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Abstract

The seaborne steam coal market changed in recarg.yerade volumes grew dynamically,
important players emerged and since 2007 priceseased significantly and remained
relatively high since then. In this paper we analysarket equilibria in the years 2006 and
2008 by testing for two possible market structuwenarios in this market: perfect competition
and an oligopoly setup with major exporters comuetn quantities. We conclude from our
results that international steam coal trade ispeotectly competitive as there is a large spread
between marginal costs and prices and a low capattitsation in 2008. Further, trade flows
are generally more diversified in reality than lne tcompetitive scenario. However, also the
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1. Introduction

Behind oil but before natural gas, coal is the sdamost important primary energy source. It
is mainly used for electricity and heat generatigdout 36% of the global electricity
generation is based on hard cballthough most of the coal is produced and consumed
domestically, international steam coal trade ishenrise’ However, price volatility increased
too and the years 2007 and 2008 both saw unpresetiprice spikes. Steam coal prices in
North Western Europe reached a maximum of 210 U8Dmid-2008 and averaged 147
USD/t for the whole year. This is more than 130%wa&bthe average price of 64 USD/t in
2006° Prices decreased with the financial crisis ingbeond half of 2008 but remained on
relatively high levels through 2009 and 2d10.

These price increases on the spot markets fomatienally traded coal in recent years were
paralleled by significant structural changes ondémand and the supply side. During the last
decade demand increased dynamically and total tvatfleme grew by more than 60%
between 2000 and 2009 on the seaborne market.dBvislopment is mainly caused by a
strong growth of energy demand in Asian econonfRexently, India and South East Asian
economies have become major importers in the anifirket. Moreover, China a major net
exporter at the beginning of the last decade hastidally increased imports since 2005.

The supply side is dominated by countries with anigaexport oriented mining industry like
South Africa, Australia, Indonesia and Colombiae Tékter two are relatively new players on
this market which expanded their supply capacitgldu during the last decade. Moreover, in
some countries the government has put its focuseseloping national coal strategies in the
last years, often tightening their control of ceaports, for instance in China or Indonesia.
Due to governmental control in some countries erittiluence of large company consortia
and industry associations in other countries, steaat supply tends to be aggregated on a
national level rather than on a firm level.

Given the growing importance of several new supglithe emergence of national energy and
coal strategies in several countries and the diametent steam coal price evolutions we test

if market structures in 2006 and 2008 can be desdreither by a competitive setup or an

! See IEA (2010b). Data for 2008.

2 The classification of hard coal (distinct fromrite) comprises steam coal and coking coal. Stezah(or
thermal coal) is mainly used in electricity genenatwhereas coking coal is used for metallurgpmalposes.

% See Ritschel (2009).

* The Asian marker (North Western European markes w9 USD/t (70 USD/t) in 2009 and 105 USD/t (92
USDI/t) in 2010.

® China constantly reduced export licenses (frorm8@ 2005 to less than 20 mt in 2011). Furthee, @hinese
government started a programme to restructure ansotidate the coal mining industry (Peng 2010). In
Indonesia only Indonesian companies or consoréahgible for mining concessions (Baruya 2009).



oligopolistic setup. To do so, we develop an oation model for computing spatial market
equilibria in competitive and oligopolistic intetianal trade markets. The equilibrium
modelling approach was introduced by Samuelson2[1@4h his work on the programming
of competitive equilibria in spatial markets, anengralised for various non-competitive
market structure scenarios e.g. by Takayama andgeJ(iP64, 1971), Harker (1984, 1986)
and Yang et al. (2002). The model is implemented asixed complementarity programme
(MCP) with the software GAMS and based on a unigoa market dataset of EWI. This
dataset comprises inter alia supply capacitiescarsts including time dependent supply cost
functions based on input price evolutions to actéomrecent supply cost increases.

We find that actual prices in 2006 are in line witle competitive benchmark in Europe but
prices in Asian importing regions exceed margirgats. In 2008, prices and volumes are not
consistent with the competitive benchmark. Furtheentrade flows are more diversified in
the real market than in the competitive scenarioweler, also for both years, actual prices
were lower than the oligopolistic prediction. Geally, the results indicate that competitive
models are not able to fully reproduce coal masailibria, particularly in 2008. This
suggests that the degree of competition may rechatle decreased in the coal trade market.
Literature on market conduct in international stezoal trade is relatively scarce. Abbey and
Kolstad (1983) present a qualitative analysis effbtentials to exert market power in steam
coal trade. Kolstad and Abbey (1984) were the fisstquantitatively analyse strategic
behaviour in international steam coal trade ingbdy 1980s using an MCP model. Besides
perfect competition they model various imperfectrkea structures. The authors find that a
non-competitive market structure consisting of amhly and a monopsony simulates the
actual trade patterns well. However, since then dfieam coal trade market has changed
substantially. We follow the approach of Kolstadl akbbey (1984) by using an MCP model
and update their research with recent data. Theerpapost closely related to ours is
Haftendorn and Holz (2010). They model a numbemajor seaborne coal trade routes and
apply a mixed complementarity model to test if @amlumes on these routes fit competitive
or Cournot-Nash behaviour in the years 2005 and 20Bey conclude from their results that
the steam coal trade market is better representpeiiect competition.

We add to their analysis three important aspedist, Fvhile their research focuses on
selected major trade routes, we extend the andltysisver the full seaborne steam coal trade
market. Second, we use a different database aretgjee the model for multi-plant players
to account for cost-differences in mining regiond aining technologies. It is reassuring that

for 2006 we find, in an independent approach, tptalely similar results as Haftendorn and
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Holz (2010). Third, and most important, by extemdihe time considered up to 2008, we are
able to detect a change in market structure frompeatitive outcomes in 2006 to non-
competitive outcomes in 2008.

