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MEMO
To: Lee Lynd, Bruce Dale, Sandy McLaughlin, Jim Kiniry, Michael Casler, Hans Jung
From: Mark Laser
Cc: Eric Larson, Haiming Jin, Fuat Celik, Kemantha Jayawardhana, Nathanael Greene,

John Sheehan

Subject: Revised methodology for developing model switchgrass compositions
Date: February 2, 2004

I. Background
As discussed in an earlier memo (12/18/03; see below), the Role of Biomass in America’s
Energy Future project analysis requires that we use justifiable feedstock composition values that
can withstand critical inspection. The memo presented a methodology to develop model
compositions, the basis of which was discussed during a 1/8/04 conference call. Several points
were raised during the call suggesting that the methodology be revised to:

• Distinguish between two harvesting schemes: 1) a single-cut, late season harvest; and 2) a
2-cut scheme with 1 early season harvest, and 1 late season harvest.

• More accurately account for maturation effects: both cell wall carbohydrate (cellulose
and hemicellulose) and lignin increase with maturity; protein and soluble carbohydrates
decrease with maturity.

• Differentiate between cell wall carbohydrate and soluble carbohydrate.

II. Revised methodology

A. Reference case

I’ve revised the methodology to address the above concerns, paying particular attention to
adequately characterizing maturation effects. The NREL switchgrass composition database
(DOE, 2003) remains the starting point. The database contains data for single-cut harvests from
two different years: 14 samples from October 1, 1991 and 25 from August 1, 1992. I’ve
disregarded the October harvest, however, as it had been grazed by beef steers earlier in the year
(Wiselogel et al., 1996). A reference case (Table 1) was calculated from the set of August
samples as follows:

1) Begin with normalized average from NREL database for August 1 harvest date (Table 1,
Column B).

2) Explicitly account for extractives using data from Thammasouk et al. (Table 2).

3) Add acetate using mass fraction from Thammasouk et al. (0.09*xylan; Table 1, Column
D).

4) Normalize composition (Table 1, Column E).
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B. Component maturation rates

The following linear rates of change as a function of maturity are used  (see Table 3):

1) Cell wall carbohydrate

The reference case is assumed to be at a heading stage of maturity. The linear rate of
change in cell wall carbohydrate (quantified as neutral detergent fiber – acid dissolved
lignin) as a function of day of the year for vegetative to heading stages of growth—9.01 x
10-4 mass fraction cell wall carbohydrate/day—represents the average of that calculated
from Jung and Vogel, 1992 (assuming 0.54 leaf to stem ratio calculated from Lemus et
al., 2002) and Burns et al., 1997 (Figure 1). For post heading changes, the average linear
rate reported by Casler and Boe, 2003 is used: 4.84 x 10-4 mass fraction cell wall
carbohydrate/day.

2) Lignin

The linear rate of change in lignin as a function of day of the year for vegetative to
heading stages of growth—6.12 x 10-4 mass fraction lignin/day—represents the average
of that calculated from Jung and Vogel, 1992 (assuming 0.54 leaf to stem ratio calculated
from Lemus et al., 2002) and Burns et al., 1997 (Figure 2). For post heading changes, the
average linear rate reported by Casler and Boe, 2003 is used: 2.82 x 10-4 mass fraction
cell lignin/day.

 C. Model cases

The following model cases are developed from the reference case as follows (compositions are
summarized in Table 4; harvest dates are shown in Figure 3):

1) Base case, 2-cut, spring harvest

• Start with reference composition

• Assume mid-June harvest date: 45 days before reference harvest

• Cell wall carbohydrate mass fraction decreases relative to reference case according to
rate for vegetative to heading growth stages (Table 3).

• Lignin mass fraction decreases relative to reference case according to rate for
vegetative to heading growth stages (Table 3).

• Protein mass fraction assumed to be 0.10, based on Brejda et al., 1994, Burns et al.,
1997, and B. Dale, personal communication, for early season harvests.
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• Ash fraction remains same as reference case.

• Acetate/xylan ratio is assumed to remain same as reference case at 0.0903. (Acetate is
a component of hemicellulose.)

• Uronic acid/xylan ratio is assumed to remain same as reference case at 0.0865.
(Uronic acid is a component of hemicellulose.)

• Remaining mass is divided among soluble carbohydrates according to reference case
proportions.

2) Base-case, 2-cut, fall harvest

• Assume November 1 harvest date.

