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» Deposition investigation

e Corrosion studies

e Conclusion
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Aim

* To grow 200,000 ton/year switch grass (SWG) as an alternative
revenue generating crop

* To improve soil stability and reduce soil erosion

» Replace 5% of the coals used at Alliant Energy’s Ottumwa Generation
Station by Co-firing of switch grass
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» Second co-firing test Nov. - Dec. 2003:
-Improved SWG processing equipment

-Verify results from first campaign

-Characterization of ash samples

» Objectives of the present campaign (Feb. - May 2006):
-Assess long term impacts on boiler operation

-Emphasize on corrosion and deposition phenomena
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*Operated by Alliant Energy
«725 MW, PF unit with ESP

«Corner-fired, twin furnace g
design : L

*PRB low sulfur coal
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Test # Date Time Boiler load SWG share
(%-wt., dry)

Co-firin

1 ° 22. March 990 1490 100% 3,1

2 22-23. March ~ 23%-04% 50% 5,1

3 23. March 990 1400 100% 3,0

4 23-24. March ~ 23%°-04% 50% 4.6

5 24-25. March 7°°-09°  “normal load” 3,3

Coal reference

1 3 July 8% . 12% 100% -

2 3 July 12%°-16% 100% -

3 5 July 20°° - 00%° 50% -

4 6 July 00%° - 4%° 50% -

5 6-7 July 6°-6°  “normal load” -
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metal temperature !
Exposed for 2880 hours
4 types of steel tested

Mounted in epoxy and
analyzed by SEM-EDX

Fuel & ash
» Sampling and analysis of coals & SWG

» Sampling and analysis of fly & bottom ash
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» Deposit samples analyzed:

-Elemental analysis
-Soluble(aq) K, Na, S & ClI

SEM analysis of test rings



Si Al Ti Fe Ca Mg Na K P S C(Cl

Coal (reference - July) 0.97 0.47 0.05 0.26 1.18 0.22 0.09 0.02 0.02 0.30 0.002
Coal (co-firing - March) 0.88 0.55 0.05 0.21 1.10 0.20 0.11 0.02 0.02 0.29 0.002
SWG 1.79 0.07 0.00 0.05 0.51 0.14 0.01 0.39 0.12 0.07 0.07

Changes in bulk ash composition

Test

SWG share Gainin  Al/(K+Na) Si/(K+Na) Cl/(K+Na) 2S/(K+Na)
(Y-wt., dry) K+Na (%)

Pure coal (average)
Co-firing (50% load)

0 - 3.9 6.0 0.01 3.6
4.8 13 3.3 5.7 0.03 3.2
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Deposition flux (g/m °
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Probe position



Date:

Location:
Depositprobe no.:
Load:

Flowdirection:
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Alliant OGS
SWG deposit trial

Alliant OGS
SWG deposit trial

Date:

Location:
Depositprobe no.:
Load:
Flowdirection:

Temperature:




@ Co-firing (100% load) @ Co-firing (100% load)

| Coal-firing (100% load) | Coal-firing (100% load)
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» Cl <0.1 %-wt. for all samples (typically below DL)
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@ Co-firing (100% load) @ Co-firing (100% load)

B Coal-firing (100% load) B Coal-firing (100% load)
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» Cl <0.1 %-wt. for all samples (typically below DL)

* High Fe content due to steel contamination!

DONG

EenergLy



Conc. of soluble K (%-w
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SWG share (%-weight)

Conc. of soluble K (%-we
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Coal reference:
Tests 1,2 — 100% load |/ 0.35 \V 0.04 Y 158 89 37 197 39 [/ 1.9 [0.32 A 0.86 /{0.001
Test 3 — 50% load 0.30 A 0.03 | 156 9.1 36 200 3.8 \ 1.8 \/0.30 \/0.90\/0.001

Test 1 - 100% load 0.97 ( 0.09 ) 154 . . . 0.44 0.002
Test 2 — 50% load 0.93 A\ 0.12 | 15.2 . . . ‘ 0.44 ‘ ‘ 0.002

N S NN\

« Small increase in potassium and soluble potassium during co-firing SWG

» However small variations in coal composition (e.g. Na) have greater impact
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SEM-EDX results

* No Cl or K present within deposit
or oxide layer

» Al, Ca & Sirich particles

- Na & S present between particles - . _ . o
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« Test specimens were cross-sectioned and mounted in epoxy

» Four different steel materials were tested

Material C Fe Cr Ni Mn Mo Nb Si

10CrM0910 | 0.07-0.15 rest 2.0-2.5 0.40-0.70 0.90-1.0 0.20-0.50

13CrMo44 0.08-0.18 rest 0.70-1.10 0.40-1.00 0.40-0.60 0.10-0.35

347H 0.04-0.10 rest 17.0-20.0 9.0-13.0 <2.0 0.8-1.0 <1.00

304H 0.04-0.01 rest 18.0-20.0 8.0-10.5 2.00 0.75
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Al, Ca & Si rich particles
Inner depositrichinCa &S ==="=
Outer oxide layer (#4,5): Fe-oxides

Inner oxide layer (#7,8): Fe,Cr,Ni-oxides

No traces of chlorine!! o S T

DONG

EenergLy




Al, Ca & SI rich particies

Inner depositrichin Ca, (K) & S= = = =

Outer oxide layer(#8): Ca, Fe-oxides

Inner oxide layer (#5-7): Cr, Fe & S

S present throughout deposit

No traces of chlorine!!
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The chemical composition of the deposits was not significantly influenced

A marginal increase in the concentration of water-soluble potassium of the
deposits and fly ash was observed

Generally, the effects of co-firing 5% SWG were low compared to that of
variations in the coal composition
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- Sulfur played a dominating role in the corrosion mechanism. The sulfur
input with SWG is negligible compared to that of the coals

- No distinct difference in the corrosion resistance was observed between
the four steel materials tested
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