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ABSTRACT

Over the last couple of decades, many researcheesstudied to
determine the impact from air pollution toward hleain human
risk in port operation for sustainability. Basigalthe main aims
of this project are to identify the emission for pollution from
ship in port area, determine the emission for aitugion from
ship in port area and classify the risk on humaaithén near port
area with comparing to air quality index (AQIl) gidbcategory.
Indonesia’s Batam Island is located near Singapehéch also
under global shipping lanes. With
international shipping operation, total ship berthin this port
area of Batam increased from year-to-year. Thia dadved that
level of air pollution in area port cannot be tated. The data had
been obtained by co-operation from Politeknik Ne@atam for
the rating of emission in the year 2013. The totahber of ships
and also the total emission contributed by the simpport and
also during maneuvering require to be considerdr fypes of
emission taken into account are emission of NOxx,3¥M10,
CO2, and CO. The obtained results indicate that tibtal
emissions by ships increased with period growththef total
number of ships in the coming years. It is impdrtanidentify
existing and potential impacts for health risklo tevel emission
in port. Therefore, the results obtained from tlisdy are
expected to guide and helps to minimize and contm®llevel of
air pollution in the port, the environmental impagot port
operations and provide recommendations as futfieearece.

KEY WORDS: Air Pollution, Rating Of Emission from Ship
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NOMENCLATURE

PM Particulate Matters

SOx Sulfur Oxides

NOx Nitrogen Oxides

CcO Carbon Monoxide

CO, Carbon Dioxide

SFC Specific Fuel Consumption
AQI Air Quality Index

ppm Parts per Million

1.0 INTRODUCTION

In the port operation for environment case, biatagi and
chemical processes cause the problem in the contynuafi
ecosystem on the nutrients and pollutants in pperation area
that mostly come from the physical transports armtgsses (J.
Zhu, 2006). Emissions of air pollutants from shigsle they are
in port represent a small fraction of total emissiérom shipping
exhaust emissions that concentrated near popldated.

The main pollutants emitted by ships &&x, NOx, CO,, PM
and CO. To evaluate air pollution impacts of ports regsir
consideration of sources, including informationseds (B. Diane,
2004). Modification in power engine vessel, totalithe fuel
consumption used for each type of ship and estimaship
berthing in area port is required for prevent thaldy of air
pollution that produced during operation. Many eeshers have
studied that the health risk for human body, mostlyespiratory
system, commonly happen in area with bad air gualit

2.0 LITERATURE REVIEW

Environmental management of port operations isntakbn a
consistently higher profile as the port sector oes{s to the
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challenges of new and evolving legislation aimedcgjrally at
environment protection.

To permanently upgrade the port’s physical infracttire, as
all policies, reforms and regulations that influenche
infrastructure and operations of port facilitieslirding shipping
services become the issues of transportation anérikironment
is related in nature because environmental systepadted by
transportation activities support..

2.1 Source of air pollutants in port

The major source of air pollution in port is theigsion from ship
operation. As with any polluting industry, there asmenu of
measures available to mitigate or eliminate healftipacts
because ports are very complex pollution sourcks, hest
approach is to define the alternatives that canemsgnificant
improvements in air quality, and set goals for estironmental
practices that achievable. Marine vessels pourldd of the
NOx, and 5% of the SOx from all fossil fuel sour¢€orbett et
al., 2001), while the road transport has represgnthore than
50% of CO and NMVOC emissions, and less than 209Nfox

(C.Gariazzo, 2007).

2.2 Health effects of air quality in port

The impact of air pollution at port is dominated®§, NOx, PM,
CO and VOC. This emission can effect to health fgmkinclude

asthma, other respiratory diseases, cardiovasdisaase, lung
cancer and premature mortality (Bailey and Solon2@4). For
small particles from Diesel exhaust are particulaatter,

Nitrogen oxides, and Sulfur oxides.

Dozens of studies have shown that long-term exjgosudiesel
exhaust significantly increases risk of lung can@ratia et al.,
1998). Particulate matter form a coarse dust tlatse lung
cancer (Pope et al., 2002).

