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11. Introduction

The world has endeavored to reduce greenhouse gases (GHGs), 

harmful exhaust gases for human survival. It requires cooperation 

in all industrial fields and has been given duties in the marine 

industry as well. To share this responsibility for the protection of 

the global environment, in April 2018, the International Maritime 

Organization (IMO) adopted an initial strategy for the reduction of 

GHG emissions from ships. This initiative aims for a reduction in 

total GHG emissions from international shipping of at least 50 % 

by 2050 compared to 2008 (IMO, 2018).

In coastal regions, ships at berth are the main source of 

shipping emissions because they typically spend one or more days 

there, depending on the ship type and cargo volume. For example, 

the average time spent at berth is around 91 hours for a bulk 

carrier, 33 hours for a container ship, and 54 hours for a crude oil 

tanker (EPA, 2017). Generally, being at berth accounts for 23.3 % 

of the entire life cycle of a ship, compared with normal seagoing 

at 75.2 % and maneuvering at 1.5 % (IMO, 2016).

In most cases, the main engines are turned off when a ship is at 

berth, but onboard marine auxiliary engines with generators 

(gensets) are kept in service to provide power for onboard electrical 
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systems. Some of the electrical requirements while at berth include 

but are not limited to, lighting, heating, refrigeration, ventilation, 

and cargo loading / unloading equipment.

Emissions from major ports influence the local air quality and 

may directly affect the health of nearby residents. For example, 

emissions from ships at port are estimated to cause 14,500-37,500 

premature deaths annually in East Asia, one of the fastest-growing 

shipping regions (Liu et al., 2016). To reduce the environmental 

impact of shipping, certain areas have been declared SOX Emission 

Control Areas (SECAs). No vessel sailing in a SECA has been 

allowed to use fuel with a sulphur content of more than 0.1 % 

since 2015. This concept also applies to NOX Emission Control 

Areas (NECAs). Current IMO ECAs are listed below (Clarksons, 

2017):

  - Baltic Sea (SOx, May 2006; NOx, January 2021)

  - North Sea (SOx, November 2007; NOx, January 2021) 

  - North American Sea (including Hawaiian) 

  (SOX, PM, Aug. 2012; NOX, Jan. 2016)

  - US Caribbean Sea (SOX, PM, Jan. 2014; NOX, January 2016).

China has also introduced three domestic ECAs (Bohai Sea, 

Yangtze River Delta, and Pearl River Delta). Ships at berth within 

the three Chinese ECAs, except for one hour after berthing and 

one hour before departure, was required to use 0.5 %S fuel (i.e., 

fuel with a sulfur content ≤ 0.5 % m/m) until the end of 2018. 
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Starting on January 1, 2019, ships have been required to burn

0.5 %S fuel for their entire time within the three ECAs (Marinelog, 

2017). In addition, the Norwegian coastline, the Mediterranean, 

Japan, South Korea, Hong Kong, Singapore / the Malacca Straits, and 

South Africa are also under consideration as ECAs (Clarksons, 2018).

To comply with ECA regulations, most ship owners consider three 

options: after-treatment systems (e.g., scrubbers, selective catalytic 

reduction), alternative fuels (e.g., LNG, MGO), or alternative 

maritime power (AMP). AMP, also known as cold ironing, is an 

onshore power supply facility that provides electricity from a grid to 

a ship at berth so it does not need to use its onboard gensets. 

AMP has received significant attentions as a means of reducing 

harmful emissions and mitigating the associated health concerns at 

and around ports. Particularly, the AMP installation has been 

increasing at ports within ECAs. For example, in the United States, 

AMP facilities with the high voltage (> 6.6 kV) capacity have 

been installed at 16 ports for large cruise ships, container ships, 

etc. (ERG and EERA, 2017).

The significant environmental benefits of AMP have been reported. 

For example, it has been claimed that the AMP could reduce CO2

emissions by as much as 12.5 million tons annually at ports in 

Norway alone (Greenport, 2017). Additionally, the United States 

Environmental Protection Agency (EPA) stated that, under the right 

circumstances (i.e., depending on the mix of energy sources), 

overall emissions at ports could be reduced by up to 98 % simply 

by utilizing power from regional electricity grids (ERG and EERA, 

2017). 

