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SUMMARY 10 
 11 
Exhaust gas emissions are regulated at international and national levels, but venting vapours from oil tanks is a cause of 12 
concern due to a lack of regulatory control. Oil tanker loading operations and ship bunkering operation results in a 13 
considerable amount of 'Volatile Organic Compound' (VOC) in the surrounding environment. The presence of toxic 14 
components in this VOC emission has the potential to affect the health of seafarers as well as local air quality. Numerous 15 
tankers engaged in loading operations within the same port has a solid potential to increase the toxic emission to a 16 
dangerous level locally. Loading ports near highly populated areas expose the local population to toxic VOC concentration. 17 
A few ports in Europe, the USA and South Korea have strict local environmental rules prohibiting VOC emission from 18 
oil tanker loading operations. There is a need for international and national regulations to limit or stop the release of VOCs 19 
from oil tankers and monitor VOC exposure risks at the local level. The research objective is to analyse the current status 20 
of international and national rules and regulations related to VOC emission and monitoring VOC exposure risks during 21 
loading operations in an oil tanker and ship bunkering operations. Existing international (SOLAS and MARPOL 22 
Conventions) and national regulations (EU, USA, Norway) are described and analysed regarding the contemporary tanker 23 
design and standard tanker operating practice. A critical analysis determines the effectiveness and adequacy of the current 24 
regulations and tanker industry working practices. Finally, amendments to existing international conventions are proposed 25 
to minimise or stop the VOC emission and monitor VOC exposure risks to seafarers and the surrounding population near 26 
tanker terminals and ports. Solutions are also proposed to amend the existing tanker design and operating practices to stop 27 
the VOC emission, including toxic hazard assessment in vapour vent design and prevent exposure to VOC emission. 28 
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SIRE Ship Inspection Report programme 88 
SOLAS Convention on Safety of Life at 89 

Sea  90 
UNCTAD United Nations Conference on 91 

Trade and Development 92 
UNECE United Nations Economic 93 
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 100 
1. INTRODUCTION 101 
 102 
Recent studies have shown that large volumes of 103 
Volatile Organic Compounds (VOCs) are emitted 104 
into the surrounding air during marine oil tanker 105 
loading operations.(DeLuchi, 1993; Hansen et al., 106 
2008; Lee et al., 2013; Tamaddoni et al., 2014; 107 
Deligiannis et al., 2016; Todd, 2016; Habiba et al., 108 
2017; Fetisov et al., 2020; Hu et al., 2020; Rajabi et 109 
al., 2020). The resulting VOC emission is not only 110 
detrimental to local air quality but also affects the 111 
health of seafarers and marine personnel due to the 112 
presence of toxic components in this VOC emission 113 
(Paulauskiene et al., 2009; Claxton, 2014; Mihajlović 114 
et al., 2016; Milazzo et al., 2017; Polvara et al., 115 
2021). To date, there are no regulations in 116 
international conventions such as SOLAS and 117 
MARPOL to limit or stop VOC emissions from oil 118 
tanker loading and ship bunkering operations to 119 
safeguard the health of seafarers and preserve air 120 
quality. Various regulations related to VOC emission 121 
from loading operations in oil tankers can be 122 
classified as international regulations, national 123 
regulations, and tanker industry-specific practices. 124 
The international regulations about tankers are 125 
covered under 'International Maritime Organization’ 126 
(IMO) conventions such as 'Safety of Life at Sea' 127 
(SOLAS) and 'Prevention of Pollution from Ships' 128 
(MARPOL). The regional and national regulations 129 
related to tankers can be regional and local 130 
conventions and Acts such as the 'Long-Range 131 
Transboundary Air Pollution' (LRTAP) convention 132 
under 'United Nations Economic Commission for 133 
Europe' (UNECE) and 'Clean Air Act' (CAA) in the 134 
USA. The tanker industry-specific practices are 135 
related mainly due to commercial considerations to 136 
seek tanker business, such as 'Oil Companies 137 
International Marine Forum' (OCIMF) led 'Ship 138 
Inspection Report Programme' (SIRE) inspections 139 
and following industry best practices under 140 
'International Safety Guide for Oil Tankers and 141 
Terminals’ (ISGOTT) and the guidelines developed 142 
by the trade association such as 'International 143 
Association of Independent Tanker Owners' 144 
(Intertanko). The objective of the paper is to analyse 145 
the current status of international and national rules 146 
and regulations related to the VOC and hence carbon 147 

emission during oil tanker loading and ship bunkering 148 
operations and propose amendments in SOLAS and 149 
MARPOL conventions to minimise or stop VOC 150 
exposure to seafarers and preserve air quality during 151 
these operations. 152 
 153 
The subsequent section provides a literature review of 154 
regulations related to VOC emission in international 155 
conventions such as SOLAS and MARPOL, national 156 
and regional regulations in the U.S.A, the E.U., and 157 
Norway. Discussion and the amendments proposed 158 
for the regulations in SOLAS and MARPOL 159 
convention are presented, followed by the conclusion. 160 
 161 
2. LITERATURE REVIEW OF CURRENT 162 

REGULATIONS 163 
 164 
2.1 INTERNATIONAL REGULATIONS 165 
 166 
IMO is a specialised 'United Nations Organization' 167 
(UNO) agency to promote safe, secure, 168 
environmentally sound, efficient, and sustainable 169 
shipping through cooperation. IMO is improving 170 
safety at sea by developing international regulations 171 
that are followed by various treaties and conventions 172 
between different nations (IMO, 2020). The main 173 
conventions related to the design and operations of oil 174 
tankers are SOLAS and MARPOL conventions. 175 
SOLAS and MARPOL conventions are described and 176 
analysed as per the objective of the current study to 177 
assess the effectiveness of existing regulations 178 
regarding VOC and hence carbon emissions from oil 179 
tankers and bunkering operations.  180 
  181 
2.1 (a) SOLAS Convention 182 
 183 
The primary objective of the SOLAS convention is to 184 
specify the minimum standards for the ships' 185 
construction, equipment, and operations, compatible 186 
with safety. Safety onboard is understood to save the 187 
ship, human health, and the environment. The 188 
analysis of the SOLAS regulations related to the 189 
current study indicates that the regulations focus 190 
primarily on safety, less on the environment, and the 191 
least on health aspects of ship operations.  192 
 193 
None of the regulations in SOLAS mentions the risk 194 
of inhaling oil vapours and its associated toxicity 195 
hazard of the carriage of oil as cargo or as fuel. As the 196 
current objective is to analyse the rules related to the 197 
carriage of oil and use of oil as fuel, it is observed that 198 
all the regulations associated with the design of ships 199 
and oil tankers address the flammability hazard of the 200 
oil, e.g., SOLAS Ch II-2 entirely deals with fire 201 
protection, fire detection and fire extinction issues. Ch 202 
II-2 Regulation 4.5.7, Gas measurement and 203 
detection, also details the carriage requirement to 204 
contain the flammability hazard of oil cargo.  205 
 206 
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A typical oil tanker loading, and ship bunkering 207 
operation involve either controlled or free vapour 208 
venting to the atmosphere and monitoring the oil level 209 
in the cargo or bunker tank using an ullage or 210 
sounding pipe. Vapour Vents and Sounding Pipes are 211 
generally located close to each other. Hence, seafarers 212 
onboard monitoring tank filling levels manually are 213 
regularly exposed to VOC emissions from the tank 214 
vapour vents. These vapour vents discharge freely to 215 
the surrounding air from the main deck. Current 216 
SOLAS regulations for cargo and bunker tank designs 217 
have no minimum safe distance requirement between 218 
air vents and the ullage or sounding pipe to prevent 219 
seafarers' inhalation of oil vapours. 'Ch II-2' 220 
'Regulation 4.5.3' has detailed requirements for cargo 221 
tank venting, but the basis is only to address the 222 
flammability hazard(SOLAS, 2023).  223 
 224 
SOLAS Chapter VI, 'Carriage of cargoes', 'Regulation 225 
3' deals with the carriage of Oxygen analysis and gas 226 
detection equipment to be carried when transporting 227 
bulk cargo. The regulation is applicable for the cargo 228 
liable to emit toxic or flammable gas; the regulation 229 
is not applicable for the carriage of liquids in bulk. 230 
This means that the regulations are for bulk solid 231 
cargoes and not for the carriage of oil as cargo.  232 
 233 
Tanker loading and ship bunkering operations emit 234 
flammable and toxic vapours during loading and 235 
bunkering operations and in transit. There are no 236 
regulations to check the presence of VOCs, including 237 
toxic gases when oil vapours are vented during the 238 
routine loading in oil tankers and ship bunkering 239 
operations. Further, Chapter VI, 'Carriage of Cargoes 240 
and Oil Fuels', 'Regulation 3', 'Oxygen analysis and 241 
Gas detection equipment', requires ships carrying 242 
solid bulk cargo to have an appropriate instrument for 243 
measuring the concentration of gas or oxygen in the 244 
air when carrying cargo which is liable to emit toxic 245 
or flammable gas. 246 
 247 
'Regulation 5-1' of this 'Chapter VI' only mentions the 248 
ships to be supplied with appropriate 'Material Safety 249 
Data Sheet' for oil as cargo or oil as fuel before 250 
loading such cargoes. Though the regulation does not 251 
state the purpose of the requirement, a detailed 252 
analysis of the related IMO MSC (Maritime Safety 253 
Committee) Resolution states the purpose as 254 
recognising the importance of providing seafarers 255 
with clear, concise, and accurate information on the 256 
health and the environmental effects of toxic 257 
substances carried on board tankers (MSC.286(86), 258 
2009). It has been reported in various research papers 259 
about the toxic components in vapours emitted from 260 
crude oil and gasoline (Hansen et al., 2008; Claxton, 261 
2014; Milazzo et al., 2017; Rajabi et al., 2020; Virdi 262 
et al., 2021). There is no regulation in SOLAS 263 
prohibiting or limiting VOC emission during loading 264 
operations in oil tankers or any bunkering operations. 265 
Moreover, this regulation does not specify any reason 266 