Numerous studies have found that NOx can cause &ffa@cts on
the airways (Davies et al., 1997), leading to imftaation and to
asthmatic reactions.

To measure the air pollution in port under the smequired
theoretical method that consist of performance apdrability
concept. The result of the data can be used tatdéte rating of
emissions in port which produced by ship. Data Itesill be
compared with category of AQI to detect level oflytion and
risk for human health.

2.3.1 Performance Concept

To finding the volume gas emitted in under timese t
specification of ships requires to be calculatetde Thain data
needed include power engine ship and specificdaesumption.

2.3.1.1 The number of Frequency

The number of frequency of a ship and vessel irea ys total
required time in a port, Tp, under total operatilays, Tt, can be
expressed as:
Fs=Tp/Tt (2.1)
Many factor influence the rate of emission, esglcfaom fuel
consumption. Gas emission from ship exhaust masti£O,,
PM;o, NOx and SOx. Fuel ship consumption need to bd, fin
since emission gas from chemical in fuel that gimergy power
to engine ship.

Ch = (Pi x MCR x SFC) (2.2)
Where Ch is fuel consumption in hour (Kg/h), Pelgaft power
of vessel, MCR is a percentage engine for maximomicuous
rating and SFC represent specific fuel consumggdkwh).
C=2x(NxChxL)/V (2.3)
C is fuel consumption in year (ton/year), N is n@mbf ship in

year, L refers to the distance route (Km) and \speed of ship
(Km/h).

Table 2.2: Emission factor for ship operation (@ani, 2012)

e . . . L Emission Factor
Table 2.1: Type of classification of ship berthingoort (Corinair, Detail
2011) Fuel NOx | HC | CO | PMyp | SOX | CO2
Kind of SPECIFIC FUEL Main BFO | 577| 09| 74| 38 |2 X S| 741
no Hp CONSUMPTION Engine o 3 x S
Boats (cruise) vco | 5711 74| 15| Gociel | 741
KW g/KWh | km/I 2° S
Large Tug Main BFO 423| 25| 74| 103 o o | 741
1 | Boat 2.820 2.059 203 0.61 (E'\;:gine
anouver
Vesse.I ) Sing & MDO/ | o | 56| 74| a4 2 x S|,
2 | Container 31.409] 22.929 203 Hoteling) | MGO % fuel
Vessel Dry )
3 | Bulk 11.002 | 8.032 203 . BFO | 494| 17| 74| 352X S| 741
K 6.69 6.69 203 Auxiliary % fuel
4 | Tanker 095 | 0.69 - Engine | MDO/ | g 6| 18| 7.4 | 14 |2 X S| 741
MGO ) j : | % fuel j

2.3 Theoretical Method
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2.3.1.2 The Volume of gas Emitted

The literature study is a method to collect andiyareaall data
related to the environmental impact at expansishitiig port.
Through this analysis, roughly view and understagdibout the
environmental impacts that occur in the fishingtpoan be
obtained and prediction of the overcome result lwaracquired.
€g is an emission factor (CO2, NOx and SOx) in g/kwWh

Eg=egX (CxPixT)xF (2.4)
Where ey is an emission factor (Pl CO, NQ and SQ) in
g/kWh, T is total time vessel operates per year.

2.3.2 Operability Concept

Air Quality index (AQI) is an indicator of the aguality by
calculated based on average time parameter of gattitles less
than 10 microns (PM), Sulfur Dioxide (S@), Nitrogen Dioxide
(NO,). AQI also can determine effects of emission fram
pollutant into human health.

Table 2.3: Air Quality index (AQI) and advisory (AQ013)

AQI . . .
Category status Clean Air Campaign Health Advisory
The air quality is good and you can enggge
0-50 Good in outdoor physical activity without health
concerns.
People with heart and lung diseases such as
51-100 Moderate | asthma, and children, are especiglly
susceptible.
In this range the outdoor air is more likely
chJ’rrmealthy to be unhealthy for more people such |as
101-150 Sensitive children, people who are sensitive o
Grouns ozone, and people with heart or lung
P disease

Most people should restrict their outdopr
exertion to morning or late evening hours

EEEENl Unhealthy when the ozone is low, to avoid high ozohe
exposures.
Very Increasingly more people will be affected
ALDRE Unhealthy | by ozone.
Everyone should avoid all outdogr
1@Vl Hazardous exertion.

