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Impact of changes in coal prices and C@allowances on power prices
in selected European Union countries — correlatioanalysis
in the short-term perspective

Mariusz AndrzejewsKi Patryk Dunal' andtukasz PoptawsKRi

Spreads on power markets serve as indexes that asessing the future profits of electric utitympanies. The spread applicable
to power generated from coal, including the cosE6% allowances and power plant efficiency, has beemed Clean Dark Spread (CDS).
A CDS index may serve at least two basic functiomsthe one hand, it provides information on there prices of power and profitability
of power generation. On the other, it facilitate=dging to be applied not just by power plants Hab &y other entities operating on the
market. Following deregulation of energy marketsergy has started to be traded on the exchangestradihg facilities, which is also
reflected on Polish Power Exchange operating onRbésh market. Following the introduction of therBpean Union Emissions Trading
Scheme, Polish energy generating companies hedggrtbes of C@ emissions allowances with the use of foreign trgdiacilities,
especially EEX. Since two out of three CDS caresiis are traded on trading facilities, it seemyfgubstantiated also to introduce
quotations of coal prices in Poland. This papeaiimied to present the crucial aspects of shapingd pnees in Poland and on international
markets as well as to examine the impact of chaingesal prices and COemissions allowances on shaping power prices based
comparative analysis between Germany and Polanis. §thdy also includes the costs incurred by themimes by paying environmental
charges on waste resulting from their economicvégti

Nonetheless, it should be noted that those chadge®t affect the financial result. The analysishaf correlation has shown that the
price of electricity on the Polish market is pogly and strongly correlated both with the pricecofal and the price of COemissions
allowance, the latter correlation being strongequally worth noting is the strong correlation beemecoal prices in Poland and the prices
of CQ, emissions allowances. With regard to the confirfaedrather not very strong positive correlationtleen steam coal prices on the
Polish market and energy coal prices in the ARAezdrshould be noted that there is no liquid indethe domestic market, which hampers
efficient portfolio management of the spread orrgyneroduction by the coal energy sector

Key words:Dark Spread, price of power, price of coal, castbal mines of environmental charges,@@issions allowances.

Introduction

The development of the energy sector in terms efube of derivative instruments to stabilize finahc
performance encouraged creating similar opporesiithin purchases of primary power carriers,artipular
of coal which is one of the fundamental fuels iobgll terms. Perennial contracts have been, anastibeing
replaced with spot and forward transactions, wihivery on a specified date. This necessitatecttimstruction
of appropriate price indexes which facilitate moriitg and analyzing market trends as well reportémgl
modelling the behaviour of other entities (Shivkash and Hooman, 2018; Gavurova and Soltés, 20iakeS
et al., 2018), and which also are applied to cdinigpinside companies (Gonos et al., 2016; Stoyah?013;
Khouri et al., 2017; Rosova 2010). Owing to the@rindexes, coal-based power energy generating aoiegm
from Europe can effectively hedge their Clean D&pkead which includes three major constituentsptiee of
power, the price of coal and the price of nissions allowance.

On the European market, all these constituentdraded on transparent and efficient trading faesit
Poland does not offer any efficient hedging instents for CDSs under the assumption that coal has be
purchased in Poland whereas the derivative instnisrere based on international coal. Such soluedst help
to mitigate the risks (Domingues et al., 2017), @ng worth noting that similar steps are takenoiter
countries (Madzik et al., 2016; Kozina and Pieczgi#017). In keeping with the preceding, this papaimed
at evaluating the impact of changing coal pricebthe cost of C@Qemissions allowances on energy pricing.

This study presents the crucial aspects of shapmgrice of coal in Poland and on internationatkets. It
also examines the impact made by the changingmraas, the cost of Cemissions allowances as well as the
environmental charges levied on waste on shapiagptites of energy by means of a comparative aisalys
between Germany and Poland.

Calculation of spreads on power markets

In its simplest terms, the spread should be undedsas a difference between two flows of cash edl&b
the same asset or assets within the chain of gimgradded value. Hence, the spread may be therelifte
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between the bid price (the purchase price) andattkéng price (selling price) of an asset. In theecaf the
energy market (to be precise, the energy generatngpany) spread will represent the difference betwthe
price of energy and the cost of fuel necessarytéageneration.

