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Abstract: The International Maritime Organization (IMO) has been regulating emissions by making mandatory the compliance
with institutions aimed at protecting air quality such as the Energy Efficiency Design Index (EEDI), Ship Energy Efficiency
Management Plan (SEEMP) and Tier IIIl. Under the circumstances, one of the response measures considered to be the most
feasible is the replacement of existing marine fuel with Liquefied Natural Gas (LNG). The industry has been preemptively
building infrastructure and developing and spreading engine technology to enable the use of LNG-fueled ships. The IMO, in
turn, recently adopted the International Code of Safety for Ships Using Gases or Other Low-Flash-Point Fuels (IGF Code) as
an institutional measure. Thus, it is required to comply with regulations on safety-related design and systems focused on re-
sponse against potential risk for LNG-fueled ships, in which low-flash-point fuel is handled in the engine room. Especially, the
Standards of Training, Certification and Watchkeeping (STCW) Convention was amended accordingly. It has adopted the qual-
ification and training requirements for seafarers who are to provide service aboard ships subject to the IGF Code exemplified
by LNG-fueled ships. The expansion in the use of LNG-fueled ships and relevant facilities in fact is expected to increase de-
mand for talents. Thus, the time is ripe to develop methods to set up appropriate STCW training courses for seafarers who
board ships subject to the IGF Code. In this study, the STCW Convention and existing STCW training courses applied to sea-
farers offering service aboard ships subject to the IGF Code are reviewed. The results were reflected to propose ways to de-
sign new STCW training courses needed for ships subject to the IGF Code and to identify and improve insufficiencies of the
STCW Convention in relation to the IGF Code.
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to drop further due to the impact of shale gas development
around the world including the United States (US)[2].

1. Introduction

The 5th Assessment Report of the Intergovernmental Panel

on Climate Change address the severity of global warming, Technological development for propulsion systems powered

In response, regulations on emissions such as EEDI, SEEMP
and Tier III have been made mandatory by the IMO as a
preventive measure[1]. The industry including shipping and
shipbuilding companies have been devising a wide range of
methods to comply with such institutions including the op-
tion of using LNG for diesel engines as marine fuel, which
has been gaining keen interest as having the highest level of
efficiency. In comparison with Bunker C fuel oil, the most
widely used fuel oil, LNG as marine fuel is highly
eco-friendly, emitting much less Sulfur Oxides, Nitrogen
Oxides, Carbon Oxides and fine dust. Also, its price has fall-

en close to the level of Bunker C fuel oil and is forecasted

by LNG has entered the final stage, as witnessed through
cases of application to new shipbuilding projects. The prime
examples are ME-GI of MAN D&T and X-DF of Wartsila,
two of the leading engine manufacturers[3]. As such,
LNG-powered propulsion systems will continue to secure
competitiveness in terms of environment and cost. They are
expected to be applied to almost every type of vessels in-
cluding containerships, dry bulk carriers, oil tankers, car car-
riers and passenger ships, raising the need for a variety of
on-shore facilities and LNG bunkering vessels[4]. According
to a study conducted by Lloyd’s Register, around 2,000
LNG-fueled ships will be operated by 2025[5]. In Korea,

several businesses and public corporations are positively re-
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viewing the adoption of a terminal dedicated to LNG bunker-
ing in the Busan New Port and LNG bunkering vessels[6].

However, LNG is a cryogenic material with a large risk
of explosion. Its application to most kinds of ships will re-
quire special safety facilities and seafarers who have re-
ceived appropriate training. In this regard, the IMO has car-
ried out around a decade of discussions and studies, adopt-
ing the IGF Code in the first half of 2015. The IGF Code
defines regulations on facilities and safety for ships that uti-
lize propulsion systems driven by low-flash-point fuel, the
leading example being LNG-fueled ships. In addition, IMO
amended the STCW Convention by adding relevant regu-
lations such as training required for seafarers that are to pro-
vide service aboard ships subject to the IGF Code. Given
such developments, it would be timely for the Republic of
Korea to amend its Seafarers Act accordingly and devise
new training courses to meet the requirements of the STCW

Convention.