for the mandatory carriage of MSDS, unlike SOLAS 267 
'Chapter VI Regulation 5', which defines the basis for 268 
compliance as cargo carriage is liable to emit toxic or 269 
flammable gas.  270 
 271 
A similar inhalation risk is present in oil cargo and 272 
bunker fuels, but there is no regulation for such 273 
requirements during their handling. The mandatory 274 
carriage of MSDS does not ensure that the ship 275 
operator will necessarily provide additional 276 
safeguards to protect the health of seafarers from toxic 277 
vapour exposure. There is a clear gap in connecting 278 
the carriage of MSDS with the provision of personal 279 
gas measuring instruments in SOLAS regulations. 280 
 281 
SOLAS Chapter XI-1 'Special measures to enhance 282 
maritime safety' mandate that all ships carry an 283 
appropriate portable atmosphere testing instrument, 284 
with a minimum capability of measuring oxygen 285 
concentrations, flammable gases or vapours, and 286 
hydrogen sulphide and carbon monoxide before entry 287 
into enclosed spaces (SOLAS, 2023). No such 288 
instrument is specified for oil loading or bunkering 289 
operations, which pose oil vapour inhalation risks. 290 
 291 
Another regulation in SOLAS which addresses any 292 
health-related aspect of seafarers is the guidelines for 293 
controlling the noise from ship machinery, commonly 294 
referred to as 'The Noise Code', under 'Chapter II-1', 295 
'Regulation 3-12' (SOLAS, 2023). The 'Noise Code' 296 
issuance under SOLAS mentions that high noise 297 
levels on board ships could affect seafarers' health and 298 
impair the ship's safety (MSC.337(91), 2012). No 299 
health issue in any regulation has been documented 300 
for handling oil as cargo or fuel. 301 
 302 
From the above analysis, it can be deduced that only 303 
two regulations deal with the protection of the health 304 
of seafarers, one related to noise and one about 305 
MSDS, to inform about the toxicity hazard of oil. No 306 
regulations expressly acknowledge the inhalation risk 307 
and associated toxicity hazard from oil as liquid and 308 
the resulting oil vapour emission (OVE) when tanks 309 
are filled up, e.g., oil tanker loading operations or ship 310 
bunkering operations.  311 
 312 
It can be concluded from the above analyses that the 313 
inhalation risk and toxicity hazard of OVE needs to 314 
be included in the SOLAS regulations related to the 315 
ship design; in the same way, the flammability hazard 316 
is addressed in various regulations in the SOLAS 317 
convention. 318 
 319 
2.1 (b) MARPOL Convention 320 
 321 
Regulations covering the various sources of ship-322 
generated pollution are contained in the six annexes 323 
of the MARPOL convention. The regulations related 324 
to the prevention of air pollution, contained in Annex 325 
VI of the MARPOL, are the latest addition to this 326 
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convention, which entered into force on 19th May 327 
2005. As vapour emission from oil loading operations 328 
and ship bunkering contributes to air pollution, the 329 
related regulations are discussed in MARPOL Annex 330 
VI. MARPOL Annex VI 'Regulations for preventing 331 
air pollution from ships' 'Regulation 15' 'Volatile 332 
Organic Compounds' (VOCs)' provides detailed 333 
guidance and requirements for regulating VOC 334 
emission from tankers. The current text leaves the 335 
decision to control VOC emission on individual 336 
tanker terminals per applicable local rules where the 337 
port or terminal is situated.  338 
 339 
The countries ratifying the convention must report to 340 
IMO where such VOC regulations are being imposed 341 
(MEPC.509, 2006). Currently, South Korea and the 342 
Netherlands are the only countries worldwide that 343 
have officially notified IMO about the list of ports and 344 
terminals where VOC regulation is in force (GISIS, 345 
2020).  346 
 347 
As per Regulation 15.6, every crude oil tanker shall 348 
have and implement a 'VOC Management Plan', 349 
which is approved by the administration, taking into 350 
account the relevant IMO guidelines 351 
(MEPC.1/Circ.680, 2009; MEPC.185(59), 2009; 352 
MEPC.1/Circ.719, 2010). There is no requirement to 353 
control VOC emissions as per this regulation. The 354 
analysis of MEPC guidelines leaves the decision with 355 
the ship operator about the scope of minimising or 356 
stopping the VOC emission by optimising operational 357 
procedures or providing devices to prevent VOC 358 
emission. 359 
 360 
Cargo onboard clean petroleum tankers are more 361 
readily prone to evaporation and can introduce more 362 
toxic VOCs into the environment. Still, there is no 363 
regulation to include such clean petroleum tankers to 364 
have any VOC Management plan. Moreover, 365 
Regulation 15.6 does not apply to tankers carrying 366 
clean oil products such as Gasoline, Kerosene, and 367 
Naphtha and does not cover VOC emissions during 368 
ship bunkering operations.  369 
 370 
During oil tanker loading operations, any excess 371 
pressure above the safe pressure limit of a cargo tank 372 
is vented to the atmosphere via approved venting 373 
devices such as 'Mast Risers' or 'P-V Valves'. Oil 374 
tankers carrying clean petroleum products vent the 375 
cargo vapours freely from P-V Valves. There is 376 
considerable VOC volume released in the 377 
environment during this venting as this emission may 378 
contain 30 – 60% hydrocarbons, especially when the 379 
tank level is between 50% to being full, as shown in 380 
Figure 1 (MEPC.1/Circ.680, 2009). 381 
 382 
The literature review of various approved 'VOC 383 
Management Plans' (VOCMP, 1999; VOCMP, 2010; 384 
VOCMP, 2015) for different crude oil tankers 385 
concludes that crude oil tankers usually maintain 108 386 

to 110 kPa tank pressure in their cargo tanks during 387 
loading operations.  388 