Due to the fact that prices of fuels are subjecfluotuations, spreads for energy generating cornggan
using various fuels are different. For this reasarjous spreads have been designated for enemgrajed
from various fuels. The value of spread for enegggerated from coal, that is, Dark Spread, is tated using
the following formula (Abadie et al., 2008):

DS = PE — PQPLN/MWHh] (1)

where:
DS— Dark Spread [PLN/MWHh]
PE — Price of Energy [PLN/MWHh]
PC - Price of Coal used to generate 1 MWh of eneRiyN/MWh]

On the market level, two values are necessaryiforgf the spreads: the price of energy and theepoit
coal necessary for its generation. The price of@nis the price quoted on a certain day. Withiteg, the price
of energy is volatile. Hence it would be opportuneset the value of spreads with the use of theagee
weighted price of energy in individual hours, ahd tveight would reflect the volume of energy salea certain
hour. Apart from the price of energy, the costudlfhas a decisive influence on the value of threagh In the
case of coal, that will be the coal reference pseee for a given place on the globe. For Westerrofan
markets, that price is commonly close to €fffice for ARA’ ports, as more amply explained further in this
study.

Once the price of coal, the price of energy, araterage efficiency of a power plant are familiais
possible to establish the value of the spread. &8israre calculated for a specified energy markiet most
cases; it is the market of one country. This is ttuthe fact that the power systems of individualirtries are
independent of one another. Hence there are diffepgotations for energy. The values of spreadgpabdished
by the agencies which specialize in collecting linfation on raw materials and power markets (fomgXa,
ArgusMedia). Those centers gather information freamious sources, and for that reason, there might b
negligible differences in quoted spreads.

The value of the spread is decided by the effigiesfca power plant, which in turn depends on thelkif
burnt fuel. The estimated efficiency ratio for cfiséd power plants is approximately 38 %. Form{@awill be
transformed once it is provided with the efficienayio. Because the price of coal necessary torgené MWh
depends on the price of 1 ton of coal and powert@éiciency, the following formula is used:

ER = PC / E [PLN/MWh] )

where:
ER - Efficiency Ratio [PLN/MWh]
PC - Price of Coal [PLN/MWh]
E — power plant efficiency [%]

After substitution we obtain:
DS = PE — (PC / E)JPLN/MWHh] 3)

In order to unify how DS is calculated within agls market, the efficiency ratios of a power plahbuld
be clearly defined. To give an example, those sdtio calculating German Dark Spread and Polistk[Sgread
stand at 35 %. The efficiency of 35 % of burninglcwas defined for coal of average calorific contef
6100 kcal/kg (1 Mg of such coal equals approxinyaiell MWh). In case of spreads published by brajera
agencies, the negligible difference between therifil content of coal accepted for Dark Spreactalations
and the one which is applied for setting transactiosts on fuel markets is of no substance. Thag¢éause they
are more a profitability coefficient for the whotelustry rather than for a single company.

The spread value should be adjusted by the co€@femissions allowance since that cost translates
directly into the price of energy generated frora tise of fossil fuels. It has been accepted thajetterate

ZCIF- according to Incoterms(R)2010: Cost, Insueaand Freight.
% ARA — main ports for European market: Amsterdamtt&dam, Antwerp.
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1MWh; it is necessary to burn fuels, which, in cakeoal, results in the emissions of 0.96 Mg,GOamargo et
al., 2018). The formula, including G@missions allowance cost, is as follows:

CDS = DS — C C@x 0.96[PLN/MWHh] 4
where:
C CO, — price of 1 ton C@emissions allowance
After substitution, the final formula for calculagj spread value is as follows:

CDS = CE — (CW/E) — C CX 0.96[PLN/MWHh] (5)

The CDS coefficient may serve at least two functioBn the one hand, it shows market trends in these
areas based on which allows predicting indirecgut the future prices of energy and profitabilifyenergy
generation. On the other hand, it allows powertglass well as other entities operating on the maddkeedge.