In this regard, several studies have investigated AMP as a 

promising solution for pollutant emissions at ports. The White Bay 

Cruise Terminal (Starcrest, 2017) and the Port of Shenzhen in China 

(Wang et al., 2015) performed an economic and environmental 

feasibility analysis for AMP systems. Also, Han and Lim (2010) 

investigated the environmental and monetary impacts of the AMP 

focusing on ‘Saenuri’, a training ship. These studies highlighted 

that AMP is both environmental and cost-beneficial in comparison 

to other alternatives. In addition, Vaishnav et al. (2016) mentioned 

that the health and environmental benefits of supplying ships with 

grid electricity could be balanced by the cost of ship and port 

retrofit.

However, questions have been raised about any environmental 

impact of AMP that may have been overlooked. For example, a 

literature review by Peng (2016) concluded that using shore power 

for ships at berth instead of power generated by onboard gensets 

in China would lead to a minor increase in CO₂emissions but 

would effectively reduce the emissions of other air pollutants such 

as NOX, SOX, and PM. 

Following this recent wave of interests in the environmental 

benefits of AMP, this paper compares and analyzes the emissions 

from onboard gensets and AMP while at port. Chapter 2 presents 

the scope and underlying assumptions of this study, while Chapter 

3 covers the emissions generated by conventional onboard gensets 

while at berth. Emissions from AMP are covered in Chapter 4, and  

Chapter 5 compares the emission results from AMP and conventional 

gensets, and necessary future studies regarding AMP are addressed. 

Concluding remarks are provided in Chapter 6.

2. Scope and Assumptions

2.1 Emissions

This study focuses on the environmental effects of conventional 

onboard gensets and AMP when a ship is at berth. The life-cycle 

emissions assessments have been conducted in many industries. For 

example, in the automotive industry, the assessment of life-cycle 

emissions has two main parts (well-to-tank and tank-to-wheel), 

tracing emissions from the primary fuel to the end user (i.e., 

vehicle propulsion). In many studies (Holdway et al., 2010; Peng 

et al., 2017; Yuksel et al., 2016; Ke et al., 2017; Woo et al., 

2017), the indirect emissions for electric vehicles generated when 

charging from the grid have been investigated, and emission 

comparisons between electric vehicles and conventional diesel 

vehicles have been analyzed from a life-cycle perspective. It has 

been found that electric vehicles can decrease emissions in 

comparison to those of conventional gasoline and diesel vehicles.

The approach to emission analysis in the marine industry is 

similar to that in the automotive industry, so this study covers the 

life-cycle emissions for each fuel. The emissions for each fuel 

consist of indirect emissions (i.e., upstream processes) and direct 

emissions (i.e., combustion/operation processes).

Indirect emissions (upstream emissions) are generated from  primary

fuel (i.e., raw materials) through to the delivery to the ship or 

power plant before generating electricity. In other words, they 

include all emissions produced from the primary fuel before direct 

use by the end-user, such as extraction, transport, refining, 

purification, and so on (Hill et al., 2017). The pathways for various

fuels to the end-user covered in this study are presented in Fig. 1. 

The emissions assessed in this study are GHGs and the three 

harmful pollutants (SOX, NOX, and PM). Each emission type except 

PM is heavily regulated by the IMO. 



Analysis of the Emission Benefits of Using Alternative Maritime Power (AMP) for Ships

- 383 -

2.2 Fuel

It is assumed that conventional onboard gensets are fueled by 

one of three main fuels. The first one is heavy fuel oil (HFO), 

which is the most commonly used fuel in the marine industry. The 

second is marine gas oil (MGO), an apt choice for complying with  

ECA emission limits (Molly, 2016). The third is liquid natural gas 

(LNG), the most promising alternative fuel so far.

Eight primary energy sources were selected for AMP: coal, 

natural gas (NG), nuclear power, oil, hydropower (hydro), wind, 

solar, and bioenergy. The data for each primary energy source used 

in this study was derived from various literature reviews or 

researches. The mix of these primary energy sources used to 

generate electricity varies significantly by region depending on 

available resources and regional market prices (EIA, 2013). This 

study considers regions that have already installed a number of 

AMP facilities: the European Union, the United States, and China. 

They have also designated ECAs or are in the process of 

implementing ECA designations.