2. Overview of the IGF code and relevant
parts of the STCW convention

2.1 Overview of the IGF Code

The goal of the IGF Code is to provide an international
standard on ships that are propelled by gases that are not in-
cluded in the International Code for the Construction and
Equipment of Ships Carrying Liquefied Gases in Bulk (IGC
Code) or low-flashpoint liquids. Considering the properties of
such gases and low-flashpoint liquids, it lays out mandatory
standards on the installation and deployment of various machi-
nery, equipment and systems under the basic philosophy of
minimizing risk on ships, seafarers and the environment. IMO
drew up the IGF Code based on extensive understanding of
naval architecture, engineering, field experience and data as
well as results of research and development. Due to the rapid
development of fuel technology, the IGF Code will be regu-
larly reviewed based on new technological trends and field
experience.

In principle, the IGF Code deals with all areas that require
special review in relation to the use of gases or low-flashpoint
liquids as marine fuel based on MSC 1/Circ. 1394. Thus, it
defines goals and functional requirements for design, structure
and operation that are covered in different chapters.

The current version of the IGF Code mainly focuses on
functional requirements for natural gas fuels. However, it will
be continuously updated to include requirements for other
low-flashpoint fuel in the future[7].

2.2 Overview of STCW Convention in relation to the
IGF Code

Section 3 of Annex 5 in the STWC Convention states qual-
ification and training requirements for seafarers who will offer
service aboard ships subject to the IGF Code, the latter of
which is divided into basic and advanced training.

Basic training is required for all seafarers, but exempted are
those issued with certificate for completing the existing basic
training on liquefied gas tanker operation. Advanced training is
required for ship masters and marine engineers, the certificate
of which is issued after satisfying two conditions: successful
completion of the advanced training for ships subject to the
IGF Code, and more than one month service aboard ships sub-
ject to the IGF Code that includes a minimum of three bun-
kering experiences. However, those issued with certificate for
the advanced training on liquefied gas tanker operation are
exempted.

According to the STCW Convention as explained above, the
basic and advanced training for ships subject to the IGF Code
is included in the scope of basic and advanced training for lig-
uefied gas tanker operations applied to the IGC Code in terms

of institutional relationship[8].

STCW Section A-V/1-2: liquefied gas tankers

CSTCW Section A-V/3: IGF Code ship)

Figure 1: Relationship between basic and advanced training
for ships subject to the IGF Code and those for liquefied
gas tankers within the framework of the STCW Convention
(subset relationship)

3. Design of the basic training for ships
subject to the IGF Code

3.1 Trainees

Under the STCW Convention, ship masters, navigation offi-
cers, marine engineers and deck and engineering ratings that
are to provide service aboard ships subject to the IGF Code
must successfully complete the basic training for ships subject
to the IGF Code.

3.2 Details of the STCW Convention

STCW Code Part A-V specifies the minimum standard of
competence in basic and advanced training for liquefied gas
tankers and ships subject to the IGF Code. The basic training
for ships subject to the IGF Code is focused on the under-

standing of basic safety guidelines in consideration of risk
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posed by LNG that will be mainly used. Therefore, most of its
competences are included in the basic training for liquefied
gas tankers. Table 1 is a comparison between the two basic
trainings in regards to requirements of the STCW Convention,

showing the high level of similarity.

Table 1: Specification of minimum standard of competence

days) with short basic training on liquefied gas tankers (1 day)
considering Contents overlapping with the basic training on
ships subject to the IGF Code are removed

Based on the principles mentioned above, the basic training
for liquefied gas tankers given by the Korea Institute of
Maritime and Fisheries Technology (KIMFT) could be reor-
ganized into the basic training for ships subject to the IGF

in basic training according to STCW code

Liquefied gas tanker
cargo operations
(Table A-V/1-2-1)

Ships appying in the
IGF Code
(Table A-V/3-1)

Contribute to the safe
operation of a
liquefied gas tanker

Contribute to the safe
operation of a ship
subject to the IGF code

Code as seen in Table 2.