Determinants shaping energy prices and the struct of costs of its generation

One of the most important elements of the functigndf the mining industry is planning (Nehring &t a
2018; Pawliczek et al.; 2015, Straka et al., 267 financial issues (Czillingova et al., 2012pasally the
sources of financing (Markulik et al.; 2018) andommation aspect too (Matkus and Wawak, 2015).He t
process of making decisions in mining industry, solely financial ones, more and more importane ral
attributed to various coefficients (Vilamova et @016, Sanchez-Gonzalez et al., 2017; Zimon andibgues,
2018) and methods (Johannsen and Fill, 2017; Lohnnaad Reichert, 2016; Camargo et al., 2018)udinh
multicriteria ones (Straka et al., 2014), even tjioin Poland and Slovakia the human factor (sauoidl political
factor) (Cehlar et al., 2015), remains a signiftoadeterminant.

The value of CDS depends on the cost of energyrgéae in a power plant. Hence, each energy
generating company may assess whether their spiestds, profit made on 1 MWh is lower or highban the
market average and look at their competitive achgatelative other entities. Energy generating amgs who
wish to use spreads in their analysis of profitgbidnd production should observe the following qadure;
when spread on the market is too large, that is, hore than sufficient to cover variable and dix@sts, it is
beneficial to generate energy from a chosen fudiefivthe spread is too little (or adverse), andoi#sdnot
suffice to cover even variable costs, then it igenoeneficial to halt energy generation and sell fiurchased
on the market or store it till spread has becomgela Such a solution is not feasible over a speriod of time
since a power plant cannot simply have their polalecks switched off to offset current changes afead
values. It is beyond any doubt that in the longntespread value should remain above a certaindjguhich
varies from plant to plant as each of them hasetar lsertain costs, apart from the cost of fuelensary for the
functioning of the whole facility. Clear values sgreads show merely the profit (or the loss) oassaf energy
and they do not include other costs of a powertpligure 1 presents the structure of costs ofggngeneration
depending on the type of fuel.
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Fig. 1. Energy generation costs, including emissitrading.
Source: Authors’ elaboration based on T. RistoAka, Comparison of electricity generation costappeenranta University of Technology,
Lappeenranta 2008, p. 9.

All three variables used in the calculation of sgie- the price of coal, the price of €@missions
allowance, and the price of energy, are marketabdas on the international markets and as sucl, ates not
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dependent on the decisions made by the individaaket entities. The market price of energy, whelubject

to cyclical (daily, annual) fluctuations exert thiggest impact on the value of spreads. That phagends on the

following variables (Lorenz and Grudzki, 2009; Straka, 2010; Blistan et al, 2012):

« ambient temperature (the season of the year) amghalver of wind in places where wind turbines have
been installed (the impact on coal-generated energyerit order ), merit order — a system of clfisation
of the available resources in the context of pogeareration, with reference to the cost of genematised
by the operator of the national power generaticstesy. In a centralized system of grid managemient,
means that the facility with the lowest marginastschave power fed to the grid first to meet theaied,

« water level of rivers (as a source of hydropowed aiso a cooling agent for Main Activity Producer
Electricity Plants ), such incident occurred in @&ul in August 2015, when due to high ambient
temperature and low river water level, power plantBotaniec and Kozienice experienced difficultigth
cooling (and consequently with power generation),

» the profitability of coal-fired power plants calettéd with the sales margin in Main Activity Produce
Electricity Plants (CDS),

e the global volume of energy generation by nucléants and renewable sources,

e scheduled overhauls of power plants and their reaamice (usually they are scheduled for the perfod o
lower energy and heat consumption). Also, randorfumetions of power generators and disruptionshef t
transmission grid,

< limitations in global rail transport of coal frorng mines to the seaports,

* changes in ocean and Mediterranean freight change$he cost of rail transport,

e currency exchange rate fluctuations.

The prices of fossil fuels are not subject to @allichanges. They are dependent on the long term
expectations of the market participants about suppd demand for a certain fuel. A similar situatimay be
observed on the market of emissions allowancesprioes of allowances much depend on the curremiauic
situation. With the increase in the demand for gndimcluding energy generated by burning fossdl$), the
prices of allowances should rise. By comparingtkiiee constituents, we might try to assess theevafispreads
on the energy market.