2.3 Assumptions

The method for calculating emission factors needs to be 

adjusted in order to accurately assess emission levels and 

understand their impact on air quality in harbor cities and coastal 

regions. As such, this study has to establish some assumptions 

regarding the emission generation. 

First, the specific fuel oil consumption (SFOC) of a genset is 

not constant over its entire operating range; it varies depending on 

its loading factor. In particular, in light load conditions, a genset 

runs less efficiently, and this leads to a relative increase in 

emissions compared to normal operating conditions. Therefore, for 

onboard gensets, emissions vary depending on the load factor (Lf). 

Also, the efficiency of a genset (ηg) must be considered. The 

modified emission factor for an onboard genset (E’f ,G) is shown in 

Equation (1) based on the general emission factor (Ef ,G):

 ′ 

  × 
        (1)

where i = emission type (CO2, SOX, NOX, PM)

  Lf = correction for the load factor of a genset (%)

  ηg = onboard genset efficiency (%).

The load factor of a genset while at berth differs depending on 

the ship size and type. In this study, it is assumed to be around 

50-55 % (EPA, 2017; Nicewicz and Tarpanowicz, 2012). Based on 

this, the Lf is assumed to be 1.03 for CO2 and SOX (Kristenen, 

2015; MARINE, 2018), and 1.00 for NOX and PM (MARINE, 

2018). These corrections are only applied to direct emissions. Also,  

ηg is assumed to be 0.96 (MAN, 2018) in this study.

In contrast, emissions from AMP increase when converting grid 

electricity to onboard electricity. A transformer is installed to 

match the onboard voltage level, and a frequency converter might 

be used optionally to match the onboard frequency (50 Hz or 60 

Hz) (Fig. 2). 
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Fig. 1. The fuel life-cycle pathway covered in this study.
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Fig. 2. An overview of the shore-to-ship power connection for 

AMP.

In this regard, the modified emission factor (E’f ,AMP) is used to 

calculate the emissions from AMP based on the general emission 

factor (Ef ,AMP):

 ′  ×

 
        (2)

where i = emission type (CO2, SOX, NOX, PM)

   ηc = frequency converter efficiency (%)

   ηt = transformer efficiency (%).

In this study, ηc and ηt are assumed to be 0.98 each (ABB, 

2017; Schneider-electric, 2015). For both cases, the total emissions 

(E[g]) can be calculated by applying the modified emission factor 

(Ef’ [g/kWh]) as below:

    ×  × ′         (3)

where P (kW) is the generated electric power from an onboard 

genset or grid, and t (h) is the operating time in hours.

3. Emissions from Ship Gensets

3.1 GHG emissions

As of January 1, 2013, all newly built ships with a gross 

tonnage of 400 and above must reduce their CO2 emissions 

according to the Energy Efficiency Design Index (EEDI) in three 

stages (2015, 2020, and 2025). This is an energy efficiency 

measure applying to ship transportation with the aim of reducing 

CO2 emissions from operation activities on ships. In addition, the 

IMO and the EU have attempted to reduce GHG emissions from 

ships by collecting and analyzing emission data.

The CO2 emission factor (Ef,G(CO2)) of a genset is proportional 

to fuel oil consumption according to the following equation:

   ×         (4)

where Cf (g·CO2/g·fuel) is a non-dimensional conversion factor 

between fuel consumption and CO2 emissions, both of which are 

measured in grams, based on carbon content. SFOCG (g·fuel/kWh) 

is the specific fuel oil consumption of a genset. The Cf and 

SFOCG values used in this study are listed in Table 1. For the 

SFOCG, the average value is applied using the general four-stroke 

genset data available from references (Wärtsilä, 2017; MAK, 2015; 

MARINE, 2017; Rolls-Royce, 2018; Gilbert et al., 2018; IMO, 2015; 

Rolls-Royce, 2017).

Fuel
Lower calorific 
value (kJ/kg)a

Carbon
contenta

Cf

(g·CO2/g·fuel)a 

SFOCG

(g·fuel/kWh)b

HFO 40,200 0.8493 3.114 178.6 

MGO 42,700 0.8744 3.206 173.4 

LNG 48,000 0.7500 2.750 161.5 

a Source: IMO (2017a).
b Sources: Wärtsilä (2017); MAK (2015); MARINE (2017); Rolls-Royce  

  (2018); Gilbert et al. (2018); IMO (2015); Rolls-Royce (2017).

