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Abstract- Makassar Container Terminal (TPM) is the development of Makassar Port that located on Sulawesi Corridor and is 
one of the international port in Indonesia that are growing enormously. As the largest port in eastern region of Indonesia, 
Makassar Port plays a major role in the distributions of goods, especially those packed in containers. The vast development and 
growing activities in the port, however, has resulted in negative impacts, that is, increasing greenhouse gas (GHG) emissions. 
One of the major consumers is diesel generators for supplying electricity needs including the operations of loading and 
unloading including container cranes at the Makassar Container Terminal. Air emissions from diesel generators operated for 
container cranes have the effect of damaging air quality that causes negative impacts on communities around the harbor. GHG 
emissions were calculated using the simplest and most accurate methodology is to record energy use and employ standard 
emission factors to convert energy values into gases emissions. The method was based on activity and emission factors. Total 
volume of fuel consumed for the operation of diesel engines as the prime mover of generator for supplying power for 7 units of 
container cranes operated at the Makassar Container Terminal on 2013 was 1,312,070 liter with a total productivity of 
15,542.80 hours, which caused emission impacts of 3,516,151 kg of CO2 ; 55,979 kg of NOX ; 14,106 kg of CO ;  4,735 kg of 
HC ; and 13,011 kg of SO2  gas emission. Emission quantity refers to the engine power and energy used. 
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I. INTRODUCTION 
 
Shipping ports in Indonesia are getting more and more 
developed. As an archipelago country supported by 
hinterland and forming of new regions, port activities 
in the country are growing significantly. However, as 
the activities in ports, greenhouse gas emissions also 
increase. The rapid development of sea transport 
sector potentially causes air pollutions to the 
surroundings of harbors. The development of port 
facilities and infrastructures, including sea(shipping) 
and road transportations(freight of containers) and 
loading and unloading equipment, has triggered a 
dramatic increase in energy consumption volume that 
paralelly produces high gas emissions that pollutes the 
air around port areas. And, it is realized that this has 
been one of the causes of climate change. 
 
The negative impacts of activities in port originate 
from diesel engine operations for several purposes, 
namely electricity supply for ships, cranes, trucks, and 
cargo handling equipment. These kinds of activity 
have caused critical air pollutions that affect the health 
of workers and the people who live near by, as well as 
contributed significantly to air pollution in 
surrounding areas.  
 
Pollutants produced from the operation of diesel 
engines in port have been identified as hazardous 
threats to air quality and the health of people living 
around the ports. The magnitude of emissions from the 
combustion of fossil fuels has been almost 

continuously increasing with time since fossil fuels 
were first used by humans. 
Makassar Container Terminal 
 
Makassar Container Terminal (TPM) is the 
development of Makassar Port that located on 
Sulawesi Corridor and is one of the international port 
in Indonesia which is growing rapidly. As the largest 
port in the eastern region of Indonesia managed by PT. 
Pelabuh an Indonesia IV, Makassar Container 
Terminal (TPM) holds a major role in the distribution 
of goods, especially items packed into containers. That 
is why this study was focused on the Makassar 
Container Terminal. Figure I displays the layout of 
Makassar Container Terminal. 

 

 
Fig. 1.  Study Area: Makassar Container Terminal, Hatta Site 

 
The volume of activities at Makassar port has 
significantly increased especially in terms of 
containers as observed. The realization of the 
incoming and outgoing flows of goods and ship visits 
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to the port (especially containers) has already been 
quite far beyond the prediction of the existing Port 
Master Plan (2004). It has reached529thousandTEU's 
in 2012. According to prediction of the Port Master 
Plan2004, it would reach only 383,373TEU’s in 2012, 
and a volume of 507,000TEU's was predicted to be 
reached only after 2015.The data of goods loading and 
unloading activities at the Makassar port in the years 
of 2002 - 2012showed a significantly positive growth 
that took place every year, especially in relation to 
containers that reached a volume o f 7, 173, 266tons 
(455,964 TEU's) in 2011. Makassar Container 
Terminal (TPM) is one of the25strategic ports in 
Indonesia and has become an international port that 
serves a very high frequency of national and 
international loading and unloading activities. The 
frequency of ship visits to Makassar Container 
Terminalin2007 - 2012showedan increase with an 
averagerateof7.52%peryear. 
 
The growing volume of activities at the port caused a 
negative impact, that is, green house gas emissions 
increased. It was estimated that 5.5% of the total 
volume of human activities generating annual 
greenhouse gas emissions was contributed by logistics 
and transport sector. And, 75% of the estimate was 
previously contributed by transport activities in 
logistic chains. 
 