When the price of one constituent changes due tofmadamental factors (for example, owing to the
changes on the stock exchange or a rapid incragbe iconsumption of energy caused by a rise/df@mbient
temperature which result in boosting energy prigejeads may be subject to volatile changes ovdroa s
timeframe. That is because the other factors affgdhe volume of spreads will not adjust to newditons.
Due to that volatility, spreads may reach negatizkies within certain timeframes. However, suctit@ation
may not persist for too long as power plants wawd find energy generation profitable. A smalleppiy of
energy would contribute to raising its price, whichturn would result in the increased spread asloring
profitability.

The above premises refer to an energy generatingpaoy which sells energy and buys fuels on the spot
market. In this way, they help to show the curpofitability of energy generation with the useaofertain fuel.
Nonetheless, fuels are purchased in advance wdthigh of futures contracts. For this reason, ptiegspaurrent
values of spreads in the situation when a powentflas to generate a certain volume of energy isvary
helpful for an energy generating company in detemmgj current profitability of energy generation.€eTituation
would change once a power plant was in a positiom¢rease or decrease the volume of generatedyener
Under such circumstances, it could react to theeatissituation on the market and adjust its outputhis point,
the analysis of the volume of spreads might beulisefadjust the volume of output to the grid. iew of the
fact that energy is a commodity which may not lmeest, such a solution is not feasible for a greatsnber of
power plants. Once a massive adjustment of enangplg is not an option, the use of hedging may Hee t
solution. By gathering market information on th&ees of energy, correlating it with the forecastd anstituting
proper hedging instruments for the purchase ofsfaeld energy sales, an energy generating compagy ma
successfully predict future profits and the costsperation.

The greater the diversity of fossil fuels burntgmwer plants, the greater the opportunity for cli@gmghe
type of spread on the market. For this reasonysiecof spreads will depend on diversification afrgy sources
on the market.

The methods for setting coal prices on the Polismd international markets

International trade of energy coal is organized tvgaling facilities which allow transactions wittdine
necessity for the parties to meet face to faceb&@OAL, a partnership headquartered in Londongcivivas
founded in April 2001 by a group of participants time international coal market, operates in thisaar
Transactions are made via a dedicated computeeraysathich allows its users to bid in real time witie
adjustments for the quality of coal.
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Due to supply and demand forces, global tradinditias (mainly globalCOAL and ICE) conduct buy-kel
transactions. Information about those is aggregatedorice indexes. In economic sciences, a pridex means
a mathematical formula, most often expressed withraetic mean or weighted price of a selected profi
commodities. It is worth noting that an index maydiructured either on a wide range of commodiietheir
single class. On international markets, coal pitgiexes express energy coal prices relative todsralized
quality (ICIS Services, 2018).

The most popular quality benchmark is coal with kirmg calorific value of 6000 kcal/kg (25.12 MJ/kg)
and sulfur content below 1.0 %. On internationakkats, coal price indexes are based on the apiolicaif
Incoterms®2010, which have been described furtinéhis chapter. Exporters prices are expresse®&s(Free
on Board), whereas importers prefer CIF (Cost laisce Price) in the port of entry (Lorenz, 2009).

API (Average Price Index) elaborated by Traditionafcial Services in 1997 (Hiemstra, 2004) is thesm
commonly recognized coal market indexes. APl indegee typical derivative indexes based on weekly
coefficients published by Argus Coal Daily and Magitey Coal Report. For the European market, ARTIE (
ARA) index is most appropriate. It has been stmeduas an arithmetic mean of two indexes; Argus S&RA
and McCloskey’'s NWE steam coal marker. APl 2 iseldasn the working standard coal calorific value of
6000 kcal/kg (25.12 MJ/kg).

As they are widely recognized on the market andestitbo daily quotations, the above index is comiyion
applied in risk management. This has been provednbking that index a benchmark price for financial
derivatives such as forwards, swaps or futures.

Unlike the international markets, in Poland, energsl prices are mutually negotiated by the partieshe
command economy which operated before the econtmamsformation of 1989, coal prices were arbityaril
(Blaschke, 1999 and 2000) set by the Minister ofiilty, and approved by the State Price Commissionefiz,
2011). Since 1990, price formulae started to bel uiseoal trade; these were mathematical formupgdied to
calculate the price of coal with the use of quatiyameters. According to the new formulae, theepoif coal is
adjusted to ash and sulfur content as these pagesrate crucial from the exploitation and environtakangle.

