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ABSTRACT

The rapid industrial growth and urbanization in Indonesia over the last two decades have resulted in a significant
increase in air pollution, so it has caused a decrease in air quality. An air pollution inventory is needed to deter-
mine the level of air quality, emission sector, and the type of pollutant fuel. Air pollutant emission data were ob-
tained from various sources, including Regional Emissions Inventory in Asia (REAS) V3.1, Database Emissions
for Global Atmospheric Research (EDGAR) V4.3.2, and Community Emissions Data System (CEDS) V1.0. The
data consists of 3 types of emitted pollutants (CO, NO,, and SO,) and two contributing factors (emission and
fuel sectors). This study aims to compare data from the emission sources of the three air pollutants, determine
the trend of changes in the emission of the three pollutants, and determine the main sectors and fuels that emit
the three air pollutants. This research uses the literature study method to collect, visualize, and analyze data. The
results showed that between 2005 and 2012, there was a downward trend in emissions in the industrial sector for
CO, NO,, and SO, gases, with the lowest point in August. This is because many industrial sectors have applied the
principle of clean energy to reduce air pollution and create clean air. However, the transportation sector showed
an increase in CO and NO, emissions and peaked in April and October. Furthermore, the SO, emissions for the

power generation sector fluctuated and peaked in July.
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INTRODUCTION

Environmental problems have become an
important issue in global discussions, including
ozone layer damage (Sivasakthivel & Reddy,
2011). Air pollution is one of the factors that cau-
se damage to the ozone layer and has the poten-
tial to destroy life and directly impact health and
environmental damage (Manisalidis et al., 2020).
Air pollution is caused by two factors: natural
(volcanic activity, oceans, forests, and others)
and human activity (burning of fossil fuels, tran-
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sportation, emissions from the power generator,
industry, residential, and others). Anthropogenic
emissions (caused by human activities) increase
the rate of human mortality (Lelieveld et al.,
2019) and morbidity, as well as affect terrestrial
and marine ecosystems (Hoesly et al., 2018).

Air pollutants are emitted as gaseous com-
pounds (NOx, SO,, CO, CO,, and NMVOOQO),
BC, OC, NH31 and particulates such as PM10
and PM2.5. Polluted air results in poor air qua-
lity, which occurs in many local, regional, and
global regions with high pollutant levels. In many
countries, CO, NO,, and SO, gases are pollutants
that contribute to relatively large levels of air
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pollution. In China, India, Central Asia, North
America, and Europe, these three types of pol-
lutants contribute significantly to air pollution
in their countries (Crippa et al., 2018; Kurokawa
& Ohara, 2019). The cities of Bandung, Jakarta,
Medan, Semarang, and Surabaya also show that
these three pollutants rank 1st, 2nd, and 3rd out
of 5 pollutants (Hydrocarbons, CO, NO,, SO,,
and particulates) that contribute to high air pollu-
tion. in Indonesia (Sunarno et al., 2021)

Global emission inventories and local air
pollution measurements are very helpful in pro-
viding information about the air quality in a re-
gion. In recent years, global emission inventories
have been developed, such as EDGAR (Emissi-
ons Database for Global Atmospheric Research),
REAS (Regional Emissions inventory in Asia),
CEDS (the Community Emissions Data System)
(Mcduffie et al., 2020), HTAP (Hemispheric
Transport of Air Pollution) (Janssens-Maenhout
et al., 2015), and ECLIPSE (Evaluating the Cli-
mate and Air Quality Impacts of Short-Lived
Pollutants) (Klimont et al., 2017). All sources of
emission data inventory of air pollution, which
provides ten types of air pollutants (NO_, SO,
CO, CO,, NMVOC, BC, OC, NH,, PM10, and
PM2.5), are obtained from polluting sectors: po-
wer generators, transportation, settlements, in-
dustry, domestic and others, as well as from fuel
combustion such as primary coal, diesel motor
oil, light, and heavy fuel oil, biofuel and others
(Janssens-Maenhout et al., 2015)

No studies have been conducted in Indo-
nesia to compare emission data from EDGAR,
REAS, and CEDS sources. Comparison of air
emission data between various sources, most-
ly carried out by researchers in several regions,
including North America, China, and Europe
(Klimont et al., 2013; Shi et al., 2015). This com-
parison is used to determine the accuracy and
deviation of the resulting data. To fill this gap,
this research compares the estimates of Carbon
Oxide (CO), Nitrogen oxides (NOx), and sul-
fur dioxide (SO,) for 1990 - 2015 reported by
REAS with similar estimates from EDGAR and
CEDS.