The remainder of the paper is structured as folidvist, we will briefly outline the current
situation on the seaborne steam coal trade ma8eztion three proceeds with a detailed
description of the model and its properties. Thersection four the supply and demand side
data input is described. The scenario design isedtin section five. Section six presents the

model results and finally, section seven conclublegaper.

2. The seaborne steam coal trade market

The majority of steam coals are not traded intéonatly but are produced and consumed in
domestic markets. In 2008 total global hard coadpction was 5850 nitThe two largest
domestic markets are China and the USA togetherpdeing more than 65% of total
production. About 13% of the global steam coal patitn is traded internationally and more
than 90% of international steam coal trade is sesbdn this submarket two different types
of suppliers interact with each other: Countriet thave a dedicated export-oriented mining
industry and countries with chiefly inland-orientetining industries.” The former type
primarily comprises South Africa, Colombia, Ausiaahnd Indonesia and holds most of the
supply capacity for the international trade marRétese export industries usually have a cost
advantage over domestic industries due to good gqoalities, low mining costs and
economical access to transport infrastructure. [Blter type primarily consists of China,
USA and Russia. These countries have some dedieageort collieries but most of the
potentialexport capacity can serve both the national and therniatemal market. Depending
on the relation of export prices to domestic prithese mines supply either domestic
consumers or maritime trade markets (swing sum)lidhe majority of domestic mines are
always extramarginal on international markets doe Idw coal quality, contractual
obligations, high supply costs or the lack of asdesnfrastructure.

The seaborne trade market can be divided into #id®and an Atlantic market regichMajor
importing regions in the Atlantic market are the AJ&nd Europe (including neighbouring
Mediterranean countries) with the United Kingdond &ermany at the top. Traditionally

these importing regions are primarily supplied loyth Africa, Colombia and Russia.

® See Ritschel (2009), includes coking coal.

" See e.g. Kopal (2007) or Rademacher (2008).

8 During the last decade trade flows between theregions grew considerably and recent researcpdiased
out that the global steam coal market is well irdged (see e.g. Warrell (2006) or Li (2008)). Néveless we
use these terms in this paper in a geographicakserbetter structure our analysis.
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The Pacific market has grown more dynamically icerg years. High quantities are imported
by Japan, South Korea and Taiwan — all three ahthaving virtually no indigenous coal

production and therefore heavily rely on importawéver, most of the growth has come
from emerging import regions like India, South EAsia and China. The supply side is
dominated by Australia and Indonesia although thstasned high prices in Asia have

attracted increasing spot volumes from South Afaigd very recently also from Colombia.

3. Model Description

We develop a spatial equilibrium model for the seab steam coal market in which
exporters and importers trade with each other. @glorters control one or more coal
production regions (including the infrastructur@decoal importers are assigned to demand
regions. These players trade steam coal with et @ia bulk carrier shipping routes. It is
assumed that the exporters’ objective is to maxantineir respective profits. Importers are
assumed to act as price takers. The optimisatiomeimaes formulated as a mixed
complementary problem (MCP) by deriving the Karkahin-Tucker (KKT) conditions. In
equilibrium, the set of prices and quantities stamgously satisfies all maximisation
conditions.

The model consists of a netwolW(N,A), whereN is a set of nodes amil is set of arcs
between the nodes. The set of noblesan be divided into two subseté =E 11, where

i JE is an export region and 01 is a demand node. Players]Z control export regions
i OE,. Export regions can only be controlled by one etayl,, E, =0 . The set of arcs
A=E, x| consists of arcsf,; . Table 1 gives an overview over demand regionppex

regions and the corresponding players as modeiléus papef.

° The model export nodes cover about 98% of reaketaxports. The remaining 2% of exports is divided
among the model regions according to their shatetaf production. Import side coverage is abo¥9%he
import balance is divided among the import regiaosording to their share of total imports.



Table 1: Model regions

Exporting regions Corresponding players Demand regions
New South Wales/open cast Australia Europe (includitegliterranean)
New South Wales/underground Australia Japan
Queensland/open cast Australia South Korea
Queensland/underground Australia Taiwan
Mpumalanga/open cast South Africa China
Mpumalanga/underground South Africa India
Kalimantan & Sumatra Indonesia Latin America
Kuzbass & Donbass Russia North America
Eastern Kuzbass, Yakutia and far East Russia SowhAsa
Colombia Colombia
Shanx China
Central Appalachia USA
Venezuela Venezuela
Vietnam Vietnam
Poland Poland
Spitsbergen Norway

Mining costs, average inland transport costs amd ggominal costs add up to a quadratic

FOB (free-on-board) supply functithdepending on the produced quantdy per export
node S (g, ) Seaborne transport costs; per unit X, ; shipped. However, the transport cost
parameterr,;(d,) depends on the distaneg; betweenz andj. Individual transport cost

functions were calculated for every year based wtotical datd’ Import demand is

represented by a linear function of the form:
P; [Z Xz,jj =a; -b; D X,

Where p; denotes the price in regigrsubject to the imported quantity. The parameter

(1)

denotes the reservation price and the paranietepecifies the slope of the demand function.

Production cost$V, in nodei JE correspond to the integral under the quadratic FfD#-

on-board) supply function:

@
W(q) =[S (@da= @ @ +2 B 4o G

10 Quadratic marginal functions had the best fit whegressed against a dataset of mining costs. éyrth
guadratic marginal cost functions capture importdnatracteristics of steam coal supply e.g. an asing
increment of marginal costs the more capacityilzed.