 389 
 390 
Figure 1: Hydrocarbon vapour concentration in the 391 

vapour phase during the loading operation 392 
(MEPC.1/Circ.680, 2009) 393 

 394 
Any excess tank pressure is released into the 395 
atmosphere during loading operations via the 'Mast 396 
Riser'. 397 
 398 
This current tanker loading and bunkering practice 399 
keep introducing VOCs into the surrounding 400 
environment, leading to local air pollution and 401 
exposing the ship personnel to toxic VOCs. There is 402 
an urgent need to limit or stop such OVE, contributing 403 
to continued VOC emissions daily in petroleum 404 
exporting terminals and bunkering locations 405 
worldwide.  406 
 407 
MARPOL' Annex VI' 'Regulation 26' requires ships 408 
to have a specific 'Ship Energy Efficiency 409 
Management Plan' (SEEMP) (MARPOL, 2023; 410 
MEPC.328(76), 2023). This plan is developed as per 411 
IMO guidelines (MSC.282(70), 2016). SEEMP aims 412 
to have a ship management plan for improving energy 413 
efficiency, guidance on best practices for fuel-414 
efficient operations, collect fuel oil consumption data 415 
and calculate direct CO2 emissions due to ship 416 
operations. The factors to optimise efficiency include 417 
optimum use of ship machinery, propeller and hull 418 
cleaning, cargo and fuel heating, draft and trim 419 
optimisation, weather routeing and speed 420 
optimisation. The standardised data reporting format 421 
for CO2 emissions focuses only on fuel oil 422 
consumption, as shown in Table 1. The guidelines do 423 
not provide any reference for VOC emissions from oil 424 
loading and ship bunkering operations, which also 425 
contribute to CO2 emissions. 426 
 427 
Table 1. Portion of the standardised data reporting as 428 

per SEEMP guidelines by IMO (MSC.282(70), 429 
2016) 430 

 431 
 432 
The above analysis concludes that the current 433 
MARPOL regulations in 'Annex VI' focus mainly on 434 
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preventing air pollution due to exhaust gas emissions 435 
and monitoring energy efficiency through ship 436 
manoeuvring and fuel oil consumption. 'Regulation 437 
15' of 'Annex VI' requires an amendment to restrict 438 
such VOC emissions and include all oil tankers, not 439 
only crude oil tankers. Also, there should be 440 
mandatory provisions to minimise or stop VOC 441 
emissions by ship operations, not on the oil terminal 442 
or ship operator's choice.  443 
 444 
2.2 NATIONAL AND REGIONAL 445 

REGULATIONS 446 
 447 
Only a few nations worldwide have adopted air 448 
quality laws in their respective countries based on 449 
their national pollution levels. Examples include 450 
'Clean Air Act' in the USA in 1963, and 'LRTAP 451 
Convention' under 'UNECE' in 1979, and the 452 
reduction in VOC emission in Norway under 'The 453 
1999 Gothenburg Protocol to Abate Acidification, 454 
Eutrophication and Ground-level Ozone' (Hansen et 455 
al., 2008; UNECE, 2015; EPA, 2020a).  456 
 457 
The current review indicates that national regulations 458 
in the USA and Norway and regional regulations in 459 
Europe have been the main drivers for adopting 460 
measures to regulate VOC emissions from tankers.  461 
 462 
2.2 (a) Regulations in the USA.  463 
 464 
Federal laws in the USA are enforced through the 465 
'Clean Air Act' (CAA), which has regulated air 466 
emissions from stationary and mobile sources since 467 
1963 to control air pollution at the national level. 468 
'Section 112' of the CAA addresses emissions of 469 
hazardous air pollutants (HAP), such as emissions 470 
from tanker terminals. The 1990 amendment of the 471 
act set new goals for achieving 'National Ambient Air 472 
Quality Standards' (NAAQS), established by the 473 
'Environmental Pollution Agency' (EPA). The 474 
amendment requires the issuance of technology-based 475 
standards for 'Major Sources', defined as a stationary 476 
source or a group of stationary sources that emit or 477 
have the potential to emit 10 tons per year or more of 478 
a HAP or 25 tons per year or more of a combination 479 
of HAPs. HAPs are defined in federal regulations 480 
(EPA, 2020c).  481 
 482 
'Title 40 Part 63' of 'Federal Regulations' provides 483 
regulations for 'National Emission Standards for 484 
Hazardous Air Pollutants for source categories 485 
(NESHAP)', which covers marine loading terminals. 486 
Oil terminals loading tankers and barges fall under the 487 
stationary source category. 'Subpart Y' of this section 488 
provides detailed requirements of vapour emission 489 
controls from marine loading terminals under the 490 
heading 'National Emission Standards for Marine 491 
Tank Vessel Loading Operations'. The details include 492 
the applicability of the rules, definitions, vapour 493 
emission control standards, compliance and 494 

performance testing, monitoring, recordkeeping, and 495 
implementation of standards for marine tank vessel 496 
loading operations (USA, 2020). 497 
 498 
The standards define two methods to control vapour 499 
emission, 'Maximum Achievable Control 500 
Technology' (MACT) and 'Reasonably Available 501 
Control Technology' (RACT), for all products 502 
(including gasoline and crude oil) at marine loading 503 
terminals, except for products having vapour pressure 504 
less than 10 kilopascals (kPa) at 20℃ and 760-mm 505 
Hg.  506 
 507 
The regulation requires each marine terminal to have 508 
the following:  509 

i. annual emission of 10 tons or more of each 510 
individual HAP (Hazardous Air Pollutants) 511 
or 25 tons of all HAP combined, following 512 
'MACT' standard, or  513 

ii. annual throughput of 10 million barrels of 514 
gasoline or 200 million barrels of crude oil 515 
loading operations follows the 'RACT' 516 
standard.  517 

 518 
For the 'MACT' standard, the system should be 519 
designed to collect VOC vapours displaced from 520 
marine tank vessels during loading and prevent their 521 
venting into the atmosphere.  522 
 523 
For 'RACT' standards, the terminal shall reduce 524 
captured VOC emissions from marine tank vessel 525 
loading operation by 98 weight-percent when using a 526 
combustion device or reduce captured VOC 527 
emissions by 95 weight-percent when utilising a 528 
recovery device (USA, 2020). Alternatively, the 529 
terminal can meet the requirement by reducing 530 
gasoline loading emissions to, at most, 1,000 ppmv 531 
outlet VOC concentration. As per federal regulations, 532 
the terminals cannot operate if vapour collection or 533 
control devices are not fitted (USA, 2020). 534 
 535 
The analysis of the above regulations in oil terminals 536 
in the USA concludes the following:  537 

i. There are detailed specific federal 538 
regulations to limit VOC emission from 539 
tanker loading operations at tanker 540 
terminals,  541 

ii. The rules specify various standards to follow 542 
to regulate VOC emissions from shore 543 
terminals, and  544 

iii. The standards also broadly specify available 545 
technological solutions to regulate VOC 546 
emission.  547 

iv. The federal rules in the USA may be used as 548 
guidelines by IMO member states to regulate 549 
VOC emissions.  550 

v. Current standards in federal regulations do 551 
not cover ship bunkering operations.  552 

 553 
 554 
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2.2 (b) Regulations in EU. 555 
 556 
The 'Long-range Trans Boundary Pollution' (LRTAP) 557 
convention guides air pollution control in the 558 
European Union (EU). Under the European 559 
Parliament, various directives are issued to advise the 560 
EU members on their implementation of obligations 561 
under the LRTAP Convention. The EU community 562 
was instructed to work closely for revisions in the 563 
MARPOL Convention 1996 (EU, 1994). EU 564 
Directive 94/63/EC on the control of VOC emission 565 
resulting from the storage of petrol and its distribution 566 
from terminals to service stations declares that the 567 
VOC emission during the loading of ships must be 568 
drawn at IMO level for vapour control and recovery 569 
systems to apply to both loading installations and 570 
ships, on the grounds of international standardisation 571 
and of safety during the loading of ships. The 572 
Directive applies to vehicles such as road and rail 573 
tankers and inland waterway vessels transferring 574 
petrol from one terminal to another. It explicitly 575 
excludes the loading of the ships (tanker loading 576 
operation). There is no mention of air pollution due to 577 
ship bunkering operations.  578 
 579 
Article 9, 'Monitoring and Reporting' of the Directive, 580 
invited the European Commission to look at 581 
extending the scope to include vapour control and 582 
recovery systems for loading installations and ships. 583 
A study was conducted in 2001 to support this 584 
obligation. The study aimed to identify and assess the 585 
cost and effectiveness of measures to reduce VOC 586 
emissions from loading and unloading ships' tanks in 587 
the EU (AEAT, 2001). The report analysed the VOC 588 
emission from crude oil tankers in Europe. It 589 
concluded that the impact on ozone in ambient air be 590 
assessed first before proceeding with measures for 591 
their abatement, as most loading operations occur in 592 
the North Sea. The study conducted in 2001 remains 593 
current as per the EEA report published in 2019 594 
(EEA, 2019). As per this report, the local air quality 595 
issues in Gothenburg oil harbour have resulted in 596 
using vapour emission control systems in ship loading 597 
operations. It was concluded that the emissions 598 
resulting from the ship-loading of gasoline and crude 599 
oil in the EU represent 0.07% and 0.8%, respectively, 600 
of all VOCs emitted annually in the EU, and it would 601 
not be cost-effective for the relative gains obtained. 602 
 603 
The following conclusions are drawn from the above 604 
analysis:  605 

