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— Only products are CO, and H,O

— Condense out water

— Capture carbon dioxide for sequestration
— Extra CO, or H,O to reduce temperature



e (eramic lattice contains oxygen 10n vacancies

e Above ~ 700°C oxygen 10ns can travel through

— Acts like a sieve for oxygen



ocuses particularly on cycles using S

e Note all figures given 1n this presentation are taken
from the papers referenced and are subject to the
varied assumptions and in some cases mistakes in

those papers. This presentation is only a history, not
a comparative evaluation.







 First coal fired oxycombustion 1deas:
— Wolsky (1985) and Berry and Wolsky (1986)
— Nakayama (1992)



e Bolland and Saether (1992)

— First combined oxycombustion plant

— Expansion in Gas turbine
— Bottoming Rankine cycle
— Efficiency 41% (non-oxycombustion 56%)



1. Air splitting machine C+
2. Oxygen preheater
3. First combustion chamber

4. High pressure turbine
5. Second combustion chamber

6. Medinm pressure turbine
7. Third combustion chamber b
8. Low pressure turbine

9. Heat exchanger

10. CO; compressor

11, Effluents pipeline

12. Water treatment plan N
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Technologgf
* Have developed theory for CO, / H,O turbines

* Many different ratios as cycle developed
— Highest CO, content was 77%

— 1300 C, 40 bar
— Extensive technical detail in Jericha, 2003
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Principle flow scheme of 5-Graz Cycle power plant



» Graz group have developed theory on
CO,/H,0 turbines up to a 77% CO, fraction



— Have since developed the ZENG cycle
— 45% efficient (Marin 2005)
— Paper 202 earlier today

* S-Graz 1s very well developed theoretically
— Graz group working with Statoil



* Many different groups working on this



« Basically a Rankine cycle

e Air turbocompressor cycle
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 First introduced by Yantovksi (2003)
— Gas turbine cycle
— Air turbocompressor
— Bottoming CO, Rankine cycle
— A lot of recirculated CO,

 OTM unit separate from combustion chamber
— Combustion temperature not limited
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— Uses pulverised coal

e Milano cycle — Politecnico di Milano, Italy
— Romano, 2005
— 41% efficiency for 400MW plant

— Uses fluidised bed combustion

« Basically a Rankine cycle
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Zero Emission Power Plants with OTMs
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* Milano/Oxycoal AC 41% calculated

— Work done on membrane system
ZESOFC at laboratory scale

OFFCET simplified calculations imply acceptable 1
ZEMPES 47% calculated



* Some at laboratory scale

* As of yet none built
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