1 Bulk carrier freight data were provided by McClegkCoal Information, Frachtkontor Junge & Co, aradtiB
Exchange. See section 4.2 for a detailed desaniptioransport cost data.
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The amount of coal supplied by playetlZ to region jO1 is defined a, |, let us define
X,; as the quantity supplied by all other producenegion j 01 :
Xy =D % (3)

kOz
k#z

Producerzs profit maximisation problemQ,consists of the objective functidf, and the

constraints (5) — (7):

F,=3p, (%, +%,)%, -x, @, ~W(@) - max (4)
j X,q
Subject to:
Sazdx, (W) (5)
i j
Czq ) (6)
g 20 (7)

Restriction (5) states that productioniinl E has to be at least as high as total exports. The
second restriction (6) ensures that productionirE does not exceed the available capacity
C,. The strictly quasi-concave objective function ¢ the convex restrictions (5)-(7) form
an optimisation problem, which has a unique sofutibhe first order optimality conditions
are thus necessary and sufficient for deriving iguaoptimum if the set of feasible solutions
is non-empty. The equilibrium conditions are dedivesing the first order derivatives of the
Lagrangian ofQ, (KKT conditions). The Lagrangian multiplierg, and y; are shadow
prices for playerz[JZ and in region U E respectively. The variablg, represents the value

of a marginal unit of exports wheregscorresponds to the value of a marginal unit of

production capacity. The KKT conditions can be esged as follows:

Az
Z—\é\fw—uﬁaimf+ﬁimi+pi+m—uzzoﬂqi20 ©)
3%, +>.0,200u,20 (10)

] i
-q,+C 200y 20 (11)

The derivative(dp, /0x,; +0p, /0X,; [0X,, /0x,;) X, in (8) expresses playets ability to

influence the market price in 01 by strategically choosing the amount of coal swgapli



subject to his conjecture of the other produceesiction. In the case of a Cournot-Nash

oligopoly, 0x,;/0x,; =0 holds and KKT-condition (8) simplifies to (8a) uerdthe

assumption of a linear demand function. In a comhmemarket, however, a change of player

Zs supply will be fully offset by the other produseand thereforex, ; /0x,; = -1 holds. In

the case of perfect competition and for fringe digpp condition (8) simplifies to (8b).
r,;—a;—2b, X, +4,200x,; 20 (8a)

7, —a,-b X, +4,200x,, 20 (8b)

Equation (1), the first order conditions (8) anyl&9 well as capacity constraints (10) and (11)
for all playersz[1Z together constitute the optimisation problem. Thiue solution for this
set of inequalities yields the equilibrium for tmearket. This mixed complementary problem

was implemented using the software GAMS.

4. Dataset

The database used in this analysis stems fromaexdensive research projects conducted at
the Institute of Energy Economics at the UniversityCologne. Steam coal market data has
been acquired from a multitude of different andeptially heterogeneous sources. Although
steam coal market data seems scarce at a firstgglaarious institutions, researchers, experts
and companies have published useful informatiome®d steam coal market data is for
example published by institutions like IEA and EfADetailed data on supply chain costs,
steam coal demand and production of major playersagailable from the IEA Clean Coal
Centre* Further publications include analyses from empésysvorking for international
utilities and coal industry newslettérsNational statistics bureaus and ministries corgern
with minerals, energy and resources provide detaiéormation*® Furthermore, company
annual reports and presentations related to tremstmal market have been evaluated and
expert interviews conducted. Moreover, our datalmsegularly discussed and reviewed with

industry experts.

12 See Rutherford (1994) or Ferris and Munson (19@8jletailed information on complementary programgni

in GAMS.

13 See IEA (2009) and IEA (2010a), EIA (2009) and E2Q10).

4 See Baruya (2007, 2009), Minchener (2004, 200d@)CGnocker/Kowalchuk (2008).

15 See e.g. Kopal (2007), Rademacher (2008), Bayadr €2009) and Ritschel/Schiffer (2005, 2007). The
McCloskey Coal Report is regularly reviewed.

18 Notable examples are ABARE, US Geological Sur@ndesanstalt fir Geowissenschaften und Rohstoffe,
Australian Bureau of Statistics, DANE, BLS and Btats South Africa.
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4.1 Mining costs and export capacity

Costs for mining consist of overburden removal erttaction costs, processing and washing
costs as well as transportation costs within tHkecp. The data on mining costs is based on
expert interviews and the evaluation of annual rspand literature sources as described
above. Since this data stems from heterogeneousesoand is mostly based on cost ranges
and mining costs of representative mines we regarddata only as a proxy for real mining
costs. The lack of data on some mines might caissertions if we would model every single
mine explicitly. Therefore we fit the available dadbf mine mouth cash costs and mining
capacity to a quadratic marginal cost function bjirary least squares. This method yields a
supply curve that comprises the main charactesistitd cost levels of each mining region.
Figure 1 gives an example of Colombian mining castd the approximated marginal cost
function. As coal qualities vary between the minmegions, calorific values are generally
adjusted to 25.1 MJ/kg using data from RitschelLl@®OBGR (2009) and IEA (2009).