i. The current deciding factor for regulating 606 
VOC emission in the EU is still based on the 607 
study conducted in 2001.  608 

ii. VOC emission from tanker loading 609 
operations is a tiny percentage of total VOC 610 
emission in the EU, leading to cost 611 
ineffectiveness.  612 

iii. Major tanker loading operations emissions 613 
are in the North Sea, away from any 614 
populated area.  615 

iv. Gothenburg oil harbour has regulated VOC 616 
emission as a local rule to protect the 617 
surrounding population from the toxic effect 618 
of VOCs.  619 

 620 
2.2 (c)  Norwegian regulations 621 
 622 
'Norwegian Environment Agency' (NEA), a 623 
government agency under the 'Ministry of Climate 624 
and Environment,' implements and advises on 625 
developing climate and environmental policy and 626 
exercises regulatory authority (NEA, 2020). In 2002, 627 
the 'Norwegian Climate and Pollution Agency' 628 
(KLIM) imposed regulations on oil companies to 629 
reduce the overall emissions from offshore loading by 630 
30% in 2003, increasing to 70% in 2006 (Hansen et 631 
al., 2008).  632 
 633 
The primary sources of NMVOC emissions in 634 
Norway are the storage and loading of crude oil in 635 
offshore areas. Emissions from the petroleum sector 636 
are directly regulated through requirements on using 637 
the 'Best Available Techniques' (BAT) and specific 638 
emission limits in permits under the 'Pollution Control 639 
Act' (Petroleum, 2020). Since the early 2000s, 640 
NMVOC emissions from the petroleum sector have 641 
been substantially reduced, mainly because of 642 
investment in NMVOC recovery equipment. Under 643 
the Gothenburg Protocol of the LRTAP Convention, 644 
Norway has undertaken to reduce its overall NMVOC 645 
emissions by 40% by 2020, when compared with the 646 
2005 VOC emission level. In 2018 the total NMVOC 647 
emissions were 40,500 tonnes.  648 
 649 
Numerous shuttle tankers operating in Norwegian 650 
offshore waters were fitted with 'VOC Recovery 651 
Systems' or 'VOC Emission Control' technologies to 652 
meet these national targets between 2000 to 2010. The 653 
technologies were used in FSO, FPSO and shuttle 654 
tankers (Martens et al., 2001; IPIECA, 2013). The 655 
techniques recommended by various IMO circulars 656 
were used in these projects, and a substantial 657 
reduction in VOC emission was achieved. 658 
 659 
Thus, the following conclusions are drawn:  660 

i. Norwegian rules explicitly declared the 661 
reduction targets for regulating VOC 662 
emission from tanker loading operations 663 
since 2003,  664 

ii. The tanker operators designed and fitted 665 
various technologies onboard tankers to 666 
meet the targeted VOC emission reduction 667 
from loading operations, and  668 

iii. The national rules in Norway have 669 
significantly reduced VOC emissions from 670 
tanker loading operations.   671 

 672 
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2.2 (d) Industry guidelines 673 
 674 
Tanker owners and operators follow 675 
recommendations from ‘Oil Companies International 676 
Marine Forum’ (OCIMF) and ‘Independent Tanker 677 
Owners Federation’ (Intertanko) to ensure the 678 
commercial acceptability of tankers for continued 679 
commercial employment. The most crucial influence 680 
is vetting inspection under the 'Ship Inspection Report 681 
Programme' (SIRE) and following tanker best 682 
practices as per the 'International Safety Guide for Oil 683 
Tankers and Terminal Operators’ (ISGOTT) safety 684 
guide.   685 
 686 
Major oil companies commercially employ tankers 687 
for global oil shipment. Due to the potential pollution 688 
liabilities of operating oil tankers, the oil companies 689 
manage their fleet on various charter parties instead 690 
of owning the ships. To assist in finding the best-691 
managed tankers worldwide, a tanker vetting database 692 
under SIRE is used. The tanker owners offer their 693 
fleet to be inspected by accredited vetting inspectors 694 
or vetting companies. The ship inspection programme 695 
lists an elaborate requirement to fulfil various criteria 696 
ranging from ship certification, manning levels, 697 
tanker safety features for cargo, ballast, and pollution 698 
controls to machinery operations. Some of this 699 
inspection's requirements exceed safety standards 700 
under SOLAS and MARPOL conventions.  701 
 702 
A specific example related to the current study is the 703 
mandatory carriage and use of 'Personal Protective 704 
Equipment' (PPE) during oil loading operations. The 705 
ship's crew must carry and use 'Personal Gas 706 
Monitors' while working on deck during oil loading 707 
operations to safeguard their health against toxic gas 708 
exposures from cargo tank vapour vents. There is no 709 
requirement in SOLAS for mandatory carriage of 710 
such instruments during oil loading operations. The 711 
other examples include the detailed requirement for 712 
'Enclosed Space Entry Procedure', carriage of 713 
mandatory 'Emergency Life Support Apparatus' 714 
(ELSA) during tank entry, carriage of multiple 715 
'Personal Gas Analysers', Personal Gas Monitors' and 716 
carriage of sufficient spare parts and calibration 717 
requirements have been tanker industry-standard 718 
much earlier than that were added in SOLAS.  719 
 720 
It can be concluded that the SIRE programme under 721 
OCIMF has been able to address the exposure risks of 722 
shipboard staff from toxic VOC emissions, which are 723 
currently not resolved by any regulations in the 724 
SOLAS and MARPOL conventions.   725 
 726 
ISGOTT safety guide, jointly prepared by 'The 727 
International Chamber of Shipping (ICS), OCIMF, 728 
and 'The International Association of Ports and 729 
Harbour (IAPH)' has been the tanker industry 730 
standard for standard operating practices for oil tanker 731 
operations. The guide provides recommendations for 732 

tanker and terminal personnel on the safe carriage and 733 
handling of crude oil and petroleum products on 734 
tankers and terminals.  735 
 736 
The guide does not recommend the design and 737 
construction of the tankers. There is detailed guidance 738 
in ISGOTT on the various standard operating 739 
procedures for operating different gas measuring 740 
instruments, their use to check toxic exposure levels, 741 
venting systems and vapour emission control systems. 742 
The guide assists in filling up some gaps that have not 743 
been made to any reference in SOLAS and MARPOL 744 
conventions. Detailed guidance is available to marine 745 
personnel to safeguard against exposure risks. 746 
 747 
Based on the above details for the international and 748 
national regulations, as well as industry guidelines, it 749 
can be concluded that: 750 

i. The toxicity hazard of OVE needs to be 751 
included in the SOLAS convention to 752 
minimise or stop toxic VOC exposure for 753 
seafarers and marine personnel,   754 

ii. MARPOL convention Annex VI Regulation 755 
15 and Regulation 22 be amended to 756 
minimise or stop VOC emission during 757 
loading operations in oil tankers and 758 
bunkering operations on all ships.  759 

iii. Local rules in the USA, EU states, and 760 
Norway related to controlling VOC 761 
emissions from tankers should be studied in 762 
detail for their efficacy. That approach may 763 
be used to amend international conventions 764 
and national regulations. 765 

iv. Guidelines in ISGOTT may provide 766 
reference to control inhalation exposure risk 767 
of seafarers.  768 