REAS V3.1 provides historical data on
emissions of air pollutants for a relatively long
time between 1950-2015 in ASIA. Meanwhile,
Indonesia has a high level of air pollution in Sout-
heast Asia, especially for the three types of pollu-
tants: CO, NO, and SO,. This is due to rapid po-
pulation growth, industrialization, urbanization,
and economic growth, so the air pollution prob-
lem is increasing rapidly (Sunarto et al., 2017).
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For analysis, 26 years of data, from 1990 to 2015,
were obtained from REAS, EDGAR V4.3.2, and
CEDS V1.0. In general, these data are provided
for each country annually. The monthly data are
specifically provided by the European Commis-
sion, Joint Research Center (JRC) / PBL Net-
herlands Environmental Assessment Agency.
EDGAR,v4.3.2. (EC-JRC/PBL, 2019).

This study aims to compare and analyze
data between 3 global inventories, determine the
annual emission levels of the three types of pollu-
tants (CO, NO,, and SO,), and analyze the causa-
tive factors and the changes in patterns and trends
of emission monthly and annually. Indonesia
requires long-term observations of air pollutant
emissions to determine trends and distribution
patterns and as a medium for policymakers to
evaluate the effectiveness of air pollution control
strategies and long-term air quality management.

In previous studies, many studies on the
evolution of global and regional anthropogenic
SO, emissions in the last decade in China (Kli-
mont et al.,, 2013; Liu et al., 2018), a mosaic
Asian anthropogenic emission inventory using
data from the MICS-Asia and HTAP (Li et al.,
2017), Changes in NOx and O, concentrations
over a decade at a central urban area of Seoul,
Korea (Vellingiri et al., 2015). Intercomparison
of NOx emission inventories over East Asia
(Ding et al., 2017) and Long-term (2005-2015)
trend analysis of PM2.5 precursor gas NO, and
SO, concentrations in Taiwan (Lee et al., 2018).
However, research comparing three inventories
of air pollution data with three types of pollut-
ants in Indonesia has never been done.

METHODS

This research adopted a literature stu-
dy approach by collecting secondary data from
several sources of global emission data provi-
ders, including the Emissions Database for Glo-
bal Atmospheric Research (EDGAR), released
EDGAR v4.3.2 (1970 — 2012) in March 2016,
http://edgar.jrc.ec.europa.eu, 2016, Regional
Emission inventory in Asia (REAS). The latest
version of REASv3.1 provides an extended his-
torical emission inventory in Asia from 1950 to
2015. The same applies to the Community Emis-
sion Data System (CEDS) version tag: 2020_v1.0
(April 2020) and the Indonesian Central Bureau
of Statistics (BPS). The emission data provided
by EDGAR, REAS, and CEDS were obtained
using the Bottom-Up Methodology ( Liu et al.,
2018; Janssens-Maenhout et al., 2019).
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This research is focused on air pollution in
Indonesia. This study only focused on three types
of emissions: CO, NO, and SO,. These pollu-
tants show relatively high emission levels. There-
fore, a more in-depth analysis is needed to reveal
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how these conditions occurred. Besides limiting
the types of emissions, the time interval for data
collection was also limited to 2.5 decades (1990-
2015). Figure 1 shows the research flow.
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Figure 1. Research Flow Chart

This research procedure was carried out in
several stages: (1) download data from sources that
provide air pollution data, namely EDGAR, REAS,
and CEDS; (2) determine the selected location and
type of emission. This research is focused on air
pollution in Indonesia. This research only focused
on three types of emissions: CO, NO, and SO,; (3)
create a data display in a graph. The data is made in
a graphical display, with the x-axis being the time
(years) and the y-axis being the pollutant concent-
ration (kton/year); (4) compare various aspects of
data from the three sources. Some aspects to con-
sider are Temporal Coverage, Type of pollutant,
Number of Sectors, Detailed Fuels, and Spatial
Resolution; (5) analyze trends in CO, NOx, and
SO, gas emissions for emitting sectors and fuels.
REAS v3.1 provides six types of anthropogenic
emission-producing sectors: Power Plant Point
(PP), Industry (IND), Other Domestic (ODOM),
Road Transportation (ROAD), Other Transpor-
tation (OTRA), and Residential (RESI). Five out
of six available sectors were selected for this study
except OTRA, because of its low data emission
compared with other sectors.

