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ABSTRACT: The aim of the paper was to estimate how the value of 1 GJ of energy in coal with a calorific va-

lue of 5500 kcal/kg varies on the international coal market compared to 1 GJ of energy in coal with
a calorific value of 6000 kcal/kg. The analysis of data from different ports was intended to answer
the question of whether the pricing of coals of different producers according to their calorific value
is convergent. The best-known price standard for thermal coal is 25.1 MJ/kg coal (6000 kcal/kg)
and, until recently, coals with such quality parameters dominated international trade. Currently, co-
als with parameters other than considered to be standard parameters are traded on the coal market,
hence it is necessary to price a unit of energy (e.g. 1 GJ) contained in these coals.

The indices have been selected of the largest exporters of thermal coal for which data was available
and referred to the same coal types (grades) determined on the same basis (FOB). Theoretically, the
price differential between 6000 kcal/kg and 5000 kcal/kg coal (in USD/ton) should be (at least) as
much as the difference in calorific value, i.e. about 9% per USD/ton. In reality, the price differential
between these types of coal is greater, though.

The overall conclusion of the analysis is that the price calculated per 1 GJ of energy fluctuated on
average by 5.9% over the entire period considered. The analytical results obtained for coal from
four countries are quite convergent, so it can be assumed that the calculated relationship between
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the prices of coal with different calorific values (6000 and 5000 kcal/kg) is a good approxima-
tion of the observed relationships in the international trade. The calculation results provide a sim-
ple formula allowing to estimate the price of coal with a calorific value other than the standard
25.1 MJ/kg (6000 kcal/kg) using the relationships from the international market.

KEYWORDS: international coal market, thermal coal, price indices

Introduction

Today’s global thermal coal trading basically uses price indices, i.e. prices that relate to
a certain standardized quality. The need to create price indices resulted both from the develop-
ment of e-commerce and the increasing use of financial instruments hedging against price risk
(Over-the-Counter trading, OTC). The OTC transactions needed the standardization of the pro-
duct (definition of basic, repeatable features). The subject of these transactions — both physical
and financial (so-called paper transactions) — are specific grades of coal for which the price is
determined according to price indices (Grudzinski 2012, 2018).

Price indices refer to spot transactions. Spot transactions are instant transactions for which
a 60-90 day delivery window is assumed (on the coal trading market, since 2015, there have
been transactions with a shorter maturity period, i.e. 60, 45, and 25 days). Tenders are one of
the variants of spot purchases. Spot transactions are concluded on a one-off basis, specifying the
volume, price and delivery terms.

The indices are determined for basic markets; on the exporters’ side these are FOB (Free-on
-Board) indices at the most important thermal coal export ports, and on the importers’ side CIF
(Cost, Insurance and Freight) and CFR (Cost and Freight) indices for the most important coal
reception points: Western Europe (ARA ports: Amsterdam-Rotterdam-Antwerp) and Asia (Japan
and South Korea).

Thermal hard coal traded on international markets accounts for as little as 15-20% of the
world’s production of this raw material. Although the international coal market has only a small
share in the production of this raw material, it plays an important role in shaping coal prices,
even in countries which mainly use their own resources (Stala-Szlugaj and Grudzinski 2018).

The best-known price standard for thermal coal is coal with a calorific value of 25.1 MJ/kg
(6000 kcal/kg) and, until recently, coal with such quality parameters dominated the international
trade. This was largely due to transport costs as the transport of high-calorific coal was the most
cost-effective. A lower calorific value also usually means a higher ash content and, sometimes,
a higher sulphur content, and thus higher environmental costs for a customer who burns such
coal (Lorenz et al. 2013, 2016).

The calorific value is the most important quality parameter affecting the price of thermal coal.

The best-known CIF ARA price index (the oldest index since 1991) and FOB Newcastle
price index refer to coal with a calorific value of 6000 kcal/kg, sulphur content below 1% and
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ash content ranging from 11% to 16%. It should be noted, though, that the most important ben-
chmark index for the entire coal market is the one determined on the FOB Newcastle port prices
(Grudzinski 2012; Lorenz 2016).