Figure 1: Example of FOB costsfor Colombia and approximation of marginal cost function for 2006
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Source: EWI coal market database

These supply curves are complemented by country taddnology specific mining cost
structures and escalated using input price datesdlcost structures are derived from a
number of sources. Detailed information for Australopen cast and underground mines is
found in ABS (2006). Meister (2008), Baruya (200aMd Ritschel/Schiffer (2007) for
instance provide information on cost structures anglobal scale. Longwalling and

Room/Pillar are the predominant underground minteghnologies whereas open cast
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operations rely either on draglines or truck/shawel mix of both technologies. The cost
structures indicate how much diesel fuel, steepla@sives, tyres, chemicals, electricity and
labour is used per technology. The proportions lefs€é commodities vary significantly
between the four predominant extraction technokdiagline, truck/shovel, longwalling and
room/pillar (see table 2). Labour costs are ontheffactors that typically differ between the
coal producing countries. While salaries are lowcauntries like South Africa or Indonesia
they are considerably higher in the USA or Australi

Table 2: Input factorsand relative importancein coal mining in 2006

Diesel fuel Steel mill Industrial
in % and lubricants Explosives  Tyres products  Electricity  Labour  Chemicals
Room/Pillar 5-8 0-2 0 24-35 10-18 28-39 8-13
Longwalling 5-10 0-2 0 24-35 10-18 28-45 4-8
Dragline 14-18 15-20 5-10 22-28 5-12 18-32 1-4
Truck/Shovel 18-26 17-22 8-12 19-26 0-3 18-35 1-4

Source: ABS (2006), Meister (2008), own database adso Paulus and Triby (2010)

The mining cost curves are escalated accordingdacost structures using price index data
for the above mentioned commodities from variouatigical offices. Furthermore,
productivity figures and country specific exposutesfluctuations of exchange rates are
included. This method yields the shifts in suppiyves for the period 2006-2008.

Generally, coal supply costs increased world-widand) 2006 and 2008 due to input price
escalation. Table 3 presents an overview of th¢ inaseases for the model mining regions.
Clearly, mining cost escalation affected produdadifferently. Major exporters with a large
share of open cast production like Indonesia or@dbia generally experienced higher cost
increases. Producers with a high proportion of ugrdeind mines like the U.S., South Africa
or Australia were less affected. This is due to diféerent cost structures of underground
mining operations. Underground mining technologiely to a larger proportion on labour
costs and electricity prices and other locally sedr materials. Except for steel products
which are also an important input in deep minirtgg increasing prices of fuel and oil

derivatives, explosives and tyres did not raisesugbund mining costs.
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Table 3: Average FOB costsin USD/t and export capacity (adjusted to 25.1 M J/kg)

Average costs BExport capacity
2006 2008 cost increase 2006 2008 capacity increase
Indonesia 33 44 33% 154 197 28%
Colombia 31 42 34% 59 74 25%
China (Shanx) 34 44 30% 62 45 -27%
USA (Central Appalachia) 46 57 23% 25 31 25%
Venezuela 32 38 19% 9 9 0%
Vietnam 29 38 32% 27 22 -18%
Spitsbergen 41 52 26% 2 4 67%
Queensland/open cast 33 41 24% 33 37 13%
Queensland/underground 33 37 14% 8 8 5%
New South Wales/open cast 34 42 23% 52 59 12%
New South Wales/underground 34 41 21% 27 31 15%
South Africa/open cast 28 36 28% 45 46 4%
South Africa/underground 32 41 25% 24 25 5%
Russia (Baltic) 48 64 34% 61 69 14%
Russia (Pacific) 40 48 19% 15 19 22%
Poland 58 79 36% 8 5 -38%
Total 611 681 12%

Source: own calculations/EWI coal market databagpprt capacity data based on Kopal (2007), Radeenac
(2008) and Bayer et al. (2009)

Steam coal export capacity increased by about 1@8t4den 2006 and 2008 (table 3). In the
Pacific basin much of the growth came from Indoaesid Australia expanding their supply
capacity. In the Atlantic market Colombia increassdexport capacity by about 25 mt and
became the largest steam coal exporter in the #¢lamarket in 2008. Export capacity data
was primarily derived from Kopal (2007), Rademac(@008) and Bayer et al. (2009) and

adjusted for energy content.

4.2 Transport costs, port handling fees and seaborne freight rates

Inland transport costs depend on the transportatiode and the distance from the coal fields
to the export terminal. Coal is mainly hauled by @atruck and in some cases by river barge.
Inland transport costs vary between the miningaresyi While they are below 4 USD/t for the
bulk of the Colombian production they may be ashtag 25 USD/t for the transport from the
Russian Kuzbass basin to the Baltic ports. We @déichthe relative impact of diesel fuel and
electricity cost escalation by the relative impoda of truck and railway haulage for main
transport routes. Port handling fees comprise cimstsinloading, storage and loading onto
vessels. Country specific average inland transpmst and port handling fees are added to the

mining cost curve to derive FOB supply functionsaBorne bulk carrier freight rates are a
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major cost component of internationally traded mteeoal. For determining seaborne
transport costs we use logarithmic freight costfioms based on distance which is regressed
against a dataset of freight cost observationsbimth model years. We use these cost

functions to determine consistent freight ratesefcery possible shipping route in the model.

4.3 Demand data

As described in Section 3 we assume linear steaahdmmand functions for all importing
regions based on reference quantities and pricewedlsas elasticities (see table 4 for
reference volumesy. A general shortcoming of the literature on markenduct in global
steam coal trade is the treatment of the demared kidually, assumptions on elasticities are
drawn from empirical analyses found in the literatand subsequently elasticity sensitivities
are computed® This paper presents an elasticity analysis foroger the largest import
demand region on the maritime market. Demand elties for other regions are based on an

extensive literature review.