• Assume  period from June 15 cut to heading is 90 days (Sept. 15); therefore, second
harvest comes 45 days after heading

• Cell wall carbohydrate mass fraction increases relative to reference case according to
rate for post heading (Table 3).

• Lignin carbohydrate mass fraction increases relative to reference case according to
rate for post heading (Table 3).

• Acetate/xylan ratio is assumed to remain constant at 0.0903.

• Uronic acid/xylan ratio is assumed to remain constant at 0.0865.

• Remaining mass is divided among soluble carbohydrates and protein according to
reference case proportions.

3) Base-case, 1-cut fall harvest

• Assume November 1 harvest date, or 90 days after heading

• Cell wall carbohydrate mass fraction increases relative to reference case according to
rate for post heading (Table 3).

• Lignin carbohydrate mass fraction increases relative to reference case according to
rate for post heading (Table 3).

• Acetate/xylan ratio is assumed to remain constant at 0.0903.

• Uronic acid/xylan ratio is assumed to remain constant at 0.0865.
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• Remaining mass is divided among soluble carbohydrates according reference case
proportions.

4) Advanced cases

• Assume cell wall carbohydrate increases 10% relative to corresponding base case
harvest

• Assume ash is reduced by 50% relative to reference case.

• Acetate/xylan ratio is assumed to remain constant at 0.0903.

• Uronic acid/xylan ratio is assumed to remain constant at 0.0865.

• Remaining mass is divided among lignin, soluble carbohydrate, and protein using
corresponding base case harvest.
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Table 1. Reference case composition determination.

Component

(A)
NREL

Database
Average

(B)

Normalized
Average

(C)

Extractives
Fraction

(D)

Average +
Acetate

(E)

Reference
Case

Cellulose 0.3345 0.3229 0.3229 0.3168
Hemicellulose 0.2651 0.2560 0.2560 0.2511
Soluble carbohydrate   0.0000 0.0307 0.0307 0.0301
Glucan 0.3345 0.3229 0.3229 0.3168
Glucan (soluble)     0.0242 0.0242 0.0238
Xylan 0.2222 0.2145 0.2145 0.2105
Arabinan 0.0299 0.0289 0.0289 0.0283
Arabinan (soluble)     0.0007 0.0007 0.0007
Galactan 0.0099 0.0096 0.0096 0.0094
Galactan (soluble)     0.0058 0.0058 0.0057
Mannan 0.0030 0.0029 0.0029 0.0029
Total carbohydrate   0.0000 0.6095 0.5979
Uronic acid 0.0192 0.0185 0.0185 0.0182
Total lignin 0.1813 0.1751 0.0656 0.2406 0.2361
Protein 0.0530 0.0511 0.0009 0.0520 0.0510
Extractives 0.1192 0.1151 0.1151  
Ash 0.0635 0.0613 0.0180 0.0793 0.0778
Acetate     0.0190 0.0190
Mass Closure 1.0358 1.0000 0.1151 1.0190 1.0000

Table 2. Composition of ethanol extractives from switchgrass (Thammasouk et al., 1997).
Component Mass Fraction (dry wt. basis) Normalized Mass Fraction
Total carbohydrate 0.2070 0.2663

Glucan 0.1635 0.2103
Xylan b.d.l. -
Galactan 0.0390 0.0502
Arabinan 0.0045 0.0058
Mannan b.d.l. -

Total lignin 0.4428 0.5697
Klason lignin 0.4067 0.5232
Acid soluble lignin 0.0361 0.0464

Ash 0.1215 0.1563
Protein 0.0060 0.0077
Total 0.7773 1.0000
b.d.l. = “below detection limit”

Table 3. Model cell wall component linear maturation rates.

Maturation Effect
Vegetative-to-heading

(mass fraction/day) a
Post heading

(mass fraction/day) b

Cell wall carbohydrate 9.01E-04 4.84E-04
Lignin 6.12E-04 2.82E-04

aAverage calculated from Jung and Vogel, 1992 (assuming 0.54 leaf to stem ratio calculated from Lemus et al.,
2002) and Burns et al., 1997.
bAverage from Casler and Boe, 2003.
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Table 4. Model switchgrass compositions.

