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Abstract

The paper describes the issue of the low-sulphur coals market in Poland. It is a crucial question because these types of coals will be particularly demanded after the year 2005, when the Polish environmental standards will be more restrictive. This is applicable especially to the energy sector, which is the main consumer of coal in Poland.  The purpose of this work is the evaluation of abilities to balance the quantity and quality of low-sulphur coal supplies to the basic consumers, which are domestic heat and power plant and others. The article focuses on three key issues. The first one includes an analysis of the supply side of the coal market in Poland. The second concern is an overview of present and future emissions standards for the energy sector. The third problem applies to the demand side of the coal market and describes the consequences of putting into operation related emissions standards. The analysis ends with conclusions and recommendations for applying an appropriate strategy to meet the new environmental regulations. Conditions under which the burning of low-sulphur coals can be sufficient to meet emissions standards are also described.
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1. Introduction

The polish energy sector is the main consumer of coal. The most recent forecast shows that in the coming years, coal will be still a major fuel for power generation (Polish energy..., 2000). Therefore, a question arises whether the quality of delivered coal is sufficient in respect to environmental standards for power generation sector. It is connected with the use of the appropriate strategy for emissions reduction - mainly SO2 - that seems to be most important issue. The question is whether and to what extend the selecting fuel strategy could be satisfactory to meet the emissions standards in the Polish power sector. It is especially important after the year 2005, when the Polish environmental standards will be the more restrictive and these types of coals could be in high demand. Moreover, the integration process with the European Union structures should be accompanied by the adaptation of the emissions standards in force there.

The purpose of this work is the evaluation of the abilities to balance the quantity and quality of low-sulphur coal supplies to the basic consumers, which are domestic heat and power plants and others. It is a point of interest for power stations to make use of the low-cost strategy of meeting the higher emissions standards. The supply of low-sulphur coals provides an opportunity to meet these new regulations without the necessity to construct wet or dry scrubbers or apply the other measures.

The decision-making process concerned with balancing the coal market is based on a modelling approach. The analysis comprises the major agents of the demand side – the power generation sector as well as the main coal suppliers – the mining sector. The analysis results – by imposing the optimum criteria condition ​– can give the answers to the possibilities of supplying the desired quantity and quality of coal to the electric utilities, considering the main ecological and economic constraints.

The article focuses on three key issues. The first one includes an analysis of the supply side of the coal market in Poland. This part of the work consists of a short description of the present situation in the Polish coal sector, including data on total coal production, with reference to the quality parameters of coal, mostly to its sulphur content. Brief comments on the perspectives for coal production, based on data from coal companies, are also presented. The second concern is an overview of present and future emissions standards for the energy sector. The probable influence of environmental policy on low-sulphur coals market in Poland is considered. It concentrates on the timing of the implementation of these regulations and differences between Polish and EU standards. Two main regulations are under consideration. The first one is the decree of the Polish Ministry of Environment related to emissions standards for coal combustion in the energy sector. The second regulation, which will be probably obligatory for the power sector, is the directive 88/609/EC and its modification published under the index 2001/80/EC. The third problem applies to the demand side of the coal market and describes the consequences of putting into operation related emissions standards. The analysis ends with conclusions and recommendations for applying an appropriate strategy to meet new environmental regulations. Conditions under which the burning of low-sulphur coals can be sufficient to meet environmental standards are also described.

2. The supply of low-sulphur coal

Domestic coal mines grouped in the coal companies are the major sources of coal supplies in the Polish market. Coal is produced and sold in a wide range of quality parameters. The energetic coals are divided on ranks according to their ash and sulphur content and energetic value. With reference to the sulphur content the structure of production reveals that low-sulphur coal prevails.  About 18 mln tons of coal below 0,6% of sulphur was produced in year 2000. The low-sulphur coal between 0,6% and 1% of sulphur content constitutes about 50 mln tons. As regards to high-sulphur coal with over 1% of sulphur content, its production was a relatively small part of total and amounted to about 17 mln tons (fig. 1).