Figure 1 presents a comparison of changes in 6000 kcal/kg thermal coal spot prices between
2015 and 2019 (until June). The comparisons are based only on price indices for which indices
for other coal grades were also available. As can be seen, all prices are strongly correlated. Cu-
rrently, the market is experiencing strong price drops in all markets. Since September 2018, the
prices have lost about 40% of their value and are at the level of Q4 2016.

International trade has also always included brands of coals with other quality parameters,
and due to the increase in turnover of such coals, price indices have also been developed for
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Fig. 1. Comparison of selected FOB thermal coal prices (6000 kcal/kg NAR) [USD/ton]
Source: Platts, Argus, globaCOAL, World Bank

Rys. 1. Poréwnanie wybranych cen wegli energetycznych (6000 kcal/kg, NAR) na bazie FOB [USD/tong]

other quality parameters. These indices are provided by organizations such as Platts, Argus, [HS
McCloskey and globaCOAL.

As coals with the same basis (FOB, CIF, CFR) but with a different calorific value have appe-
ared in the quotations, it is possible to calculate the change in price per unit change in calorific
value.

The aim of the paper is to estimate how the value of 1 GJ in coal with a calorific value of
5000 kcal/kg varies on the international coal market compared to 1 GJ in coal with a calorific
value of 6000 kcal/kg, and whether the pricing of coals of different producers according to its
calorific value is convergent (Lorenz 2016; Stala-Szlugaj and Grudzinski 2018).

Many coal supply contracts are indexed in relation to spot prices on the international market,
and the main indices refer to coal with a calorific value of 6000 kcal/kg, hence the need to price
the coal with parameters other than the so-called basic — standard — parameters.
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1. Analysis of coal price indices for coals with a calorific value
of 6000 kcal/kg and 5000 kcal/kg

A comparison of thermal coal spot prices has been carried out for four pairs of FOB coal (i.e.

at the exporter’s port):

4 FOB Newcastle — Australia,

4 FOB Richards Bay — South Africa,
4 FOB Kalimantan — Indonesia,

4 FOB Vostochny — Russia.

The indices have been selected of the largest exporters of thermal coal for which available
data referred to the same grades of coal. These grades of thermal coal were coals with a calorific
value of 25.1 MJ/kg (6000 kcal/kg) and 5000 (23 MJ/kg). Quality parameters of the compared
coals are NAR (Net-As-Received).

The calculations provided cover the period from January 2015 to June 2019. For Russian
coal only, data for 5000 kcal/kg coal was available from April 2017. The calculations have been
prepared based on monthly averages.

For each pair of coals from a given country, Tables 1 to 4 show the calculated minimum,
maximum and average prices as well as the average differential between the prices of the two
different coal grades. The analysis was carried out for the period 2015 to 2019 (June) and for the
last 12 months. Below the table, the graphs compare price changes for a given pair of coals from
a given country. The graphs also show the changes in price differentials between the two grades
of coal in question.

The purpose of this analysis was to calculate how the GJ value in coal follows the changes
in its calorific value on various markets (in coals of different producers). The adoption of such
assumptions has resulted in the same presentation of results for each country.

The results include data in Tables 1 to 4 and graphs in Figures 2 to 9. The graphs show how
the actual spot prices of the compared grades of thermal coal develop and how they correlate
(together with the linear equation and the coefficient of determination R?).

Graphs showing how the prices of coal (with a calorific value of 6000 and 5000 kcal/kg)
changed between 2015 and 2019 in the exports from Australia, South Africa, Indonesia and Rus-
sia-Pacific (5000 kcal/kg coal quoted from April 2017 onwards) demonstrate a high consistency
of trends, confirmed by graphs and calculated correlations. For four coals, the coefficient of
determination R? is high — above 0.77 — which means that over 77% of cases describe correctly
the equation in the graph. The lowest correlation can be found for coal traded at the ports of
Newcastle and Vostochny, and the highest for coal traded at Richards Bay port — R2 = 0.95. The
presented data shows a high correlation of prices between coal grades at a given port.

Theoretically, the price differential between 6000 kcal/kg and 5000 kcal/kg coal (in USD/ton)
should be (at least) as much as the difference in calorific value, i.e. about 9% in USD/ton. In
reality, the price differential between these grades of coal is greater, though. The value of 1 GJ of
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energy in 5000 kcal/kg coal is less priced than it would result from the very relations between ca-

lorific values. Therefore, the next presentation of results shows how much lower the 5000 kcal/kg
coal is priced per 1 GJ.