3. DISCUSSION AND PROPOSED 769 
AMENDMENTS 770 

 771 
Up to date, no regulation in SOLAS and MARPOL 772 
conventions references the toxic exposure due to 773 
VOC emission from oil vapour venting during oil 774 
tanker loading and ship bunkering operations. The 775 
toxic effect of VOC emission from venting operations 776 
during oil tanker loading and ship bunkering 777 
operations has been neither analysed nor mentioned 778 
in any of these conventions. The literature review in 779 
Section 2 concludes that there are no regulations in 780 
SOLAS and MARPOL convention, which require:  781 

i. to provide any specific fixed or portable 782 
equipment to monitor exposure risks due to 783 
VOC emission,  784 

ii. to install any equipment in ship design to 785 
limit or stop VOC emission,  786 

iii. to have a minimum safe distance between air 787 
vents and sounding pipes for oil tanks, based 788 
on the VOC vapour cloud propagation for 789 
exposure risk assessment,  790 
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iv. ships to monitor VOC emission for exposure 791 
risks during tanker loading and ship 792 
bunkering operations,  793 

v. tankers to have any target for the reduction 794 
of VOC emission during loading operations,  795 

vi. tankers transporting clean petroleum 796 
products such as gasoline and naphtha to 797 
have any VOC Management Plan, and  798 

vii. ships/tankers to include VOC emissions 799 
during loading and bunkering operations to 800 
calculate direct CO2 emission from ship 801 
operations under SEEMP or ‘Carbon 802 
Intensity Indicator’ (CII) rules.  803 

The local and regional regulations are stricter than 804 
SOLAS and MARPOL under local air quality laws, 805 
such as in the USA, EU, and Norway. The local laws 806 
in the EU, USA, and Norway declare clear VOC 807 
reduction goals and specify standards and 808 
technological solutions to regulate the VOC emission 809 
from tanker loading operations.  810 
 811 
SIRE programme under OCIMF and standard 812 
operating guidelines from ISGOTT guide provide 813 
details on the operational procedures to manage the 814 
oil vapour exposure risks for the ship staff onboard.  815 
 816 
VOC Toxicity from tanker loading and ship 817 
bunkering operations is not addressed in any 818 
international convention. As per the report prepared 819 
for the EU Commission, for every tonne of crude oil 820 
loaded in a tanker, there is a 1 kg VOC emission if no 821 
control measures are adopted (AEAT, 2001). One 822 
thousand eight hundred eighty-six million tonnes of 823 
crude oil was loaded in 2018, implying 1886 thousand 824 
tonnes of VOC emission from tanker loading 825 
operations globally (UNCTAD, 2020). The 826 
concentrated VOC emission from the oil-exporting 827 
ports at a local level is a significant cause of concern. 828 
Bunkering ports such as Rotterdam, Singapore, 829 
Houston, and Fujairah handle a few thousand ship 830 
bunkering operations annually, contributing to toxic 831 
VOC emissions in the local area. The importance of 832 
regulating this VOC emission is evidenced by a few 833 
oil tanker terminals in various countries where local 834 
air quality rules have enforced no VOC emission 835 
during tanker loading operations, as shown in Table 2 836 
below. 837 
 838 
Various guidelines issued by IMO and the related 839 
developments in the maritime industry to minimise or 840 
stop VOC emission are proposed to be included as 841 
new or amended regulations in SOLAS and 842 
MARPOL conventions, as listed below: 843 

i. Provision of 'Vapour Return Line' at all oil 844 
exporting terminals to operate VECS 845 
systems onboard tankers, and provision of 846 
VECS system on all oil tankers 847 
(MSC/Circ.585, 1992) 848 

ii. The increased setting of P-V Valves onboard 849 
oil tankers to at least 120 kPa 850 
(MEPC.1/Circ.680, 2009). 851 

iii. Provision of  VOCON valve for oil tanker 852 
loading operations (MEPC.1/Circ.680, 853 
2009). 854 

iv. Provision of KVOC system onboard oil 855 
tankers (MEPC.1/Circ.680, 2009). 856 

v. Provision of CVOC system onboard oil 857 
tankers (MEPC.1/Circ.719, 2010). 858 

vi. Provision of Vapour Recovery Systems 859 
onboard oil tankers (MEPC.1/Circ.680, 860 
2009). 861 

vii. Use recovered VOCs, from Vapour 862 
Recovery Systems, as fuel onboard oil 863 
tankers (DNV, 2010; AET, 2020).    864 

viii. Inclusion of activities related to oil tanker 865 
loading and ship bunkering operations in the 866 
enhancement of efficiency of operations as 867 
per SEEMP Regulation 26 in Annex VI of 868 
MARPOL convention (MARPOL, 2023) 869 

ix. Including activities related to oil tanker 870 
loading and ship bunkering operations as a 871 
potential carbon emission activity, calculate 872 
operational carbon intensity under CII rules, 873 
as per Regulation 28 in Annex VI of the 874 
MARPOL convention(MARPOL, 2023). 875 

x. Review Regulation 15 Annex VI of the 876 
MARPOL convention to include product 877 
tankers to have a mandatory 'VOC 878 
Management Plan', to minimise or stop VOC 879 
emission during loading operations 880 
(MARPOL, 2023). 881 

Table 2. List of ports regulating VOC emission 882 
during tanker loading operations 883 

 884 
S.No Port Description Remarks 

 As per Regulation 15(b): A party regulating tankers for 
VOC emission shall submit a notification to the 
Organization.(MARPOL, 2023). 
 

1 Netherlands VOC emission is 
regulated and 
reported to IMO 
under Regulation 
15 Annex VI of the 
MARPOL 
convention (GISIS, 
2020). 
 

Reported to IMO as 
below: 
In 2011, for the port of 
Amsterdam, 
Vlissingen, Terneuzen, 
and Moerdijk, 
In 2012, for the port of 
Groningen, and  
In 2014: for the port of 
Rotterdam. 
 

2 South Korea VOC emission is 
regulated and 
reported to IMO 
under Regulation 
15 Annex VI of the 
MARPOL 
convention (GISIS, 
2020) 
 

Reported to IMO as per 
below: 
In 2009, for the port of 
Busan, Incheon, 
Pyongtaek, Ulsan, 
Yeosu, and 
Kwangyang, 
In 2015, for the port of 
Taesan.  

 As per local rules 
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3 Gothenburg, 
Sweden 
 

Local air quality 
rule to regulate 
VOC emission 
from tanker 
loading operations 
under Gothenburg 
Energy Port 
Regulations (EEA, 
2019; Gothenburg, 
2020) 
 

It is enforced as a local 
initiative to control air 
quality in the port. 
 

4 USA Under 'The Clean 
Air Act' rule, oil 
exporting terminals 
must adopt MACT 
or RACT options 
to regulate VOC 
emission based on 
the quantum of oil 
handled, as 
required under 40 
CFR Part 63 of 
EPA regulations. 
(EPA, 2020d) 
 

National initiative to 
control air pollution 
from tanker loading 
terminals. 

5 Norway Vapour Recovery 
Unit is fitted at the 
oil exporting 
terminals to receive 
full OVE back to 
the oil terminal 
(Martens et al., 
2001; Energy, 
2008) 
 

A local initiative to 
control emissions in 
the port areas. 
It started in 1996 in the 
port of Sture, and 2008, 
in the port of 
Mongstad. 

