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CASTOR Pilot Plant Objectives

The test facility shall

Prove long-term stable operation on coal flue gas
Act as a test facility for dedicated tests (e.g. test of novel solvents)

Provide information about

Operation costs
Maintenance costs
Reliability

Operation flexibility
Environmental issues
Engineering experience
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Esbjerg Power Station (ESV)

Esbjerg Power Station
400 MW, pulverized bituminous coal
High dust SCR deNO, plant
3 zones cold-sided ESP

Wet limestone FGD (saleable gypsum)
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CASTOR Pilot Plant Specifications

Pilot plant erected and commissioned during 2005

Design of pilot plant based on a commercial CO,
production plant (MEA)

Pilot plant operates on a slip stream taken directly
after the wet FGD

Design flue gas conditions: ~47°C saturated, <10
ppm SO,, <65 ppm NO,, <10 mg/Nm? dust

Key design parameters

Parameter Design value
Flue gas capacity 5000 Nm*®/h
CO; production (at 12% CO,) | 1000 kg/h
Absorption degree 90%
Max solvent flow 40 m*/h
Max stripper pressure 2 bar,
Max steam pressure 3.5 barg
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CASTOR Pilot Plant Flow Diagram
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CASTOR Pilot Plant
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CASTOR Pilot Plant

Cooling water circuit

———Treated
:  fluegas

Make up water

<

)

MEA/MEA heat
exchanger

Flue gas from
power plant

a

Mechanical filters

—HA-

-

Lean MEA



Doc. info

CASTOR Pilot Plant

Make up water

Flue gas from
power plant

Rich MEA

Treated
flue gas

Cooling water tircuit

EA/MEA heat
exchanger

Mechanical filters

Lean MEA

Out




Doc. info

CASTOR Pilot Plant
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CASTOR Pilot Plant Test Programme
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Outline of Test Campaigns

Test 1 — Parameter variation

a) Optimisation of solvent flow rate (at 90% capture)
b) Variation of reboiler steam input at optimum solvent flow
c) Variation of stripper pressure (at 90% capture)

Test 2 — 500 hours of continuous operation

- Operation at "optimised” conditions

- Achieving 90% CO, capture (on average)

- Quantification of solvent consumption and degradation
- Characterisation of corrosion behaviour

Test 3 — Miscellaneous tests

- Absorber pressure drop measurements
- Emission measurements
- Etc.
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2"d MEA Test: Solvent Flow Rate Optimisation

Steam consumption (GJ/ton CO2)

Specific steam consumption and CO, recovery at stripper
pressure 0.85 bar, and flue gas flow 5000 Nm?3/h
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2"d MEA Test: 500 Hours of Continuous Operation

—Flue gas flow —— Steam consump. ——CO2recovery
6000 100
g T 90
O
c
£ 5000 11 1 g
=
b=
g + >
= 70 2
< I >
E 4000 -+ A 1 1 60 8
= «
O
; O
n
o
«» 3000 40
<
(@)
)
n T 30
T
2000 . : : 20

15-01-07 20-01-07

25-01-07 30-01-07

Average steam consumption: »3.7 GJ/ton CO,

14

04-02-07  09-02-07

Average CO, capture: 88 %



2nd MEA Test: Emission Measurements

Very low emission of MEA and other alkanolamines

Detectable emissions of the more volatile degradation products: NH; (25 mg/Nm?3),
acetaldehyde, acetone, formaldehyde

The water wash must be operated at temperatures similar to that of the flue gas in order to
achieve a neutral water balance => difficult to remove volatile degradation products e.g. NH;

Flue gas out
(»48-49°C) <:| wash <:| absorber <:| Flue gas in »47°C
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Overview of Operating Experience with CASTOR 1 & 2

General operating experience with CASTOR 1

Initially, the operation with CASTOR 1 was complicated by foaming. The problems
diminished when a proper antifoam agent was added

Difficult to reach high CO, loadings of solvent because of relatively slow kinetics
=> Difficult to obtain 90% CO, recovery

=> No improvement in regeneration energy compared to MEA

General operating experience with CASTOR 2
Stable operation (antifoam agent applied right from beginning)
Possible to reach relatively high CO, loadings
Small improvement in regeneration energy compared to MEA
90% CO, recovery can be reached

Loss of solvent!
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Comparison of Regeneration Energies with MEA, CASTOR 1 & 2

Specific steam consumption at stripper pressure 0.85-1.0 bar,
flue gas flow 5000 Nm3/h and 90 % CO, recovery
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CASTOR 2 Test: 500 Hours of Continuous Operation
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MEA & CASTOR 1 & 2 Tests: Flue Gas Impurities & Corrosion

Flue gas impurities
Typically, good balance between SO, input & sulphur uptake
Fouling of packings and process equipment seems low
1-300 ppm: CI, Ca, K, Mg, Na, P & Si
< 1 ppm: Cr, Cu, Hg, Mo, Ni, Pb & V

Corrosion studies

MEA: High corrosion rate for carbon steel at regenerator, low with stainless. Low
corrosion with carbon and stainless steels at absorber

CASTOR 1 & 2: Low corrosion with carbon and stainless steels at all positions
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Growth in Degradation Products during 500 hours Tests




Summary CASTOR 2 vs. MEA

Improvements with CASTOR 2 compared to MEA
Decreased regeneration energy 3.7 => 3.5 GJ/ton CO, (further improvement is plausible)
Increased CO, carrying capacity i.e. reduced pumping works
Degradation rate significantly reduced

Low corrosiveness

... and the drawbacks
Possible loss of solvent by physical mechanisms (entrainment & evaporation)

Cost of solvent
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Conclusions

Four 1000 hours test campaigns with MEA and novel solvents have been conducted
at the CASTOR pilot plant in Esbjerg. The campaigns have indicated that:

Stable operation on coal-derived flue gas is possible
The impact of flue gas impurities can be handled
Regeneration energy with MEA: 3.7 GJ/ton CO, at 90 % CO, removal

MEA emission very low, but detectable emissions of volatile degradation
products (e.g. NH;, acetaldehyde, acetone)

Small improvement in regeneration energy with CASTOR 2: 3.5 GJ/ton CO,
at 90 % CO, removal (further improvement plausible)

Implications for further work:

Possible to develop solvents with greater chemical stability and that are less
corrosive

Possible to develop solvents with improved regeneration energy compared to
MEA, however, difficult to obtain major improvements with solvent alone
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