TABLE 1. Comparison of FOB Newcastle 6000 and 5000 kcal/kg coal prices [USD/ton]
TABELA 1. Poréwnanie cen wegli FOB Newecastle 6000 i 5500 kcal/kg [USD/tong]

Coal — FOB Newcastle, Australia
Q kcal/kg | Max. Min. Average | Differential
2015 — June 2019
6000 (NAR) 116.8 49.9 80.3 20.4
5000 (NAR) 86.3 37.9 59.9
Last 12 months (June 2018 — June 2019)
6000 (NAR) 116.8 72.5 98.1 36.1
5000 (NAR) 74.8 53.5 62.0

Source: Platts, Argus, globaCOAL, World Bank.
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Fig. 2. Comparison of FOB Newcastle 6000 and 5000 Fig. 3. Correlation results for FOB Newcastle 6000 and
kcal/kg coal prices and their differential in exports from 5000 kcal/kg coal prices in 2015-2019 (June 2019)
Australia in 2015-2019 (June 2019) Source: Author’s own study
Source: Platts, Argus, globaCOAL, World Bank
Rys. 3. Wyniki korelacji cen wegli 6000 i 5500 kcal/kg
Rys. 2. Poréwnanie cen wegli FOB Newcastle FOB Newcastle w latach 2015-2019 (VI 2019)
(6000 i 5500 kcal/kg) oraz ich roznicy w eksporcie
z Australii w latach 2015-2019 (VI 2019)

Table 5 summarizes the entire analysis. This summary shows that as far as the entire period
2015 to 2019 (June 2019) is concerned, changing the calorific value from 25.1 MJ/kg (approx.
6000 kcal/kg) to 23 MJ/kg (approx. 5000 kcal/kg) led to a GJ price drop in coal by about 12.3%.
On the other hand, the price calculated to 1 GJ of energy fluctuated on average by 5.9%. For the
last 12 months, that figure stood at 9%. If the average calculations included coal from the two
most important suppliers, i.e. FOB Newcastle coal and FOB RB coal, the values in the whole
period would amount to 6.8%, and in the last 12 months to 10.7%.
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TABLE 2. Comparison of FOB Richards Bay 6000 and 5000 kcal/kg coal prices [USD/ton]
TABELA 2. Poréwnanie cen wegli FOB Richards Bay 6000 i 5500 kcal/kg [USD/tong]

Coal — FOB Richards Bay, RPA
Q kcal/kg Max. Min. Average | Differential
2015 — June 2019
6000 (NAR) 107.6 49.8 75.7 14.1
5000 (NAR) 87.8 384 61.6
Last 12 months (June 2018 — June 2019)
6000 (NAR) 107.6 63.1 86.2 19.1
5000 (NAR) 87.8 51.6 67.1
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Fig. 4. Comparison of FOB Richards Bay 6000 and Fig. 5. Correlation results for FOB Richards Bay 6000 and

5000 kcal/kg coal prices and their differential in exports 5000 kcal/kg coal prices in 2015-2019 (June 2019)
from South Africa in 2015-2019 (June 2019) Source: Author’s own study
Source: Source: Platts, Argus, globaCOAL, World Bank
Rys. 5. Wyniki korelacji cen wegli 6000 i 5500 kcal/kg
Rys. 4. Poréwnanie cen wegli FOB Richards Bay FOB Richards Bay w latach 2015-2019 (VI 2019)
(6000 1 5500 kcal/kg) oraz ich rdznicy w eksporcie
z RPAw latach 2015-2019 (VI 2019)

The results of these calculations could be used for coal supply contract settlements in the
case of supplies of varying quality. In coal from countries such as: Russia, South Africa and
Indonesia, the pricing of coal with lower calorific value is quite stable in the analyzed period
and amount to about 5—7%. The situation is different when it comes to coal from Australia. Price
differentials between higher- and lower-grade coal have been systematically increasing and were
significantly higher in the last 12 months; the differences in the pricing of 1 GJ in these coals stay
at 15%, i.e. they are more than 2.5 times higher than in other coals. However, in the whole period
they are very similar to other results.