Fig. 1
The main consumers of steam coals in Poland are the energy sector and other domestic consumers. The energy sector consists of public electricity plants, public combined heat and power plants (CHP), autoproducer electricity plants, autoproducer heat plants and municipal heat plants. Table 1 below, describes the resulting structure of steam coal sales to related groups of consumers according to the sulphur content of coal. As the presented data shows, public electricity plants and public combined heat and power plants bought nearly 36,8 mln tons in the year 2000. The remaining autoproducer electricity and heat plants with 2,6 mln and 380 thousand tons respectively were only a small part of the steam coal market. It should be noted that other domestic consumers, including agriculture and residential, used over 24 mln tons. With reference to low-sulphur coals one can see that mainly public electricity and combined heat and power plants and other consumers demand these types of coal. It is due to their high quality, and other parameters such as low ash content and high calorific value.

Table 1
Fig. 2 shows the present situation and the forecast for coal production in Poland. The data is based on business plans prepared by coal companies and verified by the Polish State Coal Agency. These assessments include both total coal production and specific quality parameters of the types of coal produced. The key feature of these plans is the fact, that the structure of production with reference to the sulphur content is rather unchanged, for low-sulphur coal at least. Small changes are acceptable, but the overall stabilizing trend is kept. Specifically, the production of coal with less than 0,5% of sulphur content is predicted to hardly decrease in the period 2000-2010. The same case applies to the coal range 0,6-0,8% of sulphur content. Production of coal between 0,8 and 1,0% of sulphur content seems to be stable unlike high sulphur coals. But with the exception of coals between 1% and 1,2% of sulphur content these differences are not essential, thus a previous conclusion about a stable production structure could be preserved.

Fig. 2
The second question concerned the potential of supplying appropriate low-sulphur coal on the energy market arises when the analysis of the economic reserves of coal are carried out. Such a study can verify the opportunity to deliver high quality low-sulphur coal to the market. According to the experts’ judgements and the analysis of economic reserves of coal there is the potential for an increase in production of coal with less than 0,6% of sulphur. But now only a relatively small demand for these types of coal is being observed. It is mainly due to their higher price and lack of restrictive emissions standards both in the energy sector and other consumers. Moreover, to a great extent the electric utilities are equipped with installations of flue-gas-desulphurisation equipment. So in that case they are not interested in purchasing low-sulphur coal since it is seems to be rather inefficient. There is no economic potential to use such strategy. Therefore until the emissions regulations are unchanged, demand for low-sulphur coal is going to be relatively small. But after the year 2005, when Polish emissions standards will be stricter, it is probable that Polish coal mines will increase production to meet the foreseen higher demand for low-sulphur coal. Then a price increase will of course be expected too. The key issue is whether the selecting fuel strategy will be satisfactory for all utilities in order to meet new emissions standards. This problem will be briefly examined in the following sections.

3. Future emissions standards and their impact on the low-sulphur coal market

Currently permissible air quality standards in Poland were introduced by the decree of the Ministry of Environment in 2001. The integral parts of this decree are six large attachments and three of them concern emissions from burning fuels. Generally heat capacity and timing are the major criterions for setting appropriate emissions limits.

During the accession process to the EU structures Poland has to meet all regulations, including environmental law in force there. The most important for the Polish energy sector is the EU directive 88/609 (1988). A key feature of this directive is the establishment of emissions standards for the new power plants larger than 50 MWt. For the SO2 emissions limits are the same as in The Second Sulphur Protocol. Moreover the total levels of NOx and SO2 emissions from the large combustion plants are limited for a whole country as well. This directive was incorporated into the Polish environmental law by the above-mentioned decree of the Ministry of Environment. Furthermore Poland signed several international conventions and protocols, which affects to a large extent the energy sector.

Current Polish SO2 standards for boilers below 500 MWt and NOx standards for new plants are stricter than regulations included in directive 88/609/EC. Domestic particulates standards for new plants are less restrictive. It seems to be easy for the new plants to meet the emissions requirements included in this directive. For the existing plants this could be otherwise. The directive 88/609/EC was modified in 2001 and now exists under index 2001/80/EC. The aim of its modification is to determine new national emissions limits and to encompass both new and existing combustion plants. Emissions limits must be applied to existing stationary combustion sources in 2008. The future regulation could be critical for the power sector since about 90% of existing combustion plants will be under that scheme.

