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1. Introduction

The generation of power and heat on the basis of fossil fuels like lignite or coal are until now associated with 
considerable CO2-emissions which are fostering the global climate change. Thus, scientists and industries make 
enormous efforts to develop energy generation technologies that are impacting the environmental less. One 
promising technology represents the Oxyfuel-Process which is characterized by the combustion of fossil fuels in a 
gas atmosphere consisting of recirculated flue gas mixed with oxygen. 
Vattenfall as a leading European engery company plays an important role in pushing the challenging development of 
this technology forward in order to realize a commercial Oxyfuel -Power Plant on the basis of Lusatian lignite in 
2020. 
The operability of this process was demonstrated in pilot scale for the first tim e 2008 in Schwarze Pumpe where 
Vattenfall Europe operates a 30 MWth Oxyfuel Pilot Plant (OxPP) which covers the complete process. Thus, 
extensive experiences have been gained due to process related issues as well as specific characteristics of the 
components like the coordination of the air separation unit (ASU) and burner operation or the composition of by -
products in the CO2-processing unit (CPU). In contrast to commercial lignite fired power plant especially the ASU 
and CPU components require an additional energy demand. Hence, the overall efficiency ratio decreases while 
keeping the thermal output constant.
There are several options to increase the efficiency of the Oxyfuel -Process that have to be tested and optimised. One 
opportunity provides an alternative CO2-processing unit that was developed by Air Products. In order to demonstrate 
the applicability of this process an alternative CO2 Pilot Plant (ACPP) was integrated in autumn 2010 into the 
Oxyfuel Pilot Plant in Schwarze Pumpe and was ready for start up in the end of 2010. 

* Corresponding author. Tel.: +49 (0 )355- 2887 3915; fax: +49 (0) 355- 2887 3907.
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2. Design of ACPP

Hitherto extensive experiences related to the alternative CO2 processing technology were obtained in laboratory or 
small scale in which the behaviour of individual components had been investigated and characterised. It has not 
been realised in pilot or demo scale so far so that the new facility represents a prototype with several internals of the 
vendor Air Products.  It is contractually agreed to handle this implementation as a BlackBox as they were
constructed according to Air Products standards but on all interfaces to OxPP it was handled in accordance to the 
existing German and additionally Vattenfall internal standards. All flue gas pipes are integrated in the safety chains 
and interlockings of the OxPP and were approved by the notified body before start up.
This alternative CO2-processing unit has not been realised in pilot or demo scale so far. Hitherto extensive 
experiences were obtained in laboratory or small scale in which the behaviour of individual components had been 
investigated and characterised. To study the complete CO2-process under real operation conditions for the first time 
the alternative CO2 Pi lot PlantACPP was built in Schwarze Pumpe withis able to cover a which the representing 
flue gas stream from the OxPP resulting by 1 MW thermal output is treated. The facility 
The ACPP iis divided into a warm and cold end as shown in figure 1. Each part of the pilot plant consists of 
following components: 

Warm End Flue gas scrubbing and condensingcondenser, 15 bara and 30 bara Compressor, 15 bara and 30 
bara Acid Reaction Columns;

Cold End Adsorption Unit with a Guard Bed, High Pressure Compressor, Auto-refrigerated CO2-
Separation Column, Membrane Unit and a Booster compressor.

For the removal of remaining particles a slip stream of the OxPP flue gas is introduced to the flue gas scrubber and 
condenser. The flue gas is quenched and afterwards compressed up to 15 bara by a diaphragm compressor. Then it 
enters the first acid reaction column in which sulphuric components are removed. With the help of a second 
diaphragm compressor the resulting flue gas is compressed up to 30 bara in order to withdrawal nitrogen compounds 
within the second acid reaction column afterwards. Both packed column systems are designed to adjust retention 
time and temperature so that the required chemical reactions take place sufficiently. 
With leaving the 30 bara acid reaction column the gas enters the cold end of the pilot plant which first component is 
the Adsorption Unit. The dried gas passes the guard bed and is compressed in a further diaphragm compressor to 
42 bara. Downstream the gas is cooled down in the auto-refrigeratedand enters the CO2-separation column unit so in 
which that all non-condensable gases like N2 or Ar are removed. Depending on the desired purity of the resulting 
C O2-product stream the remaining O2 in the gas stream can be stripped out in the CO2-separaion column 
supplementary. Finally the stream of the non-condensable components is routed to a membrane system in which the 
gaseous O2 and CO2 are separated from the remaining N2 and Ar.
It is emphasised to gain experiences in integration and operation the ACPP as a new process than producing CO2.  
Thus, all gaseous species and products that are generated in the p rocess are analysed and then introduced to the vent 
pipeline of the OxPP.
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Figure 1 Simplified block diagram of the main components of ACPP
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In order to gain maximum flexibility in operation of the ACPP various medium int erfaces to the OxPP were realised
as is seen in figure 2. All in all the pilot plant can be operated in following four different modes:

Mode 1 – Fully Integrated Mode – Combined operation of warm and cold end 
Mode 2 – Warm End Operation – Operation of th e warm end only
Mode 3 – Cold-End Operation – Operation of the cold end only 
Mode 4 – Independent Warm and Cold End Operation – Operation of the warm and cold end independently 

For varying the S/N-ratio of the inlet gas the flue gas can be taken downstream as well as upstream of the FGD of 
the OxPP in order to introduce it to the warm end of the ACPP. For the operation of Mode 3 and Mode 4 pure CO 2

gained from the existing CPU is supplied directly to the cold end of ACPP. For this purpose the additional booster 
compressor is installed so that the CO 2 is enters the TSA with the applicable operation pressure. 

As the new facility is a prototype with several internals of the vendor AirProducts, it was contractually agreed to 
handle the implementation as a BlackBox – finally it means within the scope of ACPP it was construct ed according 
to AP standards but on all interfaces to OxPP it was handled in accordance to the existing german standards & VF 
standards. All flue gas pipes (HighSOx IN, LowSOx IN, DRY CO2 in, Flue Gas Return to OxPP) are also fully 
integrated in the safety chains and interlockings of OxPP and were approved by the notified body before start up.
The equipment designing to operate under the regional outside conditions. It is not unusal to reach 
-25degC in winter and +38degC during the summer.
One major advantage for the new pilot is the possibility to run each component of the process towards the vent gas 
return. That allows an easy start up and shut down procedure.

After the acceptan ce to pilot turns into ownership of VF. The ACPP is then completely integrated into the existing 
procedures and organization - operation by the VF operating crew, maintenance by the VF service team.

3.Focus of Research
In cooperation with Air Products a research agreement was concluded to carry out extensive investigations. After 
the acceptance the pilot plant turned into ownership of Vattenfall. Thus, the ACPP is completely integrated into the 
existing procedures and organization so that Vattenfall is responsible for both operation and maintenance. These 
enables Vattenfall to gain comprehensive experiences in the area of integration and operation of facilities that had
not been related with power generation so far. 

In accordance with the experiences that are obtained so far the process, components and their features will be shown 
in the presentation in detail. The interacting of different systems makes the ACPP a unique test facility. So th e  
resulting challenges and specialities will be presented here extensive as well.
Further details concerning the ongoing research test programme will be pointed out in another paper by White, 
Wright, Anheden and Yan that is titled “The –Vattenfall – Air Products Oxyfuel CO2 Compression and Purification 
Pilot Plant at Schwarze Pumpe – Initial Results ”.
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Hier shcreibe ich noch einige Sätze zum Versuchsprogramm auf, das sollte dann reichen, oder??.