Over the analyzed period, the actual coal spot prices varied widely, i.e. from USD 38 to 117 per
ton. The analysis results obtained for coal from four countries are quite convergent; it can be therefore
assumed that the calculated relationship between coal prices with different calorific values (6000 and
5000 kcal/kg) is a good approximation of the observed relationships in the international trade.

50




POLSKA

www.czasopisma.pan.pl P N www.journals.pan.pl
=

AKADEMIA NAUK

TABLE 3. Comparison of FOB Vostochny 6000 and 5000 kcal/kg coal prices [USD/ton]

TABELA 3. Porownanie cen wegli FOB — FOB Vostochny 6000 1 5500 kcal/kg [USD/tong]

Coal — FOB Vostochny, Russia
Q kcal/kg Max. Min. Average | Differential
2015 — June 2019
6000 (NAR) 112.2 72.5 94.0 16.5
5000 (NAR) 90.4 62.0 77.6
Last 12 months (June 2018 — June 2019)
6000 (NAR) 112.2 72.5 94.2 18.3
5000 (NAR) 88.3 62.0 75.9
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Fig. 6. Comparison of FOB Vostochny 6000 and
5000 kcal/kg coal prices and their differential in exports
from Russia in 2015-2019 (June 2019)

Source: Source: Platts, Argus, globaCOAL, World Bank

Rys. 6. Porownanie cen wegli FOB Vostochny
(6000 i 5500 kcal/kg) oraz ich roznicy w eksporcie
z Rosji w latach 2015-2019 (V1 2019)

coal 6000 kcal/kg

Fig. 7. Correlation results for FOB Vostochny 6000 and
5000 kcal/kg coal prices in 2015-2019 (June 2019)
Source: Author’s own study

Rys. 7. Wyniki korelacji cen wegli 6000 i 5500 keal/kg
FOB Vostochny w latach 2015-2019 (VI 2019)

The comparisons show that a 1 GJ change in calorific value changes the price by about 6%.
During the period under review, the actual coal prices fluctuated extensively, i.e. from USD 38
to 117 per ton. The results of these calculations allow for the presentation of a simple formula
for estimating the price of coal with a calorific value other than the standard value — 25.1 MJ/kg
(6000 kcal/kg) — using the relationships on the international coal market.

The formula for calculating the price of thermal coal with a calorific value other than the
standard 6000 kcal/kg — rounded off to 25 MJ/kg — is given below

C:Cbaz [1_

O 0

M

baz j
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where:
C — calculated price of coal with calorific value other than base coal,
Opaz calorific value in base coal — 25 MJ/kg (6000 kcal/kg),
My, — coefficient determining the change in calorific value in relation to base coal. In the

current price situation, this coefficient is at the level of approx. 17, i.e. the price
varies by about 5.9% per 1GJ/kg compared to the base coal’s calorific value. Ad-
opting this coefficient at the level of 20, for instance, leads to a 5% change,

Cp.z — coal price (e.g. FOB Newcastle or CIF ARA) with a base calorific value from the

international market, USD/GJ (or in another currency converted to GJ).

Q — the calorific value in MJ/kg of specific coal.
TABLE 4. Comparison of FOB Kalimantan 6000 and 5000 kcal/kg coal prices [USD/ton]
TABELA 4. Poréwnanie cen wegli OB Kalimantan 6000 i 5500 kcal/kg [USD/tong]
Coal — FOB Kalimantan, Indonesia
Q kcal/kg Max. Min. Average Differential
2015 — June 2019
6000 (NAR) 104.3 56.6 80.3 15.0
5000 (NAR) 87.3 46.1 65.2
Last 12 months (June 2018 — June 2019)
6000 (NAR) 104.3 76.4 93.8 243
5000 (NAR) 80.5 64.0 69.5
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Fig. 8. Comparison of FOB Kalimantan 6000 and Fig. 9. Correlation results for FOB Kalimantan 6000 and
5000 kcal/kg coal prices and their differential in exports 5000 kcal/kg coal prices in 2015-2019 (June 2019)
from Indonesia in 2015-2019 (June 2019) Source: Author’s own study