Meanwhile, REAS v3.1 also provides
data on 11 types of fuels. Depending on the
type analyzed, this study selected six to seven
types. For CO emissions, there are six types of
analyzed fuels: Bio Fuel (BF), Light Fuel (LF),
Primary Coal (COAL), Motor Diesel Oil (MD),
Non-Combustion Oil (NCMB), and Natural Gas
(NGAS). NO, is equal to CO, but it replaces
NCMB with Heavy Fuel Oil (HF). SO, is equal to
CO and only replaces NGAS with HF. The choi-
ce of fuels for each emission depends on the size
emitted. Therefore, the pattern or trend drawn on
the graph is easy to analyze.

Furthermore, the obtained data is visuali-
zed in graphical form in relationship lines bet-
ween variables, bar charts, and pie charts. This
graphic visualization is constructive for viewing
the patterns or trends over time and the causa-
lity relationship between the graph in the emit-
ting sector and its fuel emission. In conclusion,
Indonesia’s BPS data is essential for visualization
analysis.
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RESULTS AND DISCUSSION

This research data were obtained from se-
veral sources, including REAS V3.1, EDGAR
V4.3.2, and CEDS GBD MAPS 2020 V1.0. The
three data sources possess different characteris-
tics, as shown in Table 1. Data collection for the
three inventory sources was carried out at dif-
ferent periods. Table 1 shows that EDGAR has
advantages over other sources compared to the
three parameters. Its advantages are the smaller
spatial resolution and the much larger number
of fuel and emission-generating sectors collected
(Janssens-Maenhout et al., 2019). The other sour-
ces (REAS and CEDS) only have better temporal
coverage parameters. The parameters compared
from the three sources are only metadata, not the
content or type of pollutant. We cannot decide
that EDGAR is the best for concentration data,
and further analysis should be carried out.
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For comparative analysis, 26 years were se-
lected, starting from 1990 to 2015. The results of
the comparison are shown in Figure 2. It shows
the comparison result of REAS V3.1 with two
other sources: EDGAR V4.3.2 and CEDS V1.0.
Before 1995, the trend of SO, emission in Asia
from the three inventory sources has no signifi-
cant difference (Kurokawa & Ohara, 2019). Like-
wise, in Indonesia, the emissions of SO, and NO,
before 1995 were relatively similar. However, the
SO, emission from REAS V3.1 data showed an
increase from 2007, while EDGAR V4.3.2 sho-
wed a constant value and CEDS V1.0 tended to
decrease. Meanwhile, the CEDS data for NO,
emissions after 2007 increased significantly. For
CO emissions, prior to 2007, the REAS V3.1 and
EDGAR V4.3.2 data had a significant difference,
with the 16.06% as the highest. In general, this
indicates an increasing trend of emissions from
various types of pollutants at the global level
(Mcdulffie et al., 2020).

Table 1. The Comparison of Three Emission Inventory Sources of Air Pollutants

Inventery name Temporal Type of pollutans Number of Detailed Fuels Spatlal. Reso-
(version) Coverage Sector lution

EDGAR v4.3.2 1970 -2012 BC, CO, CO,, NH,, 12to 18 Total only 0.1°x0.1°
NMVOC, NO,, OC,
PM2.5, PM10, and
SO,

REAS v3.1 1950 -2015 BC, CO, CO,, NH,, 6 Total coal,
NMV, NO,, OC, Liquid Fuel, 0 0
PM2.5, PM10, and Biofuel, and 0.257x0.25
SO, Gas Fuel

CEDS GBD 1750 -2014 NO,, SO,, CO, NH,, 11 Total coal,

MAPS 2020 v1.0 NMVOCs, BC, and Solid Fuel, 0.59% 0.5
oC Biofuel, and e

Liquid Fuel

Indonesia’s yearly emissions of three dif-
ferent data sources with CO, NO,, and SO, pol-

lutants from 1990 to 2015 are shown in Figure 2.
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Figure 2. Indonesia’s Yearly Emissions of Three Data Sources from 1990 to 2015: (a) CO Pollutant,