Table 4: Steam coal reference demand in million tonnes adjusted to 25.1 MJ/kg

Europe Japan India Latin America China Taiwan Korea North America South East Asia
2006 187 110 26 9 46 60 62 42 29
2008 184 118 35 16 46 60 72 38 36

Source: IEA (2008, 2010); Ritschel (2007, 2009)

Several econometric analyses on short run stearh deraand elasticities and interfuel
substitution have so far been published (see talfler an overview of the most important
articles). Empirically estimated elasticities fail range from -0.05 to -0.57. Although, the
analyses differ in terms regional coverage, tinmaraand methodological approach all

authors find that price elasticity of steam coahiastic (|Elasticity| < 1).

" Reference quantities are based on Ritschel (Z00IQ) and IEA (2007, 2010). We used the MCIS steaat
markers as reference price data in the model.

18 See e.g. Haftendorn and Holz (2010) who choosstieilées during the calibration process based ahlD
(1993) or Graham et al. (1999) who test for seveladticities figures. Kolstad and Abbey assumeatem
elasticities of -0.6 for all regions.
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Table 5: Overview of short run coal demand elasticitiesin theliterature

Article Methodology Time period  Sector Region  |Eladticity|
Dahl and Ko (1998) Panel data analysis 1991-1993 Elggtric  U.S. 0.16-0.26
Ko (1993) Time series analysis 1949-1991 Electricity U.S. 250.
Kulshreshta and Parik (2000) Time series analysis 1998- 1% lectricity India 0.34
Sdderholm (2001) Panel data analysis 1984-1994  Electricitfeurope 0.05-0.29
Masih and Masih (1996) Time series analysis 1970-1992 seafbrs China 0.25
Ball and Loncar (1991) Time series analysis 1978-1988 ctidéy OECD 0.16
Chan and Lee (1997) Time series analysis 1953-1994 catirse China 0.26-0.32
Ko and Dahl (2001) Panel data analysis 1993 Electricty .S.U 0.57

Short run steam coal demand elasticity dependsanious factors such as the power plant
mix, the price of alternative fuels (particularlgtaral gas and in some regions fuel oil), the
price of emission certificates, and total electyialemand to name but a few. Since these
factors vary over time it is likely that some oktfigures presented in table 5 are outdated
today.

We therefore conduct a steam coal demand analysisurope using the dispatch module of
DIME (Dispatch and Investment Model for Electricityarkets in Europe). DIME is large-
scale linear optimisation model for the Europeagcteicity market that simulates hourly
dispatch taking account of conventional and rendésvajeneration technologié. We
calibrate the model with actual data for the ye2086 and 2008 including the European
power plant fleet, gas, fuel oil and g€@mission prices as well as country-specific loathd
Then, we iteratively test a high number of (equati$) steam coal price points. The model
computes the cost-minimal power plant dispatch stedm coal consumption subject to the
coal price. Subsequently, we fit a linear functiorthe data using OLS from which we derive
the elasticity at the reference point. Steam ceahahd elasticity for the European electricity
sector is estimated to be -0.12 in 2006 and -0n43008. The difference between these two
figures stems from the varying gas and,@mission prices and thus their impact on the clean
dark spread in the reference pdihDuring 2006 the clean dark spread was favouraiie f
coal fired power plants whereas in 2008, with areéasing emissions price and a similar gas
price as in 2006 the clean dark spread decreasstte;laround the reference point (high coal

price in 2008; low coal price in 2006) the elasyievas higher in 2008 as in 2006.

19 See Bartels (2009). For applications of this mseel e.g. Paulus and Borggrefe (2010) or Nagl ¢2@1.1).

A detailed description can be obtained from www.aniirkoeln.de.

? The clean dark spread is the margin that a coed flower plant earns given a certain electricibal and
emissions price. European gas spot market prices 22EUR/MWh in 2006 and 24 EUR/MWh in 2008 (APX,
2010). CQ emission prices were 17 EUR/tgd 2006 and 22 EUR/tCQOn 2008 (EEX, 2010).
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However, these results cannot be generalised fateahand regions since they depend on a
number of factors that usually differ regionally.n this paper we use the estimated
elasticities for Europe and assume a steam coalad@nelasticity of -0.3 for all other

importing regions for both years. This assumpt®based on the above mentioned literature

review.

5. Simulation design

The focus of our analysis is on seaborne steamtaé for which a spot market with several
well established price indices exiéfsHence, we model only dedicated export mining
capacity?>

The supply structure in the steam coal trade maska¢terogeneous. It consists of large state-
run mining entities, several privately-owned intgranal mining companies and a large
number of small national players. Furthermore, pobidn regions are widely dispersed over
the globe and so far no formal cartel such as tRE@©has been established. Therefore, in one
scenario we test for a competitively organisedrateaal trade market.

However, the majority of internationally traded t@aproduced by only four countries with a
primarily export-oriented mining industry and a dawvable cost situation: Indonesia,
Australia, South Africa and Colombia. Indonesia bagn a member of OPEC until 2008
when its oil reserves were depleted. Within fewrgaa has become the largest steam coal
exporter (Indonesian coal exports grew by 45% betw#2005 and 2008). The issue of mining
concessions is government controlled and nowadalysgranted to Indonesian companfés.
Hence, currently the majority of steam coal productand infrastructure is controlled by
large Indonesian conglomerates or the governmatgrdational coal trade is an important
national revenue earner, which may favour non-cditiye behaviour on a government level.
Australia, Colombia and South Africa have privatelwned mining industriés but the

crucial export terminals are controlled by consoibnsisting of the major players in the

2 For instance regionally differing gas prices a thstalled capacity, availability and efficiendytoe fleet. In
some regions the competing generating technologymotibe gas fired plants. Decreasing or increasing
electricity demand also has an impact on coal denetasticity. Moreover, emissions trading systenesnmt
implemented in all regions (the U.S. for exampleehao GHG emissions trading system but an, ading
system).

