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MANURE AND COAL COMPOSITION
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Higher Heating Value (BTU/Ib)

FUEL PROPERTIES ~ HEATING VALUE

(AS RECEIVED; SWEETEN ET AL., 2006)

f,143
3704
4,235

Manuyre: Soil-Surfaced Manure: Ash-Surfaced PC Manure: Soil- PC Manure: Ash- Texas Lipnite Wyoming Powder River
Pens Pens Surfaced Pens Surfaced Pens Basin Coal

Fuel Type




ViiNnimum Acceptable Fuel Value

= HHV target = 3,500 BTU/Ib
HHBYV target = 4,500 BTU/Ib
e Moisture = 20% wb

A Soil-surfaced pens (Sweeten et al,, 2006)

Paved pens (Sweeten ef al., 2006) ® Panda Ethanol's MAFV Is 2 , 758 BTU/Ib
e Only manure with HHV>MAFV will be accepted

o Maximum moisture content is 20% (wb)
o At MC=20%, maximum ash content is 60% (db)
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A Closer Look

Panda Ethanol’'s MAFV is 2,758 BTU/Ib

The drier the manure, the more ash is permissible
Absolute maximum ash content is 67% (0% moisture)
Practical maximum ash content is 65% (7% moisture)
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Maximum Ash Fraction for MC<25% (wb)

wee Minimuem Acceptable Fuel Value = 2,758 BTU/Ib
wee HHV target = 3,500 BTU/Ib
HHY target = 4,500 BTU/Ib
L Soil-surfaced pens (Sweeten et al., 2006)

© Paved pens (Sweeten et al., 2006)
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Ash Fraction (db)






Hazen Research, ine. "

4601 Indiana Street Dai:e March 27 2007

Goiden, CO 80403 USA .

ibisiop ok Spinf HRI Project 002-SW1

bish eyl HRI Series No. C25/07-7
Date Rec'd. 03/07/07

[ |
Cust. P.O.# 1727828
Texas Agricultural Experiment Station Sample Identification
Kevin Heflin PO0OO7
6500 Amariilo Blvd. West

Amarillo, Texas 79106

Reporting
Basis > As Rec'd

= Major Components -

Sulfur
Btu/1b (HHY)

+ Proximate analysis (Moisture, ash, volatiles, fixed C) e Bt

Air Dry Loss (%)

Ultimate (%)

Moisture

« Ultimate analysis (Moisture, ash, C, H, N, S, O) i

Nitrogen .
Sulfur ; 0.17
Ash . 41.70

Oxygen* _17.74 _17.74
Total . 100.00

« Heating values (HHV, MMF/DAF etc.) e

Forms of Sulfur (as $,%) : Lb. Ash/MM Btu= 84.91
_ Lb. S02/MM Btu= 0.69
Sulfate ; _ HGI= @ % Moisture
As Rec'd. Sp.Gr.=

»  Other useful informat L e
y Sf USETURIRTC RS roc AL TR R e 100
ota .
Water Soluble Alkalies (%)

Report Prepared By;

—

Na20 Gerard H. Cunningham 36/
K20 Fuels Laboratory Supervistr

* Oxygen by Difference.
** Not usually reported as part of the ultimate analysis.

An Employee-Owned Company
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Proximate Analysis

e Ash

= Ashing furnace (600° C)

100%
(as received)

Hazen Research, ine.

4801 Indiana Street
Golden, CO 80403 USA
Tel: (303) 279-4501
Fax: (303) 278-1528

Texas Agricultural Experiment Station

Kevin Heflin
6500 Amariilo Blvd. West
Amarillo, Texas 79106

Reporting
Basi

Proximate (%)

Moisture
Ash
Volatile
Fixed C
Total

Sulfur

Btu/1b (HHY)

MMF Btu/1b

MAF Btu/1b

Air Dry Loss (%)

Ultimate (%)

Moisture
Carbon
Hydrogen
Nitrogen
Sulfur
Ash
Oxygen*
Total

Chlorine*¥*

Forms of Sulfur (as $.,%)
Sulfate

Pyritic
Organic i

Total 0.17
Water Soluble Alkalies (%)

Naz0
K20

* Oxygen by Difference.

