of the research condugted by Siregar
on the relationship between concentration of 80z,
TSP and the physical environment with the incidence
of ARI in the population in Fast Jakarta shows that

there is a significant relationship between the increase
of 802 concentration and the incidence of ARI Then,
the results of research conducted by Sakti (2012)
which mentions (hat there is a relationship between
ambient air quality (8O3 and TSP) with the meidence
of ARI in the city of Bekas: in 2004-2011

Catbon  monoxide (CO) can cause adverse
health effects by reducing oxygen delvery (o the
organs of the body (including heart and bram) and
tissues. CO can be shut ofin mdoor or other enclosed
spaces. In Britain 1n 1985 as many as 1365 people
died of CO gas poisoming. In France i 1991
17 5/100,000 people have been poisoned by CO gas
and 5% of them died. In the United States in 1988 11
was recorded that 600 people died from nccidents of

C() gas poisoning (Mukono, 2011),
Air pollutant dispersions can be controlled by a

method called air pollution modelling, also known as
air pollution dispersion modelling, a mathematical
simulation that illustrates  how pollutants are
dispersed m ambienl  air. This simulation of
mathematical modelling concocted mathema
in a unified concepl that describes
phenomena or patural  behaviour Mathematical
modelling  allows  lesling of various vanable
combustion paramelers USING relatively short time
and low cost (Gehrsitz, 2017)

After modelling the spread of SO and CO gas
pollutants, the ambient air quality (SO; and CO) 15
estimated from the activity of PLTD Tello Makassar
This estimation is done with Stella 5.0 program, 1€,
{low chart-based modelling and computer sunulation
which can facilitate o researcher t perform problem
identification system formulote problem, determine

research procedure consisting off group of interacting
so as lo produce cause and eflect

tical

equations

elements,

relationship
Stella 5.0 program 15 used because 1l can use

several vanables sumultaneously and can display
simulation model approach i the form of muind
mapping. 5o that, we can see the vaniables that affect
directly. Therefore, the resulls of the modelling in
this study are expected to produce appropnate control
strategies 1n pressing or reducing the rate of increase
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in air pollution, especially, SO2 and CO parameters
in the arca around the PL TD Tello Makassar

MATERIALS AND METHODS

Research sites: The research wall be conducled at
PLTD Tello which become the source of exhaust gas
emission from the chimney produced by Tello PL TD
production process. In increasing the electneity
demand in Makassar and surrounding areas. the
government in this case PLN build Steam Power
Station as much as 2 units (2x12,500 MW) located n
Tello. In 1971, it was operated and inaugurated by the
president of the Republic of Indonesia Socharto. To
support the smooth supply of electricity in 1973 built
2 units of diesel engine with mstalied power (2x2 8
MW) located in the area of PLTU Tello. In June 1976
formed a Tello sector unit under the name PLN
Region 8 Sector Tello with Bontoala and
GI/Transmission Power Plant Units. In 1976, PLN
Region 8 received an additional lunit Gas as Power

Plant (PLTG) Weast can with installed power of

14.466 MW In March of 2007, PLTD Kendann Umit
and Bau-Bau Vehicle Unit separated from PLN
Sector Tello and became its own seclar, namely
Kendari Sector  The change was re-made mn
November 2010, Selayar PLTD Unit which was
onginally a Unit of PLN Sector Bakaru joined Unit
from PLN Sector Tello. In May 2012 PLTU Bammu
Unit which was originally PLN Unit Sector Bakaru
joined PLN Unit Tello Sector. Year 2013, based on

Directors Decree No 570 KIDIR/2012 dated 30
November 2012, Tello Sector tumed mto Tello
Generaling Seclor