According to the Regional Environmental Agency 
(BLHD) South Sulawesi, after monitoring and 
conducting research on the quality of air in seven 
regencies/cities in South Sulawesi in October2011, the 
quality of air in Makassar was the worst at three 
locations representing roadside, amely, settlement, 
terminal/port, and markets. Based on the results of 
monitoring on ambient air quality in seven regencies 
in the province, Makassar City was in a danger in 
terms of ISPU (Air Pollution Standard Index) status, 
and was polluted in regard with ISM (Quality Standard 
Index) status.  
 
Three points of location taken as the sample of air 
quality testing were Makassar Central Market, 
Makassar Port, and Bus Regional Terminal Daya. The 
test results revealed that at Makassar Port, the score 
obtained for Carbon Monoxide (CO) quality was 
160.33, Nitrogen (NO2) quality was 118.05, and 
Sulfur Dioxide(SO2) was 30.75. At the Bus Regional 
Terminal Daya, the quality of CO stood at the score of 
103.03, and NO2andSO2 at 38.85 and 20.14 
respectively.  
 
The value of South Sulawesi’s IKLH (Living 
Environment Quality Index) in 2013 was 64.77. This 
indicated that the living environment quality in South 
Sulawesi in 2013 was in a poor condition. Therefore, 
there had to be a study to find necessary efforts in 
reducing the impacts of pollution caused by the 
activities in the port, including loading and unloading 
activities. 

Community concerns on the earth that global climate 
change will bring tremendous impact caused the main 
agenda of the Kyoto Protocol is the reduction of 
greenhouse gas emissions (green house gases). And 
energy sector activities, especially burning of fossil 
fuels (coal, petroleum, natural gas) is the largest 
contributor to greenhouse gas emissions (particularly 
carbon dioxide, CO2) [18]. One of the major users of 
fossil fuels is a Diesel Generator as a provider of 
electricity to the primary needs of people and some 
industry, include the operation of cargo handling 
equipment in Makassar Container Terminal. 
 
Diesel Generator emits various types of waste such as 
liquid wastes (fuel oil) and gas and polluting emissions 
such as noise, heat emissions. Particularly waste gases 
are discharged into the atmosphere every day could be 
seen billowing out of the chimney generator. This 
would cause exhaust gases that have an impact effect 
on the environment around the plant and the 
community. 
 
The issues addressed in this study were related to the 
consumption of energy of diesel generators operating 
container crane sat the Makassar Container Terminal, 
and estimates of the impacts of the emissions 
generated by electricity-supplying activities. The 
study was aimed at obtaining an overview of the level 
of energy demand on container cranes at the Makassar 
Container Terminal which used generators with diesel 
fuels, and the level of pollution caused by the use of 
such generators. 
 
The benefit of there search was a reference for further 
studies on emission levels as the result of 
electricity-supplying activities for container cranes at 
the container terminal. Accordingly, relevant 
authorities would be able to make appropriate 
decisions and steps to preserve the environment of the 
port in order to support the mission of creating an 
environmentally friendly port (ecoport). 
 
II. LITERATURE STUDY 
 
In large coastal shipping ports, some of diesel engines 
are operated within ships, trains, trucks, and cranes 
although these engines are the workhorse of the 
industry, their exhaust is a known pollutant that can 
cause cancer and other diseases. Around the vicinity of 
the ports, in particular, the diesel exhaust is associated 
with 70% of pollution-related health problems; 
moreover, diseases caused by the port restrictions 
apply. Pollution are responsible for hundreds of deaths 
annually. 
 

Cargo handling equipment (CHE) is used to load and 
unload containers, approximately 70 percent of the 
port-wide NOx emissions came from this equipment. 
Thus, determining emissions from container terminal 
CHE is important in any land-side emission inventory. 
CHE is conventionally powered by internal 
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combustion engines that are powered by diesel 
engines with non-road emission standards in 95% of 
cases. Due to the fact that handling loaded containers 
is an energy-intensive function, CHE is often 
considered to be one of the most significant sources of 
air pollution caused by terminal operations. 
 
Container terminal systems consist of three 
subsystems: the gate, container yard, and berths. 
Container handling equipment in these systems 
includes transfer cranes, gantry cranes, yard tractors, 
and trailers. The four main subsystems/operations in a 
container terminal system are ship to shore, transfer, 
storage, and delivery/receiving. On the quay side, 
quay cranes or container cranes (also called 
ship-to-shore cranes) are used for loading and 
unloading containers.  
 
The process to unload and load a ship by container 
cranes consumes a large share of the total energy 
consumption by the terminal and is therefore an 
important issue. Container cranes, such as the RTG 
crane are major contributors of port-based diesel 
emissions. These cranes employ conventional power 
trains consisting of a diesel engine coupled to A 
generator that provides electrical power for a set of 
hoist, trolley, and gantry motors. 
 
Figure 2 illustration of container crane and figure 3 
explain the general operative scheme of Port 
Container Terminal. 