 885 
The following section provides specific details on the 886 
proposed amendments. 887 
 888 
3.1 PROPOSED AMENDMENTS FOR SHIP 889 

DESIGN IN THE SOLAS CONVENTION 890 
 891 
Current information from oil and gas industry 892 
practices and local air quality rules in various 893 
countries justifies amendments to existing SOLAS 894 
and MARPOL regulations to regulate VOC emission 895 
at the local level.  896 
 897 
The basis of the proposed amendments in the SOLAS 898 
convention is to carry out a detailed risk assessment 899 
for VOC toxicity in any shipboard operations 900 
involving OVE, such as oil tanker loading and ship 901 
bunkering operations. The following mandatory task 902 
is proposed to be included in the SOLAS convention 903 
for all ships: 904 

i. To conduct 'VOC Toxicity Hazard 905 
Assessment' (VOCTHA) for the location of 906 
venting points and manual sounding ports 907 
for cargo oil and bunker tanks (for cargo 908 
tanks as shown in Figure 1 and for bunker 909 
tanks as shown in Figure 2). It is proposed to 910 
be included in the SOLAS convention. 911 

ii. To conduct VOCTHA also for the tanker 912 
loading ports, where multiple loading 913 
operations are performed, and for the 914 
bunkering ports, to make a regional basis of 915 
strict compliance to stop VOC emission, as 916 

shown in Figure 3. This is proposed to be 917 
included in the MARPOL convention. 918 

 919 

 920 

 921 

 922 

 923 

Figure 2: P-V Valve arrangement and location of 924 
sounding points for a cargo tank, showing the 925 

probabilistic extent of VOC cloud for venting during 926 
the loading operation 927 

 928 

 929 

 930 

 931 

Figure 3: Proximity of the bunker tank air vent and 932 
the sounding ports to the accommodation entrance 933 

 934 
 935 

 936 
 937 
 938 

 939 

 940 

 941 

 942 

Figure 4: Overview of VOC emission from a tanker 943 
loading port and ship bunkering operations at the 944 

anchorage 945 
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for cargo tank 
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cargo tanks venting 
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3.1.1 Introduction of a new Chapter XI-3 titled 946 
'Special measures to enhance maritime health' 947 

i. No explicit and clear-cut acknowledgement 948 
and management of toxicity of VOC 949 
emission from oil vapour venting, affecting 950 
human health, exist in any IMO convention. 951 
It is proposed to include VOC Toxicity 952 
issues in the SOLAS convention under a new 953 
Chapter XI-3 titled 'Special measures to 954 
enhance maritime health', on similar lines as 955 
per the existing Chapter XI-1' Special 956 
measures to enhance maritime safety' and 957 
Chapter XI-2, 'Special measures to enhance 958 
maritime security'.  959 

ii. This chapter should provide guidance to 960 
include VOCTHA as part of the current 'Risk 961 
Assessment' under Chapter IX' ISM'. This 962 
code should provide detailed guidance for 963 
conducting exposure risk assessment due to 964 
VOC emissions from various oil tank vents, 965 
such as cargo oil tanks onboard tankers and 966 
fuel tanks onboard all ships. The code should 967 
guide the recommended spacing between air 968 
vents and sounding pipes, the height of the 969 
vent pipe and the safe distance of bunker 970 
tank air vents from the accommodation area 971 
and entrances for safe exposure to toxic 972 
VOCs in OVE. The code should provide the 973 
methodology for assessing VOC exposure 974 
risk with simulation tools such as CFD 975 
software within the ship's vicinity and 976 
software such as MARPLOT for dispersion 977 
analysis within a port. 978 

iii. The proposed new Chapter XI-3 should 979 
regulate the shipboard crew's mandatory 980 
'Personal VOC Monitors' carriage during oil 981 
vapour venting during tanker loading and 982 
ship bunkering operations. The safe alarm 983 
limits should be specified to assist the crew 984 
in timely evacuation to a safe area. 985 
Alternatively, the ship may also be required 986 
to have a fixed 'VOC Emission Monitoring 987 
System' on deck to provide centralised 988 
information in the control room to guide the 989 
crew for safe evacuation.  990 

iv. It is proposed to issue a new Code, under the 991 
SOLAS convention, titled VOCTHA Code, 992 
on similar lines to the 'Fire Safety and 993 
Systems' (FSS) Code, to support the 994 
proposed new Chapter XI-3, as per above. 995 

v. The position of vapour vents for all oil tanks 996 
should be finalised based on exposure risk 997 
assessment, as per the VOCTHA code, to 998 
ensure minimum exposure to VOCs for 999 
seafarers working on deck. The requirement 1000 
for the safe height of the vapour vent should 1001 
also apply to bunker tanks. 1002 

3.1.2   Amendments to SOLAS Chapter VI 1003 
Regulation 3 'Oxygen Analysis and Gas 1004 
Detection Equipment'  1005 

 1006 
SOLAS Chapter VI Regulation 3 'Oxygen Analysis 1007 
and Gas Detection Equipment' should be amended to 1008 
include its compliance for tankers transporting oil and 1009 
all ships using oil as fuel—the mandated equipment 1010 
to have a personal 'VOC Monitor' for ship staff 1011 
working on deck.  1012 
 1013 
3.1.3   Amendment to SOLAS Chapter VI Regulation 1014 

5-1 'Material Safety Data Sheets'  1015 
 1016 
SOLAS Chapter VI Regulation 5-1 'Material Safety 1017 
Data Sheets' should be expanded to declare the 1018 
toxicity of VOC emission from oil vapour venting, 1019 
like Regulation 3, in the same chapter, which 1020 
explicitly states the reasons for precautions for solid 1021 
bulk cargo liable to emit toxic or flammable gas.  1022 
 1023 
3.1.4 Introduction of a new Part D, 'Special Provisions  1024 
         for Carriage of Oil' in SOLAS Chapter VI  1025 
 1026 
It is proposed to introduce a new part, Part D, 'Special 1027 
Provisions for Carriage of oil' in SOLAS Chapter VI, 1028 
like the existing 'Part B' and 'Part C', which address 1029 
particular issues related to the carriage of Solid Bulk 1030 
Cargo and Grain respectively. This chapter should 1031 
include the possible options to regulate VOC 1032 
emission based on the available technological or 1033 
design options, such as 'VOC Recovery Systems' and 1034 
using captured VOCs as fuel. Other mandated ship 1035 
equipment includes remote oil gauging and in-line oil 1036 
sampling systems. It should be mandatory to have 1037 
such equipment to maintain air quality and protect the 1038 
health of seafarers due to toxic VOC emissions from 1039 
oil tanks. 1040 
 1041 
3.1.5 Proposed amendment to regulations related to   1042 

oil tanker design and safety of operations under 1043 
the SOLAS convention 1044 

It is proposed to apply a tiered design requirement 1045 
based on the cargo-carrying capacity of an oil tanker 1046 
to minimise or stop VOC emissions. This is proposed 1047 
to be achieved by the available equipment and 1048 
technologies as per various IMO guidelines, as 1049 
suggested below, according to the ship's deadweight, 1050 
as per Table 3. 1051 

 1052 

 1053 

 1054 

 1055 

 1056 

 1057 

 1058 
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Table 3. Proposed amendments in SOLAS 1059 
convention for oil tankers 1060 

Oil 
Tanker 
Size 

Design Requirement  
 

Safety 
requirement  

DWT < 
100,000 
tonnes 

Oil vapour vents, 
ullage port and 
sampling port location, 
are to be designed as 
per VOCTHA code; 
remote gauging and in-
line sampling system 
are mandatory. 
Use P-V Valves with a 
pressure setting of 
2100 mm WG, Vapour 
Recovery Unit, and any 
of the following 
options to be installed: 
VOCON valve, KVOC 
system, or CVOC 
system. 
 

Provide 
Personal VOC 
Monitor  
Or 
Fixed VOC 
Emission 
Monitoring 
System 
covering 
potential 
emission areas 
onboard.  

DWT 
between 
100,000 
tonnes to 
150,000 
tonnes 

Oil vapour vents, 
ullage port and 
sampling port location, 
are to be designed as 
per VOCTHA code; 
remote gauging and in-
line sampling system 
are mandatory. 
Use P-V Valves with a 
pressure setting of 
2100 mm WG, Vapour 
Recovery Unit, a 
VOCON valve, and 
either KVOC or CVOC 
to be installed.  
 

Provide 
Personal VOC 
Monitor  
And 
Fixed VOC 
Emission 
Monitoring 
System 
covering 
potential 
emission areas 
onboard. 

DWT 
150,000 
tonnes and 
above 

Oil vapour vents, 
ullage port and 
sampling port location, 
are to be designed as 
per VOCTHA code; 
remote gauging and in-
line sampling system 
are mandatory. 
Use P-V Valves setting 
to 2100 mm WG, 
Vapour Recovery Unit, 
VOCON valve, 
KVOC, and CVOC 
systems to be installed. 
 

