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ABSTRACT
Master’s Thesis
Risk Assessment of Coal Cargo Operations in Maritime Transportation:
Probabilistic Approach
Barnis TEMEL

Dokuz Eyliil University
Graduate School of Social Sciences
Department of Maritime Business Administration

Maritime Business Administration Program

Both onboard and at the port terminal, bulk shipment operations are
high-risk activities. Moreover, coal shipments are one of the most dangerous
and perilous cargoes shipped by sea, requiring particular understanding in
terms of shipment, storage, and transportation. The IMSBC Code
(International Maritime Solid Bulk Cargoes), developed by the IMO
(International Maritime Organization), specifies and arranges specific
recommendations for the safe loading and transportation of coal cargoes. It says
that coal can self-heat and that some coals are vulnerable to this type, which can
lead to spontaneous combustion.

As a result, the primary goal of this research is to determine the
underlying causes of self-heating/ignition onboard due to coal cargo traffic,
develop a risk management strategy based on quantitative and qualitative risk
evaluation, and apply FFTA (Fuzzy Fault Tree Analysis) principles to reduce
the risk of self-heating/ignition onboard, and develop a risk management
strategy focuses on quantitative and qualitative risk evaluation. An ET diagram
is constructed under the supervision of six maritime professionals to accomplish
guantitative risk analysis using the bow-tie approach by first addressing the
initiating event, which was determined to be self heating/ignition during the
loading, discharging operation and transportation.

The qualitative fault tree of Self Heating/Ignition includes 16

intermediate events and 23 basic events (root causes), constituting it a



comprehensive fault tree. This study is expected to offer a variety of benefits to
the maritime sector and literature as the first implementation of FTA for self

heating/ignition due to coal cargo in maritime shipping.

Keywords: Fuzzy Fault Tree Analysis (FFTA), Event Tree Analysis (ETA) The
IMSBC Code, Maritime Transportation & Trade, Coal Cargo, Risk
Assessment,



OZET
Yiiksek Lisans Tezi
Denizyolu Tasimacihiginda Komiir Yiikii Operasyonlarinin Risk
Degerlendirmesi: Olasiliksal Yaklasim

Barnis TEMEL

Dokuz Eyliil Universitesi
Sosyal Bilimler Enstitiisii
Denizcilik Isletmeleri Yonetimi Anabilim Dal

Denizcilik Isletmeleri Yonetimi Program

Hem gemide hem de liman terminalinde dokmeyiik tasima operasyonlari
yiiksek riskli faaliyetlerdir. Dahas1 komiir sevkiyatlari, denizyolu ile tasinan en
tehlikeli kargolardan biridir ve sevkiyat, depolama ve nakliye acisindan 6zel bir
anlayis gerektirir. IMO tarafindan yaymlanan IMSBC kodu, komiir yiiklerinin
giivenli bir sekilde yiiklenmesi ve tasinmasi icin ozel tavsiyeleri belirtir ve
diizenler. IMSBC kodu komiiriin kendi kendine 1sinabilecegini ve baz
komiirlerin bu tiire karsi savunmasiz oldugunu ve bunun da kendiliginden
yanmaya yol acabilecegini belirtmektedir.

Sonu¢ olarak, bu calismanin temel amaci, komiir yiik trafigi nedeniyle
meydana gelen kendi kendine 1sinma/tutusma riskini en aza indirmek, altinda
yatan nedenleri belirlemek ve nicel, nitel risk degerlendirmesi ve FFTA
ilkelerine dayali bir risk yonetimi stratejisi gelistirmektir. Alt1 denizcilik
uzmaninin gozetiminde, yiikleme, bosaltma ve tasimacihik islemi esnasinda
kendi kendine isinma/tutusma oldugu belirlenen baslangic olay1 ile papyon
yaklasimi kullanilarak nicel risk analizini gerc¢eklestirmek icin ET diagramm
olusturulmustur.

Kendiliginden Isinma/Ateslemenin niteliksel hata agaci, kapsamh bir

hata agacimi olusturan 16 ara olay ve 23 temel olay (kok neden) icermektedir.