(b) NO, Pollutant, and (c) SO, Pollutant
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A comparison of the data sources for each
pollutant (SO2, NO, and CO) in 2012 is in Fi-
gure 3. Many researchers often make compari-
sons of air emission data from several inventory
sources (Janssens-Maenhout et al., 2015). Figure
3 shows the difference in the presentation of CO
compounds between EDGAR V4.3.2 and CEDS
V1.0 by 0.8%, while for REAS V3.1, it differs
by 8.5% - 9.2% from the other two data sources.
Meanwhile, for SO2, EDGAR V4.3.2 and CEDS
V1.0 was only 4.4%, while for REAS V3.1, the
difference ranges from 7.3% to 11.7% with the
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other two data sources. In contrast to the NOX
compound, which shows a significant difference,
where the percentage difference between REAS
V3.1 and CEDS V1.0 is 9.0%, while EDGAR
V4.3.2 has a difference ranging from 12.4% to
21.4% compared to the other data sources. Diffe-
rences in data from each source can be caused by
several factors, including different accuracy and
grid maps of the equipment used, different as-
sessment standards, and human error. Therefore,
if it is compared, there is data that reads higher
or lower.

26027

25473

NOX
=mEDGAR V4.3.2

co
= CEDS V1.0

Figure 3. The Comparison Graph of Three Inventory Sources for Three Air Pollutants in 2012

The analysis result of three pollutant emis-
sions from 1990 to 2015 based on REAS V3.1
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data for the polluting sector and the type of fuel
are in Figure 4.
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In many countries, steam power generation
and industry contribute the most extensive levels
of SO, pollution (Ohara et al., 2007; Kurokawa &
Ohara, 2019). Figure 4 shows that, in 2015, the po-
wer generation sector contributed around 71.70%,
the industrial sector 23.07%, and the rest was gene-
rated by transportation, housing, and other domestic
sectors. Steam power plants and many industries use
coal as their energy source, so their activities produ-
ce SO, gas pollution. For fuel emissions, coal is the
most significant contributor (Sudalma et al., 2015),
as it emits 72.06% of SO,, 10.96% of non-combus-
tion (NCMB), 7.46% of heavy fuel oil, 5.16% of
diesel motor oil, and the rest is contributed by bio
and light fuel. Furthermore, the coal-fired power
station (also known as PLTU in Indonesia) genera-

SO, emission by power plant sector
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tes the most significant SO, emissions. In 2015, its
installed power capacity reached 21087.15 MW, or
around 53.1% of the total power generation (Badan
Pusat Statistik (BPS), 2020).

The calculation of emission data per month
of each country is provided by the European Com-
mission, Joint Research Center (JRC)/PBL Nether-
lands Environmental Assessment Agency, EDGAR,
v.4.3.2 http://edgar.jrc.ec.europe.eu. To distribute
monthly to annual emissions, all countries were
grouped into 23 regions with profiles based on cli-
mate, ecology, and degree of warming zones (Crip-
pa et al., 2020). From data collected from JRC, the
analysis of SO, emissions in Indonesia per month is
presented in Figure 5.

S0, emission by Industry sector
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Figure 5. Indonesian SO, Emissions from 2005 to 2012: (a) by power plants and (b) by industry sector

Figure 5(a) shows the monthly change
(fluctuation) of SO2 emissions. Emission started
in January, peaked in July, and afterward, it expe-
rienced a decline. This high production requires
the burning of large amounts of coal. Therefore
SO, emissions in July are the highest. In the in-
dustrial sector, as in Figure 5(b), there is a reduc-
tion in overtime SO, emissions which shows a
decrease in the use of coal for production pur-
poses. In August, SO, emission and production
activities decreased significantly due to the celeb-
ration of Independence Day. The reduction in
production activities will decrease the amount of
pollution generated by the industrial sector. The
trend of decreasing SO, emissions also occurs in
many regions, including Europe, North America,
and East Asia (Aas et al., 2019).

The results showed a very close relation-
ship between NO, emissions and pollution caus-

ed by motor vehicle fumes (Vellingiri et al., 2015).
Over time, in many countries, transportation and
its problems (number, ratio of vehicles to year of
manufacture, and condition) are the significant
causes of air pollution problems (Zhang et al.,
2016). Figure 4 shows the increase in NO, emis-
sion for all sectors from 1990 to 2007. However,
after 2007, the industrial, residential and other
domestic sectors stagnated and tended to decline,
while the transportation and power generation
sectors continued to rise despite being relatively
skewed.

