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Introduction

Lakeland Electric & Water is investigating co-firing biomass with coal in existing coal
fired units. This technique involves the direct injection of shredded wood fiber material
into a pulverized coal fired furnace. Biomass was shredded to the consistency of fine
mulch and blown into the furnace through existing refuse fuel injection ports. Coal and
wood handling processing are separate. The Mcintosh Plant has the unigue benefit
that the original system was designed to fire 10% (heat input basis) refuse derived fuel.
It includes an existing solid waste processing facility and fuel transport system.

On August 26, 1998, tests were conducted at Lakeland's Mcintosh Plant to test the
biomass co-firing concept. Approximately 125 tons of shredded whole Eucalyptus trees
were acquired from a local supplier. Tests were conducted by Lakeland Electric, co-
firing this unit with a combination wood and coal. During a single continuous
performance test, plant data was collected to evaluate the effect of co-firing the wood
fuel.

In these tests, a co-firing level approaching 5% by heating value was achieved at full
load. Average wood consumption rate during the test was about 21 tons/hour.
Comprehensive stack tests were performed to determine the effect of co-firing wood
compared to the same load on coal only. Results of the stack test are included in this
report.

Boiler efficiency was lower with wood co-firing, due predominantly to fuel moisture and
increased excess air associated with the wood fuel injection. With wood co-firing, boiler
efficiency was reduced from baseline condition (100% coal blend) by approximately
one boiler efficiency percentage point.

The test period was short for establishing effects on operations and maintenance.
However, for the six hour test duration unusual slagging or fouling of the furnace was
not noted.

This report presents the results of this test

Objectives
The objectives of this test were:

1. Determine if the existing refuse injection system is suitable for direct injecting

shredded wood waste.
2. Evaluate the system performance when co-firing wood waste compared to 100%

coal firing.
3. Obtain stack emissions data with and without the co-firing:

C=
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Fuel Analyses

Wood fuel samples were taken and ultimate analysis and heating value were
determined by lab analysis. Copies of the lab results are attached. Following is a table
of these analyses:

‘Eucalyptus Coal/Pet Coke

Carbon I (% wt.) 24.91 74.24
Hydrogen (% wt.) 2.73 457
Oxygen (% wt.) 19.81 533
Nitrogen (% wit.) 0.11 1.43
Sulfur (% wt.) 0.04 2.14
Ash (% wt.) 0.94 7.45
Moisture (% wt.) 51.46 4.83
Higher Heating Value (Btu/lb) 4,238 13,305

Stack Test Results

Three hour stack tests were run for each of the firing conditions. The test data is
attached to this report. A summary of the results is as follows:

Coal Only Co-Firing
NOx ppmv, dry basis 2494 238.6
Ibs/MMBtu 0.504 0.481
SO, ppmv, dry basis 199.6 248.7
Ibs/MMBtu 0.561 0.697
PM grams/DSCF 0.00008 0.00011
Ibs/MMBtu 0.0035 0.0040

Effect on Boiler Efficiency

The boiler efficiency decreased by about 1% when coal heat input was replaced by
biomass. Following is a summary of the approximated heat losses:

Coal Only Co-Firing
Dry Gas (%) 5.61 5.74
H; & Hz0 in Fuel (%) 3.94 4.76
Moisture in Air (%) 0.15 0.15
Unburned Carbon (%) 0.50 0.50
Radiation (%) 0.16 0.16
Total Heat Loss (%) 10.37 1132
Boiler Efficiency (%) 89.63 88.68
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Fuel Handling

The existing fuel transport system handled the wood waste without problems. The
plant personnel commented that the feed rate was extremely stable compared to refuse
derived fuel.

Conclusions

Based upon tests conducted at the Mcintosh Plant, the following conclusions can be
made:

1. Wood was successfully co-fired by direct injection into the furnace. Co-firing levels
approaching 5% by heating value were achieved with the plant at full load.

2. Wood consumption rate with the existing system was about 21 tons/hour.

3. With co-firing the stack emissions indicated a reduction in NOX and an increase in
S02 and particulate. However, due to the low percentage heat input from biomass
these results are not conclusive. The nitrogen, sulfur and ash content of eucalyptus
fuel was lower than the coal on an as fired basis.