%2 See Ekawan and Duchéne (2006).

% Export capacity data is based on Kopal (2007)Rademacher (2008) but adjusted for energy contehtra
some cases downgraded if other sources suggested so

2 See Baruya (20009).

% Nevertheless between 65% and 95% of steam coaltsxpf South Africa, Colombia and Australia are
controlled by six large multinational companiestfst, AngloAmerican, BHP Billiton, Rio Tinto and
Drummond). See Murray (2007) and Wacaster (2008).
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country?® Clearly, all of these countries have tpatential to act strategically and can be
interpreted as national oligopolists.

Similar to Kolstad and Abbey (1984), we assume itdividual producers act as price takers
but oligopolistic rent is accrued on a country lef@ example through taxes, royalties,
guotas or collusive port throughput agreementss Hiiows us to use aggregate national
supply function€’ The non-competitive scenario is designed as falloAwstralia, Indonesia,
Colombia and South Africa act as non-cooperativerr@at players. Additionally China is
assumed to act as a Cournot player. China is tigedasteam coal producer in the world and
has the potential to influence the seaborne masignificantly. Chinese politics have
intervened regularly in resource markets and hawdirmuously reduced steam coal export
quotas’® Russia, USA, Venezuela, Vietham, Norway and Polaodas price takers and
constitute the competitive fringe. All of them hawenining industry that primarily serves the

domestic market or is very small.
6. Results

6.1 Simulation resultsfor the year 2006

Figure 2 depicts actual price data and simulatedahprices for the perfectly competitive
and the Cournot oligopoly scenario for four majmpbrting region$® Clearly, the marginal
cost based price matches the actual import pric&urope. Actual prices were however
higher than marginal costs of delivery in Japaniwda and South Korea. From a price
perspective the hypothesis of Cournot-Nash behawam be rejected since oligopolistic
prices exceed actual prices significantly in 2006.

% BHP Billiton and AngloAmerican are major shareteklof the Newcastle Infrastructure Group which
operates the Newcastle Coal Terminal the main éxpdr in New South Wales. The largest coal termiméhe
world, Richards Bay (South Africa) is jointly ownég all major producers in the country amongst thBrP
Billiton, AngloAmerican and Xstrata. The main exptarminal in Colombia, Puerto Drummond and Puerto
Bolivar are owned by Drummond and a consortium isting of Xstrata, BHP-Billiton and AngloAmerican
respectively. Moreover, these companies are vélsticaegrated and also own and operate the domestl
transport infrastructure (Baruya, 2007).

2" Our Cournot model formulation can be interpreted @uota system that restricts exports to the i@hash
outcome. Other Cournot model formulations with taiestead of quotas of course produce equivalecbmes
(see e.g. Kolstad and Abbey, 1984).

8 Chinese coal policy shares some interesting siitila with its rare earths policy. Chinese goveentrhas
introduced an export limit on coal and on rareteadand has repeatedly cut these limits (Sagawalikoj2008;
Hurst 2010). Moreover, it restructures and considid both its coal mining and its rare earths ngimdustries
to gain more control (Peng, 2010; Hurst 2010)him¢oal sector companies have to qualify as exysors® far
only state-run companies are eligible for expastiices (Baruya, 2007).

2 For reasons of consistency we use the McClosk&sian marker, North West European marker, and Jeggan
marker for deliveries in the 90 days forward peribdese markers are adjusted to 6000 kcal/kg amd apot
price indicator.
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Figure 2: Comparison of actual and smulated pricesin 2006
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Source: own calculations/MCIS-steam coal markergsri

Table 6 reports actual and simulated steam coaletreolumes between exporting and
importing regions for the year 2006 in million t@ In comparison to the price analysis the
picture is less clear-cut when the focus is ondrdalws. In general, trade flows in the perfect
competition setup fit the actual trade patterndyesince total supply is too low in the non-
competitive scenario. Main trade relations in thealr market match the major
importer/exporter relations in the perfectly conitpeg scenario well in the Atlantic mark&t.
This supports the hypothesis that the internatistedm coal trade market was, to a certain
degree, subject to competitive market mechanisn20@6. However, the actual trade pattern

is more diversified than the competitive one, paitdrly in the Pacific basitt.

% In reality South Africa, Russia, the U.S. and @aléa are the main suppliers to Europe. Small higgt c
producers like Poland or Norway are located closhé European market and generally ship theiryobtb
Europe. The North American demand region procurest of its imported coals from Latin American suprs.
31 Several reasons may explain the deviations betweeactual trade pattern and the competitive patérst,
economies with a high import dependency like Taiwkapan or Korea may apply import diversification
strategies for reasons of security of supply. Tinggy also explain the slightly higher prices in thal market,
since these economies would usually pay a premiurth&ir import diversification. Second, calorifialues are
indeed the most important quality parameter anchaceunted for in the analysis. However, the chamic
composition of coals in regard to ash and sulplatent, moisture and volatile matter may be impurta
efficiency determinants for power plants. Some poplants may be adjusted to a specific coal typeeotain
types of coal from different regions are often blieth to optimise coal quality at the import termiriiird, long-
term bilateral contracts are still quite commorniernational coal trade. Finally, statistical esrand
differences in energy-mass conversion may causerelifces in statistics of traded volumes.
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Table 6: Comparison of actual and simulated trade flowsin million tonnes (ener gy adjusted)

South Africa Russa Venezuela Vietnam Indonesa Colombia China USA Australia Poland Norway