Vi



Bu cahismanin, deniz tasimacihiginda komiir yiikii nedeniyle kendi
kendine 1sinma/atesleme icin FTA'min ilk uygulamasi olarak denizcilik

sektoriine ve literatiire cesitli faydalar sunmasi beklenmektedir.
Anahtar Kelimeler: Bulanik Hata Agaci Analizi (FFTA), Olay Agac1 Analizi

(ETA), IMSBC kod, Deniz Ticareti ve Tasimacihigi, Komiit Yiikii, Risk

degerlendirmesi
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INTRODUCTION

Shipping is one of the greatest diverse sectors in the world. Shipping should
not be considered solely in terms of a single country's perspective. It should, on the
other hand, be considered in the perspective of global development, particularly in
the domain of international commerce (Farthing, 1993).

We must also comprehend the global economy when evaluating the shipping
industry. Because it is such a cost-effective technique of carrying massive amounts
of freight all across the world, shipments is essential to international commerce
(UNCTAD, 2020). Maritime transportation has a long history of being a key
component of economic progress. The father of economics, Adam Smith, considered
shipping as a low-cost mode of transportation that could also open up markets. Smith
(1776) stated this "Sea freight has opened up a broader market for all sorts of
businesses. Along the seaside, industry of all types naturally diversifies and
develops.” Sea freight encourages specialization and allows for the sale of low-cost
commodities.

Furthermore, the epidemic's global health and economic tragedy has changed
the landscape for sea transport and commerce, significantly affecting development
prospects. The amount of international maritime trade declined by 4.1 % in 2020
(UNCTAD, 2020). As a result of market turmoil, demand shortages, and global
economic instability caused by the epidemic, the world economy was badly damaged
by a double supply and demand shock. As a consequence, The COVID-19 epidemic
hindered maritime transportation, although the consequences were less severe than
previously anticipated. Maritime commerce contracted by 4.1 % in 2020 as a result
of the shock in the first half of the year. However, there was an embryonic, if
uneven, rebound in the second half of the year, and by the third quarter, volumes had
returned for both containerized commerce and dry bulk commodities (UNCTAD,
2020).

Furthermore, coal cargoes are certainly one of the most dangerous
commodities transported by sea, requiring exceptional competence in terms of
handling, stowage, and transportation. The International Maritime Organization's

Code of Safe Practice for Solid Bulk Cargoes contains extensive recommendations



for the safe loading and carrying of coals. It asserts that coal may heat up on its own
and that particular coals are prone to self-heating, which could result in spontaneous
combustion. Because such shipments can be combustible, explosive, poisonous,
corrosive, pollutant of the environment, and hazardous to human life, they always
necessitate extremely cautious and skilled handling (The IMSBC Code, 2008).

The primary goal of this research is to explore the key causes of self-
heating/ignition onboard due to coal cargo traffic, as well as to develop a risk
management strategy based on quantitative and qualitative risk evaluation and FFTA
principles to reduce the risk of self-heating/ignition onboard. Under the supervision
of six maritime professionals, an ET diagram is constructed to perform risk
evaluation using the bow-tie method by first addressing the initiating event, which
was ascertained to be Self heating/Ignition while the loading and discharging
operation, as well as the transportation of Coal Cargoes. The likelihood of the

occurrences was calculated using the expert's judgments.



CHAPTER ONE
MARITIME TRADE AND COAL TRANSPORTATION

Coal is the source of fuel with the oldest history of use, dating back to 3000
BC in China and Wales. Many distinctive Chinese beliefs and practices are
documented in Marco Polo's "Description of the World" (1298), including the
utilization of "stones that burn like logs™ (coal). Coal mining was widespread in UK
by the thirteenth century, particularly in Durham, Nottinghamshire, Derbyshire,
Staffordshire, and North and South Wales. Coal shipments accounted for roughly

half of England's maritime trade by the early seventeenth century (When pollution

meant punishment. Retrieved from https://www.downtoearth.org.in/indepth/when-
pollution-meant-punishment-19737, Access on 24.11.2021).

Coal was the fuel that ignited Europe's and ultimately America's Industrial
Revolutions. By the late 1890s, the United States (U.S.) had overtaken over as the 's
largest coal producer. After becoming the world leader since the commencement of
the formal industry in the 1500s, Britain is presently placed second. Germany came
in third, highlighting its expanding manufacturing would in compared to continental
adversary France. Coal's supremacy in energy consumption peaked in the early
twentieth century, thereafter which oil and natural gas gained over. By the late
twentieth century, China's fast economic growth, rising demand for power, and
enormous coal reserves had pushed it to the top of the world's coal output (Basdeo
S4 September 2019.0ld King Coal. Retrieved from
https://victorianweb.org/science/environment/basdeo.html. Access on 24.11.2021).