4. Boiler efficiency decreased with wood co-firing.

5. The shredded eucalyptus trees flowed easily through the existing system.

6. Unusual slagging or fouling was not noted in the short course of this test.

7. Particles of unburned wood were present to some degree on the dump grate.
Combustion of these unburned particles can be completed prior to dumping the
grate.
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PHOTO 1
Eucalyptus Chips As Received on Tipping Floor

PHOTO 2
Eucalyptus Chip Pile Prepared for Firing
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» PHOTO 3
Closeup View of Eucalyptus Chips

Atlas Storage Bin with Drag Chain Discharge Conveyors
l” and Pneumatic Transport Lines

i B
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PHOTO 5 ~ PHOTO®6
Baghouse for Dust Suppression System  Center Cone and Fuel Sweep Inside Atlas
and Pneumatic Transport Pipes Fuel Storage Bin
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PHOTO 7
Atlas Bin Floor Opening to Discharge Drag Chain
with Fuel Sweep Approaching Opening

| PHOTO 8
“ End View of 1 of 4 Drag Chain Discharge Conveyors
from Atlas Fuel Storage Bin
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PHOTO 9
Top View of Drag Chain Discharge
While Conveying Eucalyptus Chips

" PHOTO 10
Fuel Transport Pipes
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PHOTO 11 PHOTO 12
Fuel Transport Pipes 1 of 4 Rotary Air Locks Between
m Drag Chain Discharge and
I Fuel Transport Pipe
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PHOTO 13
Atlas Fuel Storage Bin
Coal Silos and Boiler in Background
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GENERAL OFFICES: 1918 SOUTH HGHLAMND AVE, SUITE 210 B, LOMBARD, ILLIND'S 60148 » TEL: 708 853-5300 MAX: YR-053.9308

, :T COMMERCIAL TESTING & ENGINEERING CO.

s seom Mamber of tha BOE Oroup (Sockéld Qdrdvahs da BurvalllLnes)
PLEASE ADDAEES ALL CCARERPDNDENCE TD);
18130 VAN DRUNEN RD.
. STUTH HOLLAND, n_ apsT3
Rpril 13, 1998 TEL! (70B) 2312900

FAX: (T08) 0535080

’ CITY OF LAKELAD
3030 E. Lake Parhker Dr,

Lakeland, FL 33805 Sazple identificetion by
Attn: Stever Parrigh City af Lakeland

b Kind of sample
reportad to us Pecroleoum Coke /l"-'n't..l h‘.l‘u-. =1
Sample ID: 480-50
Sample taken at ------

Bapple taken by ------

Date sampled March B, 1993

Date recelved JApril 3, 1998 ?.0. No. 2727
Analysis Rsport Ha. Ti-64516 FPage 1 of 1
ULTTMATE AMALYEIS
As Received Pry Basle

& Moisture &, B3 HIHRMK

% Carhon Ta.2% T78.01

% Hydrogen 4.57 4.80

% Hitrogan 1.43 1.50

% Sulfur 2.14 2.28

% Azh 7.45 7.84

' % Oxygen(diff) . - 1§ —5.60

L i100.00 100.00
Btu/lb 13305 13%80 MAF Btu 15169

| % Chlorina 0.1z 0.13

Flucrine, ug/g &8

METHOOS

Moisture: ASTH D 3302; Carbon, Hydregen & Hitropen: AEBTH D 5373; Suifur: ASTH D 4239 (Method C); Ash: ASTH 0 3174
Oxygen: Calcaleted Yalus (Dffference); Btuf'br ASTW D J286; Chlorine: ABTH D 4208; Fluorine: ASTH D 3Té1

by submited,
L8, TEBTING k& ENMGING

Ho and LAborstony

GVER 40 BRANCH LABORATORIES STRATEQICALLY LOCATED IN PAINCIPAL DOAL MIREND AREAS, TIDEWATER AND GRASAT LANES FORTE, AND AIVER LOADING FAQILITEEE

F-485/0T 185 ; R
| wiginsl Walsrmaznced For Your Prolaction TERMS AND COWDITHING DN AIVERSE b iy



SEP-25-88 FRI 03:22 PN GENERAL T?S? LAB

GEMERAL TEST LABODRATORY
P.C. Box A1

MIRMINGHHIAM, ALADAMA 3521
(205) 604 - 0081

FAX NO. 2501654 F. 04

ALABAMA A
POWER

AFOUTHEIRM COMPANY

CERTIFICATE OF ANALY SIS
TO: Customar Ascount
Addresa: Sample Oste ; 26 ALg-08
Lebaratery Ascount © CSDIG
Doscrlption McBurney Corp, Eucalyptus Fusl Rucelved Dale ! 03-Bop-i8
Labaraloty | Mumbar AC24135
Tedl Numn Ralerunce Reaun Unile
Dry Basis
Ash, Dry ASTM O 5142 1.83 % By Weight
Heat of Combustion, Dry ASTM D 5865 a730 Blwib
Carbon, Dry Basis ASTM D 5372 B1.32 % By Waight
Hydregan, Dry Basio ASTM D 6373 5.52 % By Weight
Nitrogen, Ory Besle ASTM D 5373 D.23 o By Weight
Chlorine, Dry Basla ASTM O 3784 469 mg'kg
Suifur, Nry Basig ASTM D 4238 0.08 % By Wealght
As Recenved
Wolgiura, Tolal ASTM D 2013 51.48 % By Weight
Ash, As Reccived ASTM D 5142 0.94 % By Weigh!
Heut aof Combushon, As Recalved ABTM O 5885 4238 Btufb
Corbon, As [isceived ABTM D 5373 2491 % By Welight
Hydrogan, As Received ASTM D 5373 273 % By Weight
Nitrogon, As Received ASTM D 5373 011 % By Waighl
Chiorine, As Rocelved ASTM D 3781 242 mg/kp
Sulfur, Aa Recelved ASTM D 4238 0.04 %, By Walght
Gencral
Iloat of Combiration, MAF ASTM D 5885 BB02 Blwib
Coal Contract Sulf - ¥/mmBlu ABTM D 3180 0.082 ipaimmBTU
sulfur - Ibs/mmBTU ASTM D 3180 0.092 Ipa/mmBTU

