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Appendix A. 

Abbreviations 
 
 
 
 
ACFB atmospheric circulating fluidized bed 
AF as fed 
B&W Babcock & Wilcox 
CFD Model computer fluid dynamic model 
COE cost of energy 
DB dry basis 
DOE Department of Energy 
EPC engineer, procure, and construct 
FIR Forced Internal Recirculation  
GTI Gas Technology Institute 
HHV high heating value 
LCV low caloric value gas 
LHV low heating value 

F moisture free 
NEPA National Environmental Protection Act
NOx nitrogen oxides 
O&M operating and maintenance 
psia pounds per square inch - absolute 
VOC volatile organic carbon 
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Appendix B 
List of Specifications Developed 

 
 
Gasifier (including cyclone and startup heater) 
Fuel Feed 
Limestone Feed 
Gasifier Ash Removal 
Process Air 
Product Gas Ducting 
Product Gas Cooling 
Product Gas Filtering 
Filter Ash Removal 
Flare 
High Pressure Cooling Water 
Nitrogen Distribution 
Biomass Dryer Specification 
Biomass Feed Prep  
Inert Gas Generation System 

aste Heat Boiler 
tartup Gas Supply 

W
S
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Appendix C 
Analytical Data 
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Appendix D 
Typical Material & Energy Balance  
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Material & Energy Balance - Test Run 15, April 15, 2003 
 

Input Lbs/hr C        H O N S Ash Total Btu Adj 
Value Original values

Biomass (Menard) 1.37 0.18 1.30     0.00 0.000 0.01 2.87 23,132 3 
Moisture      0.00 0.00   0.00  
Steam        0.840.10  0.94  1,371 7.11 g/min
Air      1.41 4.65 6.06 1,907 35 35.5 l/min 
Nitrogen (purge)        0.66 0.66  2.9 4 l/min
Total Input 1.37 0.28 3.56 5.31   0.00 0.01 10.54 26,411  

   
Output          C H O N S Ash Total Btu

Solids      0.02    0.01 0.03 379
Oils/Tars         0.01 0.015 225
Condensate     1.100.14  1.23  2,216 1019 840
Product Gas Composition          0

Lbs/hr 0.34261           2.057 cfm
H2 11.95% 10.200% 13.700%        0.08 0.08  
CO         10.11% 8.620% 11.600% 0.42 0.55 0.97 
CO2         17.00% 16.200% 17.800% 0.70 1.86 2.56 
CH4     3.59% 2.610% 4.570% 0.15 0.05 0.20  
C2H4      0.46% 0.420% 0.509% 0.04 0.01 0.04  
C2H6      0.11% 0.076% 0.148% 0.01 0.00 0.01  
C3H8      0.02% 0.015% 0.020% 0.00 0.00 0.00  
C6H6      0.13% 0.135% 0.120% 0.03 0.00 0.03  
N2       55.45% 60.500% 50.400% 5.32 5.32 6,840 
O2       0.45% 0.34% 0.56% 0.05  0.05  
H2S      0.0154% 0.0159% 0.0149% 0.0001  0.0017 0.0018
COS     0.0009% 0.0008% 0.0009% 0.0000  0.0000 0.0001 0.0002
Total 
Gas Average Sample 

1 Sample 2 1.34        0.14 2.47 5.32 0.00 0.00 9.28 20,358

Total Output 1.38 0.28 3.57    5.32 0.00 0.01 10.56 30,019
Balance (Output/Input), % -0.16% 0.27% -0.28% -0.09% 0.00% 0.00% -0.18%  
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Material & Energy Balance - Test Run 27, June 26, 2003 
 

Input          Lbs/hr C H O N S Ash Total Btu Adj Value Original values 
Biomass (Menard)  1.65 0.21      1.56 0.00 0.0003 0.0151 3.44 27,726 3.3  
Moisture            0.00 0.00 0.00 
Steam           0.09 0.73 0.82 1,202 6.23 g/min 
Air         1.55 5.11 6.65 2,096 35 39 l/min 
Nitrogen (purge)     0.35    0.35  2.3 2.1 l/min 
Total Input  1.65 0.30 3.85 5.46        0.0003 0.02 11.27 31,023