Design and variable vesearch: This research 1S
prognostic rescarch (prognostic research). that 15
research which try to predict an air pollution evenl
influenced by several factors that exist This research
method includes quantitative descriptive approach by
designing a modelling form of CO; pollutant
distribution SOz and CO using Gauss smoke
assumption and dynamic system model approach 1.,
data collection to design a model that aims to descnbe
and predict future air pollution events around Tello
diesel in Makassar City. The first stage i designing
the model that 1s making wind flowers during the city
of Makassar. The second stage in designing the model
is lo make the model flow digram as follows (Fig.1
and 2)

Population and sample: Population o be studied 15
the datn of emission paramelers generated by Tellos
steam power plant influenced by atmosphenc
stability, wind direction and speed so as o obtam
concentration of  pollutant by using Gaussian
calculation. SO; concentration ol exhaust concentrale
and CO PLTD Tello contained n monitoring report
on RKL&RPL implementation 2012-2017

Wind rose
spead (Knot)

Fig 1. Win rose in Makassar City year 2012-2016.
Wind direction and speed
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Fig 2

Method of collecting duta: The ty peoldata collected
in this study 1s secondan data. Secondary data consist
of exhaust concentration obtamed from PLTD Tello
contaned 1 monitoning report of RAYL and RPL
implementation year 2012-2017, data of wind speed.
wind direction and sunhight obtained from BivIRG
Makassar ciiy

Data analysis: This research is done through severl
stages of activity. both in the form ol library research,
data  collection and processing as well as Gaussian
Model analysis activities and eslimation models using
Stella 50

RESULTS AND DISCUSSION

I'he dommant arca affected by pollution trom
the Tello diesel power plant based on the dommant
wind direction during 2012-2016 15 the Northwest
Termtory (NW) of the Tello steam power plant al u
height of 1 m above ground ley ¢l with a distance of
s00. 1.500. 2500 and 4000 m of Tellos i
powethouses are Aspol Tello, Panatkang, Pampang
and Rappokalling “Total S50 and CO emission
concentrations derived from Tello PLTD durmg
2012-2016 1 each location at | m above ground level
with a distance of 500 m. i.¢. Aspir Tello S )2 1.395
pe/m. CO 1 162 ug/m". a distance of 1,500 m ol S22
$0, 1247 pg/m' and CO 1.039 ug/m'. 2500 m
distance of Pampang $0: 0 878 pg/m’and COO 7317
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Flow chart of SO2 and CO2 emission estimation madel

pg/m3 and a distance of 4.000 m. 1¢ . Rappokallmg
$O; 06363 pg/m and CO 0.5303 pg/m3 from source
contamimant of Tello PLTI chumney (Frg Jand 4)

[he estimated concentration of Sullur PDioxide
(SO=) and Carbon Monoxide (CO) gas emissions
based on 12 month dynamic model simulation (2018)
s ncreasing every time until July 2018 at each ol tour
Jocation poimnts al 1 m above the surface soil with a
distance ol 500 m ol Aspol Tello SO20 26065 pg/m’
and CO 021530 pg/m'. 1500 m distance ol
Panaikane SO: 004447 pg/m' and CO 003134
pe/m'. distance 2300 m ol Pampang SO2 001760
pe/m’ and CO 000938 pe/m3 and a distmee ol 4.000
m of Rappokalling SOz 000740 pem' and CO
0.00611 pg/m3 from the source of the bursts of the
Tello steam power plant with the rate ol ncrease n the
enussion concentration of Asp2 8Os 0.0053 and CO
00044 times, Panakang SO2 000061 times and €O
00004 mes. Pampang SOz 000021 imes and €O
(000073 times and Rappokalling SO2 0 000078 times
and CO 0 0000064 umes every month (Fig 5 and 6)

From the results of wind direction  data
processimg. the wind direction 1 dommantly blowing
is (oward the Northwest (NW) ol pollutant. Fere 1s a
picture of the impact orea and the estimated depth of
SO; and CO coneentration ol the Tello PLTTD at each
location
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mstability.  Conversely, mtcn the wind speed
below 2 m/sec then the condition of atmospheric
stabihiv m the mr will experience stabihity