A relationship between Polish and EU emissions standards for existing plants is presented in table 2. Polish emissions standards are rather easy to meet by existing utilities by 2005. After that time Polish regulations change and become stricter, especially for SO2 emissions. Furthermore the adjustment to the directive 2001/80/EC can cause additional serious problems for combustion plants. This is the case mainly for large plants. A simple comparison between SO2 standards reveals that Polish regulations are more restrictive for sources below 225 MWt. Over that level of capacity EU policy is more severe. It should be noted that particulates standards could be essential as well - both for Polish and EU standards. 

Table 2
These new environmental regulations could have a great impact on the low-sulphur coal market. It is due to the possibilities of using the selecting fuel strategy as the cheapest way to achieve the referred standards. In order to determine the possibilities to satisfy the desired demand for these coals a balance analysis needs to be done.

4. Demand for low-sulphur coal

It is unquestionable that the tightened emissions standards, mainly for SO2, will strongly affect demand for low-sulphur coal. It is expected generally for combustion plants not equipped with the installations of flue-gas-desulphurisation or fluidised-bed combustion boilers. So the combination of both environmental factors and maintaining  (alternatively expanding) the schedule of investments in the Polish energy sector has a crucial influence on demand for low-sulphur coal.

On the basis of the current scheme of environmental investment in the energy sector one can come to the conclusion, that in 2006 almost 50% of SO2 emissions will be reduced. The consequences for the low-sulphur coal market look obvious. The electricity and combined heat and power plants equipped with the installations of flue-gas-desulphurisation will plan their electricity production mostly by burning high-sulphur coals. This is an efficient and effective way to achieve the required air quality standards. More expensive coals, characterized by improved quality parameters, are going to be available for the remaining utilities. The selecting fuel strategy should be then sufficient for these plants in order to meet the SO2 standards.

What is more, in the case of the further tightening of emissions standards, as for example in the amended directive 2001/80/EC, then high-efficiency flue-gas-desulphurisation installations for high capacity boilers will be needed. None of existing coal is going to meet such standards.  Therefore for this scenario and for such plants, demand for low-sulphur coal will be paradoxically lower than in case of low restrictive Polish emissions standards.

A following table 3 shows SO2 emissions for individual types of coal. Since emissions standards depend on the capacity of boilers, different coal meets the aforementioned regulations. In case of Polish standards such border values are 1200 mg/m3 (for boilers above 300 MWt) and 1500 mg/m3 (for boilers under 300 MWt). They are marked with dotted and continuous lines respectively. In order to meet the more restrictive SO2 standards included in the directive 2001/80/EC, electricity plants should be equipped at least with dry scrubbers installations. In principle all types of coal produced meets these requirements. There are only a few coals not satisfactory for these scrubbers – all containing above 1% sulphur content.
Table 3
5. The results and recommendations

A verification of the potential to balance supplies and demand on the low-sulphur coal market require the use of an appropriate optimisation model. This approach, which incorporates all producers and consumers of coal and all possible strategies to meet imposed standards, is the best method for such analysis. On the basis of data on the present and prospective domestic supplies of low-sulphur coal, demand reported by individual consumers, derived from the development of the Polish economy, proper calculations have been carried out. The following conclusions can be drawn.

1. The market of low-sulphur coal remains balanced, and even shows an increase in supply over demand for all research scenarios. However the balancing is not steady, both in the particular analysed periods and in the reviewed scenarios.

2. At present, the valid Polish regulations regarded the pollution emission standards, including sulphur dioxide, which are stricter than the permissible level of emission after year 2005, can be fulfilled by the burning of low-sulphur coal, the supply of which shall be assured by the coal mining sector. Forecast excess of the supply of low-sulphur coal over the demand is significant (30-58%).

3. Possible implementation in 2008 of the stricter EU emission standards for smaller electricity and heat producers will start the changes in the low-sulphur coal market.  The forecast excess of the supply of low sulphur coal over the demand is crucially lower in that case and equals 5,5-23%.

4. In addition to environmental factors, which have a crucial influence on the level for the balancing of the low sulphur coal market, there are also external factors i.e. level of the country’s economic development. The influence is not decisive, however it makes a difference to the access of those coals on the market.