This Cartificale atales tha physical andfo

Commenla;

Quality Contrel
ce

r ehamics! characterstics of the sample as submiltrd

Suparvislon

Page 1

Data : 8725/98

cmifccal
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Compumy: e (it of Lukelund, EPD J:'r'eummaﬁ Results

Frant: (LD, Velntoah. jr. Power Plunt P“ SD‘} Hnd \Ox
Location: Liheland, Polk County, Florida g
Tochniciuas: LJH, DKV, RPO Unit M-3 Boimass
‘buurte Lait 3. o364 MV Steum Hoiler
]'.‘Ial:e i 2 %3698 |
3tart Time (24 hr. CEMS time) L1055 1545 | 189
St0p Time (24 hr, CEMS time) 1 O E 1L 4553 |
T Jﬂ:‘ e .= i o 2 gl — = 3 - i e T -

fj‘.;i 24

‘Fuel Tlow (tons.br of coal + petroleum coke) G !
Tuel Flow (tonshr of refuse derived fuel) i <03 131 27
sHeat Inpur (VDM U3tu by, coal + coke + refuse) T il A =202 34233
1Unit Load (7 capaciry, based upon 3640 M\ Tmu b maimuml 9L 7410 24.0
Gencrator Outpur ['ﬁ.ﬁ‘r average for the tests) '
Stmk Bis Sim == = : TE=C ==
PM HorCold Rox No. [ -
Dy Gas Meter Factor 1.9888 N.9888
“\tmospheric Pressure (" Iz absolute) l 2948 254 19.45
‘Average AH i meter difterential pressure & orifice) 229 137 2.33
|Average Meter I'emperature (°R) [ 349.0 554.5 552.0
(Sample Volume a1 STP. dry hasis |SCT) R8.799 93.639 91.229
N aisture (5 volume) ' 11.76 10.63 11.21
|D (% volume, dry basis) i 8.82 B.BD B.B1
1O (T volwne, dry basis) 11.71 10,74 10.73
Uatach Velocity (fosec @ stck conditions) 8h.15 87.56 ' 36.86
'Srck Mow wet (kSCTFM) 1158.87 1en.71 | 1162.79
‘Stack Flow drv (SCFID i & IdG-07 6 25F<07 6 20E+07
|::':|mple Run Time (minutes} 120 120 120
F"'-I Sample Nozzle Area (ft) 0.0001917 0L.0001917 N.00192

% ot Isnlunenc aa:nhnﬂ

Iﬂwerdvc Ta W e1ght 03791 03641 03716

-Average Final Weight N.3851 0.3684 0.3758

| Filter Weioht rain |

m _
~verage Ture Weight

—wamge Fimal W e:uht

Filter Elank "ﬁ- ei Uht G:l.ttl

|L olume ( Ju.l.mnz::l
[-'w::rag: Tare Weight
Average Final Weight
“\.c:u'_z!e w eml'n Er.'un

[\’ Dlumc (Acetone)

iAverage Tare Weight 101.6676 101.6676 101.6676
| Average Fin Weight 101.6682  101.6082 101.6682
tcemne Blank Rtalduf Concentration (mz'me) . ﬂﬂﬂﬂﬂ?ﬁ 0. m}mme G.0000076

Collected Blank Weis eight ("nn-ecumu uemma - Fllmr}

|Tn.'11

T 0.00060 0.00060

Total Collected Sample Weight (Filter + Nozzle + Loose PA) 0.01075 L0099

| Total Collected Particulate Marer. Elanl. & UI‘[‘ECIed ie) 0.01015

2 T R P e = = B = =5 s
INO (ppmv, dry basis) 249.4 238.6 440 |

NO: (IbsADVBI, per EPA Method 19 (). *F, Factar " 0.504 0.451 0.493 0.70
;30 tppmy. dry basis) 199.6 2487 224.2

SO (AbsVDV By, per EPA Method 19 (0, “F, Factor® ) 0.561 0.697 | 0.629 1.20
‘PAltgrams PNIDSCT flue gas) U.00009 2000it | 0.00610

PM (1bsADMBtu, per EPA Method 19 O, °F, Factor" ; 0.003§ 0000 | o003 | 0030

festing by Cubix Corpurstiva - Austin, Texas - Gainesville, Flonda