The earliest documented environmental legislation of coal was issued in 1306
by King Edward Il of England, who prohibited the burning of maritime coal while
Parliament was in session thanks to the offensive smoke it generated. In the 1960s,
sulfur dioxide from coal combustion was connected to acid rain, and carbon dioxide
emissions became a problem in the 1980s, when climate change became a significant
contributor to climate change (Basdeo S., 2019).

Furthermore, coal is mostly composed of biological material that has been
heated and compacted in the long time. It is mostly made up of carbon, together

varying numbers of other elements, and the coal grade is determined by the ratio of
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carbon to other elements. The calorific price rises like the grade develops leading to
excessive pressure and temperature throughout long periods of time. Shipping is a
crucial component of the global economy, and its prolonged and well-documented
history offers maritime economists with a unique perspective on the evolution of the
industry's economic actors and structures.

In addition, the COVID-19 epidemic would have an influence on worldwide
maritime trade and global supply networks in 2020. Overall, though, maritime
transport was able to navigate the crisis, and the impact on some areas of the supply
chain was not as severe as previously anticipated. Carriers were able to absorb the
first shock and handle decreased demand levels. However, port and landside
operations struggled to adapt, and the world's seafarers found themselves in a
hazardous situation as a result of an unprecedented worldwide crew-change problem
(UNCTAD, 2020).

Because maritime transport accounts for roughly 90% of worldwide trade
through ocean transport, seaways, and inland waterways, the contribution of
maritime transport in international trade is considered essential. Maritime transport is
critical to the global economy since it carries over 90 % of global trade and is, by far,
the most cost-effective method to move massive merchandise and raw resources all
throughout world, according to the International Maritime Organization (IMO).
Furthermore, the maritime industry has made significant contributions to the global
economy over the last three decades. In addition, the international trade has been
irreparably harmed by the COVID-19 pandemic of 2020. The value of global
commerce decreased by 4,1 %. In 2020, global economic productivity decreased by
3,5 %, merchandise commerce decreased by 5,4 %, and international maritime
shipments decreased by 3,8 % to 10,65 billion tons. However, UNCTAD predicts
that global maritime commerce would rebound by 4,3 % in 2021, and that recovery
will continue through 2022-2026, albeit at slower rates due to the slowing global
economy. Although the short-term view is favorable, the medium- and long-term
outlooks are uncertain: the recovery will be guided by the pandemic's future route as
well as the attendant lockdowns and limitations. A long-term recovery also depends
on maintaining trade flows by establishing favorable macroeconomic and fiscal

circumstances while reducing trade protectionism (UNCTAD, 2021).



The pandemic of 2020 has highlighted the importance of sea transport for the
persistent delivery of crucial supplies and worldwide trade through times of trouble,
rehabilitation, and reintegrate into society. Numerous organizations have
launched recommendations and assistance, including the European Union (E.U),
IMO, the UN Conference on Trade and Development, and other international
organizations, recognizing the importance of maintaining business connectivity in
the industry while also safeguarding port workers and seafarers from the epidemic.

Hence, IMO Secretary-General Kitack Lim encouraged the UN to
recommend that states identify sailors, port staff, and other critical maritime workers
as "important persons" at the start of the coronavirus epidemic.(IMO Circular Letter
No: (MSC.1/Circ.1636. Retrived from
https://www.imo.org/en/MediaCentre/PressBriefings/pages/44-seafarers-UNGA-

resolution.aspx) In addition to the IMO, the International Chamber of Shipping (ICS)
and the International Association of Ports and Harbors (IAPH) together urged G20
leaders to assist the maritime industry and global supply chains. Crews should also
be classified as critical employees, according to the letter. The IMO also released a
Circular Letter on March 27, 2020, that included a number of suggestions for
governments and key national institutions fort he sake of preserving the flow of
products going. The letter particularly requested that countries recognize maritime
experts as "important employees” who provide a vital service, regardless of
nationality. Finally, The IMO in its Circular Letter N0.4204/Add.35/Rev.3 25
January 2021 announced that Fifty-three IMO Member States and one Associate

Member, Hong Kong, deputed and recognized sailors as critical personnel (IMO

Circular Letter No0.4204/Add.6. Retrived form https://www.imo.org). The pace of

worldwide maritime trade dipped to its lowest point since the international economic
meltdown of 2008-2009 in 2020.World economic production, merchandise trade,
and, by extension, maritime trade, have been hampered by lingering trade conflicts
and excessive policy uncertainty. In 2020, maritime transport volumes decreased by
3,8 %, and reached 10,648 billion tons. Briefly, Maritime transport is a paramount
key to economic globalization (Shi and Li, 2017).