Also, buy/sell contracts stipulated thresholdsdolfur and ash content. Once the thresholds weseesbed
in a single transaction, the seller would grantlibger a discount, for example, 1 % off the primedach 1 % of
ash over the permissible limit. Such a solution adspted from the international trade practice whbe coal
calorific content reference price was set for aigth 6000 kcal/kg, ash content 12-15 % and sulfintent up to
1%. Hence, the transaction price of coal dependethe volume of deviation of quality parametergarirthe
quality of reference (model) coal. Additionally.etiprice of coal depended on a special We coefficiehich
was set to promote coal with lower ash contentt Tdranula, popularly called Blashke formula, wasptdd as
binding for the domestic energy coal trade in M&@Q by the decision of the then Minister of Finance
(Blaschke and Ney, 1998).

At this point, it is worth mentioning that the bagirovisions of the formula which was to promote lo
sulfur and ash coal were off the mark in view gjth{over 30 %) inflation and devaluation of Polehrrency.
Paradoxically, the too large price differentialaafal with a low or high content of ash and sulfesuited in
dropping demand for the former, which brought t&uit opposite to what was intended (Winkler, 2011)

It should be mentioned that in 1992 coal priced?atland were freed, and the use of the 1990 pricing
formula was no longer mandatory. Neverthelessutieeof formulae had become accepted market praetice
price formulae were still widely used in purchasd aale transactions of steam coal.

When Poland joined the European Union in 2004, lleggulations and numerous aspects of the markets
were attuned to EU standards in various areaseoétionomy. The coal mining sector, by large emlshtigon
disintermediation, with coal mining companies einigginto large contracts directly with main actjviroducer
electricity plants. Likewise, the mentality undénly the planning and contracting quantities of \deiies
changed. The change consisted in the fact thaggrggnerating companies no longer bought coal bytah,
but rather purchased chemical energy containeldeircoal, viewing coal from the angle of the purpofsenergy
generation. This change in mentality resulted ichangeover in how coal prices came to be calculatédee
prices were quoted in Polish zlotys per gigajoBleN/GJ) instead of the hitherto quotation in Polsfitys per
ton of coal (PLN/). It is also worth mentioningathas the internet matured and became a houseaoid,rcoal
mining companies began posting their sales offartheir websites (Lorenz, 2009). Price lists arpraped by
the companies’ management boards based on theqgiriederence coal in the coal class with a calorBlue
exceeding or equal to 21 MJ/kg and sulfur conténtpoto 0.8 %. Prices for various classes are taed as a
function of calorific value and sulfur content gmeésented in the form of a price matrix.

It is worth noting that price lists contain potahtprices for spot transactions on the FCA coalntiasis
under Incoterms® 2010. At the moment, no forwarctpase and sale transactions are being arrandealand.

In long-term contracts, use is mostly made of theiq@y above formulae, taking into account changefiel
markets as well as in the domestic and global eogndn the case of large customers, purchase peces
usually agreed during trade negotiations in whibke tlecisive factors are: current market price odl,co
contracted volume, contracted coal quality spedfifi;, delivery period, Incoterms® 2010 terms ofidgy,
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payment terms and the parties’ financial standing) assessment of the resulting credit risk. It dstlv noting

that in the case of public or municipal customerm! purchases are made by way of tenders basedidic

procurement law. Tenders are also used for snalieate customers, in particular from the indussector.
There have been several attempts in Poland toeceeastional coal price index. Particularly notadle the
following:

1. Polish Steam Coal Market Index PSCMI (Polski Indémku Wegla Energetycznego) - an index of
historical quotations created as a result of thapeoation of the Polish Power Exchange plc (Towarow
Gietda Energii S.A. -TGE), Industrial Developmergekhcy (Agencja Rozwoju Przemystu S.A. - ARP) and
the GSMIE Institute of the Polish Academy of Scien¢PAN) in Krakow presented at a 2014 conference
on "Issues of fossil fuels and energy in the naiic@onomy" held in Zakopane (Paszcza and Olejkjcza
2014) and available at www.polskirynekwegla.pl,

2. the concept of fixing thermal coal prices in Polamdthe basis of the index of coal prices on theogean
market - a concept by A. Boalski and P. Dunal (2006) presented in 2016 at timéetence on the "Issues
of Fossil Fuels and Energy" held in Zakopane ogthby the Polish Academy of Sciences and propasing
pricing formula based on the API2 price index, vahigould lay ground for the publication of spot and
forward prices as well as conclusion of hedginggeations in coal trade (Boatski and Dunal, 2006).