Source: Source: Platts, Argus, globaCOAL, World Bank

Rys. 9. Wyniki korelacji cen wegli 6000 1 5500 keal/kg

Rys. 8. Poréwnanie cen wegli — FOB Kalimantan FOB Kalimantan w latach 2015-2019 (V1 2019)
(6000 i 5500 kcal/kg) oraz ich roznicy w eksporcie
z Indonezji w latach 2015-2019 (VI 2019)
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TABLE 5. Results of the analysis of the estimation of 1GJ/kg price change in 5000 kcal/kg coal compared
to 1 GJ value in 6000 kcal/kg coal

TABELA 5. Wyniki analizy szacowania zmiany ceny 1GJ/kg w weglu 5500 kcal/kg w porownaniu
z warto$cig 1 GJ/kg w weglu 6000 keal/kg

FOB Newcastle FOB Richards Bay
2015-2019 (V1 2019) 2015-2019 (VI 2019)
average -8.3% average -5.3%

min. —18.4% min. -12.0%
max. -2.1% max. —0.9%
last 12 months last 12 months
average —14.5% average -7.0%
min. —-18.4% min. -12.0%
max. -8.1% max. —4.0%
FOB Indonesia FOB Vostochny
2015-2019 (V12019) 2015 -2019 (VI 2019)
average -5.1% average —4.7%
min. -11.8% min. -8.1%
max. —0.8% max. —0.8%
last 12 months last 12 months
average -9.0% average -5.5%
min. -11.8% min. -11.8%
max. —4.8% max. -4.8%
Total — average changes — 5.9%/1GJ (2015 — June 2019)
Total — average changes — 9%/1GJ (last 12 months)

Conclusion

The main spot price indices for thermal coal on the international market are determined pri-
marily for standardized quality coal; this makes them easy to convert into units of energy such
as 1 GJ. In recent years, as a result of the rapid development of international markets, coals with
other calorific values have appeared and price indices are being developed for these coals with
reference to other quality parameters; there are also price indices calculated for the same basis
(e.g. FOB, CIF, CFR) but with different (than standard) parameters. This situation made it pos-
sible to calculate how the price of a given coal grade varies depending on changes in its calorific
value. The aim of this article was to analyze those prices and try to standardize the changes. It
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has been found that the changes in the prices of coal with a calorific value of 6000 kcal/kg and
5000 kcal/kg at different ports are similar which allows for a standardization of those changes.

These considerations are essential for the analysis of data covering the entire period from
2015 to 2019 (June 2019). In the analysis of data for the last 12 months only, the results for FOB
Newcastle coal significantly differ from those for other coals (Richard Bay, Kalimantan, Vo-
stochny). The current high volatility of prices on the Atlantic and Pacific market should stabilize
next year and shift to trends observed in previous years.

The analysis of the data allowed to propose a formula for pricing the coal with a different
calorific value compared to coal with standardized quality, i.e. 25 MJ/kg (6000 kcal/kg).

Publication within the framework of statutory research of the Mineral and Energy Economy Institute of the Polish
Academy of Sciences (Instytut GSMIiE PAN).

References

GRUDZINSKI, Z. 2012. Methods of assessing the competitiveness of domestic hard coal for electricity pro-
duction (Metody oceny konkurencyjnosci krajowego wegla kamiennego do produkcji energii elektry-
cznej). Studia Rozprawy Monografie No 180, Instytut GSMIE PAN, Krakow, p. 280 (in Polish).

GRUDZINSKI, Z. 2018. The development of the international steam coal market (Rozwdj miedzynarodowych
rynkow wegla energetycznego). Zeszyty Naukowe Instytutu Gospodarki Surowcami Mineralnymi i Ener-
giq PAN Nr 105, Wyd. Instytutu GSMiE PAN, Krakow, s. 41-52 (in Polish).

LORENZ, U. and OZGA-BLASCHKE, U. 2016. Impact of changing market conditions on hard coal fore-
cast prices in international trade (Wphw zmieniajgcych sie warunkow rynkowych na prognozowane
ceny wegla kamiennego w handlu migdzynarodowym). Przeglgd Gorniczy No 5, ZG SITG Katowice,
pp- 3-12 (in Polish).