Table 1. The main characteristics of ship fuel and assumed SFOC 

of a genset

The data listed in Table 1 is variable depending on (a) engine 

type (i.e., main, auxiliary, or auxiliary boilers), (b) engine speed 

(slow, medium, or high), (c) type of service (duty cycle), (d) fuel 

type (HFO, MGO, and LNG), and (e) engine load variability 

(IMO, 2015).

GHG emissions are calculated using the CO2-equivalent global 

warming potential by directly summing the 100-year conversion 

coefficients recommended by the 5th Assessment Report (AR5) of 

the Intergovernmental Panel for Climate Change (IPCC) for the 

three main GHG emission types (CO2, CH4, and N2O) (IPCC, 

2014). Furthermore, the GHG emission factors are calculated as:

     


 ×


  ×
 (5)

In this study, the GHG emission factors for each ship fuel type 

are shown in Table 2. 
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Fuel
Ef,G (CO2)
(g/kWh)

Ef,G (CH4)
(g/kWh) a

Ef,G (N2O)
(g/kWh) b

Ef,G (GHG)
(g/kWh)

HFO 556.16 0.01 2.8610-2 564.96

MGO 555.92 0.01 2.7710-2 564.45

LNG 444.13 5.3 1.810-2 597.89

Note. N2O (g/kWh) = 0.16 × SFOC (g·fuel/kWh) / 1,000.
a Sources: Olmer et al. (2017); Stenersen and Thonstad (2017).
b Sources: Olmer et al. (2017); IMO (2015).

Table 2. GHG emission factors of ship fuels.

In Table 2, each CO2 emission factor is calculated based on 

Equation (4), and each CH4 and N2O emission factor is based on 

data from references. The CH4 emission factor of LNG is applied 

from the average value between lean-burn spark ignited engines 

(LBSI) and low-pressure dual fuel (LPDF) engines manufactured 

after 2010 (Stenersen and Thonstad, 2017). Each GHG emission 

factor is recalculated according to Equation (1), and the results are 

presented in Table 6.

3.2 SOX emissions

According to IMO regulations (MARPOL Annex VI), the 

sulphur content of fuel (%S) should be restricted to reduce SOX

emissions, and this restriction differs by region (Table 3).

Pollutant Region SOX limit (m/m) Date

SOX

Global

4.50 % Prior to 2012

3.50 % Since 2012

0.50 % From 2020

Inside
ECA

1.50 % Prior to 2010

1.00 % Since 2010

0.10 % Since 2015

Table 3. IMO restrictions of SOx emissions for ships (diesel engine).

The SOX emission factor (Ef,G [SOX]) of a genset is determined 

directly from the fuel sulphur content according to Equation (6):

     ×  ×  ×         (6)

Equation (6) includes a constant indicating that approximately 

98 % of the fuel sulphur will be converted to gaseous SO2 and that 

about 2 % of the sulphur can be found in particulate matter (IMO, 

2015). The latest report shows that the worldwide average sulphur 

content of HFO was 2.58 %, while the worldwide average sulphur 

content of MGO was 0.08 % in 2016 (IMO, 2017b). This means 

that the use of HFO is currently not allowed within ECAs, and it 

will also be restricted globally on and after January 1, 2020. The 

average values and the restricted values of the SOx emission factor 

are presented in Table 4.

The SOX emission factor for LNG gensets is assumed based on 

the average value from manufacturers’ data, and each SOX 

emission factor is recalculated according to Equation (1), and the 

results displayed in Table 6.

Fuel
Average value Restricted value

%S
Emission

factor (g/kWh)
%S

Emission
factor (g/kWh)

Region

HFO 2.58 9.01 3.50 11.87
Global

(until 2019)

MGO 0.08 0.27

0.50 1.70
Global

(from 2020)

0.10 0.34
ECA

(since 2015)

Table 4. The average and restricted values of SOX emission factors.

