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1. Introduction

In the Oxyfuel process, the Air Separation Unit (ASU) and CO2 Processing Units (CPU) are by far the largest 

energy consumers and also stand for a considerable share of the overall investment cost. Any potential reductions in 
energy consumption and/or investment cost for these units will have great impact on the efficiency and capital cost 

penalties associated with CO2 capture from the Oxyfuel process. From a Vattenfall perspective it is of outmost 
importance to continuously work together with equipment suppliers to increase the understanding of potential 

process design improvements, integration opportunities and design trade-offs that can result in reduced specific 
energy consumptions and capital costs of these components.

Air Liquide can today commercially offer ASU design with advanced power optimization and heat integration 
solutions, resulting in promising specific energy consumption figures that could greatly reduce the efficiency 

penalties for the Oxyfuel process. Even further improvements are expected for “2015-2020” designs, see Figure 1.

Figure 1: Air Liquide roadmap for Oxyfuel combustion Air Separation Unit (ASU) development.

With background to that, Vattenfall and Air Liquide have during autumn 2010 worked jointly together in a 
project with overall objective to identify and evaluate future improvement opportunities of the Oxyfuel process by 
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development in ASU/CPU design as well as novel integration possibilities. Working closely together in projects like 

this is of benefit to both parties as well as for further development of the Oxyfuel process.

2. Conceptual design study for large scale lignite oxyfuel power plant

Focus of the study has been large-scale lignite fired Oxyfuel units in the size of 1000 MWe (gross). The Oxyfuel 

plant is to be located in the Lausitz region in southeastern Germany (120km SE of Berlin), in the same area as the 
majority of Vattenfall’s existing liginite fired units (as well as the Schwarze Pumpe oxyfuel pilot plant and the 

currently planned demonstration plant in Jänschwalde) and in close proximity to the lignite open cast mines.
The oxyfuel plant has been designed to reach an overall CO2 capture rate of 90% and the captured CO2 is to be 

transported via pipeline to an onshore aquifer. Two different CO2 product qualities have been studied in the project, 
one “base purity” case with a CO2 concentration of > 95 %-vol. and one “high purity” case with a CO2 concentration 

of > 99,9 %-vol., to study the overall impact on CPU design, performance and cost.

2.1. Air reference and oxyfuel plant designs

Both the air fired and oxyfuel power cases include a lignite drier system that can substantially increase overall 

plant efficiency on a LHV basis. The lignite drying technology assumed in this project is still in pilot scale but is 
expected to be commercially available in the time frame for the first commercial scale oxyfuel units.

The plant concepts are based on state-of-the-art in steam data (280bar/600C/620C) and a condenser pressure of 
34 mbar implying the use of highly efficient cooling towers. Provisions have also been made to meet future more 

stringent emission limits.

Figure 2: Simplified process flow diagram of the oxyfuel configuration used as basis for the evaluation.

A simplified process flow diagram of the Oxyfuel configuration selected as basis for the study is shown in  

Figure 2. The secondary flue gas recycle flow is controlled to achieve an oxidant oxygen content of ~28 %-vol. to 
the burners. The excess oxygen content in the flue gas at boiler exit is assumed at similar levels as in air firing ~3,5 

%-vol.. Total amount of air ingress in the system is 1,5% of the total flue gas flow. In the selected configuration a 
Semi-Dry Absorption system followed by a bag house filter is included for particle and SO3 removal to reduce the 

risk of corrosion problems in the system. After the secondary recycle off-take the fl ue gas passes through a high 
performance flue gas de-sulphurisation unit and a flue gas condenser before entering the CPU.

2.2. Air separation unit and CO2 processing unit designs

Air Liquide has provided the design for two different ASU cases, one non-integrated and one integrated case, in 
order to evaluate the impact on overall Oxyfuel plant performance and costs. Both designs are based on “2010 

technology”, i.e. something that Air Liquide could offer commercially today, and include state-of-the-art ASU 
design. The integrated solution utilizes axial air compressors together with boiler feed water preheating, pre-heating 

of the oxygen as well measures to reduce internal steam consumption. The non-integrated case is based on 
centrifugal air compressors. In both cases the ASU consists of 3 parallel trains with a total capacity of ~15340 TPD 

impure O2, with an oxygen concentration of 96,5 %-vol.. In addition to the oxygen, the ASUs have also been 
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designed to deliver gaseous nitrogen for cooling and inertisation of the hot lignite flow after the fuel drier, 

instrumentation air and small amounts of liquid oxygen and nitrogen for refilling of emergency backup storage 
tanks. An oxygen buffer is also included to compensate for pressure fluctuations in the boiler.