Provide 
Personal VOC 
Monitor  
And 
Fixed VOC 
Emission 
Monitoring 
System 
covering 
potential 
emission areas 
onboard. 

 1061 
 1062 
 1063 
 1064 
 1065 

3.1.6   Proposed amendments to regulations under the 1066 
SOLAS convention for all ships related to 1067 
bunkering   1068 

 1069 
For ship bunkering operations, a tiered design 1070 
requirement based on the ship's deadweight is 1071 
proposed to minimise or stop VOC emission, as 1072 
shown in Table 4. 1073 
 1074 

Table 4. Proposed summary of amendments in 1075 
SOLAS convention for all ships related to bunkering 1076 
 1077 

Ships 
DWT 

Design Requirement 
for regulating VOC 
emission during ship 
bunkering 
operations 

Safety 
requirement 
for assessment 
of VOC 
Toxicity 
Hazard under 
SOLAS 
regulations 

DWT < 
100,000 
tonnes 

The bunker tank 
vapour vent height 
and spacing between 
the vapour vent and 
sounding pipe will be 
designed per the 
VOCTHA code. 
Remote gauging and 
in-line sampling 
systems are 
mandatory. 
 

Provide 
Personal VOC 
Monitor  
Or 
Fixed VOC 
Emission 
Monitoring 
System covering 
potential 
emission areas  

DWT 
100,000 
tonnes 
and 
above 

The bunker tank 
vapour vent height 
and spacing between 
the vapour vent and 
sounding pipe will be 
designed per the 
VOCTHA code.  
Remote gauging and 
in-line sampling 
systems are 
mandatory. 
 

Provide 
Personal VOC 
Monitors  
And 
Fixed VOC 
Emission 
Monitoring 
System covering 
potential 
emission areas  

 1078 
3.2       PROPOSED AMENDMENTS FOR SHIP 1079 

OPERATIONS IN THE MARPOL 1080 
CONVENTION 1081 

 1082 
The current MARPOL regulations in Annex VI focus 1083 
mainly on preventing air pollution from exhaust gas 1084 
emissions and monitoring energy efficiency through 1085 
ship manoeuvring and fuel oil consumption.  1086 
 1087 
Only Regulation 15, Annex VI, in the MARPOL 1088 
convention, mentions VOC emission from tankers. In 1089 
this regulation, the decision to regulate VOC emission 1090 
depends on the oil terminal, thus limiting its 1091 
effectiveness. The requirement for tankers to have a 1092 
'VOC Management Plan' applies only to crude oil 1093 
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tankers. For tankers handling clean petroleum 1094 
products, there is no mandatory requirement to 1095 
control VOC emissions. There is no reference to 1096 
monitoring the surrounding atmosphere from oil 1097 
vapour vents for toxic VOCs in OVE, whether from 1098 
oil loading or ship bunkering operations.  1099 
 1100 
Monitoring of operational environmental efficiency is 1101 
required as per IMO guidelines related to Regulation 1102 
26, Annex VI of the MARPOL convention, under 1103 
Ship Energy Efficiency Management Plan (SEEMP). 1104 
Current activities in enhancing operational 1105 
environmental efficiency in SEEMP do not include 1106 
VOC emission from oil tanker loading and ship 1107 
bunkering operations (MSC.282(70), 2016). 1108 
 1109 
As per Regulation 28, operational carbon intensity 1110 
reporting was introduced in 2022. However, the 1111 
amendments in Annex VI of the MARPOL 1112 
convention also do not include VOC emission from 1113 
oil tanker loading and ship bunkering operations 1114 
(MEPC.304(72), 2018; MEPC.328(76), 2023). 1115 
 1116 
For tanker loading operations and ship bunkering 1117 
operations, there are no regulations in the MARPOL 1118 
convention which require: 1119 

i. ships to monitor VOC emission for exposure 1120 
risks during tanker loading and ship 1121 
bunkering operations, 1122 

ii. tankers to have any target for the reduction 1123 
of VOC emission during loading operations, 1124 

iii. clean petroleum tankers transporting clean 1125 
petroleum products such as gasoline and 1126 
naphtha to have any VOC Management 1127 
Plan, 1128 

iv. ships/tankers to include VOC emission 1129 
during loading and bunkering operations to 1130 
calculate direct CO2 emission from ship 1131 
operations under SEEMP Regulation 26 and 1132 
CII Regulation 28, Annex VI of the 1133 
MARPOL convention.   1134 

The following amendments are proposed in Annex VI 1135 
of the MARPOL convention:  1136 

 1137 
3.2.1    Amendments to the existing Regulation 15 1138 

MARPOL Annex VI, Volatile organic 1139 
compounds  1140 

i. It should be mandatory for all tanker loading 1141 
terminals to regulate VOC emission by 1142 
providing a 'Vapour Return Line' to facilitate 1143 
closed loading operations to preserve air 1144 
quality in the port areas. To assist the tanker 1145 
terminals in monitoring VOC emission in 1146 
the port area, the MARPOL convention 1147 
should issue simplified guidance on 1148 
calculating VOC emission by adopting 1149 
'Emission Factors' issued by EPA or EU 1150 
regulations. Ports loading 100 million 1151 
barrels of crude oil, or 10 million barrels of 1152 

gasoline (same basis as per the current USA 1153 
regulations) must enforce the installation of' 1154 
VOC Recovery Equipment' in their oil 1155 
terminals to preserve local air quality. The 1156 
amendment should include this as an 1157 
operating requirement. Appropriate records 1158 
related to the vapour return line, VOCs 1159 
recovered by the recovery equipment, 1160 
CVOC and KVOC systems, as applicable, 1161 
should be maintained.  1162 

ii. Currently, Regulation 15 requires only crude 1163 
oil tankers to have VOCMP. It is proposed 1164 
that the scope of VOCMP should also be 1165 
extended to include product tankers  1166 

iii. As oil loading operations will cause VOC 1167 
emission, the current regulation should also 1168 
be expanded to include monitoring of VOC 1169 
emission from ship bunkering operations, 1170 
especially when new fuels such as 1171 
‘Hydrotreated Vegetable Oil’ (HVO), ‘Fatty 1172 
Acid Methyl Ester’ (FAME), ‘Low Sulphur 1173 
Fuel Oil’ (LSFO), and blends are being 1174 
adopted to be used as new fuels. Appropriate 1175 
guidance should be made available for 1176 
different fuel types to record VOC emissions 1177 
in VOC Management Plan (VOCMP) for 1178 
bunkering. Reference should be made to 1179 
VOCMP guidance provided for oil tanker 1180 
loading operations.  1181 

iv. Oil level monitoring and sampling in cargo 1182 
and bunker tanks must be done by remote 1183 
gauging systems and an in-line sampling 1184 
system fitted as per amended SOLAS Ch XI-1185 
3. 1186 

v. It should also set specific reduction targets 1187 
for VOC emission, i.e., by using VOC 1188 
Recovery Systems from oil tanker loading 1189 
and ship bunkering operations, similar to 1190 
those defined for NOx emission Regulation 1191 
13 in Annex VI. Detailed guidance should be 1192 
included for each ship's standardised 1193 
calculations by amending Regulation 15, 1194 
Annex VI of the MARPOL convention. 1195 

vi. Fixed VOC emission monitoring systems or 1196 
personal VOC monitor (PGM) shall be used 1197 
during oil tanker loading and ship bunkering 1198 
operations to safeguard the health of 1199 
seafarers. The requirement to provide VOC 1200 
Emission Monitoring System and personal 1201 
VOC monitor (PGM) is proposed in Sub-1202 
section 7.1.1 and 7.1.2, under amendments 1203 
to the SOLAS convention. 1204 

3.2.2 Amendment to monitor operational 1205 
environmental performance by 'Carbon 1206 
Intensity Indicator' and SEEMP 1207 

 1208 
VOC emission from oil tanker loading and ship 1209 
bunkering operations should be included in reporting 1210 
under the 'Annual Operational Carbon Intensity 1211 
Indicator', as per Regulation 28, Annex VI, in the 1212 