3.3 NOX emissions

According to IMO regulations (MARPOL Annex VI), the NOX

emission restriction consists of three tiers for diesel engines (with a 

power output of more than 130 kW) depending on the maximum 

engine operating speed and the year of build (Table 5). All gensets 

are treated as medium-speed diesel (MSD) engines (called Category 

2) with a rated engine speed (RPM) of 130≤ n < 2000 (Moreno

-Gutiérrez et al., 2012). The applied tier differs depending on 

whether the ship is operating inside or outside an ECA. 

Pollutant Type Region
NOX limit a

(g/kWh)
Date (K/L)

NOX

Tier I - 45 × n-0.2 Prior to 2011

Tier II Global 44 × n-0.23 Since 2011

Tier III
Inside
ECA

9 × n-0.2 Since 2016
(2021b)

a Limitation for Category 2 (RPM: 130 ≤ n < 2000).
b Restrictions planned for the Baltic and the North Sea.

Table 5. IMO restrictions on NOx emissions for ships (diesel engine).

In this study, it is assumed that the rotating speed of a 60Hz 

genset is 720 rpm. For a genset using HFO, its NOX emissions are 

assumed to be 93 % of the limit value for Tier II engines 
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(MARINE, 2018). For a genset using MGO, it is known that it has 

5 % lower NOX emissions than an HFO-fuelled genset (Trozzi, 

2010). For LNG gensets, NOX emission factors are based on the 

average value from manufacturers’ data. Additionally, each NOX

emission factor is recalculated according to Equation (1), and the 

results displayed in Table 6.

Emission
type

Fuel
Total emissions
factor (g/kWh) a

Direct emission 
rate (%) b

GHG

HFO 711.01 85

MGO 727.47 83

LNG 804.29 80

SOX

HFO 9.7253 99

MGO 0.3507 83

LNG 0.0036 89

NOX

HFO 9.5499 98

MGO 9.0806 98

LNG 1.5651 91

PM

HFO 1.4485 100

MGO 0.2013 96

LNG 0.0266 98

a Sources: Olmer et al. (2017); IMO (2015); Lopez-Aparicio and Tønnesen  
(2015); Gilbert et al. (2018); Gilbert et al. (2018); MARINE (2017);     
IMO (2015); Rolls-Royce (2017); Lopez-Aparicio and Tønnesen (2015);  
Gilbert et al. (2018); Kristenen (2015); MARINE (2017); IMO (2015).

b Sources: ThinkStep (2017); Schmied and Knörr (2012); Lowell et al.    
(2013); APH (2018); Castelazo (2011).

Table 6. Emission factors from an onboard genset while at berth.

3.4 PM emissions

The IMO does not specifically restrict PM but regulates the 

sulfate portion of PM through SOX restrictions (ABS, 2017). PM is 

associated with sulphur because a certain fraction of oxidized 

sulphur is emitted as sulphuric acid, which easily condenses to 

sulphuric acid particles in exhaust gases (MARINE, 2018). 

Therefore, the PM emission factor (Ef,G (PM)) of a genset for HFO 

is calculated as (IMO, 2015):

      ×××       (7)

The PM emission factor for MGO is calculated as (IMO, 2015):

      ×××       (8)

For LNG gensets, PM emission factors are calculated based on 

the average value from manufacturers’ data, and each PM emission 

factor is recalculated according to Equation (1). The results are 

presented in Table 6. 

Fig. 3 presents a comparison of the emission factors for each 

fuel based on Table 6. As shown in the table, although LNG has 

significantly lower SOX, NOX, and PM emissions, it has higher 

GHG emissions than the other fuels. This is caused by the leakage 

of unburned methane, known as methane slip. Methane leakage 

during the combustion process accounts for about 24.8 % of its 

total GHG emissions. 

In addition, LNG has the highest volume of indirect emissions 

among the ship fuels. These upstream emissions are related to the 

GHG emissions SOX emissions NOX emissions PM emissions

SOx limitation (Global, until 2019)*

SOx limitation*
(Global, since 2020)

NOx Tier 3**
(inside ECA)

NOx Tier 2 (Global, since 2011)**

*SOx limitation at SFOC = 178.6 g/kWh (HFO), 173.4 g/kWh (MGO), **NOx limitation at 720 rpm of a genset

Fig. 3 Emissions from an onboard genset while at berth.
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handling, processing, transporting, and bunkering of natural gas 

(Lowell et al., 2013), and it can be changeable depending on the 

life-cycle process employed.