 

 
Fig. 2. Container Crane 

 

 
Fig. 3. General Operative Model of Port Container Terminal 

 
Air emissions from diesel generators operating on 
container cranes have a damaging effect on air quality, 
and have negative impacts on the life quality of people 
living around the port. Diesel engines burn fuel oils 

and emit air pollutants that can cause health problems 
or aggravate the health of human beings since the 
pollutants cause such diseases as asthma, bronchitis, 
and lung cancer. Combustion engines produce harmful 
substances including carbon monoxide (CO), nitrogen 
oxides (NOX) and sulphur dioxide (SO2) in addition to 
greenhouse gases such as carbon dioxide (CO2). 
 
III. METHODOLOGY 
 
The best case will be to have available data about the 
fuel consumption (Fuel Based Method 1) ; it is the 
most accurate way of calculating the emissions. 
Having the number of liter which is used also gives the 
total emission, including the temperature control and 
the empty return. From the type of fuel an emission 
factor is given and by multiplying it with the number 
of liter which was used by a truck, a vessel, a plane or a 
train, we obtain the CO2 equivalent emissions. These 
emissions will be computed in kg CO2eq or ton CO2eq. 
 
The GHG emission calculation method applied was 
the simplest one, that is, the method which was based 
on the activity data and emission factors. Activity data 
were data on the volume of activities of humans 
related to the volume of GHG emissions. An Emission 
Factor (FE) is a coefficient that indicates the volume 
of emissions per unit of activity. 
 
Energy-based approach: since almost all CO2emis-
sions from freight transport are energy-related, the 
simplest and most accurate way of calculating these 
emissions is to record energy use and employ standard 
emission factors to convert energy values into CO2. 
The unit of energy will typically be liter of fuel for 
trucks, diesel-hauled trains, barges and ships, and 
kilowatt hours for electrified rail and pipeline. For 
which have direct access to the energy data, the 
energy-based approach is clearly preferable. Equation 
(1) is the approach to estimate CO2 emission base on 
fuel consumption and table 5 is the Emission (NOx, 
CO, HC, SO2) rates as the approach to estimate. 
 
IV. RESULT AND DISCUSSION 
 

Table 1. Fuel Consumption of Port Facilities 
(Container Crane) for 2013 in Makassar Container 

Terminal 
Number Equiptment 

Name 
Production 

(hour) 
Fuel 

Consumption 
(liter) 

1 Container 
Crane (CC) 
01 

3,024.00 236,800.00 

2 Container 
Crane (CC) 
02 

4,058.00 304,900.00 

3 Container 
Crane (CC) 
03 

2,281.00 140,680.00 
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4 Container 
Crane (CC) 
04 

1,896.00 131,540.00 

5 Container 
Crane (CC) 
05 

3,301.00 196,750.00 

6 Container 
Crane (CC) 
06 

3,410.50 202,900.00 

7 Container 
Crane (CC) 
07 

1,749.30 98,500.00 

  19,719.80 1,312,070.00 
Source: PT. Pelindo IV, 2013 

 
CO2 Emissions 

 
Fuel Analysis Approach for Estimating CO2 
Emissions  
 
CO  Emissions =
∑ Fuel x HC x C x FO x ( . .)

( . .)
 (1) 

Where : 
 
Fuel = Mass or Volume of Fuel Type i Combusted 

 
HC
= Heat Content of Fuel Type i 

energy
mass or volume of fuel  

 

C = Carbon Content of Fuel Type i 
mass

energy  

 
FO = Fraction Oxidized of Fuel Type i 
CO (m. w) = Molecular weight of CO  

C (m. w) = Molecular weight of Carbon 
 

Table 2. Typical Density and Net Heating Value of 
Different Fuels 

Fuel 
Density 
15C, 
g/cm3 

Net Heating Value 

Btu/lb Btu/gal kJ/kg kJ/L 
Regular 
Gasoline 

0.735 18,63 114,20 43,33 31,83 

Diesel 
Fuel 

0.850 18,33 130,00 42,64 36,24 

With Density of HSD = 0.85 kg/ltr [4] 
1 Barrel = 159 liter = 135.15 kg 
Fuel consumption  = 1,312,070 Liter = 1,115,259.5 kg  
= 8,252 barrel 
 

Table 3. Example Gas waste Stream 
Gas 
Compone
nt 

Mol
e % 

lb 
mol
e 

m.
w. 

