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Introduction

This document contains a short summary of the national current situation with respect to Zero Emission Fossil Fuel Power Plants. It aims to support the taskforces of ETP-ZEP. 

We have used the information already available, in particular, documents by Mariusz Orion-Jedrysek, Chief State Geologist, Ministry of Environment as well as Jerzy Buzek, Member of the European Parliament.

Further information sources used for this profile were provided by:
Irek Pyka, central Mining Institute, Katowice

Marek Sciazko, Institute of Chemical Processing of Coal, Zabrze
Jan Lubas, Gas and Oil Institute, Cracow

Andrzej Siemaszko, IFTR, Warsaw

1 Background information

Poland is one of the richest world country in hard coal as well as lignite. The documented resources, taking into account modern exploitation technologies such as underground gasification, will supply primary energy for number of years. Due to this fact, more than 95% of power generation in Poland is based on coal.

Poland produces today more than two hundred million tonnes of CO2 in the branches of industry that are included in national allocation plan. Comparing to the end of eighties there is a substantial decrease of the GHG emission related to the years of transformation of the economy from power consuming to highly efficient one. Poland was one of the pioneering countries introducing CO2 storage technologies beginning in 1995 with Borzecin site for EGR. There were other projects to store CO2 in coal mines (ECBM in Silesia) supported by EC.

Today, problems of CCS have got a wide recognition. Due to Poland’s dependency upon coal in our case they have to be closely integrated with wider programmes of clean coal technologies (CCT). There is a strong political support to enter into industrial CCT/CCS technologies. Poland is now establishing a wide industrial, research and governmental coalition aiming at development and deployment of new technologies which will maintain our priority of exploiting Poland’s rich coal deposits, however, with a shift towards CCS. It will be called “Joint Technology Initiative for Clean Coal”

Today, the energy production amounts to 160 TWh what places Poland at the 24th position in UE regarding energy consumption per capita. There was a visible stagnation period spanned from 1988 up to now, related to the political and economic changes, when practically the energy consumption growth have not been observed. Today, a deep transformation into the market oriented economy has been completed. The economy has got strong foundations and it is experiencing an enormous growth of 6-7% GDP. In this context the energy power sector is lagging behind. If there is 2% growth of energy consumption assumed (what is rather a conservative estimation) Poland will have to build, in coming 20 years, power stations of 25-40 GWe total capacity. With respect to the availability of resources there are practically two options: to continue the deployment of coal based power stations and to enter into process of constructing a nuclear power station (as yet, Poland has no nuclear energy).

Having so rich coal resources Poland is importing the majority of gas and oil. Natural gas consumption is at the level of 14 billion m3. Domestic natural gas is exploited in Poland in many different size locations covering 30% of demand. The remaining part is imported from Russia (45%) and Central Asia (18%) and other sources. To reduce the dependency on import from a single provider, Poland is developing in Swinoujscie a LNG terminal to import gas from diverse sources transported by specialised ships.

Poland consumes yearly about 20 million tonnes of oil, covering only 4% from domestic sources and importing the rest mostly from Russia (92.5% of demand).

Poland has experienced a 33% reduction of GHG emission comparing with the reference year of 1988 from 476.6 to 316.7 million tons. It was a result of significant shift from coal and lignite based sources (decrease from 78.7 to 68.6%) into gas ( increase from 6.4 to 7.5%) oil (from 12.5 to 20.4%) and biomass (from 1.3% to 5.4%)
According to the Kioto Protocol, Poland confirms that in years 2008-2012 it will reduce GHG emission by 6% comparing to 1988. Recently, the Commission considerably reduced the emission quota for Poland by 27 %., which may have significant consequences for economic development of Poland. 
Poland has a large number of potential locations for underground storage. They can be divided into: 

· EGR with the operated sites in Borzecin and Kamien Pomorski, including the possibility of Baltic off shore storage

· depleted oil and gas resources in Western Poland and South-Eastern Poland

· closed hard coal mines (PMG Nowa Ruda - 0.1 billion m3, KWK Krupinski and KWK Silesia - 0.9 billion m3, Wodzislaw)
· Central Poland aquifiers of Jura and Kreda (Ponetow - 14 billion m3 , Jezow, Justynow, Wartkowice)
Estimated volume of these storage sites is in tens billion tonnes which will meet the demand for CO2 storage (at the present level of emission) for hundreds of years.

The leading role in CCS in Poland plays the Polish Oil and Gas Industry (PGNiG). The key energy sector companies are BOT and PSE (consolidated now into PGE) as well as PKE. The CCT technologies are of the interest of three national coal industry companies (KW, JSW, NSW) as well as oil refineries ORLEN and LOTOS.

Leading ministry responsible for CO2 storage is the Ministry of Environment. For the development of CCS/CCT technologies both the Ministry of Economy as well as the Ministry of Science and Higher Education are responsible.

2 R&D

Poland has a long experience in coal processing technologies. For instance in sixties there was performed an underground gasification in the Mars Experimental Mine. There were several technologies developed for coal preparations (grinding, drying, and feeding) as well as chemical synthesis. The CCT/CCS research is concentrated mostly in three institutes:

· Central Mining Institute, Katowice

· Institute of Chemical Coal Processing, Zabrze

· Cracow Technology Academy (AGH), Cracow.