Summarizing the considerations in this chapteshduld be noted that increased trade on interreltcoal
trading platforms has inspired groups of expertsriate price indexes of thermal coal, which comsts the
main source material adopted for empirical studiédce indexes are a very important analytical tool
constituting the basis for market players’ pursefitthe transaction, investment, and financial petic The
importance of coal price indexes is continuouslgwgng due to their proliferation and improvementtbéir
construction. The increase in the transparencyndifzidual markets as well as the creation of oppaties to
reduce the risk inherent in economic activity doeptice volatility arising from the development giobal
financial markets indicates that the introductidrcoal price indexes has proven to be a succesdrg&jewski
et al., 2015).

Analysis of short-term correlation of prices of enggy, coal and CO, emissions allowances

In line with the objective of this study, an anadysvas made of the short-term correlation of prioés
energy, coal, and GCemissions allowances. The most popular price iegdrr individual CDS components
were selected for the analysis, which were consitleas the most representative and reliable infoomat
regarding the discussed market variables. The sisaompares the Polish and German markets. The two
markets have been selected for comparison becdubeio proximity to each other (Germany and Polane
neighboring states), as well as because Polishuperd of coal-powered electricity acquire £€missions
allowances via the German EEX platform. The analissbased on data from EEX (European Energy Exghan
as regards energy prices in Germany and €@issions allowances), Polish Power Exchange (Tama Gietda
Energii -TGE as regards energy prices in Polandyu# Media (as regards coal prices according toAfRER
CIF ARA index) and ARP (Industrial Development Aggnas regards coal prices on the Polish market).

It should be noted that for steam coal prices,ett@e no liquid price quotations on both the Potisd
German market - for this reason, the API12 CIF ARAeax was used for the analysis. In addition, Patisinket
participants carry out transactions on £&nissions allowances using EEX, as there is nodiqarket for this
asset in Poland. The analysis utilizes the Peacsorelation coefficient and covers 13 months betwaeril
2017 and April 2018. The results of the correlatimalysis are presented in Table 1.

Tab. 1. Short-term correlation analysis of pricésoal, energy, and CQllowances.

Pearson correlation April 2017 — April 2018

API2 CIF ARA vs. Polish coal price 0.41
EEX energy price vs. TGE energy price 0.68
Polish coal price vs. TGE energy price 0.68
API2 CIF ARA vs. EEX energy price 0.72
CQ; allowance vs. TGE energy price 0.77
CO, allowance vs. EEX energy price 0.45
CQ; allowance vs. Polish coal price 0.86
CQ, allowance vs. API2 CIF ARA 0.38

Source: author’'s work based on EEX, TGE, Argus He8iRP data.
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Based on the correlation analysis, the followingatosions can be drawn:

» there exists a relatively weak correlation betweeal prices on the international market and thdsRol
market (0.41),

e there exists a relatively strong positive correlatbetween the energy price in Germany,

e and the same in Poland (0.68),

« the price of electricity in the Polish market issfiively and strongly correlated both with the priaf coal
(0.68) and with the price of G@missions allowances (0.77), the latter correfatieing stronger,

« the price of electricity in the German market isifigely and strongly correlated only with the mriof coal
(0.72),

* the strength of correlation of the electricity grion the German market and the price of, @@issions
allowances is weak (0.45),

« there is a strong correlation between coal pricd2aland and prices of G@missions allowances (0.86),

« the strength of correlation of the coal price ie tihternational market and the prices of ;G&€nission
allowances is weak (0.38).