4. Emissions by AMP 

4.1 Power source

The potential of AMP for reducing global emissions depends on 

the power source mix used in electricity generation. Different 

power sources have different emission factors depending on the 

life-cycle pathway and variable regional characteristics. 

For non-renewable power sources, the vast majority of emissions 

are released during combustion at power plants: 94 % of GHGs for 

coal, 77 % for NG, and 89 % for oil. On the other hand, nuclear 

power plants have a relatively lower emission impact because a 

single nuclear power plant can produce a more significant amount 

of electricity compared to other power sources. However, other 

factors need to be considered, such as the risk of explosion, initial 

investment, and emissions generated during construction or 

decommission phases, etc.

Renewable energies are highly reliant on local geographical 

conditions and the level of available technology. Renewable 

energies produce few direct emissions except for bioenergy; 

biomass combustion leads to relatively high emissions of NOX and 

PM in comparison to other renewable energy sources. Of the 

various biomass resources, wood pellets/chips are the primary cause 

of high emissions during combustion operations (AQEG, 2017).

For wind energy, it is not divided into onshore and offshore 

wind power in this study because each has similar emission 

factors. Even though offshore wind turbines have a higher 

productivity in comparison to onshore ones, they generate greater 

emissions during the construction phase (Turconi et al., 2013).

Table 7 and Figs. 4-7 present emission factors for each of the 

eight power sources by emission type. This data is based on 

literature surveys and Equation (2).

4.2 Electricity generation mix

The electricity generation mix can vary widely from country to 

country as shown in Fig. 8. In other words, emission factors from 

power generation plants have both site-specific and region-specific 

influences (WNA, 2017). 

Therefore, the emission factor for electricity generation can be 

calculated below in combination with Equation (2):

Emission
type

Electricity 
source

Emission factor (g/kWh)

Total a Direct
emission 
rate b (%)Average Min. – Max.

GHG

Coal 1,026.42 888 - 1205 94

Natural gas 497.62 218 - 659 77

Nuclear 29.78 12 - 40 56

Oil 833.69 733 - 1,180 89

Hydro 24.40 11 - 37 84

Wind 17.76 10 - 30 0

Solar 52.42 18 - 85 0

Biomass 53.00 39 - 75 30

SOX

Coal 2.4165 0.4510 - 5.9000 91

Natural gas 0.0068 0.0066 - 0.0070 16

Nuclear 0.1347 0.0200 - 0.1920 3

Oil 2.9273 2.1319 - 4.2500 98

Hydro 0.0057 0.0004 - 0.0110 0

Wind 0.0275 0.0250 - 0.0300 0

Solar 0.0464 0.0327 - 0.0600 0

Biomass 0.0792 0.0684 - 0.0900 70

NOX

Coal 1.7607 0.6900 - 2.8300 97

Natural gas 0.5702 0.3300 - 0.8000 49

Nuclear 0.0665 0.0400 - 0.0800 3

Oil 1.3073 0.7200 - 1.7690 86

Hydro 0.0107 0.0013 - 0.0200 0

Wind 0.0275 0.0150 - 0.0400 0

Solar 0.0386 0.0300 - 0.0472 0

Biomass 0.8636 0.1368 - 1.9440 70

PM

Coal 0.2602 0.0900 - 0.6417 93

Natural gas 0.0049 0.0027 - 0.0070 23

Nuclear 0.0042 0.0042 - 0.0042 8

Oil 0.2367 0.1134 - 0.3600 97

Hydro 0.0027 0.0001 - 0.0053 0

Wind 0.0188 0.0095 - 0.0280 0

Solar 0.0365 0.0030 - 0.0700 0

Biomass 0.1298 0.0095 - 0.2500 90
a

Sources: CEC (2004); Abrahams et al. (2015); Cai et al. (2012); 

DEA (2016); FEPC (2014); HATCH (2008); HATCH (2014); CO2

emissiefactoren (2017); ICF (2013); Khaenson et al. (2017); 
Kristensen et al. (2004); Krittayakasem et al. (2011); Louwen 
(2011); Lueken et al. (2016); Moro and Lonza (2017); Khartchenko 
and Kharchenko (2014); Ozawa et al. (2017); Pant and Olsen (2013);
Kuo (2014); Devasahayam et al. (2017); Skone et al. (2013); Skone 
et al. (2014); Turconi et al. (2013); WNA (2017); Xcel Energy 
(2018); Peng et al. (2017); Woo et al. (2017); Schmied and Knörr 
(2012).

b Sources: Bates and Henry (2009); Castelazo (2011); APH (2018); 

Abrahams et al. (2015); Louwen (2011); Skone et al. (2013); Skone 
et al. (2014).