Component

Base Case
1-cut

(Late Fall)

Base Case
2-cut

(Spring)

Base Case
 2-cut
(Fall)

Advanced Case
1-cut

(Late Fall)

Advanced Case
2-cut

 (Spring)

Advanced Case
2-cut
 (Fall)

Cellulose 0.3410 0.2942 0.3289 0.3751 0.3236 0.3618
Hemicellulose 0.2703 0.2341 0.2607 0.2974 0.2575 0.2868
Soluble carbohydrate 0.0035 0.0508 0.0168 0.0032 0.0484 0.0154
Glucan 0.3410 0.2942 0.3289 0.3751 0.3236 0.3618
Glucan (soluble) 0.0028 0.0401 0.0133 0.0025 0.0382 0.0122
Xylan 0.2266 0.1962 0.2185 0.2493 0.2158 0.2404
Arabinan 0.0305 0.0264 0.0294 0.0335 0.0290 0.0323
Arabinan (soluble) 0.0001 0.0011 0.0004 0.0001 0.0011 0.0003
Galactan 0.0101 0.0088 0.0098 0.0112 0.0097 0.0108
Galactan (soluble) 0.0007 0.0096 0.0032 0.0006 0.0091 0.0029
Mannan 0.0031 0.0027 0.0030 0.0034 0.0029 0.0033
Total carbohydrate 0.6149 0.5790 0.6064 0.6757 0.6294 0.6640
Uronic acid 0.0196 0.0170 0.0189 0.0215 0.0186 0.0208
Total lignin 0.2614 0.2085 0.2487 0.2361 0.1984 0.2285
Protein 0.0059 0.1000 0.0285 0.0054 0.0952 0.0262
Extractives          
Ash 0.0778 0.0778 0.0778 0.0389 0.0389 0.0389
Acetate 0.0205 0.0177 0.0197 0.0225 0.0195 0.0217
Mass Closure 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
LHV 7194 7052 7160 7378 7285 7360
HHV 7798 7654 7763 8001 7906 7981
Elemental Composition
C 0.4966 0.4792 0.4925 0.5056 0.4932 0.5031
H 0.0644 0.0641 0.0643 0.0661 0.0662 0.0661
O 0.3603 0.3649 0.3614 0.3887 0.3884 0.3883
N 0.0008 0.0136 0.0039 0.0007 0.0130 0.0036
S 0.0000 0.0004 0.0001 0.0000 0.0004 0.0001
Ash 0.0778 0.0778 0.0778 0.0389 0.0389 0.0389
TOTAL 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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MEMO
To: Lee Lynd, Bruce Dale, Sandy McLaughlin, Jim Kiniry, Michael Casler, Hans Jung
From: Mark Laser
Cc: Eric Larson, Haiming Jin, Fuat Celik, Kemantha Jayawardhana, Nathanael Greene,

John Sheehan

Subject: Switchgrass composition determination
Date: December 18, 2003

I. Executive Summary
Given that the RBAEF technical analysis starts with and greatly depends upon the feedstock
composition, it’s essential that we use justifiable values that can withstand critical inspection.
This memo addresses this concern by:

1) Providing a review of switchgrass compositions reported in the literature and of
analytical methods used to determine composition. Eleven reports of switchgrass
composition are reviewed (Table 1); acid hydrolysis and detergent fiber compositional
analysis methods are summarized.

2) Proposing base-case (Table 5) and advanced-case compositions for first- and second-cut
harvests using the literature review as a guide (Table 7). Two advanced case scenarios are
included: 1) low ash/high carbohydrate (1st and 2nd cut harvests); and 2) low ash/high
lignin (1st and 2nd cut harvests).

3) Facilitating a discussion among the group with the intended outcome of establishing and
agreeing upon defensible switchgrass compositions for use in our analysis.

The memo is intended to serve as reference material for an anticipated conference call involving
members of the RBAEF group as well as Michael Casler, an expert in plant breeding from the
University of Wisconsin, and Hans Jung, a USDA-ARS agronomist from the University of
Minnesota with expertise in forage cell wall structure and digestibility. Here are some talking
points and questions that we’ve identified thus far:

• Is the methodology for estimating composition sound? Is there a better alternative?

• Will a 2-cut harvesting scheme compromise long-term switchgrass productivity? Will it
require more fertilizer or that the crop be replanted more frequently?

• Given an aggressive plant breeding program carried out over at least 20 years, by how
much is it reasonable to expect that ash content can be decreased without significantly
compromising productivity?

• By how much is it reasonable to expect the carbohydrate:lignin ratio to be changed (up or
down) in a low-ash switchgrass without significantly compromising productivity?