Actual 2006

Europe 56 59 2 1 17 28 3 6 3 8 2
North America 2 5 3 26 6

Latin America 2 1 2 3 1

China 1 22 14 1 8

Taiwan 2 29 16 13

Japan 9 3 23 16 60

Korea 3 1 20 17 20

India 3 17 5 2

South East Asia 1 2 24 2

Total 62 78 8 27 149 58 60 6 113 8 2
Perfect competition 2006

Europe 69 58 6 31 13 8 2
North America 9 28 5

Latin America 9

China 27 18

Tawan 61

Japan 13 13 89

Korea 1 62

India 26

South East Asia 30

Total 69 71 9 27 154 59 62 13 103 8 2
Cournot oligopoly with fringe 2006

Europe 17 61 2 20 17 11 19 16 8 2
North America 6 6 7 7 4 7

Latin America 2 1 2 1 1 2

China 6 1 10 5 7 8

Taiwan 8 9 12 6 8 10

Japan 13 15 9 20 11 15 17

Korea 8 5 13 7 10 11

India 4 1 6 3 3 5

South East Asia 4 3 7 3 4 5

Total 68 76 8 27 95 59 62 19 81 8 2

Actual Perfect Competition Cournot oligopoly with fringe
Total seaborne trade 571 577 506

Source: IEA Coal Information, own calculations.

Although, the oligopolistic trade pattern diffensbstantially from the actual trade flows, it
features a higher degree of diversification. Thigedsification of exports stems from the
oligopolists’ profit maximisation: A Cournot playexports to a certain market until marginal
revenue equals marginal costs there. With a higtkkebahare in a certain importing region
perceived marginal revenue for the exporter is tbus making it profitable to diversify the
export structure. This may justify trade with reggothat would cost-wise not occur in a
perfectly competitive market.

Especially, major players in the pacific basin likestralia, Indonesia and China have a
diversified supply structure in reality. Compet#ibehaviour would suggest that China ships
all of its exports to Korea whereas in the actuarkat China trades the bulk of its exports

with three Asian economies: Japan, Taiwan and Koadthough, Indonesia’s supply
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structure is more diversified by nature due tohiggh production, the cost-minimal solution
would imply that Taiwan procures all of its impoftem Indonesia. Although Taiwan is a
major importer of Indonesian coal it sources itpamts from several exporters. In the non-
competitive market structure setup even high-caagé producers like the U.S. or Russia
increase their market share. Since oligopolistay@is withhold exports, prices rise and the
fringe can capture rents by expanding its supply.

The results for 2006 reveal a relatively high degvécompetition particularly in the Atlantic
market. In the Pacific market we note that priceseed marginal costs of delivery and that
the actual trade pattern is more diversified thia@ ¢competitive one. Clearly, the market
outcome is not fully efficient from a welfare peesfive suggesting that some non-
competitive mechanisms applied. Further, we remat non-competitive oligopoly with
competitive fringe scenario. In this setup too muglantity is withheld and consequently
prices are too high compared to actual data. Howéveeality diversified export structures
of major Pacific suppliers are observable. Sinoeemification also occurs in the Cournot
scenario this may be interpreted as an indicatorstrategic behaviour.

Haftendorn and Holz (2010) also find that pricesiae from marginal costs and real market
trade flows are more diversified than in the contpet scenario. Our results are consistent
with their conclusion that steam coal trade isdyetharacterised by perfect competition than
by a non-cooperative Cournot game in 2006.

6.2 Simulation resultsfor the year 2008

Analysing the seaborne steam coal market in 2008ats a different picture. In 2008 steam
coal import prices soared to very high levels ofrenthan 140 USD/t on average in the core
demand regions (see figure 3). Clearly, by comgakdonmpetitive (marginal cost based)
prices of 2006 (see figure 2) with correspondinggs of 2008 (see figure 3), we see that
marginal costs of supply increased significantlywsen 2006 and 2008, too. However, the
cost increment is not high enough to cause prideespas those seen in 2008. For example,
import prices in Europe were 147 USDI/t, while siatal marginal cost prices (including
seaborne freight rates) are 100 USD/t. Consequetitly remaining spread of 47 USD/t
between marginal costs and actual prices is tagel&r justify perfectly competitive conduct
on the seaborne trade market in this year. Howeavercan also reject the hypothesis of the
Cournot-Nash oligopoly with competitive fringe ihig market from a price perspective.
Oligopolistic mark-ups are too high and pricesha €ournot setup again exceed actual prices

substantially.
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Figure 3: Comparison of actual and ssimulated pricesin 2008
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With regard to trade patterns we observe that{a®0D6) certain competitive mechanisms
seem to apply (see table 7). Trade relations in Atlantic market are quite accurately
simulated in the competitive setup. The Colombiad the Russian export structures, both
major suppliers for Europe, are still well approgbed by the competitive model. However,
the role of South Africa clearly changed. While 8oAfrican exporters shipped 90% of their
production to Europe this share has decreasedssothan 70% in 2008. This shift of exports
to the Pacific basin is not efficient. The competit scenario shows that from a cost
minimisation perspective South African coals shobdl directed to the European market.
Thus, in the real market South African exporterslé@ccrue higher rents in the Pacific basin
indicating that prices were inefficiently high irsilan import regions.