Costs to coal mines of environmental fees levied @onomic activity in Poland

The costs borne by coal mines consist of severst types, including the particularly interestingstsoof
environmental fees levied on the pursuit of busredivity in Poland. It is widely alleged that thasts of waste
generated by the mining industry constitute a hdawglen, which is why these charges are analyzeainof
the paper. In the general opinion of people, tlrests are among the most important elements ofdlemix.
In 2016, Poland generated 140 million Mg of wasfewhich 8 % was a municipal waste (12 million M§jnce
2000, the amount of waste generated in Poland dxa municipal waste) ranged from 110-130 millidig.
The 128 million Mg of non-municipal waste in 201@&ans a 2 % decrease in 2015. As in the previous yte
main sources of waste in 2016 included: mining qunarrying (about 52 % of the total generated wak#g, is,
72.8 million Mg), industrial processing (21 %) agl@ctricity production and supply (16 %). In thetldecade,
the largest share in the amount of generated westdoeen waste generated during the exploratidraation,
physical and chemical processing of ores and atfieerals (56 % in 2016) and waste from thermal gsses
(22 %). Out of the total amount of waste generate2D16, 49 % of waste was recovered, 42 % wasodesph of
via storage, and 4 % was otherwise disposed of§2ACSIGW, Narodowy Fundusz Ochror§rodowiska i
Gospodarki Wodnej, data).

Based on data from the Central Statistical Offiearpook 2017, in 2016, Poland generated over Gibmil
Mg of mining waste. In this case, the authors raata from all provincial marshal offices — basedlendata, it
appears that fees are only paid in the provind@adfioslgskie.

According to art. 26.3 of the Mining Waste Act, r@gards inert mining waste other than hazardous and

inert waste and waste not contaminating soil, trevipions of the Environmental Protection Law reljag
charges do not apply, which means that the stashgech types of mining waste is not subject toirmmmental
charges levied for waste storage. However, thelaéigas are different in the case of hazardous mginvaste
for which fees (and increased fees) are mandatoeytd the use of the environment for waste storabes
situation occurs only in Dolstyskie province, where the fees totaled (averageenuyr exchange National
Polish Bank ratios from the end of each year):
e 2013 -4330 PLN (1044 EUR, by EUR/PLN 4.1472),
e 2014 -8923 PLN (2093 EUR, by EUR/PLN 4.2623),
e 2015-9171 PLN (2152 EUR, by EUR/PLN 4.2615),
e 2016 - 8510 PLN (1924 EUR, by EUR/PLN 4.4240),
e 2017 -1080 PLN (259 EUR, by EUR/PLN 4.1709).

For comparison, at the same time, total waste gtofees constituting a charge for using the enwiemt
are presented in Table 1. They were the highexd14-2015.

Based on CSO data, the overall volume of waste y#aa-by-year basis remained more or less unchanged
so based on this simple analysis, it should bedtdte that the costs to coal mines of environnhée¢s arising
from waste management related to the pursuit afi@mic activity in Poland are negligible as compaiedther
costs — they are in thousands of zlotys rather thamillions, and do not, therefore, constitute,ctsimed, a
heavy burden. Based on the analysis, it shoulddiedsthat the impact of environmental chargesmMaste on
the price of electric energy is equally negligible
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Tab. 2. Total waste storage fees constitutingagd for using the environment in 2013-2017 by agship (province).

Voivodship 2013 2014 2015 2016 2017
Dolnoslaskie 3 007 448 4 615 841 4 069 391 3236 629 2774 241
Kujawsko-pomorskie 1789 633 2 350 599 2416 800 1994 074 1379796
Lubelskie 1571129 2286 342 1733 485 1206 589 767 087
Lubuskie 1104 969 1 566 850 1447111 1305 025 947 044
todzkie 6 677 684 13 456 336 14 792 244 16 205 767 15 363 163
Matopolskie 2 332 641 2 845 833 2411 271 2747020 1638 264
Mazowieckie 3076 960 3 923 566 4 005 355 3 545 675 3224 806
Opolskie 1111610 1396 499 1207 949 1547813 872 602
Podkarpackie 1773 044 1543 357 1586 661 1574 453 986 285
Podlaskie 591 707 887 688 1001810 1 026 683 978 951
Pomorskie 2598 741 3 704 007 2 666 300 2902 082 1731197
Slaskie 3423 642 6122 611 6 495 613 5 844 983 4725 149
Swietokrzyskie 768 415 787 163 889 050 832 142 647 680
Warmi nsko-mazurskie 1254 884 1622478 1592 788 1389 949 1 338 442
Wielkopolskie 5546 521 9 878 363 10 690 589 9123 781 6218 738
Zachodniopomorskie 4 535 545 4 937 863 4701592 5320515 4 840 908
Total 41 164 575 61 925 396 61 708 011 59 803 180 48 434 353

Source: NFQIGW, 2018 data.