5. Present and future levels of investment in the scope of emission desulphurisation in the energy sector could be crucial for balancing the coal supply on the domestic market. The above conclusions concerning the full quality and quantity balancing of coal supply (for the current Polish emission standards) will be valid if the construction of planned investment already started, is finished and the planned installation of wet combustion is also build. Imposing stricter EU standards in 2008 will require increase in the emission reduction capacity of SO2 by approx. 10% over the existing investment time schedule.

6. According to the model's results in any of the scenarios, which assume the fulfilling of the Polish emission standards, the import of low-sulphur coal is not needed. Introducing the European standards from the year 2008 increases the attractiveness of its source and small imports are possible. This makes only 4-7% of the total balance in the consumption of low-sulphur coal. This is this case a case mainly for the customers located in the northern region of the country.
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Fig. 1
The production of steam coal in respect to sulphur content, year 2000 [000 tons]

Source: Polish State Coal Agency, 2001.
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Fig. 2
The forecast of steam coal production in respect to sulphur content, year 2000 [000 tons]

Source: Polish State Coal Agency, 2001.

Tables

Table 1
The sales of steam coal to the main consumers in respect of sulphur content, year 2000 [000 tons] 

	Sulphur content, %
	Public electricity plants, public combined heat and power plants
	Remaining sales

	
	
	Autoproducer electricity and heat plants
	Municipal heat plants
	Remaining domestic consumers

	to 0.4
	3
	0
	0
	0

	0.4-0.5
	0
	0
	51
	850

	0.5-0.6
	3 051
	0
	41
	6 964

	0.6-0.7
	3 858
	0
	1 054
	6 197

	0.7-0.8
	9 001
	196
	284
	2 872

	0.8-0.9
	3 376
	0
	79
	920

	0.9-1.0
	3 269
	0
	435
	442

	1.0-1.1
	5 133
	0
	283
	3 671

	1.1-1.2
	6 282
	183
	349
	1 617

	1.2-1.3
	2 806
	0
	0
	0

	above 1.3
	0
	0
	0
	759

	Total
	36 779
	379
	2 576
	24 292


Source: Polish State Coal Agency, 2001.

Table 2
Future Polish and EU emissions standards for existing plants

	Plant size, MWt
	Polish emissions standards, mg/m3
	Directive 2001/80/EC

	
	to 2005
	from 2006
	from 2008

	
	SO2
	NO2
	part.
	CO
	SO2
	NO2
	part.
	CO
	SO2
	NO2
	part.

	< 5
	2000
	400
	1900
	2500
	1500
	400
	700
	2500
	
	
	

	(  P < 10
	2000
	400
	1000
	2500
	1500
	400
	400
	2500
	
	
	

	 ( P < 50 
	2000
	400
	1000
	1000
	1500
	400
	400
	1000
	
	
	

	 50 i < 100 
	2000
	540
	350
	350
	1500
	540
	200
	350
	2000
	650
	100

	 100 i < 150
	2350
	540
	350
	350
	1500
	540
	200
	350
	2400 –4*P
	650
	100

	 150 i < 300
	2350
	540
	350
	250
	1500
	540
	200
	250
	
	650
	100

	 300 i < 500
	2350
	540
	350
	250
	1200
	540
	200
	250
	
	650
	100

	 500
	2350
	540
	350
	250
	1200
	540
	100
	250
	400
	650
	50


P – plant size in MWt

Table 3
SO2 emissions of individual types of coal, mg/m3
	Sulphur content, %
	Energetic value, kJ/kg

	
	19000
	20000
	21000
	22000
	23000
	24000
	25000

	0,4
	1115
	1059
	1009
	963
	921
	883
	848

	0,5
	1394
	1324
	1261
	1204
	1152
	1104
	1059

	0,6
	1673
	1589
	1514
	1445
	1382
	1324
	1271

	0,7
	1952
	1854
	1766
	1686
	1612
	1545
	1483

	0,8
	2230
	2119
	2018
	1926
	1843
	1766
	1695

	0,9
	2509
	2384
	2270
	2167
	2073
	1986
	1907

	1,0
	2788
	2649
	2523
	2408
	2303
	2207
	2119

	1,1
	3067
	2914
	2775
	2649
	2533
	2428
	2331

	1,2
	3346
	3178
	3027
	2889
	2764
	2649
	2543

	1,3
	3624
	3443
	3279
	3130
	2994
	2869
	2755
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