Table 2: Reorganization of basic training for liquefied gas

tanker cargo operations into basic training for ships subject

to the IGF Code

Take precautions to
prevent hazards

Take  precautions to
prevent hazards on a ship
subject to the IGF Code

Basic training for liquefied
gas tanker cargo operations

Basic training for ships
subject to the IGF Code

Ship Structure of LPG tanker
(2H)

Apply occupational health
and safety precautions
and measures

Apply occupational health
and safety precautions and
measures

Carry out fire-fighting
operations

Carry out firefighting
operations on a ship
subject to the IGF code

Respond to emergencies

Respond to emergencies

Take precautions to

Take precautions to
prevent pollution of the

Ship Structure of LNG
tanker (2H)

Structure of fuel
tanks subject to
the IGF Code (1H)

Characteristic of

Characteristic of

training (3H)

cargo (2H) IGF Code Fuel (1H)
Cargo IGF Code Fuel
machinery (3H) machinery (2H)
Operation - simulator Operation

- simulator training (3H)

Risk control of Cargo (3H)

Risk control of

environment from the
release of fuels found on
ships subject to the IGF
Code

prevent pollution of the
environment from the
release of liquefied gases

Table 1 helps us understand why the STCW Convention ex-
empts those issued with certificate for the basic training for
liquefied gas tankers from the basic training for ships subject
to the IGF Code[9].

3.3 Proposal for basic training for ships subject to the
IGF Code

Taking into account the similarity with the basic training for
liquefied gas tankers, the most optimal form of the basic train-
ing for ships subject to the IGF Code could be developed. It
would be a two-day course based on excerpts out of the exist-
ing three-day course for liquefied gas tankers on ships subject
to the IGF Code. In addition, for those who need training on
liquefied gas tankers after completing the training on ships
subject to the IGF Code, a short one-day course consisting of
contents unrelated to the IGF Code training could be provided
to avoid redundancy. The complementary amendment to the
currently training system should be drawn up and reflected to
the Enforcement Decree of the Seafarers Act of Korea.

Basic training on liquefied gas tankers (3 days) is needed to
consist of basic training on ships subject to the IGF Code (2

IGF Code Fuel (3H)
Function and
use of gas-measuring
instruments and
similar equipment (2H)
Fire-fighting operations and

Function and use of
gas-measuring  instruments
and similar equipment (2H)

Fire-fighting operations and

system (2H) system (2H)

4. Design of the advanced training for ships
subject to the IGF Code

4.1 Trainees

Ship masters and marine engineers to provide service aboard
ships subject to the IGF Code must successfully complete the
advanced training for ships subject to the IGF Code and be is-
sued with the corresponding certificate. Unlike in the case of
basic training, however, the certificate for advanced training
has another prerequisite for issuance, which is work experience
aboard ships subject to the IGF Code.

4.2 Details of the STCW Convention

A certain level of work experience aboard ships subject to
the IGF Code is a precondition for the issuance of an ad-
vanced training certificate under STCW Code Part A-V. In de-
tail, the requirement is more than one month of on-board serv-
ice that includes at least three bunkering experiences. A sup-

plementary section allows the replacement of two bunkering
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experiences with a simulated training on bunkering, which is
included in the advanced training for ships subject to the IGF
Code [8].

Accumulating three bunkering experiences only through
overlap seagoing service will take a long period of time for
seafarers without experience aboard ships subject to the IGF
Code, especially newly-hired junior marine engineers or senior
marine engineers who have switched ship type. This is be-
cause as with the design of most commercial ships, the bunker
tank of ships subject to the IGF Code is designed to require
monthly bunkering [10]. Under the circumstances, seafarers
without experience on ships subject to the IGF Code need a
long period of overlap seagoing service that could also put
burden on ship owners. In turn, it will weaken seafarers’ com-
petitiveness to land a job and is highly likely to deter the free
transfer between ships subject to the IGF Code and ships not
subject to the IGF Code.

In this regard, including two of the three bunkering experi-
ence requirement in the advanced training for ships subject to
the IGF Code will reduce the overlap seagoing service period
and strengthen seafarers’ capability. The most optimal method
would be to adopt computer simulation on LNG bunkering to
the training course. The US Maritime Resource Center has been
providing the LNG PIC (Advanced) Course since May 2015
that involves training on bunkering with a computer simulator
[11].