Furthermore, according to UNCTAD-RMT 2020, 7,730 billion tons of dry

cargo were shipped worldwide in 2020. In 2020, the world's merchant fleet handled
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over 3,181 billion tons of seaborne principal bulk commaodities. Iron ore, grain, coal,
bauxite, alumina, and phosphate rock are all considered "major bulks.

Figure 1: International Seaborn Trade from 1970 to 2020

International seaborne trade from 1970 to 2020
(in million tons loaded)

203p 3009
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Source: UNCTAD, 2021

While main bulk cargo accounted for about 18 % of entire maritime volumes
in 1970, dry cargo has increased in importance over time, accounting for even more

than one-thirds of total maritime commercial volumes in 2020.



Figure 2: Percantage of the Main Commaodities in 1979 and 2020
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Source: UNCTAD, 2021

Furthermore, world coal request is expected to fall by 4 % in 2020, the lowest
since World War 1l. Lower power demand as a result of Covid19 limitations and the
subsequent economic slowdown was the major cause of the reduction. Many markets
have preferential dispatch or usage of renewables. Gas and coal have been forced out
of the electrical mix. Lower gas costs prompted a considerable shift away from coal,
notably in the U.S. and the E.U., where coal usage declined by 20 % and 21 %,
respectively.



The global coal output increased from 3.074 Mt in 1973 to 7.575 mt in 2020.
Furthermore, although China's contribution of global output was 13.6 % in 1973, it
was 49.7 % in 2020. China is the only major country that saw a rise in coal demand
in 2020. In contrast, the People's Republic of China continued the global highest
coal manufacturer since 1985, with 3.764 Mt in 2020, accounting for 49.7 % of
worldwide output. Since 2017, Chinese productivity has expanded at a pace of
roughly 1 % with 71 Mt higher than in 2019 (UNCTAD, 2021).

Growing economy will keep electricity usage going in 2021, while post-
Covid stimulus initiatives will help steel, cement, and other coal-intensive industrial
products. We forecast a 4 % increase in coal usage in 2021, keeping it well beyond
the 2014 record and nearing China's greatest ever levels. More than half of
worldwide coal use is accounted for by China's coal power fleet (which includes
combined heat and power, or Combined Heat Power - CHP) facilities.

The Chinese electricity system will dictate the future of coal use in China
and throughout the world. Rising electricity usage is directly connected to economic
growth in China, with demand expanding at a one-to-one rate with GDP. How soon
alternatives and nuclear power come on-line will determine how much of the
additional electricity demand is met by coal. Coal is predicted to satisfy just 45 % of
the projected 8 % rise in energy demand in 2021, due to rapid gains in renewables
installations (IEA/OECD, 2020).



Table 1: Production by Major Coal Producers (Mt) in 2020

No Countries 2017 2018 2019 2020 Change ggig

1 | PR of China 3397 |3549 | 3693 | 3.764 71 %1

2 India 722 776 769 760 -9 % -1

3 us 703 686 640 485 -155 % -24

4 Indonesia 495 548 616 564 -52 % -8

5 Australia 499 485 503 493 -10 % -2

6 | Russian 388 419 | 418 398 -20 % -5
Federation

7 S. Africa 257 256 254 247 -7 % -2

8 Germany 175 169 131 107 -24 % -18

9 Poland 127 122 112 101 -11 % -9

10 Kazakhstan 101 108 105 100 -5 % -5

11 Turkey 74,1 83,9 90 71 -19 % -21

12 Colombia 90.5 84.3 82.1 48.5 -33.6 % -41
Restof World | 522 518 508 715 | %-14
Total EU28 464 444 375 56,5 -318.5 % -85
Total OECD 1762 [1.725 1635 | 1.424 211 %-13
Total — non-| 5789 | 6.079 | 6.286
OECD