Ihe caleulation result using Sreen View
3 50 Soltware obtnmed total SO3 and CO anssion

concentration produced by Tello PLTD dunng

[he SO; and CO enussion concentralion
obtamed from the caleulations are influenced Dy
the average cmission load, wnd speed and
dominant wind direction and atmospheric stabihity
over 3 vears The average wind speed durmg the
last 5 vears is 4 knots with the dommant wind
direction to the Northwest (NW) then atmospheric
stability mnges  between unstuble and shghtly
stable (A-C) condiions Wind speeds that blow
a height of 10 m above ground leyel will ullect the
condition of atmospherie stability in the nir. When
wind speeds above 2 m/sec then the condition of
atmosphenc stability in the air will experience

2012-2016 at height | m above ground level at
cach pomt focation, 1e. Aspect Tello SO, 1395
pg/m and CO 1162 pg/m3, 8Oy 1 247 pg/m’ and
CO 1039 pg/m' Pampang SO 0878 pp/m’ and
CO 07317 pe/m' and Rappokalling SO 06363
pg/m3 and CO 0 5303 pg/m'
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The estmated concentration of  Sulfur
Dioxide (S0;) and Carbon  monoxide (CO) gas
emissions based on 12 months dynamic model
smulation (2018) 1s increasing every time until J uly
2018 at each of four location points at | m above the
surlice soil with a distance of 500 m of Aspol Tello
SO» 0.26065 pg/m® and CO 021530 pg/m* 1.500
m distance of Panaikang SO: 004447 pg/m* and
CO 0.03134 ug/m', distance 2500 m of Pampang
S02 0.01760 pg/m and CO 000938 pg/m and a
distance of 4 000m ofRappokalling SO2 0.00740
pe/m and CO 0.00611 pg/m’ from the source of
the bursts of the Tello steam power plant with the
mte of ncrease in the enmussion concentration of
Asp2 SO; 00053 and CO 0.0044 times, SOz 04061
umes and CO 00004 tumes, Pampang SO, 0.00021
pmes and CO 0.000073 umes and Rappokalling
S0:0.000078 times and CO 0 0000064 times every
month
Therefore, the higher the wind speed will
make the condition of atmospheric stability in the aur
to be stable which causes SO; emussions and COwill
be camed furthier away from the pollutant source of
the Tello PLTD and the concentraion ol SO
emissions and CO will be spread to the aur, thus,
causing the SO; and CO emission concentration that
15 in the air will be lower Conversely, when wind

is lower it will make the condition of
atmosphenc stability in the air become unstable
causing SO; and CO emssions will accumulate in
the area around pollutant source that 15 Tello PLTD,
causing SOz and CO emission concentmtion will be
] he area around Tello PLTD with distance
500-4,000 mat o height of 1 m above ground level

wind velocity aflects the 50z and CO
emission concentrations generated by the Tello PL
TD. The greater the wind speed m the pollutant
mmumﬂmmcSOzdeOcmmnn
concentration in the Tello diesel field will be slightly
reduced. if wind speed is smaller, then S0 and CO
concentration will remam m the region. Another
influence of wind speed. namely turbulence.
Stronger winds cause frequent turbulence, so with
turbulence, polluted air 1 mixed more quickly with
air around the Tello power station and can resolve

pollutant $0O; and Cco.

Unstable atmospheric conditions wall disperse
more pollutants i a vertical direction, so that, SO3
and CO pollutants at maxunum concentration will
{all closer to the source of the Tello diesel bursts. So.
{he more stable (he atmosphere will cause the
decrense of SO; and CO emission concentration
gencrated by Tello PLTD chimney as further SOz
and CO pollutants fall at a certain distance with
maxumium emission concentration will be dispersed
due to wind impulse. The femperature difference
around the chimney with the temperature nside the
Tello diesel plant will couse a different air pressure
difference and the difference in air pressure will
affect the SOy and CO emission speeds incurred by
the Tello PLTD chimney
S0, gas 1s 0 harmful con
elderly and people sultering from chromic respl
nd cardiovascular disease Respiratory
muscle can experience spasm when iritated by SOz
and spasm will be more severe when SOz
concentration is higher while air {emperature is low
If the exposure time with S0 gas 1s long enough there
will be great mflammation of the mucous membrane
cilia pamlysis (ciha becomes