4.3 Problem of exemption by the STCW Convention

According to STCW Annex Regulation V/3, seafarers issued
with certificate for the advanced training for liquefied gas
tankers who, over the recent five years, have boarded a lique-
fied gas tanker or ships subject to IGF Code for more than
three months, and participated in at least three bunkering expe-
riences are exempted from the advanced training for ships sub-
ject to the IGF Code [8]. Simply put, ship masters and marine
engineers of existing LNG or Liquid Petroleum Gas (LPG)
carriers are free from the advanced training for ships subject
to the IGF Code. The problem, however, is that goals and re-
quirements by the STCW Convention differ between advanced
trainings for liquefied gas tankers and ships subject to the IGF
Code.

Both training share the common underlying goal of enabling
safe handling and transport of hazardous materials (gas) such
as LNG. Yet, specific equipment and operation expertise to
achieve the goal are far apart.

The advanced training for liquefied gas tankers is focused

on cargo operation in terms of work procedure and cargo

machinery. In contrast, that for ships subject to the IGF Code
is centered on gas diesel propulsion system such as new en-
gine types including ME-GI and X-DF, auxiliary systems as
well as LNG bunkering operation.

Table 3 introduces an existing course of STCW advanced
training for liquefied gas tanker cargo operations. It should be
reviewed to confirm whether the minimum standard of com-
petence of the advanced training for ships subject to the IGF
Code of the STCW Convention is included.

Table 3: Course of study on STCW advanced training for
liquefied gas tanker cargo operations (KIMFT, 2015)

Course of study Hour
Summary (production / demand / supply chain of |
liquefied gas)
Ship structure of liquefied gas tanker 5
(Kind of cargo Tank)
Rule and regulation (SIGTTO, ICS/OCIMF Guide)| 1
Basic chemistry or physics theory for liquefied gas| 2
Characteristic and risk of liquefied gas 2
LPGC / LNGC Cargo Operation procedure 7
Emergency response on liquefied gas tanker 3
Cargo measurement and calculation of liquefied |
gas (LPG)
Cargo Machinery and equipment, Pollution prevent )
(MARPOL and Chemical Pollution)
Custody Transfer Measurement System for gas )
carriers (LNG)
Gas/oxygen detector and analyzer 3
Integrated Automation System 2
Total Hour 30

Exempting experienced seafarers who have completed the
advanced training for liquefied gas tankers from that for
ships subject to the IGF Code should be based on the as-
sumption that they satisfy the training and experience re-
quirements for the issuance of the IGF advanced training
certificate. This should be the basis in reviewing the cur-
rent situation.

First, it was considered whether the STCW advanced train-
ing for liquefied tanker cargo operations provided by KIMFT
and its supporting competence of the STCW Convention en-
compasses the STCW competence of the IGF Code advanced
training. The result laid out in Table 4 indicates that many
parts are omitted, unlike in the case of basic training. The dis-
crepancy is deemed to emanate from the level of sophisti-
cation of contents addressed by the advanced training. Since
the two trainings do not form a complete subset relationship, it
could be concluded that the exemption provision has legal

incoherence.
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Table 4: Competences not included in the advanced training
for liquefied gas tankers among competences (STCW Table
A-V/3-2)

Knowledge, understanding and

Competence .
P proficiency

Hydrate formation

Familiarity with

. Combusti rties: heati
physical and chemical ombustion properies: heating

values

i f fuel
properties oft fuels Methane number/ knocking

aboard ships subject to

the IGF Code Pollutant characteristics of fuels

addressed by the IGF code

Operating principles of marine
power plants

Operate controls of fuell
related to propul -sion

plant and engin -eering Ships' auxiliary machinery

systems and services
and safety devices on | Knowledge of marine engineering
ships sub -ject to the terms

IGF code

Ability to safely
perform and monitor
all operations related to|
the fuels used on board|
ships subject to the
IGF Code

Fuel systems for different
propulsion engines

Proficiency to perform fuel-
system measurements and
calculations, including:

.1 maximum fill quantity
.2 On Board Quantity
.3 Minimum Remain On

Board (ROB)
4 fuel consumption
calculations

Plan and monitor
safe bunkering,
stowage and securing
of the fuel on board

ships subject to the

IGF Code Ability to ensure the safe

management of bunkering
and other IGF Code fuel
related operations concurrent
with other onboard operations both

in port and at sea

Thus, it would be reasonable for interested parties and the
IMO to reconsider the exemption provision. Also, if necessary,
the STCW Convention should be amended accordingly prior to
January 1, 2017 when the IGF Code enters into effect.