% 
C 

lb.C 

CO2 5% 1.2
8 x 
10-4 

44 27
% 

0.00153
1 

CH4 30% 7.6 16 75 0.00918

6 x 
10-4 

% 8 

C3H8 20% 5.1
0 x 
10-4 

44 82
% 

0.01837
6 

C6H6 35% 8.9
3 x 
10-4 

78 92
% 

0.06431
5 

Other 
non-C 

10% 2.5
5 x 
10-4 

- 0% 0 

Total 100
% 

2.5
5 x 
10-3 

- - 0.09340
9 

 
Table 4. Default Factors for Calculation CO2 

Emissions 
Fossil Fuel 
(Petrolium) 

Heat Content 
(HHV) 

(mmBtu/Barrel) 

Carbon Content 
Coefficients (kg 

C/mmBtu) 

Fraction 
Oxidized 

Distillate 
Fuel Oil 

5.8250 19.95 1.0 

Residual 
Fuel 

6.2870 21.49 1.0 

 
Heat Content of Fuel = 5.8250 mmBtu/Barrel = 
5.8250 mmBtu / 135.15 kg = 0.0431 mmBtu/kg 
Carbon Content Coefficient = 19.95 kg C/mmBtu 
Fraction Oxidized = 1,0 
Molecular weight of CO2 = 44 m.w 
Molecular Weigh of Carbon = 12 m.w 
 
CO2 Emissons = 1,115,259.5 kg x 0.0431 mmBtu/kg x 
19.95 kgC/mmBtu x 1,0 x (44/12) 
CO2 Emissions = 3,516,151 kg CO2 = 3,516.151 ton 
CO2 

 
NOX, CO, HC, SO2 Emissions 
Approach for Estimating NOX, CO, HC, SO2 
 

Table 5. Emission rates for medium and slow speed 
diesel engine (kg/hours) 

 Medium speed & 
auxiliary engines 

Slow speed 

NO  4.25 x 10  x P .  x 
N 

17.50 x 10  
x P x N 

CO 15.32 x 10  x P .  
x N 

0.68 x 10  x 
P .  x N 

HC 4.86 x 10  x P .  x 
N 

0.28 x 10  x 
P x N 

SO  * 2.31 x 10  x P x N - 
SO  
** 

12.47 x 10  x P x N 11.34 x 10  
x P x N 

 
P is the engine power (kW) x engine load (85%MCR), 
N is the number of engines 
Code * is valid for engines < 2000 kW , Code ** is 
valid for engines ≥ 2000 kW – [19] 
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Calculation for Container Crane 1 
Container Crane # 1  
Total Fuel Consumption on 2013 = 236,800 liter = 
236,800 x 0.85 = 201,280 kg 
Total productivity = 3,024 hour 
SFC estimated (75 %) = 198 g/kWh 

Table 6. Fuel consumption for engine  
Fuel System Load RPM 1500 

Primer Power  
Specific Fuel 
Consumption at 

25 % g/kWh 227 

50 % g/kWh 203 
75 % g/kWh 198 
100 
% 

g/kWh 200 

 
Fuel consumption = 201,280,000 gr   
With SFC = 198 gr/kWh, Energy  = 1,016,565 kWh 
Power = Energy / total hour productivity = 1,016,565 
kWh / 3,024 h = 336.16 kW 
 

NO = 4.25 x 10  x P .  x 1
= 4.25 x 10 x 336.16 .  x 1
= 3.42 kg/hour 

NO = 3.42
kg

hour x 3,024 hour = 10,339 kg
= 10.34 ton 

 
SO = 2.31 x 10  x P  x 1

= 2.31 x 10 x 336.16  x 1 
 

SO = 0.7765 kg/hour 
 

SO = 0.7765
kg

hour x 3,024 hour = 2,348.23 kg 
 

SO = 2.348 ton 
Result for 7 units container crane for this study: 
 

Table 7.Fuel Consumption and Gas Emission for 
Container Crane in Makassar Container Terminal, 

2013. 
Contai
ner 
Crane  

CO  
(kg) 

NO  
(kg) 

CO 
(kg) 

HC 
(kg) 

SO  
(kg) 

Unit 1 634,58
9 

10,3
40 

2,42
0 

814 2,34
8 

Unit 2 817,08
6 

13,2
31 

3,15
8 

1,06
1 

3,02
4 

Unit 3 377,00
1 

5,92
7 

1,55
2 

521 1,39
5 

Unit 4 352,50
8 

5,64
0 

1,39
8 

469 1,30
4 

Unit 5 527,26
1 

8,24
6 

2,19
5 

736 1,95
1 

Unit 6 543,74
2 

8,50
2 

2,26
5 

759 2,01
2 

Unit 7 263,96
5 

4,09
3 

1,11
9 

375 977 

 3,516,1
51 

55,9
79 

14,1
06 

4,73
5 

13,0
11 

 
Source : 2013 data processing result 
 
CONCLUSION 
 
The greater power of engines or volume of fuels 
consumed by the engines to generate electrical power 
for operating container cranes in a port, then the bigger 
volume of released emission gases (CO2, NOx, CO, 
HC and SO2). The emissions can be controlled by 
choosing the most optimal engine power as well as 
efficient use of fuel. 
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