Table 7. Emission factors from AMP while at berth.
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 ′  × 

∑   ×   
       (9)

where i = emission type (GHG, SOX, NOX, or PM)

     e = power source for generating electricity 

          (coal, natural gas, nuclear, oil, wind, etc.)

     μ = share of the electricity generation mix (%)

     ηc = frequency converter efficiency (%)

     ηt = transformer efficiency (%).

As shown in Fig. 8, EU nations, where many AMP facilities 

have been installed, have a high share of renewable power sources 

with 30.0 % on average, due to strong environmental regulations 

and subsidies. On a global average in 2015, 39 % of electricity came 

from coal, 23 % from natural gas, 10% from nuclear power, 4 % 

from oil, and 24 % from renewable energies.

The proportion of electricity generated by non-renewable power 

sources is expected to drop significantly by 2050, whereas 

renewable energy is predicted to account for 85 % of electricity 

generation in 2050. Specifically, solar and wind are expected to 

lead the way, rising from 800 GW now to 13,000 GW by 2050. It 

is also expected that no new coal plants will be commissioned and 

95 % of coal plants in operation now will be phased out (IRENA, 

2018). 

C
u

rr
e

n
t 

m
ix

F
u

tu
re

 m
ix

39% 23% 16%           10%     

27.7%27.9% 18.0%         12.9%     5.1%

47.1% 20.1% 18.7%

11.0%               19.7% 25.6% 13.7%          9.1%        11.2%            6%

31.1%                                     30.6% 20.9% 7.7%     6.6%

58% 20.0%                 9%      5% 

15%                    19%                           22%                     11%                18%                7%      8%

18.4%                               31.8%                                16.5%         6.1%      16.6%           6%

32%                           7%   4% 15%                    18%                  22%

10%                 12%  36%                                       26%                       11%
*

*

*

*

*

Fig. 8. Current and expected electricity generation mix by sources 

and regions (IRENA, 2018; IEA, 2017, 2018; EIA, 2015, 

2018; Sandbag & Agora Energiewende, 2018; EU, 2016).

5. Results and Future Works

Figs. 9-12 present a comparison of the emission factors for each 

emission type from conventional ship gensets and AMP when used 

to supply electricity to ships at berth. In the case of ship gensets, 

Non-renewable energy Renewable energy

Electricity mix average 

(World 2015)

Fig. 4 GHG emissions by different electricity generation sources.

Non-renewable energy Renewable energy

Electricity mix average 

(World 2015)

Fig. 5 SOX emissions by different electricity generation sources.

Non-renewable energy Renewable energy

Electricity mix average 

(World 2015)

Fig. 6. NOX emissions by different electricity generation sources.

Non-renewable energy Renewable energy

Electricity mix average 

(World 2015)

Fig. 7. PM emissions by different electricity generation sources.
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the emission factors were derived from Table 6, and for the 

emission factors of AMP, Equation (9) was applied based on Table 

7 and Fig. 8. 

It is clear that AMP produces lower emissions for all emission 

types than do gensets. First, the global average of GHG emissions 

were reduced by about 18.3 %. In particular, the harmful pollutions 

of SOX, NOX, and PM were significantly reduced by 88.4 %,

90.1 %, and 91.5 % on average, respectively. Even though no 

significant decrease in GHG emissions was observed for 

non-OECD countries, the other harmful emissions were greatly 

reduced. It is expected that China will be able to substantially cut 

its emissions because its coal-intensive electricity generation mix 

will be replaced by renewable sources by 2030 (e.g., wind 18 %, 

solar 22 %, etc.).

In addition, the environmental benefits of AMP will increase 

further because of an improved electricity mix globally. By 2050, 

GHG emissions are predicted to fall by 87.1 % globally compared 

to those generated by conventional genset fuel (HFO); SOX by up 

to 99.3 %, NOX by up to 97.9 %, and PM by up to 97.6 %. Even 

though the efficiency of power plants and the pathways from raw 

materials vary by region, these comparison results could be used to 

consider the general environmental benefits of AMP.

