Rapid Biomass Analysis: New
Analytical Methods Supporting
Biomass Pretreatment Research

1. Abstract

2. Why are Rapid Analysis Methods

theability.to obtainan.accurate.chemical.composition.ofbiomass-and biomass-
derived samples using|rapid and inexpensive methods isia key element:supporting
commercialization of processes that convert biomass to fuels and|/chemicals; New.
technigues are being developed at NREL that combine Near InfraRed (NIR) spectro-
scopy and|Projection to Latent:Structures (PLS) multivariate analysis for-the rapid
chemical characterization of corn stover, and|stover-derived solids. These rapid
technigues can provide significant savings intime and money with precision and
accuracy that matches traditional wet chemical methods. They also support:and
improve research by providinglevels of/information that would/have been too
costly/to pursue using traditional methods.

Aspects of NIR/PLS method development:are described including the collection of:
appropriate calibration samples, the development ofirobust spectroscopic methods,
the importance of quality calibration data; the development andvalidation of multi-
variate analysis equations andthe use of appropriate QA/QC techniques. Applica-
tion of rapidanalysis tools to the chemical characterization ofdry solids; slurries
and liquid samples produced during dilute acid pretreatment of cornstover; are
presented.
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3. What are the Industrial Applications of

Needed?
o Faster;

— Minutes instead of days
— Minimallsample preparation

* Cheaper;
— About $10per'sample
— Compared|to $800-$2,000for: wet analysis
* Better
— Calibrated using best methods available
— No loss of precision or; accuracy relative to traditional methods
— Lless operator dependent (than traditional wet chemistry methods)
— Proyvidesilevels, of information not previously obtainable

o Useful in industrial applications

Rapid Biomass:Analysis?.
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4, What are the Advantages of Using NIR
Spectroscopy for Biomass Analysis?

Advantages of NIR/PLS
* Minimal sample preparation

 Rugged instrument, adaptable
to industrial environments,
including on-line and at-line
applications

» Scanning options, including
reflectance, transmission,
and transflectance

* Non-destructive technique
» Ability to analyze bulk samples

9. How Does NIR Spectroscopy Gather
Biomass Constituent Information?

* Measures organic functional
groups in the visible and
near-infrared/spectrum
(400:nm-2500 nm)

* Spectra contains overtones
and combinations from
stretching/and bending
of bonds in molecules

* Contains all of the constituent
information necessary to
calibrate abiomass NIR/PLS
method

NIR is typically used for measurement
of organic functional groups, especiall
CH, O-H, N-H, and C=0

Graphic courtesy of B. Meglen

6. How is a PLS Method Built
from NIR Spectra?

 Multivariate model/development
software
~ Vision®
~ WinlISI®

¢ Loading-score method

- Loadings are spectral patterns

— Scores are coefficients

— Converts 2-dimensional
spectra into multiple dimen-
sional space by defining the
“spectrato data” relation-
ship in n-dimensional/space
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1. What is Requiredto Develop a NIR/PLS Method?

« Calibration samples
- Robust model requires approximately 100 samples
— Should reflect the composition and variance expected in the unknowns
— Concentration of major constituents must vary independently of one another.
* Chemical characterization
- Determines precision and accuracy of new method
- Samples should be well characterized
— Requires appropriate analytical methods
* Rapid technique
- Determines speed and cost of new method
- Should be robust, reproducible, sensitive to compositional differences
* Multivariate analysis tools
- Translates spectroscopic data into compositional data
*QA/QC
- Calibration checks (well characterized blind samples or standard reference materials)
- Sample screening (use of outlier flags)

8. NIR Spectra and Math Treatments

» Math treatments used on raw
spectra to minimize particle
size effects, effective path
length variation, and
environmental fluctuations
include:

— First derivative: eliminates
baseline offset

— SNV (Standard Normal
Variate): scatter correction

— Detrend (1° polynomial);
removes baseline offset
and slope

9. Predictive Quality using Cross Validation Predictions
for Major: Constituents inja Dry Solids Model

NIR/PLS Predicted vs Wet Chemistry Constituent Values for stovint5.eqa calibration samples
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10. Predictive Quality using Blind Validation
Samples Predicted on a Dry Solids Model

NIR/PLS Predicted vs. Wet Chemistry Constituent Values for. Validation Samples
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11. Comparison of Slurry Method and Dry
Solids Method (Using Common Samples)

Comparison of Wet and Dry Solid Models
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12. Predictive Quality using Cross Validation
Predictions for Major Constituents in a Liquids Model
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13. How Is Method Performance
Measured?

3-Dimensional Example of a
Population Structure
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14. Summary

* Rapid analysis of biomass with NIR/PLS

* Provides significant savings in time and money

* Maintains precision and accuracy of traditional methods
* Provides a level of information previously unobtainable
* Is an enabling technology for biomass utilization

* It is applicable to a wide variety of biomass and biomass-
derived products

* Offers simple sample screening and method expansion
* Currently supports NREL research efforts
* Useful for interaction with industrial partners
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