3.0 METHODOLOGY

This study was conducted to analysis the impaetirofjuality on
port environmental problem and to formulate the riompment
method. The flow chart that have been design, sth@rsequent
of work plan that will be used to achieve the obyec of this
study. For this project there are involves threghods to ensure
that the objective is achieved.

3.1 Development of literature review

Air Quality index (AQI) is an indicator of the aguality by
calculated based on average time parameter of gattitles less
than 10 microns (PM), Sulfur Dioxide (S@), Nitrogen Dioxide
(NO,). AQI also can determine effects of emission fram
pollutant into human health.

3.2 Development of the sources and level of air glity
Literature review will be used as a guideline itedmine level of
the sources and impact to the environment resultth@ study,
rating is constructed to provide the researcheoumtr idea on
how the outcome or result would turn out in the efithe study.
In other word, framework will evaluate based onrting for the
level of cases.

3.3 Classification for health risk in based on ratig emission

The stage follow under the Air Quality Index (AQtjobal
category for several years from pollution of aictsias CQ, NG,
PMo, CO and SQemission based on the data only. From this
case the thesis can be determined for sustainable.

4.0 RESULT AND DISCUSSION

Batam Island is strategically to sea transportafmmlocal and
International destination. This chapter will do imsttion
regarding environmental impact in ports and shiggdrom ship
berthing in Batam area; in Terminal Umum Sekupdregminal
Umum Curah Cair Kabil, Terminal khusus PT. McDerimot
Indonesia, Terminal khusus PT. Bangun Adya Bahah RM.
Worldwide Equipment S.E.A in year 2013.

4.11dentify the of ship berthing in port

The information from Kantor Pelabuhan Batam, whilsh data
ports obtained for domestic transportation portmteal,
international transportation port terminal and ghid company
port terminal.

Total for each type of ship is different from therpthat ship
berthed; Terminal Umum Sekupang have the highesgéaeral
cargo and container ship with 2,380 and 12 shipaminal
Umum Curah Cair Kabil for tongkang and Tanker wih and
429 ships and also 120 tug boats in Terminal Khigaisgun
Adya Bahan.

According figure 4.1, Umum Curah Cair Kabil portshtne
highest cargo transferred because location fortrseesportation
for domestic and international from Singapore araldyisia.
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Table 4.1: Data of ports and total ship berthingear 2013
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Figure 4.1: Graph of overall gross tonnage frontygde of ship in
each port

4.2 Total emission factor in ports
Emission factor from the data of authorities isdshsn the real
values from several ports in Batam Island. NOx, S@X, PM10,
CO and CO2 in the list have already equated basecquired
unit and average time ship in port, such as PM1Qgm3 and
CO in ppm for average in 1 day.

Table 4.2: Air pollution results in ports

Emission Factor
Port NO, | SCx | HC PMj¢ CQO CG,
Terminal Umum | 77.8 51.61| 3.78| 4.86 12.7 126,674.57
sekupang
Terminal Umum | 44.15 | 29.41| 2.18| 284 7.25 71,666.74
Curah Cair Kabil
PT. Terminal 14.8 9.85 0.73| 0.94 2.43 22,294.4
Khusus
McDermott
Indonesia
PT. Terminal 8.74 5.83 0.43| 0.57 1.44 12,236.6
Khusus Bangun
Adya Bahan
PT.Worldwide 4.43 2.98 0.22| 03 0.73 6,407.22
Equipment S.E.A|

4.3 Estimated the rating of emission for future

The estimation of emission rating in air quality svéaken
according the real data that already obtain andaéxefore.
Assumption that the increment for total ship berttport is 10

percent for next year used to determine the higthefemission

factor under limit that have been taken.