In Indonesia, the transportation sector has
the largest NO_ emissions, contributing around
58.26% in total, 25.75% from the power generati-
on sector, 9.23% from the industrial and the rest
from the residential and others. Figure 6 shows
the monthly emission data of the three main sec-
tors producing NOX emissions in detail.
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NOx emissions by road
transportation sector
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Figure 6. Indonesian NO, Emission from 2005 to 2012: (a) by road transportation, (b) by power plan,

and (c) by industry

Figure 6 shows the increase in emissions
by the transportation sector with two peaks in
April and October from 2009 to 2012. The power
generation sector also shows the same data. Ho-
wever, there is a fluctuation for each month. The
peak of NO, emissions for the power generation
sector is in July, in contrast to the industrial sec-
tor, which declines each year and shows the same
pattern. However, in August, it decreases signi-
ficantly. From data from the Indonesian Central
Statistics Agency (BPS), July is the peak month
of electricity production because, as a reserve to
support Indonesia’s Independence Day activities
in August, it caused NO, gas emissions to inc-
rease. While for industry, there is a decrease in
production activities in August because of Indo-
nesian Independence Day activities. Other than
the polluting sector, fuel use also has a significant
impact. Diesel motor oil provides approximately
41.3% of NO, emissions, primary coal is 23.8%,
light fuel oil is 22.7%, and the rest is provided by
biofuel, natural gas, and heavy fuel oil. Further-
more, the transportation sector’s contribution to
NO, emissions is related to the number of ve-
hicles and type of fuel. In Belgrade, this shows
that diesel and CNG fuel use in buses still pro-
duce relatively high NO, emissions (Tica et al.,
2019).

In many European countries, including the
USA and China, transportation and housing are
the main sectors contributing to CO emissions
(Crippa et al., 2018; Tica et al., 2019; Mcduffie
et al., 2020). Emissions from the residential sec-
tor depend on the amount of burnt waste, com-
position, and burning conditions (Hoesly et al.,
2018). Figure 3.3 shows that three main sectors
contribute to the emission of carbon monoxide
(CO), including residential, transportation, and
industry. However, the industrial sector has relati-
vely constant CO emissions and tends to decline
after 2007, in contrast to the other sectors, which
tend to increase. Furthermore, in 2015, the re-
sidential sector provided around 51.26% of CO
emissions, while the transportation and indust-
rial were around 35.55% and 12.52%, respective-
ly. The rest was provided by the power plant and
other domestic sectors. In conclusion, Figure 7
shows the monthly CO emission data of the three
main sectors in detail.

For all emissions, the industrial sector
shows the same tendency as it continuously dec-
reases yearly, and there is a significant decrease
in August. For CO emissions, the lowest value
is still more significant than the other two. Also,
NO, and CO emissions in the transportation sec-
tor have a similar pattern, with peaks in April and
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October. Even though it has the same pattern, it
has different emission values. Meanwhile, the
residential sector has a constant value for each
month. Furthermore, Figure 7(a) shows the trend

CO emissions by residential sector
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of reducing CO emissions from the residential
sector annually due to the energy conversion po-
licy from non-LPG to LPG. Therefore there is a
downward trend in CO emissions in this sector.

CO emissions by road transportation
sector

750 1500
8740 1400 /_\_,/\
= 730 S 1300
g 720 S 1200
= =
= 710 ;’1100 /_\__//\
S 700 2
2 690 £ 1000 M
w
W 80 200
670 -+ T T T T T T T T T T T )
ST ==2>2» 06 = o SE=Zx=Z=2=228382838
Month Month
——2005 2006 ——2007 —2008 2005 2308 ——2c07 2008
2009 2010 2011 2012
(a) (b)
CO emissions by Industry sector
140 -
130 A
__120
(=]
S 110
=
= 100 +
5 90 4
2 go
S
70 4
60 —’\/
50 .
= o o o > = =3 «“ o = = O
=EzgE=z35=22888282
Month
2005 2006 2007 — 2008
2009 2010 2011 2012
()

Figure 7. Indonesian CO Emission from 2005 to 2012: (a) by residential, (b) by road transportationand (c)

by industry

Residential activities that cause air pollu-
tion are burning wood as fuel or heating in cold
seasons (Kurokawa & Ohara, 2019). Other than
the emitting sector, the use of different types of
fuels such as biofuel, light, and primary coal is
also a significant factor in the emission of CO.
Furthermore, oil from biofuel contributed around
57.08% of CO emissions, light fuel oil, and pri-
mary coal are 34.99% and 5.33% respectively,

and the rest came from diesel motor oil and na-
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tural gas. In Indonesia, the use of wood fuel is
still relatively high, contributing significantly to
CO emissions (Bari et al., 2011). Figure 8 shows
the percentage of energy source utilization from
2007 to 2016, in which wood fuel and kerosene
decreased while the use of LPG increased. This
is due to the government’s policy of converting
energy sources to LPG (Badan Pusat Statistik
(BPS), 2018).
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Figure 8. The Percentage of Energy Resource Use in Indonesia from 2007 to 2016 (Badan Pusat