Second, it was reviewed whether seafarers currently provid-
ing service aboard liquefied gas tankers such as LPG or LNG
carriers are equipped with the appropriate level of field experi-
ence required by ships subject to the IGF Code.

Seafarers who need certificate for the advanced training for
ships subject to the IGF Code are ship masters and marine
engineers. Confining the review on such positions, most exist-
ing LNG carriers are applied with steam turbine engines. Only
few ships are equipped with the Dual Fuel Diesel Electric
(DFDE) engine. However, ships subject to the IGF Code di-

rectly inject high-pressure gas to the diesel engine, which is
largely different from engine types generally handled by marine
engineers on existing LNG carriers. Although the induction of
LNG vapor to the engine room is similar, there remain large
difference with LNG carriers regarding fuel gas supply, storage
and re-liquefying systems related to the engine combustion
method [12]-[14]. Moreover, in terms of competence in LNG
bunkering, marine engineers of LNG carriers do not take on di-
rect responsibility and tasks for unloading such as cool-down,
vapor control, warming-up and topping-off. Therefore, it is dif-
ficult to say that they are entirely familiar with the procedure.
The unloading for a LNG tanker is led by navigation officers
and deck seafarers, whilst marine engineers control the pressure
of cargo vapor and bunker Heavy Fuel Oil (HFO).

Most LPG tankers are equipped with diesel propulsion sys-
tems that use general HFO. Thus, marine engineers are not
used to the direct gas fuel injection diesel propulsion system,
which is the key equipment of ships subject to the IGF Code
and auxiliary equipment such as the fuel gas supply, storage
and re-liquefying systems. Also, we cannot be sure about their
familiarity with the risk of LNG, a cryogenic material of -160
degrees Celsius and unloading is led by navigation officers
and deck seafarers. Therefore, we cannot say that they hold an
adequate level of experience required to transport LNG on a
ship subject to the IGF Code in an uninterrupted manner.

In conclusion, an advanced training for ships subject to the
IGF Code that encompasses IGF Code-specific STCW com-
petences not included in the training for liquefied gas tankers,
characteristics of ME-GI and X-DF, the most general engines
for ships subject to the IGF Code and LNG bunkering simu-
lation is needed. At the same time, the STCW Convention
should be amended to make the training mandatory for all sea-
farers, even those with certificate for advanced training for lig-
uefied gas tankers and work experience, prior to boarding
ships subject to the IGF Code.

4.4 Design of the advanced training for ships subject
to the IGF Code

As suggested based on legal and technical review, the ad-
vanced training for ships subject to the IGF Code needs to be
divided into two levels, one for experienced seafarers that
have been issued with certificate on the advanced training for
liquefied gas tankers and another for those with experience in
neither work nor training in regards to liquefied gas tankers
and ships subject to the IGF Code.

The training for experienced seafarers that have been issued
with certificate on the STCW advanced training for liquefied
gas tankers could be designed as proposed in Table 5.

Journal of the Korean Society of Marine Engineering, Vol. 39, No. 10, 2015. 12 1058



A study on the developments of STCW training of seafarers on ships applying in the IGF Code

Table 5: Advanced training for ships subject to the IGF
Code (for seafarers that have been issued with certificate for
the advanced training for liquefied gas tankers or with expe-
rience aboard liquefied gas tankers)