Air Liquide has also provided the design and costs for two different CPU cases designed for the “base” and 
“high” CO2 purity product quality as discussed earlier. Each design is based on 2 parallel trains of flue gas 

compressors, cold boxes and CO2 product compression trains. All compressors are multi-stage integrally geared. 
Total capacity is ~15000 TPD CO2. Partial condensation is applied to reach the “base” CO2 product specification, 

while distillation of oxygen is applied in the “high” purity case to achieve an oxygen concentration of < 10 ppm. To 
protect downstream equipment and ensure stable operation, high efficiency acid gas scrubbing and dust removal 

systems have been installed ‘upstream’ of the flue gas compressor inlets.

2.3. Overall plant performance and economics

Based on in-house design tools Vattenfall Research & Development has estimated the overall plant techno-

economical performance. To evaluate how integrated/non-integrated ASU designs as well as “base”/”high” CO2

purity affect overall plant performance, 5 cases have been included, main results are summarized in Table 1:

 Case 1: Air fired 1000MWe,gross lignite reference case
 Case 2: Oxyfuel non-integrated ASU + base purity CO2

 Case 3: Oxyfuel non-integrated ASU + high purity CO2
 Case 4: Oxyfuel integrated ASU + base purity CO2

 Case 5: Oxyfuel integrated ASU + high purity CO2

Comparing the results in Table 1 it can be seen that the efficiency penalty in the Oxyfuel cases based on the non-
integrated ASU is in the range ~8,6-8,7 %-points, while the penalty for the integrated ASU case is ~7,6-7,7 %-

points. Thus the integrated ASU improves the overall oxyfuel plant net electrical efficiency by ~1 %-point. As the 
integrated ASU case implies a relatively minor cost increase, this also has a positive impact on the cost of electricity 

and CO2 avoidance cost. Another important conclusion is that the “base”/”high” CO2 product quality cases has a 
minor impact on plant performance, both in terms of efficiency (just ~0,1 %-point difference) and investment. This 

is important, since if a higher product quality can be achieved with minor penalties it could simplify and reduce the 
costs of the transport and storage. It would also have a positive impact from an HSE point of view and could also be 

advantageous from an acceptance and permitting point of view.

Table 1: Summary of key technical and economical parameters for the evaluated cases. Yearly operating time 7700h, rate of interest 6%,

depreciation time 25 years, fuel price 5 €/MWhfuel, investment cost estimations 30% uncertainty, no cost for CO2 transport & storage included. 

COE excluding cost for CO2 emission allowances.

Case 1 Case 2 Case 3 Case 4 Case 5

Fuel input [MWth ] 1856 1856 1856 1856 1856

Net power output [MWe] 920 760 759 779 777

Net electrical efficiency [%] 49,6 41,0 40,9 42,0 41,9

CO2 capture rate [%] - 90,4 90,3 90,4 90,3

Specific investment [€/kWe net] 1659 2776 2785 2734 2743

Cost of Electricity [€/MWhe ] 34,7 53,9 54,1 53,0 53,1

CO2 avoidance cost [€/ton CO2] - 26,9 27,1 25,5 25,7

The general conclusion is that the results from the study are very encouraging and show that there is 
improvement potential for the both the ASU/CPU processes as well as the Oxyfuel process in general. Combining 

the expected performance of Air Liquide ASU/CPU “2015-2020” performance with less conservative overall 
oxyfuel plant configurations than assumed in this study would most likely result in further substantial reductions in 

efficiency penalty and improved overall oxyfuel plant economics.

3. Continued work

During spring 2011 it is planned that the joint cooperation will continue with a second phase focusing on ASU & 

CPU technology that Air Liquide will be able to provide in the time frame 2015-2020. During this phase further 
integration solutions will be studied together with less conservative oxyfuel concept configurations. Main results 

from this work are expected to be ready late spring 2011 and will also be presented at the conference.