Total | World 7.551 | 7.805 7.921 7.575 -346 % -4

Source: IEA/OECD, 2020

Furthermore, global coal output climbed by 1% in 2020, twice the proportion
of the previous two years. China is the world's largest producer, with 3.764 million
tonnes, closely by India with +760 million tonnes. India's productivity fell to its
lowest level twenty-first century, and only the second time in history. The US
reduced output by 485 million tons, while the EU reduced output by 56.5 million
tons, with Germany accounting for half of the reduction. Global coal output nearly
rebounded from the 2014-2016 downturn, surpassing 7.575 Mt in 2020, close to the
2017 high. In 2017 and 2018, output climbed by 253 Mt each year after 2016. With
116 Mt decreased in 2020, output rose at a slower rate, indicating a decline in this
extractive industry (UNCTAD, 2021).

In India, coal production fell to its lowest level about 760 Mt with 9 Mt by

%-1 in 2020 for the first time in last 20 years, and just the second time in history,



following a substantial economic downturn in the second part of 2019 and Covid
lockdowns owing mostly to lower coal-fired power generation offset by greater
hydroelectric power. The economic rebound has outcomedin a continuous
improvement in coal consumption since then, with a 6% increase in the fourth
quarter of 2020. A reduction in hydro generation following the year's record-
breaking production also spurred higher coal usage. In 2021, we predict a strong
economic rebound in India, boosting GDP far beyond 2019 levels and raising coal
demand by around 9% to 1.4 % beyond 2019 levels, according to our projections.
As a result of this situation, coal storage at energy plants completed the year at
record levels, with none of them reaching ‘critical' levels for the first in years
(IEA/OECD, 2020).

The US' production continues to decline, hitting 485 Mt in 2020, the lowest
degree in four decades, continuing a declining trajectory that began at the turn of the
century. Despite the fact that 2021 is predicted to be the first year of usage growth
since 2013, coal consumption in the US is still down by -24 % to 485 million tons.
The first monthly year-over-year increase in coal usage since November 2018 was
spurred by rebounding electricity use and rising gas prices in December 2020. The
power sector's coal usage is expected to increase by 10% from its lows in 2020,
although need will not exceed that of 2019. Coal-fired electricity generation
represents for 90% of the total amount of coal consumed in the US, and demand is
anticipated to drop by one-third between 2018 and 2020 (IEA/OECD, 2020).

In 2020, Australia’s coal output fell by 2% (-10 Mt), falling below the 500 Mt
record established in 2017. Following a few years of rapid growth, Russia's output in
2020 was practically comparable to that of 2018, with a little -5 % decline (-20 Mt).
Colombia's downward trend continued in 2020 (-41%), with Turkey overtaking
Colombia as the world's 11th largest coal producer. (IEA/OECD, 2020) Similarly, in
2020, the E.U.'s coal production fell by 318.5 Mt, or 85 %, to its lowest level ever.
Germany, Poland, and Greece are the primary drivers of this trend, with yearly
decreases of -38, -10, and -9 Mt, respectively. In addition, Spain's coal output ceased
in 2020. As a result of several nations announcing coal phase-out plans, this

downward tendency is projected to sustain and increase.
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In a growing number of E.U. countries, coal-fired energy generation is
diminishing or becoming irrelevant. Carbon allowances continue to dissuade coal
companies, with Austria and Sweden retiring their last coal-fired power plants in
2020, and Portugal retiring its last coal-fired power station this year. Two-thirds of
all coal mined in the EU is used in Germany, Poland, and the Czechia. Gas and coal
production prices are moving in the same range in Germany, where coal and gas
rivalry is fierce owing to capacity constraints. As a result, even minor changes in fuel
prices can have an impact on coal and gas's relative competitiveness, and hence coal
demand. In light of this uncertainty, we predict a 4% rise in coal demand in 2021,
owing mostly to a comeback in industrial use. This rise will still fall short of
correcting the 18 % drop in demand expected in 2020 (Retrieved from.

https://www.worldometers.info/coal).  According to the current  global

Reserve/Output percentage, coal reserves represented for 139 years of current
production in 2020, with the highest rates in North America (484 years) and the CIS
(367 years). Finally, since 2010, coal traffic has accounted for 36% of all bulk

commerce.