Polish researchers have been actively participating in European Framework Programmes such as RECOPOL, C3-Capture, ISCC, CO2-REMOVE, MOVECBM as well as HUGE (European Steel and Coal Research Programme). 

Silesia ECBM site.

RECOPOL project is an example of Enhanced Coal Bed Methane Recovery as a method of CO2 storage. A field experiment of carbon dioxide (CO2) storage in underground coal seams with simultaneous (enhanced) production of coalbed methane production was set up and performed in the “Silesia” Coal Mine in Poland. The main aim of this project was to investigate the technical and economic feasibility of this type of CO2 storage. 

A new injection well was drilled 150 m (492 ft) away from the production well. Initial injection of CO2 occurred in 2004 in three seams of Carboniferous age in the depth interval between 900 and 1250m (3117 and 4101 ft). In May 2005, approximately 12–15 t/day were injected in continuous operations. Compared to baseline production, the production of methane increased significantly because of the injection activities. Recovery of methane is, however, low, which is probably related to low diffusion rates into and out of the coal. Nevertheless, a total of 692 t of CO2 were stored in the reservoir, most likely because of adsorption of CO2 on the coal. The results provide good hope for successful future upscaling of the operations, although further research is required. 

There is a strong governmental support to research on clean coal technologies (CCT). The energy is one of strategic priorities in the National Framework Programme. Yearly support for projects in the area of CCT can be estimated on 5-10 million euro. Similar amount is assigned to projects for improving power generation efficiency.
3 Implementation

A new European policy aiming at significant reduction of CO2 emission (by 20%) makes severe threats for Polish energy sector and other heavy industries. There is a general understanding of the necessity of developing CCT/CCS technologies. As result the Joint Technology Initiative for Clean Coal has been established. Moreover, there are five energy clusters established dealing with a clean energy:

· Silesian Cluster for Clean Coal Technologies 

· Malopolska-Podkarpacie Energy Cluster

· Lodz-Belchatow-Czestochowa Central Energy Cluster

· Lower Silesia Energy Cluster

· Northern Green Energy Cluster

JTI and clusters will integrate all initiatives related to the research, development of new technologies and their deployment. JTI and, in particular, the Silesian Cluster are in close cooperation with ZEP.
There are now final preparations to run programme of construction of new power stations with CCS capabilities using oxy-fuel and IGCC and, moreover, combined with carbochemical synthesis of fuels. Several potential initiatives are considered :

· BOT consortium considering to construct an IGCC power station of 800 MWe 

· Lagisza CCS demonstration unit by PKE. There is under construction the 460 MWe Fluidized Bed System (to be completed in 2009), which will be extended by a CCS demonstration subunit of 50 - 100MWe. Estimated time of deployment is 2012-2014.
· Siekierki (Warsaw), retrofit of power station of 480 MWe with CCS by Vattenfall Heat Poland. Estimated deployment time is 2014.
· Blachownia retrofit of the power station combined with carbochemical synthesis by PKE in cooperation with ZAK Kedzierzyn.
There are decisions to carry out research programme developing High Temperature Reactor (HTR) technologies integrated with coal transformation and production of hydrogen and synthetic fuels. There are two active CO2 sequestration sites of Borzecin and Kamien Pomorski operated by PGNiG as well as a developed installation for ECBM in coal deposits in Wodzislaw operated by POLTEX METHANE.

· There are advanced preparation to build new CTL installations : 

· Kompania Węglowa (KW) - a new unit producing the 1.8 million tonnes of synthetic fuel (using 6 million tonnes of hard coal)

· Zakłady Azotowe Pulawy - a syngas unit to produce hydrogen and ammonia.

4 Public acceptance

There is a low level of awareness with respect to CCS. A public debate concentrates mostly on extremely low CO2 emission quota assigned to Poland which will affect considerably Polish economic growth. One of the objectives of Polish JTI is to promote CCT/CCS technologies and to raise their public acceptance.

5 Government policy 

There is a strong governmental involvement into the development of energy sector aimed at improving security of supply, diversification of sources, improving efficiency as well as development of CCT/CCS technologies. The critical decisions taken or being at final stages of preparation are: construction of LNG terminal, construction of two - three CCT/CCS power stations, retrofit of several operating power stations (extending into CCS). A number of potential locations for CO2 storage have been identified. Moreover, there are considerations concerned with starting preparations for HTR nuclear power generation (combined with coal processing), development of synthetic fuel production from coal, and underground coal gasification.
6 Lessons for ZEP

Poland is one of the richest country in coal deposits. It has a deep experience with clean coal technologies and carbochemistry. The current energy supply situation and the emission reductions force the development of new, critical for Poland, technologies combining chemical coal conversion (syngas, hydrogen, synthetic fuels) with CCS. Poland should be a leading country in development of energy-carbochemistry complexes with advanced CCS capabilities. 

Polish industry, research and governmental bodies have organised the Joint Technology Initiative for Clean Coal which could be a pilot phase for establishing the European one.
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