Trans RINA, Vol 158, Part A2, Intl J Maritime Eng, Apr-Jun 2021 

©2021: The Royal Institution of Naval Architects 

MARPOL convention. Similarly, reusing recovered 1213 
VOCs as fuel to enhance fuel consumption efficiency 1214 
should be included in SEEMP records 1215 
(MEPC.328(76), 2023).  1216 
 1217 
 1218 
 1219 
3.2.3     Amendments to IMO Strategic Directions 1220 
 1221 
The current IMO Strategic Direction Roadmap does 1222 
not include any VOC emissions to be monitored from 1223 
oil tanker loading and ship bunkering operations. It is 1224 
proposed that Strategic Direction 2 (SD2), 'Integrate 1225 
new and advancing technologies' in the regulatory 1226 
framework and Strategic Direction 3 (SD3), 'Respond 1227 
to climate change', to be reviewed and amended to 1228 
include this critical VOC emission (IMO, 2019). 1229 
 1230 
3.2.4   Summary of amendments in MARPOL 1231 

convention 1232 
 1233 
The summary of amendments proposed for 1234 
regulations in the MARPOL convention is shown in 1235 
Table 5. 1236 
 1237 

Table 5. Proposed summary of amendments in 1238 
MARPOL convention for all ships 1239 

Ship Type Design 
requirement for 
regulating VOC 
emission for air 
quality  

Operational 
requirement for 
monitoring VOC 
emission  

Oil 
Tankers, 
during 
loading 
operations 

Vapour Return Line 
to be mandated on 
all oil exporting 
terminals. 
(Regulation 15) 
 

Oil tankers must 
use close loading 
operations (Vapour 
return line) or VOC 
recovery 
equipment, as 
applicable. 
(Regulation 15) 

The efficiency of 
VOC Recovery 
Systems should be 
indicated 
(Regulation 15). 

VOC emissions 
from tanker loading 
operations at oil 
terminals must be 
recorded. 
(Regulation 15) 

Include VOC 
emission in 
SEEMP. 
(Regulation 26) 

Must use personal 
VOC detectors 
or/and a fixed VOC 
Emission 
Monitoring System, 
as applicable. 
(Regulation 15) 

Include VOC 
emission in Annual 
operational Carbon 
Intensity Indicator 
reporting. 
(Regulation 28) 

Oil level 
monitoring and oil 
sampling must be 
executed by using 
remote gauging 
systems and in-line 

sampling systems. 
(Regulation 15) 
 

 Monitor and report 
VOC emissions 
during loading for 
product tankers by 
referring to 
VOCMP. 
(Regulation 15) 

 Monitor and report 
VOC emissions in 
SEEMP and Annual 
CII reporting. 
(Regulation 26 and 
28) 

All Ships,  
during 
bunkering 
operations 

Include VOC 
emission in SEEMP 
(Regulation 26)  

Use personal VOC 
detectors and a 
fixed VOC 
Emission 
Monitoring System. 
(Regulation 15) 

Include VOC 
emission in the 
Annual Operational 
Carbon Intensity 
Indicator report. 
(Regulation 28) 

Oil level 
monitoring and oil 
sampling must be 
executed by using 
remote gauging 
systems and in-line 
sampling systems. 
(Regulation 15) 

 Ship staff to record 
VOC emission as 
per VOCMP for 
bunkering 
operation. 
(Regulation 15) 

 Monitor and report 
VOC emissions in 
SEEMP and Annual 
CII reporting. 
(Regulation 26 and 
28) 

 1240 
3.3    PROPOSED AMENDMENTS IN THE 1241 

LOCAL REGULATIONS 1242 
 1243 
Monitoring toxic VOCs in OVE from oil tanker 1244 
loading and ship bunkering operations largely 1245 
depends on local and regional initiatives. It is seen 1246 
that few nations and regional blocks are active in 1247 
regulating such emissions, as described in sub-1248 
section2.2 (a), 2.2 (b) and 2.2 (c), such as EPA USA, 1249 
EEA EU, and NEA Norway  (UNECE, 2015; EEA, 1250 
2019; EPA, 2020b; NEA, 2020). Industry-led 1251 
initiatives such as the SIRE programme under 1252 
OCIMF and standard operating guidelines from 1253 
ISGOTT guide to managing the exposure risks of 1254 
shipboard staff. These are also described in sub-1255 
section 2.2 (d) (ICS, 2020).  1256 
 1257 
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Examples of the 'Clean Air Act' in the USA, the 1258 
'LRTAP Convention' under 'UNECE', and the 1259 
reduction in VOC emission in Norway under 'The 1260 
1999 Gothenburg Protocol to Abate Acidification, 1261 
Eutrophication and Ground-level Ozone' may be 1262 
adopted by other nations and regional blocks as a 1263 
reference to actively regulate such toxic emissions 1264 
from oil tanker loading and ship bunkering operations  1265 
 (Hansen et al., 2008; EPA, 2020a; UNECE, 2020).  1266 
 1267 
4. CONCLUSION 1268 

 1269 
The regulations in SOLAS and MARPOL 1270 
conventions have not included any 'VO 1271 
C Toxicity Exposure Assessment' for oil tanker 1272 
loading and ship bunkering operations. Due to siting 1273 
tank vents and the sounding pipe's proximity, the 1274 
current oil tanker and ship design can expose seafarers 1275 
to toxic VOCs during oil tanker loading and ship 1276 
bunkering operations. Due to toxic VOCs in OVE, 1277 
current ship design rules do not account for exposure 1278 
risk assessment. The regulations in SOLAS and 1279 
MARPOL convention are proposed to be amended to 1280 
include appropriate equipment and operational 1281 
measures to minimise or stop VOC emission from oil 1282 
tanker loading and bunkering operations.  1283 
 1284 
Amendments in SOLAS regulations include an 1285 
additional chapter, 'Chapter XI-3', to address 'Special 1286 
measure to enhance maritime health', including a new 1287 
code-named 'VOC Toxicity Hazard Assessment'. The 1288 
code will provide a methodology to conduct toxic 1289 
hazard assessment from VOC emission within the 1290 
ship's perimeter and the port, as well as provide 1291 
guidance on the minimum safe distance between air 1292 
vents and sounding pipes, air vents and the nearest 1293 
accommodation doors and the height of air vents for 1294 
bunker and cargo tanks to address the toxicity 1295 
hazards. Additional equipment to monitor exposure 1296 
risk includes the ‘VOC Emission Monitoring 1297 
System’, mandatory carriage of a personal VOC 1298 
monitor (PGM), remote oil level monitoring devices 1299 
and in-line oil sampling systems. Various 1300 
technological solutions, such as KVOC, CVOC, 1301 
Vapour Recovery Units, P-V valves with higher 1302 
pressure settings, and VOCON valves, to minimise 1303 
VOC emission, are also proposed to be included in a 1304 
new 'Part D' in SOLAS Chapter VI.   1305 
 1306 
Amendments and additions proposed in Annex VI of 1307 
the MARPOL convention relate mainly to Regulation 1308 
15. It is proposed that Regulation 15 in Annex VI be 1309 
made mandatory for clean petroleum tankers also, in 1310 
addition to crude oil tankers as per the current 1311 
arrangement. It is also proposed to include all oil-1312 
exporting terminals in this regulation and to make it 1313 
mandatory to provide a vapour return line to stop VOC 1314 
emission for effective regulation of VOCs globally. 1315 
Alternatively, all oil tankers are proposed to be fitted 1316 
with VOC recovery equipment. The scope of this 1317 

regulation is proposed to apply to all ships, which 1318 
carry oil as cargo, or oil as fuel on   1319 
similar lines as per the ‘Shipboard Oil Pollution 1320 
Emergency Plan’ (SOPEP) regulation in Annex I of 1321 
the MARPOL convention. It is also proposed that 1322 
MARPOL regulations declare VOC emission 1323 
reduction targets on the same lines as done for the 1324 
current NOx emission regulation in Annex VI. 1325 
 1326 
Regional rules in the EU and national rules in USA 1327 
and Norway may be used to minimise or stop VOC 1328 
emissions from oil tanker loading operations.    1329 
 1330 
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