LORENZ et al. 2013 — LORENZ, U., OzZGA-BLASCHKE, U., STALA-SZLUGAJ, K. and GRUDZINSKI, Z. 2013.
Hard coal in Poland and worldwide in 2005-2012 (Wegiel kamienny w kraju i na swiecie w latach
2005-2012). Studia Rozprawy Monografie No 183, Instytut GSMIE PAN, Krakow, p. 186 (in Polish).

LoRENZ, U. 2016. Lower quality thermal coals in international trade (Wegle energetyczne o obnizonej
Jjakosci w handlu miedzynarodowym). Polityka Energetyczna — Energy Policy Journal Vol. 19, Issue 3,
Wyd. Instytut GSMIE PAN, Krakéw, pp. 19-33 (in Polish).

STALA-SZLUGAJ, K. and GRUDZINSKI, Z. 2018. Wegiel kamienny a migdzynarodowy handel morski. Pol-
ityka Energetyczna — Energy Policy Journal Vol. 21, Issue 3, Wyd. Instytutu GSMiE PAN, Krakow,
pp. 31-45.

Online sources:

Argus Coal Daily International — CDI. Argus Media Ltd.

World Bank — Global Commodity Markets.

World Bank — Commodity Prices and Price Forecast [Online] www.worldbank.org [Accessed: 2019-06-20].
Platts — CTI — Coal Trader International. Platts — S&P Global.

Platts — ICR Coal Statistics Monthly. Platts — S&P Global.

globaCOAL — www.globaCOAL.com.

54



=

www.czasopisma.pan.pl ?@ www journals.pan.pl

Zbigniew GRUDZINSKI

Wartos$¢ 1 GJ energii w weglach energetycznych wycenianych
przez rynek miedzynarodowy

Streszczenie

Celem artykutu bylo oszacowanie, jak zmienia si¢ warto$¢ 1 GJ energii w weglu o wartosci opatowe;j
5500 kcal/kg w stosunku do wartosci 1 GJ w weglu 6000 kcal/kg na miedzynarodowym rynku wegla.
Analiza danych z r6znych portow miata odpowiedzie¢ na pytanie, czy wyceny wegla réznych producentéw
roznicujacych je w zalezno$ci od wartosci opatowej sg zbiezne. Najbardziej znanym standardem cenowym
dla wegla energetycznego jest wegiel o wartosci opatowej 25,1 MI/kg (6000 kcal/kg) i jeszcze niedawno
wegle o takich parametrach jako$ciowych dominowaty w handlu migdzynarodowym. Obecnie na rynku
wegla notowane sa wegle o innych parametrach uznawanych za standardowe, stad konieczna jest wycena
jednostki energetycznej (np. 1 GJ) zawartej w tych weglach.

Wybrano indeksy najwigkszych eksporterow wegla energetycznego, dla ktorych dostepne byty dane
odnoszace si¢ do takich samych gatunkow (klas) wegla i okreslanych do tej samej bazy (FOB). Teoretycz-
nie, roznica cen migdzy weglem 6000 a 5500 kcal/kg (w USD/tong) powinna wynosi¢ (minimum) tyle, ile
wynika z réznicy kalorycznosci, czyli ksztattowaé si¢ na poziomie ok. 9% —w przeliczeniu na USD/tong.
Jednak w rzeczywistosci roznica cen migdzy tymi gatunkami wegla jest wigksza.

Z podsumowania catej analizy wynika, ze cena przeliczona na 1 GJ energii srednio zmieniata si¢ 0 5,9%
w catym badanym okresie. Otrzymane wyniki analiz dla wegli z czterech krajow sa dosy¢ zbiezne, mozna
wigc przyjaé, ze wyliczona zalezno$¢ migdzy cenami wegli o roznej kalorycznosci (6000 i 5500 kcal/kg)
jest dobrym przyblizeniem obserwowanych relacji w handlu na rynku migdzynarodowym. Wyniki obliczen
pozwalaja na przedstawienie prostej formuty pozwalajacej szacowac ceng wegla o innej warto$ci opatowej
niz standardowa — 25,1 MJ/kg (6000 kcal/kg) — wykorzystujac relacje z rynku migdzynarodowego.

SELOWA KLUCZOWE: migdzynarodowy rynek wegla, wegiel energetyczny, indeksy cenowe
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