Results from Terminal Umum Curah Cair kabil willdoene

the initial sample data. The reason that Terminalubh Curah
Cair Kabil is one of major port that operating iat8m Island for
domestic and international, which assumption themiver of ship
come for future higher and accepted.

Table 4.3: The result forecast of emission ratiagyear

Year No. Gross Increment Rating of Emission

Ship Tonnage (%) NOx SO PMy CC
2013 1,367 4,654,774 - 4415 2941 218 7.25
2014 1,504 5,120,251 10 4857 3235 240 7.98
2015 1,654 5,632,277 10 5342 3559 264 8.77
2016 1,819 6,195,504 10 58.76 39.14 290 9.65
2017 2,001 6,815,055 10 64.64 43.06 3.19 10.61

In table 4.3, the increment in 10 percent of nuntlep in
port per year gives the cargo load also increase.
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NOx for increment number ship 10%
per year
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Figure 4.2: Emission rating for NOx

SOx for increment number ship 10%
per year

RATING EMISSION
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Figure 4.3: Emission rating for SOx

NOx, SOx, and PN based on the figure graphs shown the

condition under good category in initial year 200&x and SOx
larger than AQI for good category during in yearl2tand for
PMyo have been increase into moderate category in 3@a4.
The good category for NOx, SOx, and RMmission are under
rate of 55 ppb, 35 ppm and 2.2§/nt.

From year 2013 until 2015, CO value still under emate
category with rate of emission in 9.4 ppm and freear 2014, the
level of pollution predicted under unhealthy fonsiive group
category since higher than 94 ppm.
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10% per year
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Figure 4.4: Emission rating for PM

CO for increment number ship 10%
per year

RATING EMISSION

4.4
2013 2014 2015 2016 2017

YEAR
co good category e moderate category

Figure 4.4: Emission rating for PiM

4.4 Health risk from emission pollutions

From results for year 2013 to 2017, mostly the siois rating
has predicting still under good and moderate categrcept CO
emission under moderate and lightly pollute catggor
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Table 4.4: Effect of air pollution based on the Aitegory
(source: Healthy Air Campaign)

Air category health effects based on category
Pollution
NOx good People with asthma or other respiratory diseases, the elderly,
and children are the groups most at risk.
moderated Unusually sensitive individuals may experence respiratory
symptoms.
SOx good No health implications.
moderated People with asthma are the group most at risk.
PMI0  good People with respiratory disease are the group most at risk.
moderated Unusually sensitive people should consider reducing prolonged
or heavy exertion and Unusually sensitive people should
consider reducing prolonged or heavy exertion.
Co moderated People with heart disease are the group most at risk.
Slightly Increasing likelihood of reduced exercise tolerance due to
unthealthy increased cardiovascular symptoms, such as chest pain, in

people with cardiovascular disease.

5.0 CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The objective of this research is successfully eadd where the
type and level of environmental impact for port igiens has
been managed. Throughout this research, the level
environmental impact caused by the port operati®rssill under
control for several years.

Based on the results of the study, the informafiiom this thesis
included:

i. The source data for this thesis is taken fromtspn
Batam Island, Indonesia, with cooperation from the
authority from Universitas Politeknik Batam and
permission from government of Indonesia.

ii. The rating of emission by shipping operatiorairea near
port location predicted by increment total shiperis0
percent per year with real source from year 2013.

iii. Level from several air pollution with compaois of AQI
which estimated that the condition under good and

Problems; water pollution, erosion and other fonimize the
case for future.

(o]

moderated category.
iv. Risk, such as disease in human body systeneadyr
listed for cause can be occur for year 2013 to 2017

5.2 Recommendation

There are several recommendations have been madertioer
study in the future hence completing the envirorialempact of
port operations for sustainability. The author imggested to
improve the methodology to prepare appropriate éwsork
model in assessing the environmental impact of gbg for
references. The data required for case study nayst &t least in
five years for give the result more accurately. &twer, the
similar study can do with different impact in eroriment .
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