Further, U.S. exports to Europe deviate signifigamtith the U.S. supplying about 15 mt
more than in reality. The reason for this resullyrba the neglect of the U.S. domestic coal
market in the model. Some of the export mining céapaattributed to the U.S. in the model
normally serves the domestic market but generally dccess to export infrastructure and the
necessary coal quality to trade its product onniiagitime market. However, exports depend
not only on prices in the international market bigo on domestic prices and contractual

obligations. These issues can only be addresseaicitly modelling the domestic markets.
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Table 7: Comparison of actual and simulated trade flowsin million tonnes (ener gy adjusted)

South Africa Russia Venezudla Vietham Indonesia Colombia China

USA Audralia Poland Norway

Actual trade flows 2008

Europe 44 64 1 14 32 2 15 2 3 3

North America 1 2 31 1

Latin America 2 1 1 8 1 1

China 1 19 25 1

Taiwan 1 29 11 19

Japan 1 11 2 27 11 67

Korea 1 9 1 26 16 19

India 12 22 1 1

South East Asia 2 26 2 1 5

Total 64 87 23 172 73 42 16 116 3 3

Perfect competition 2008

Europe 72 69 25 31 5 4

North America 37

Latin America 12 2

China 22 29

Taiwan 67

Japan 133

Korea 19 17 45

India 38

South East Asia 41

Total 72 88 22 192 74 45 31 135 5 4

Cournot oligopoly with fringe 2008

Europe 20 69 31 24 3 28 5

North America 4 7 6 2 5 7

Latin America 2 3 2 3

China 6 5 11 5 5 10

Taiwan 7 13 13 7 6 11

Japan 13 5 23 13 12 26 22

Korea 9 13 15 8 9 14

India 5 8 4 3 7 4

South East Asia 5 4 9 4 4 8

Total 72 88 22 119 74 45 31 109 5 4
Actual Perfect Competition Cournot oligopoly with fringe

Total seaborne trade 606 677 577

Source: |IEA Coal Information, own calculations.

Simulated trade flows are again more distortedhéRacific market. In reality the three major

players in the Asian market Australia, Indonesia &hina decide on a trade pattern that

deviates significantly from the welfare efficierdlgtion. Although the trade pattern of 2006

already suggested this, the effects are more prarealiin 2008. In the light of competitive

prices that are considerably lower than actualgstithe hypothesis of perfect competition on

the seaborne market is highly arguable in 2008.

Moreover, in 2008 the efficient equilibrium quawtdf 677 mt was not supplied. Instead, total

trade volume stood at 606 mt implying that notatilable supply capacity was in operation.

There are in fact a number of possibilities why @xgapacity may have been scarce during
200832 Although such short-run bottlenecks are hard tantjfy it seems unlikely that they

32 The national market in the USA may have had arairhpn exports due to contractual obligations ghhi
demand. U.S. exports remained under their nomimgécity potential. Secondly, some export collienes/ not
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add up to more than 70 mt. Yet, steam coal allonatilso does not appear to be non-
competitive in terms of the selected non-competietup of Cournot behaviour. As in 2006,
the diversified supply structure in the Cournoupdbas some appeal, but total traded volumes

are again too low and simulated prices too high.

7. Conclusions

In this paper we analysed the allocation and pgiai steam coal in the seaborne trade
market. We demonstrated that competitive modelatable to fully reproduce real market
equilibria especially in 2008. Although some conitpet mechanisms seem to have applied
particularly in the Atlantic region, seaborne steaoal trade is not fully efficient from a
welfare perspective. Market inefficiencies are mprenounced in 2008 especially in the
Pacific region, indicating that competition may baveen relaxed in this market in recent
years. Our results for the year 2006 are qualiticonsistent with Haftendorn and Holz
(2010) who also find deviations from the compeétsolution. They conclude that the market
is generally competitive and suggest that deviatiare due to spatial price discrimination or
the pricing-in of capacity constraints. Howevelices increased significantly after 2006 and
remained relatively high. Since then, the markdtaveour of several major Pacific players
may have changed. It is therefore important to stigate a year with high prices and look at
total market volume. By analysing the year 2008dnanv a different conclusion. Our results
show that the spread between marginal costs andspmcreased in the analysed period and
capacity utilisation decreased. Supply capacityysea by Kopal (2007), Rademacher (2008)
and Bayer et al. (2009) demonstrate that substarapmcity expansion projects came on-line
in 2007 and 2008. According to our analysis, tataiminal) supply capacity would have been
sufficient to serve demand in 2008 without ratigrmih Thus, we cannot reject the hypothesis
of non-competitive conduct.

Yet, the results of our oligopoly setup with magoippliers competing in quantities and facing
a price-taking fringe do not present evidence tarhsa market structure to prevail in reality.

have reached full production capacity due to striked bad weather conditions (see Ritschel, 200%atrata
Annual Report, 2008). Thirdly, interactions betwelee thermal coal market and the coking coal mameay
have had an impact. As a small proportion of aifpesteam coal quality may also be upgraded to dmality
metallurgical coal by washing. The boom on globeékmarkets in 2008 may have forced some steéd toil
use coals which would otherwise have served agdieroal.

33 Short term supply bottlenecks may have been resiiplerfor the low utilisation of (nominal) capactty some
degree and may have contributed to the high prldesiever, to our best knowledge there is so far no
guantitative evidence to what extend such bottlesieccurred in 2008 and it is unlikely that shert
constraints have persisted over several years.
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Anyhow, the export patterns of oligopolistic playém this scenario demonstrate that Cournot
behaviour may generally be an explanation for tkerdified steam coal allocation in reality.

In the context of the structural changes, the ingmae of coal in energy supply and the
inability of competitive models to reproduce recemarket equilibria, further research on
steam coal market economics may be interestingsifggest that future research focuses on
other non-competitive pricing strategies such agiapprice discrimination and limit pricing
or the role of domestic markets in internationate.
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