Statistik (BPS), 2018)
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EDGAR V4.3.2 provides an overview map
for all pollutants at the global level from 2005 to
2012. However, only three (CO, NO, and SO,)
were selected for this study. Figure 9 shows grid
maps of total emissions for the three emission ty-
pes. Figure 9 shows that CO emissions in Java,
most of Sumatra and Sulawesi, and West and
South Kalimantan are in the red category, while
other areas are in yellow. NO, and SO, emission
shows relatively similar conditions. In Java, NO,
emission is categorized as slightly reddish, while

6.0e+0 | 3.0e+1

3.0e+1 | 6.0e+1
6.0e+1 2.4e+2
Bzse:z Ji502 |

Tot5.6e«8 (3.28-15 - 6.9e+8)
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Unit- bansfyearigridcsil

(©)
Figure 9. Indonesian Total Emission Grid Map in 2012, (a) for CO, (b) for NO,, and (c) for SO, emis-
sion by EDGAR V4.3.2 (EC-JRC/PBL, 2017)

The results of this study can provide an
overview of the health impacts and environmen-
tal damage that occurs if air pollution is not cont-
rolled. In addition, it will provide public aware-
ness of the importance of clean air and a guide
for effective air pollution control strategies.

CONCLUSION

The REAS V3.1 data for the emission of
SO, and NO, from 1990 to 2015 were consistent-
ly higher than the other two global inventories.
However, after 2004, it increased significantly
and in 2008 exceeded the data from REAS V3.1.
Before 1995, the trend of SO2 and NOX emis-

S. Sunarno, P. Purwanto, B. Warsito / JPII 11 (2) (2022) 260-270

for SO, the color is orange. Meanwhile, Sumatra
is categorized as yellow, Kalimantan and Sula-
wesi as yellow and green, and Papua as green.
This shows that Indonesia’s CO emission level is
greater than NO, and SO,. The following is the
novelty of this research: (1) Information about
the most complete and accurate provider of air
pollution data, of which EDGAR is one of them;
(2) Information on the main pollutant sectors and
sources in Indonesia and their trends in the fu-

.
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sions for the three global inventories was relati-
vely similar. However, from 2007, the SO, emis-
sion from REAS V3.1 data showed an increase,
while EDGAR V4.3.2 showed a constant value
and CEDS V1.0 tended to decrease. Meanwhile,
REAS V3.1 and EDGAR V4.3.2 data showed a
significant difference in the emission of CO be-
fore 2007, with 16.06% as the highest. Further-
more, according to the emission patterns in the
industrial, transportation, and power generation
sectors depicted in the monthly data of EDGAR
V.4.3.2, there is a similar pattern with different
values. However, from 2009 to 2012, there was
a trend of reducing emissions of CO, NO, and
SO2, with the lowest point in August. In contrast,
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the transportation sector experienced an increase
in emissions and peaked in April and October.
This is due to a significant increase in motorized
vehicles which averaged 6.9% from 2010 to 2018.
Furthermore, in the power generation sector, SO,
emissions fluctuated and peaked in July. Meanw-
hile, the residential sector shows a relatively cons-
tant trend of CO emissions and tends to decrease,
with the same pattern every month. Furthermore,
CO is an air pollutant with the highest emission
level in Indonesia, with a total of 78.96% of the
three emissions analyzed in 2015, while SO, and
NO, were around 10.73% and 10.31%, respec-
tively. According to REAS V3.1, the residential
sector emits the most CO, followed by transpor-
tation and the industrial. Meanwhile, EDGAR
V4.3.2 reported that the largest CO emitter is the
transportation sector, followed by the residential
and industrial sectors. Furthermore, the emitting
sectors strongly correlate with the type of used
fuel. This is evident as the residential and tran-
sportation sectors are closely related to bio and
light fuel, which are the types that emit the most
CO emission with a percentage of around 57.08%
and 34.99%, respectively. Finally, the power gene-
ration and primary coal sectors are the pairs that
contribute the most significant SO, emissions,
while the transportation sector and diesel motor
oil emit the most NO,.
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