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1 Background & 18R1xe

® Annual output in China
> Animal manure: 3.8 billion tons
> Crop residues: 900 million tons

® Nutrients applied do not end up in edible food:
» 50% of agro-inputs goes to non-edible parts of crops
» 30-50% of applied fertilizer is absorbed by crops

® The waste of AgroWaste is a waste of agricultural inputs!

® Environmental and sustainable concerns......
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1 Background & 1RxExs

® Utilization of AgroWaste in China
» Animal manure: <60% comprehensive utilization rate
» Crop residues: 200 million tons are not utilized

® Opportunities for innovative technologies to address the
efficient utilisation
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2 Research Cases &y feATxs

> AgroWaste Feedstock
—Property Characterization
— Non-destructive Analysis by NIR/IR/NIRM

» Modeling for Mechanism Elucidation
—Acid pretreatment of Crop Residues
—Mechanical Fragmentation Pretreatment of Crop Residues
—GHG Emission during Manure Composting



2.1 AgroWaste Feedstock Characterization
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[ Research on agro-biomass properties ]

Research on analysis methods of agro-biomass properties
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Chemical composition of crop residue
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Proximate analysis of animal manure
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Ultimate analysis and High Heat Value (HHV) of crop residue
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Mineral elements composition of animal manure
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Mechanical properties of crop residues
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2.2 NIR/IR/NIRM Techniques for AgroWaste Analysis
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* J Xue, Z Yang®*, L Han. Applied Energy, 2015

* X lJiang, Z Yang, L Han*. Analytical and Bioanalytical Chemistry, 2014
* CLU, LChen, ZYang, X Liu, L Han*. Applied Spectroscopy, 2013

* XZhou, Z Yang, G Huang, L Han*. Journal of Near Infrared Spectroscopy, 2012
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# Handheld NIRS sensors for real time and field monitoring composting process
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# On-line analytical technology based on NIRS in lab
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# In situ analysis of components distribution linked to tissue structure of
crop stalk based on FTIR microspectroscopic imaging

Cotton stalk Corn stalk

@ pith @ primary xylem @ epidermis @vascular bundle

@ secondary xylem @ parenchymal cell

@ vessel ®bark

Visible image (a)

False color ) §
intensity image

C Cao, Z Yang*, L Han, X Jiang, G Ji. Cellulose, 2015, 22: 139-149



#Semiquantitative study of the distribution of major components in
wheat straw using FTIR microspectroscopic imaging
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2.3 Modeling for Mechanism Elucidation of Straw Bio-behavior

A multi-scale biomechanical FE model of wheat straw

# Biomechanical behavior is a fundamental property for the efficient utilization
# Coupled with the microscopic microfibril model and the macroscopic tissue model
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# Mechanism investigation of the acid pretreatment and enzymatic hydrolysis of corn stover

Chemical characterization
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# A novel diffusion—-biphasic hydrolysis coupled kinetic model for
dilute sulfuric acid pretreatment of corn stover
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Highlight:

v'The contributions of the fast-hydrolyzing xylan, slow-hydrolyzing xylan and the inhibitor
furfural to xylose yield were quantitatively analyzed.

v The impact of particle size and acid concentration on xylose yield was investigated.

L Chen, H Zhang, J Li, M Lu, X Guo, L Han*. Bioresource Technology, 2015, 177: 8-16




#A film—pore—surface diffusion model to explain the enhanced enzyme adsorption
of corn stover pretreated by ultrafine grinding

Inaccessible pore Accessible pore Cellulase Particle Bulk solution

[ Biotechnology for Biofuels
RESEARCH Open Access

[,

A novel film-pore-surface diffusion
model to explain the enhanced enzyme
adsorption of corn stover pretreated by ultrafine
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2.4 Multi-scale Mechanical Fragmentation of Crop Residues
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# Quantified correlations among particle size, crystalline property and glucose yield
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Mean particle size (um)

# Mechanical fragmentation: Energy requirement in relation to
microstructure properties and enzymatic hydrolysis
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2.5 Multivariate and Multi-scale Approaches for Low GHG Emission

during Manure Composting

Particle Structure Variation
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# Characterization of the dynamic thickness of the aerobic layer during
pig manure aerobic composting by FT-IR microspectroscopy
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# Particle-scale visualization of the evolution of

methanogens and methanotrophs by FISH-CLSM
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# Particle-scale modeling of oxygen uptake rate (OUR)
during pig manure—wheat straw composting
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# Particle-scale modeling of methane (CH,) emission
during pig manure/wheat straw aerobic composting
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# Multivariate and multiscale approaches for interpreting the mechanisms of
nitrous oxide (N,0) emission during pig manure-wheat straw aerobic composting

Pig manure-based
aerobic composting
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3 Summary

Challenges:

Biobased chemicals

» Diversified distribution
. Biobased material
> Significant variation in compositions g > ¢ Mmateria’s
» Complex or unique lignocellulose structure Bioenergy & Biofuels
» Heterogeneous
Bio-organic fertilizers

» Economic feasibility

. Ruminant Feed
» Cleaner production

Better understanding needed for efficient AgroWaste Va lorizin g
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