Course of
Contents
study
Bunker support system,
Bunker Insulation system, valves,
Tanks Cooling down rate,
Special tank operations
High differential pressure
Fuel gas }
supply Gas (High pressure control valve)
h isolation Gas Valve Unit
system valves Double block & bleed
arrangement
High High pressure reciprocating
Pressure plunger fuel injection pump
Pumps & maintenance
Vent piping system
Fuel Gas [Procedure for the trapped liquid consists of
Venting LNG or water
System Liquid releases in the fuel gas venting
__ system
Familiarity Hydrate formation
with Combustion properties : heating values
properties Methane number / knocking
of fuels Pollutant characteristics of fuels addressed
abli)'ard by the IGF Code
ships
subjI;ct SCR (Selective Catalytic Reduction-
to the catalysator) & EGR (Exhaust Gas
IGF code Recirculation) & Methane slip
LNG fuelled propulsion engines(ME-GI
Propulsion & X-DF) : Technical information, risk,
plant services and safety devices.
and Operating principles of marine power plants
engineering : Dual Fuel generator engine
systems Ships' auxiliary machinery
Knowledge of marine engineering terms
Safe Fuel-system measurements and
bunkering, calculations :
stowage .1 maximum fill quantity
and .2 On Board Quantity
securing .3 Minimum Remain On
of the Board (ROB)
fuel .4 fuel consumption calculations
Re Partial Re-liquefaction :
lique fa;:tion .1 Joule-Thomson valve + BOG Heat
qS stem Exchanger + LNG separator
Y .2 SMR(Single mixed refrigerant)
Line-up / Operate the manifold /
strainers / Cool down /
bunkering transfer diagrams
_ Flash gas
Bunkering bunkering in failure mode / process
Operation sequences for bunkering operations
(Simulator IAS for the bunkering operations /
training) Start-stop sequences during bunker
transfer
The processes following a ‘blow-out’
situation (overpressure relief) during
bunkering

The competences of the STCW Convention and character-
istics and technical issues of gas fuel diesel engine were re-
flected to determine the details of Table 5. Technical issues
related to ME-GI of MAN D&T and X-DF of Wartsila, the
two most widely discussed engines nowadays, were in-
cluded as well [15]. The training is formulated to achieve
the training goals of the STCW Convention. It will improve
practical seafaring capabilities regarding the propulsion and
engine systems applied to ships subject to the IGF Code
and help seafarers understand all kinds of operations rele-
vant to the IGF Code fuel types including the LNG bunker-
ing operation.

The simulator training that enables LNG bunkering oper-
ation is essential in enhancing the practical capability of train-
ees and for inexperienced seafarers to gain the minimum
on-board experience required to be issued with certificate on
the advanced training for liquefied gas tankers.

Furthermore, details in Table 5 that are out of context of
the STCW Convention are focused on equipment vital in oper-
ating ships subject to the IGF Code, especially those that sea-
farer lack experience with, based on a review on the technical
information from engine manufacturers, shipyards and classi-
fication societies [16]-[24].

5. Conclusion

5.1 Conclusion on the basic training for ships subject
to the IGF Code

As stated before, the adoption of the IGF Code gives rise to
the need for relevant STCW training. In this regard, legal
ground on the basic and advanced training for ships subject to
the IGF Code should be added to the Enforcement Decree of
the Seafarers Act of Korea.

The STCW basic training for ships subject to the IGF Code
must legally become part of the STCW basic training for lig-
uefied gas tankers as explained. Also, a provision should be
established to allow for a short training on liquefied gas tank-
ers that excludes contents from the IGF Code training in the
case a seafarer who has completed the basic training for ships
subject to the IGF Code is to participate in a basic training for

liquefied gas tankers.

5.2 Conclusion on the advanced training for ships
applying in the IGF Code

Under the current STCW Convention, those who hold certif-
icates for the advanced training on liquefied gas tankers are
exempt from the advanced training on ships subject to the IGF
Code. Accordingly, ship masters and marine engineers of LPG
and LNG carriers that have been applied with the IGC Code
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are able to board ships subject to the IGF Code without addi-
tional STCW training.

Both ships subject to the IGC Code and the IGF Code are
identical in that gas fuels of low flashpoint such as LNG or
LPG are combusted in the engine room to propel the ship.
However, exempting seafarers from training based on such fact
is an approach that is highly risky and insufficient in terms of
technical issues.

Most existing LNG carriers are equipped with propulsion
systems based on steam turbine or DFDE and LPG carriers
with diesel systems that use HFO. Such methods of pro-
pulsion show large technological difference with ME-GI or
X-DF, the main engines of ships subject to the IGF Code. At
the same time, marine engineers of existing LNG and LPG
carriers are not fully familiar with LNG unloading. Therefore,
the circumstances and background should be reconsidered to
create an environment in which only seafarers with enough
experience and training provide service aboard ships subject
to the IGF Code.
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