Figure 3: Main Bulk vs. Coal Trade from 2010 to 2020

Main bulk vs. Coal trade from 2010 to 2020
(in million tons loaded)

MAIN BULK| 2232 2364

Source: UNCTAD, 2021

Furthermore, for both exports and imports, the largest coal trade countries
have shifted during the previous three decades. China now purchases one-fourth of
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all coal sold on the global marketplace, but its presence was minor in 2000. The
E.U., contrastingly, was the world's greatest coal importer in 1990 and has
progressively reduced its imports since then, from 35.4 % of global coal imports in
1990 to 6% presently. Viet-nam was the biggest surprise of the decade, shifting from
supplier to buyer in 2005 and steadily rising requisition since then. Surprisingly,
China has the highest overall imports (306 Mt), despite the fact that this only
accounts for 25% of the country's entire coal supply. Other countries with lower
import volumes have far higher dependency %ages, such as India and Japan, both of
which have dependency %ages of over 30%. The OECD and the EU both rely on
coal imports in equal proportions, with 18,8 % and 8,3 % of coal supply imported,
respectively (IEA/OECD, 2020).

Despite the fact that coal exports from leading countries have declined as a
result of the Covid 19 epidemic, Indonesia and Australia, with 32.6 % and 32.1 % of
global coal exports, respectively, were the world's top exporters in 2020. Together
with Russia, the world's third largest exporter, these two countries represent for 80 %
of all coal exports (IEA/OECD, 2020).
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Table 2: Major Coal Exporters (Mt) in 2020

No | Countries 2017 | 2018 | 2019 | 2020 | Change | 2020/2019
1 |Indonesia 394 434 455 396 -59 % -13
2 |Australia 379 382 393 390 3 0
3 Ee”jzirzrt‘ion 190 210 217 188 -29 % -13
4 |us 88 105 87 58 -29 % -33
5 |S. Africa 71 70 81 62 19 % -23
6 |Colombia 103 84 72 30 42 % -58
7 |Canada 31 34 36 26 -10 % - 27
8 |Mongolia 29 32 28 29 -1 0
9  |Kazakhstan 29 27 25 24 1 %0

10 |Philippines 6 5 14 - 9 -

Rest of World 46 35 31 2 -29 % -93
Total EU28 12 9 8 9 1 % 12
Total OECD 512 532 524 527 3 0
gl)itélD non- 1 gsy 886 013 685 | -228 % -25
Total World 1366 | 1418 | 1.436 | 1.212 | -224 %-16

Source: IEA/OECD, 2020

In 2020, Indonesia’'s exports declined by 13 % to 396 Mt, compared to the
previous year's total. Other nations that had significant losts in exports were
Australia, Russian Federation, US, South Africa, and Colombia. The US, on the
other hand, had the greatest reduction in exports, with a fifth less than the last year (-
21 Mt). Colombian exports fell by 29 Mt in 2020, a 33 % drop, due to Covid-19, a
reduction in harvesting at one of the main mines, as well as supply problems that
forced operations to be halted (UNCTAD, 2021).

As a supplier of imports, China and India were the two largest coal importers
in 2020, with 306 and 210 Mt, sequentially; both had volumes than the last year, up
+2 % and down -15 %. According to 2018 data, Viet-Nam saw the most significant

increase in coal imports, effectively dublicating the volume to 52 Mt (+29 Mt, or 126
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%). The E.U., far from Asia, reduced coal imports by 32%, from 134 million tonnes
to 90 million tonnes (Retrieved from. https://www.worldometers.info/coal).

Table 3: Imports by Major Coal Importers, Mt in 2020

No Countries 201 2018 2019 2020 Change 2020/2019
1 | China 284 281 298 306 8 % 2
2 | India 210 223 247 210 -37 % -15
3 | Japan 187 184 185 183 -2 % -1
4 | Korea 139 136 130 123 7 % -5
5 %;g‘;se 68 67 67 63 4 % -6
6 Viet Nam 14 23 44 52 8 % 18
7 Germany 51 45 41 29 -12 % -29
8 [Turkey 38 38 38 40 2 % -5

Restof World | 387 | 397 373 202 171 % -46
Total EU28 175 167 134 90 -44 % -33
Total OECD | 583 | 566 532 472 -60 % -11
goEt(f;'[;wn- 794 827 892 792 -100 % -11
Total | World 1377 | 1392 1.424 1.264 -160 % -11

Source: IEA/OECD, 2020

In addition, Thermal coal represented for 76% of global coal trade, wi