Output         C H O N S Ash NH3 Total Btu
Solids           0.04  0.00  0.0151 0.06 663
             
Oils/Tars         0.05 0.00 0.00 0.00 0.055 824 0  
             
Condensate        0.01 0.16 1.29 0.0041 1.46 2,612 577 770  
Product Gas 
Composition          0   

Lbs/hr 0.345507           2.075 cfm 
H2 7.000%           0.05 0.05 
CO           12.500% 0.52 0.69 1.21 
CO2           16.200% 0.67 1.79 2.46 
CH4         4.520% 0.19 0.06 0.25 
C2H4         1.300% 0.11 0.02 0.13 
C2H6         0.160% 0.01 0.00 0.02 
C3H8         0.033% 0.00 0.00 0.01 

C6H6 plus          0.220% 0.05 0.00 0.06 
N2         56.500% 5.47 5.47 7164
O2 0.65%         0.07 0.07 

H2S          0.0023% 0.0000 0.0002 0.0003 
COS          0.0000 

Total Gas Sample 1 1.56 0.14 2.55        5.47 0.0002 0.00 9.71 20,531
Total Output 1.65          0.30 3.85 5.47 0.0002 0.02 11.28 31,793

Balance (Output/Input), % -0.07% -0.07% -0.04% -0.14%   0.00% -0.05%  
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Material & Energy Balance - Test Run 29, June 30, 2003 

 
Input Lbs/hr C H O N S Ash Total Btu Adj 

Value Original values 

Biomass   1.46 0.19 1.39     0.0031 0.000 0.01 3.05 24,583 3.2 
Moisture          0.00 0.00 0.00 
Steam           0.09 0.72 0.81 1,179 6.1143 g/min 
Air         1.29 4.26 5.54 1,746 28 32.5 l/min 
Nitrogen (purge)         0.12 0.12  2.3 0.75 l/min 
Total Input  1.46 0.28 3.40 4.38      0.00 0.01 9.54 27,508  

   
Output           C H O N S Ash NH3 Total Btu

Solids           0.017 0.004 0.0000 0.01  0.034 408
Oils/Tars        0.055 0.005 0.00 0.062 934 0.01 

Condensate        0.007 0.13 1.01 0.076 0.0029 1.14 2,048 582 690 gms 
Product Gas Composition            0

Lbs/hr 0.301099           1.8083 cfm 
H2 11.15% 11.40% 10.90%          0.07 0.07 
CO           10.60% 10.80% 10.40% 0.383 0.51 0.89 
CO2            18.85% 18.90% 18.80% 0.681 1.82 2.50 
CH4        4.54% 4.64% 4.44% 0.164 0.05  0.22 
C2H4       1.120% 1.140% 1.10% 0.081 0.01  0.09 
C2H6       0.230% 0.240% 0.22% 0.017 0.00  0.02 
C3H8      0.120% 0.123% 0.12% 0.013 0.00  0.02 
C6H6 
plus 0.20% 0.20% 0.20% 0.044 0.00      0.05 

N2        51.90% 51.20% 52.60% 4.38  4.38 6,106
O2        0.51% 0.57% 0.46% 0.05  0.05 

H2S 0.0024
% 

0.0023
% 

0.0024
%       0.0000 0.0002  0.0002 

COS            
Total 
Gas Average Sample 

1 
Sample 
2 1.382          0.15 2.38 4.38 0.0002 0.00 8.28 17,892

Total Output   1.462 0.28 3.40      4.45 0.0003 0.01 9.52 27,389
Balance (Output/Input), %  -0.002 -0.20% 0.15% -1.49% 13.17% 0.00%  0.19%
 