Additionally, the required electric power and staying time at a 

port are highly dependent on ship type and size, and it is related 

to the amount of emissions according to Equation (3). Based on 

the emission factors obtained in Chapters. 3 and 4, the total GHG 

emissions by ship type was calculated in Table 8. The results 

show that a cruise ship for regional voyages generates the largest 

amount of emissions among all ship types due to the high electric 

power demands and long spending time at a port. Therefore, it is 

highly recommended that this kind of ship use AMP. A more 

detailed analysis considering specific ship types and sizes will be 

performed in the future.

Furthermore, both the shipping industry and the electric power 

industry have been trying new approaches to reduce harmful 

emissions. In the shipping industry, alternative fuels have been 

suggested, including biofuel, methanol, hydrogen, and ammonia. 

Therefore, it is necessary to compare emissions from other 

alternative fuels with emissions from the AMP in the near future. 

Likewise, from the perspective of the electric power industry, 

alternative low-carbon power sources such as renewable energy 

have become preferable for electricity generation. And emissions 

from coal-based power plants could be reduced by applying an 

integrated gasification combined cycle (IGCC), fuel gas cleaning 

-1
8
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 %

Ship genset AMP (current electricity mix) AMP (future electricity mix)

-8
7
.1

 %

Fig. 9. Comparison of GHG emissions between ship genset and 

AMP for electricity supply.
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Fig. 12. Comparison of PM emissions between ship genset and 

AMP for electricity supply.
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(FGC), or carbon capture storage (CCS). 

It is also expected that the number of AMP facilities at ports 

will increase worldwide. In particular, the European Parliament has 

decided to require AMP at the Trans-European Transport (Ten-T) 

Core Network of European ports by December 31, 2025; the Ten-T 

Core Network consists of the 80 most important ports in Europe 

(Barrenechea, 2017). The Chinese government also recently issued 

its 13th Five-Year Plan, which included plans for emission control 

at major ports. It has been reported that 493 berths in China will 

be equipped with AMP facilities by 2020 and the government is 

subsidizing their implementation (WRI, 2017).

Together with AMP promotion policies, it is essential to 

calculate the maximum expected electricity demand for AMP to 

ensure that power grids can handle this demand and remain stable. 

6. Conclusions

Even though some major ports have already been installed and 

are using AMP facilities, especially in ECAs, there are still doubts 

about their ultimate environmental benefits due to the increase in 

electric power demand. To better understand the potential role of 

AMP as a genuine eco-friendly solution, this study conducted a 

comparison of the emissions generated by conventional ship-based 

gensets and shore-based AMP. The focus was on four main 

emission types (GHG, SOX, NOX, and PM) which are currently 

under regulation or under consideration for regulation by the IMO.

For ship genset emissions, HFO, MGO, and LNG were selected. 

HFO and MGO are the most commonly used fuels, and LNG is 

the most favorable alternative fuel in the marine industry. AMP 

emissions, on the other hand, were calculated based on the 

electricity mix of eight different types of power source. For a fair 

comparison of the environmental impacts, both direct and indirect 

emissions were considered for each fuel or power source.

The results of this study are summarized as follows.

� Compared to ship gensets using HFO, AMP could effectively 

reduce harmful emissions; specially, the reduction rates of SOX, 

NOX, and PM would be about 88 - 92 %.

� Compared to ship gensets using MDO or LNG, AMP could be 

environmentally beneficial; specially, AMP has an 89.6 % lower

rate of NOX emissions than MGO and a 27.8 % lower rate of 

GHG emissions than LNG.

� Indirect emissions have a significant impact on emissions 

overall, so it is necessary to reduce both indirect and direct 

emissions together.

� The environmental benefits of AMP are expected to increase in 

the future, and it highly depends on efforts to reduce coal and 

oil-fired power plants.

This study showed the environmental benefits of AMP through 

comparative analysis. Even though this study was by necessity 

based on assumptions for the calculation of emission factors, the 

findings can help ship owners and port authorities determine optimal 

policies to best meet stricter environmental regulations.
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