Date

HRI Project
HRI Series No.
Date Rec'd.
Cust. P.0.#

Sample Identifi

0.17
41.70
17.74

100.00

March 27 2007
002-SW1
C25/07-7
03/07/07
1727828

cation

Lb. Alkali/MM Btu=

Lb. Ash/MM Btu=
Lb. S02/MM Btu=
HGI= @

As Rec'd. Sp.Gr

84.91
0.69
% Moisture

Free Swelling Index=
F-Factor{dry),DSCF/MM BTU= 12,085

Report Prepared

By:

—

Gerard H. Cunningnam /
Fuels Laboratory Supervisé;

** Not usually reported as part of the ultimate analysis.

An Employee-Owned Company




0 ; Hazen Research, Inc. "
'1 OO /O ' 4601 Indiana Street Date March 27 2007
S HRI Project — 002-SW1
Date Rec'd. 03/07/07

[ - .
U |-t I I I I a-t E } / \ I I a | y S I S (aS reCe|Ved) Cust. P.O.# 1727828
Texas Agricultural Experiment Station Sample Identification
Kevin Heflin PO007

6500 Amariilo Blvd. West
Amarillo, Texas 79106

Reporting
Basis > As Rec'd

Proximate (%)

Moisture

. [ |

¢ Moisture
Fixed C

Total

e Sulfur
«" S Btu/1b (HHV)
MMF Btu/1b

MAF Btu/1b
Air Dry Loss (%)

Ultimate

« Carbon

Carbon
Hydrogen
Nitrogen

< Hydrogen e

shlorine**

:' N |trogen (b, Alkali/MH Btu=

Forms of Sulfur (as S$.%) : Lb. Ash/MM Btu= 84.91
_ Lb. S02/MM Btu= 0.69
Sulfate E _ HGI= @ % Moisture

e Pyritic - : As Rec'd. Sp.Gr.=
.. Su |fu r Organic e ' Free Swelling Index=
AR F-Factor(dry),DSCF/MM BTU= 12,085
Total 0.17
Water Soluble Alkalies (%)

e
.. Oxyg< >n Na20 Gerard H. Cunningham g
K20 Fuels Laboratory Supervisé;

* Oxygen by Difference.
** Not usually reported as part of the ultimate analysis.

Report Prepared By;

—

An Employee-Owned Company




Hazen Research, Inc. "
4601 Indiana Street Date March 27 2007
Golden, CO 80403 USA HRI P}"Oject 002-SW1

Tel: (303) 279-4501 r
Fax: (303) 278-1528 HRI Series No. C25/07-7

Date Rec'd. 03/07/07

l B
Cust. P.O.# 1727828
Texas Agricultural Experiment Station Sample Identification
Kevin Heflin PO0OO7
6500 Amariilo Blvd. West

Amarillo, Texas 79106

Reporting
Basis > As Rec'd

Proximate (%)
.. 3 b | - Eg;sture
e Om Ca Orl metry g?lg'g%e

Total

+ HHV = gross calorimetric value (w/condenser recovery)

Ultimate %

Moisture

« LHV = net calorimetric value (no condenser recovery) e

Nitrogen .
Sulfur ; 0.17
Ash . 41.70

Oxygen* _17.74 _17.74
Total . 100.00

« "As Rec’'d” column gives heating value for comparison -
with Minimum Acceptable Heating Value (MAHV) of et i s L

Pyritic o : ' As Rec'd. Sp.Gr.=

: 2 7 3 | | Organic Tl ' Free Swelling Index=
) AR F-Factor{dry) ,DSCF/MM BTU= 12,085
Total 0.17

Report Prepared By;

Water Soluble Alkalies (%) -

Na20 Gerard H. Cunningham 36/
K20 Fuels Laboratory Supervistr

* Oxygen by Difference.
** Not usually reported as part of the ultimate analysis.

An Employee-Owned Company




Other Useful Information

« \Waste yield per unit energy yield

= Slagging, corrosivity, ash, air pollutants

« Helpfu
forag

IN project
Ven powe
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ution-control requirements
t

Hazen Research, ine.

4801 Indiana Street
Golden, CO 80403 USA
Tel: (303) 279-4501
Fax: (303) 278-1528

Texas Agricultural Experiment Station

Kevin Heflin
6500 Amariilo Blvd. West
Amarillo, Texas 79106

Reporting

Basis > As Rec'd

Proximate (%)

Moisture
Ash
Volatile
Fixed C
Total

Sulfur

Btu/1b (HHY)

MMF Btu/1b

MAF Btu/1b

Air Dry Loss (%)

Ultimate (%)

Moisture
Carbon
Hydrogen
Nitrogen
Sulfur
Ash
Oxygen*
Total

Chlorine*¥*

Forms of Sulfur (as $.,%)
Sulfate
Pyritic
Organic i
Total 0.17

Water Soluble Alkalies (%)

Naz0
K20

* Oxygen by Difference.

Date March 27 2007
HRI Project 002-SW1

HRI Series No. C25/07-7
Date Rec'd. 03/07/07
Cust. P.O.# 1727828

Sample Identification
PO00O7

Lb. Alkali/MM Btu=

Lb. Ash/MM Btu= 84.91

Lb. S02/MM Btu= 0.69

HGI= @ % Moisture
As Rec'd. Sp.Gr.=

Free Swelling Index=
F-Factor{dry) ,DSCF/MM BTU= 12,085

Report Prepared By;

@4!====E=iﬁilll e
Gerard H. Cunningnam /
Fuels Laboratory Supervisé;

** Not usually reported as part of the ultimate analysis.

An Employee-Owned Company