Summary

The analysis of the correlation shows that theepd€ electricity on the Polish market is positivelpd
strongly correlated both with the price of coab@).and the price of CQemissions allowances (0.77), the latter
correlation being stronger. Equally worth notinghie strong correlation between coal prices in Rbland the
prices of CQ emissions allowances (0.86).

With regard to the confirmed but rather not verpisg positive correlation between thermal coal gsion
the Polish market and energy coal prices in the ARRAe (0.41), it should be noted that there isiguaid index
in the domestic market, which hampers efficientfpio management of the spread on energy produdtiothe
coal energy sector. In international markets (iditlg the ARA zone), prices of coal and derivatinstiuments
are a consequence of the needs related to seddBx& In the wake of the deregulation of energy ratk
energy has come to be transacted on commodity egelssand trading platforms, which is also corrotaatédy
the existence of the Polish Power Exchange (TGEyaijmg in the Polish market. Following the laurdhthe
European Union Emissions Trading System (EU ETS8lisP power generating companies hedge the prites o
CO, emission allowances on foreign trading platforingparticular on the EEX. Given that the tradeweb tof
the three CDS constituents takes place via trapiaiorms, the need to introduce quotations of qoales in
Poland also seems to be fully justified.

One advantage of high market liquidity is thatriseres a fair and representative valuation of argivaded
commodity and transparency of information on théenmence market price. The very existence of such
information permits the effective allocation of sesces in the economy, in particular with regarcassessing
the profitability of investment projects and detarimg business strategies. There is no price indeke Polish
coal market, which would provide a reliable referemprice and permit effective price risk managem&he
main obstacle standing in the way of its introdurtis limited access to information on transacti@sswell as a
lack of a clear methodology for its determinatibue to the high concentration of market power i thnds of
a small number of entities in the fuel and energgta and the resulting low degree of liquiditytie Polish
coal market, the concept presented by A. Baskieand P. Dunal (2016) regarding the connectioooal prices
in Poland with Europe's most common and widely aekadged API2 price index based on the price foanul
seems to be justified. The main reservations voibgdthe players in the Polish coal market about the
implementation of such a solution regard price tiitha arising from international factors, includ in
particular the rate of economic growth in Asian miigs. It should be explicitly affirmed here thiie
development of risk management systems in busem#ses offers a positive hedge against pricetiiia The
introduction of a pricing formula linked to the APindex does not mean that producers (coalminiotpeeand

60



Acta Montanistica Slovaca dlume24(2019), numbet, 53-62

consumers (energy sector) of coal must be expas#uktrisk of price volatility. This risk can betsferred in
an effective, and even total way to intermediadad financial institutions operating in internagmarkets,
which boast high-risk management skills and masfnancial capabilities. Effective price risk masanent in
Poland will lead to stability and predictability wfining and energy companies’ results (Dunal, 2018)

Referring to the wholesale electricity market inlapal, it is worth adding that it currently relies o
contracts that are settled after the actual defjwehich essentially curtails the possibility of Itquidity growth
and the potential for the development of finanpiaducts that could be used to effectively managerisk by
electricity generating companies. Therefore, theeltmment of the financial segment of this market i
becoming a precondition for boosting not only tigildity of the wholesale market but also for irasing
access to products that best meet the financialmsnagement needs of trading entities (Wojtkowstde] et
al.,, 2014).

As regards the costs of environmental charges fastevarising in the course of business operations i
Poland as borne by coal mines, it should be stdtatithese charges do not affect the bottom lisethay
account for a very small amount and percentag®sisaelative to other costs. Based on the abbgépuld be
stated that the impact of environmental chargesvitste on the price of electric energy is equadigligible.
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