taminant for children, the
rafory

iliness a

followed by

still/paralyzed), resulling m respirtory

inflammation, shortness of breath and narrowmg of
[acihiate

the airway, damage to the epithelium Javer,
air pollution in and oul of the respiratory tract both
biological and chemical
According fo Fardiaz ( 1992), the relatively

slow decomposition of COHb causes the inlubition
of the molecular work of pigment cells m il function
of carrying oxygen throughout {he body Conditions
like this can be [atal hecause 1l can cause poisoning

Carbon monoxide (CO) gas poisoning cn be
characterized by mild conditions such as dizzmess,
headache and nausea This condition can happen. so
(hat, it can have an impact on the decreasing of
public health condition that live around TTT PL TD
region especially in the dominant area aflected by the
eruption of Aspol Tello, Panaikong, Pampang and
Rappokalling  Moreover, the location in the
Southwest (NW) PLTD Tello 1s on Julan Unp
Sumiharjo 7 km Makassar 1s a dense area ol trafhe
which can increase (he concentration of SOy
emissions that are inhaled by the communitics

SN Y e
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surrounding the area (Russeng etal , 2018 Pulubuhu
etal, 2018)

To reduce the concentration of SO; and CO
cmussions generated by the Tello PLTD can be done
by installing a filter tool on the clumney that is
scrubber. This tool serves 1o dissolve or absorh the
gas pollutant mto the liquid The ligmd granules still
present m the post-washing gas stream should then

CONCLUSION

From the data processmg. it can be seen that

the SOz and CO emission concentration generated by

Tello PLTD during 2012-2016 1s sull far below the

ambient  air quality standard (South Sulawes:

Govemor's Decree Number 69 Year 2010) m each

location at 1 m altitude above ground level of Aspol

Tello 0-139 pe/m'. Panaikang 0-1.247 pg/m’

Pampang 0-0 878 jig/m’ and Rappokalling 0-0.6363

pg/m’ So, it can be cancluded that the four areas are

still included in the air quality 1s quite healty. The

estimated concentration of Sulfur dioxide (SO;) and
Carbon monoxide (CO) gas emissions based on 12
months dynanmuc model simulation (2018) s
mereasmg every Ume until July 2018 at each of four
location points at | m above the surface soil with a
distance of 500 m of Aspol Tello SO: 026065 pg/m*
and CO 021530 pg/m'. 1.500 m distance of
Panaikang SO2 004447 pg/m' and CO 0.03134
pg/m3 distance 2500 m of Pampang SO; 0.01760

be scparated from the clean gas by another device
called must eliminator or entrminment separator This
ool can  obtamn high exhaust efficiency for
particulate or gaseous pollutants, even in certain
nstances can obtamn hugh exhaust efliciency for both
pollutants (80: and CO) in the same system
(Kharumizan, 2008)

pe/m’ and CO 000938 pg/m® and a distance of
4.000 m of Rappokalling 802 0. 00740 pg/m' and
CO 0 00611 pg/m' from the source of the bursts of
the Tello steam power plant with the rate of merease
in the emussion concentration of Asp2 SO, 0.0053
and CO 00044 times, 8O; 04061 times and CO
0.0004 umes, Pampang SO2 0.00021 times and CO
0.000073 umes and Rappokalling SO; 0.000078
times and CO 00000064 times every month

RECOMMENDATIONS

For local government and management of
PLTD Tello 1t1s necessary 1o review the condition of
the feasibility ol the location of the Tello power
station located m the middle of the settlement. This
should be done because emissions bursts that are
released by PTLD Tello each tme can degrade the
health of the people living around the Tello power
plant [rom tme to ime
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