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Cooperative Research and Development Final Report 

In accordance with Requirements set forth in Article X: REPORTS AND PUBLICATIONS A. 
(2), of the CRADA agreement, this document is the final CRADA report, including a list of 
Subject Inventions, to be forwarded to the DOE Office of Science and Technical Information as 
part of the commitment to the public to demonstrate results of federally funded research. 

Parties to the Agreement: Annex IO, LLC 

CRADA number: CRD-17-655 

CRADA Title: BETO FY16 Industrial Seedlings Lab Call 

Joint Work Statement Funding Table showing DOE commitment: 

Estimated Costs NREL Shared Resources 
a/k/a Government In-Kind 

Year 1 $ 65,000.00 

TOTALS $ 65,000.00 

Abstract of CRADA Work: 

The CRADA will focus on the production and characterization of biomass briquettes produced 
from post-industrial textile waste. 

Summary of Research Results: 

NREL researched the chemical characterization of gaseous and solid products of pyrolysis and 
combustion from briquettes made from textile industry solid waste.  This was done on selected 
samples that were identified as having desirable physical properties (density, heating value, etc.) 
using an existing semi-batch micro-reactor system.  NREL also treated two samples consisting of 
whole-cloth variants of cotton textile residues to investigate the feasibility of producing 
nanocellulose materials.  The yields of nanocellulose, liberated glucose, and unconverted solids 
were quantified.  The nanocellulose product was characterized by atomic force microscopy 
(AFM), transmission electron microscopy (TEM), and dynamic light scattering (DLS) to assess 
the size and shape of the resultant nanoparticles.  The waste stream from this process was 
identified to be potentially useful as a binding agent for the production of textile briquettes. 

Briquettes produced by Annex IO were pyrolyzed in nitrogen at 500C and combusted in 20% 
flowing oxygen at temperatures up to 900C in a semi-batch micro-reactor system.  Evolved gases 
were characterized by the Molecular Beam Mass Spectrometer and characteristic pyrolysis and 
combustion products identified semi-quantitatively by pattern recognition based on NREL’s 
extensive expertise in this area. An example of the results is shown in Figure 1.  These data 
allowed NREL to advise Annex on the suitability of waste textiles as a fuel to replace charcoal in 
home use.  Samples of briquettes produced by Annex were sent to an outside lab (Huffman Labs, 
Golden, CO) for proximate analysis (moisture, fixed carbon, volatile matter, ash).  These data 
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were used to calculate the energy density of the briquettes following well recognized procedures.  
Solid samples (ash) were recovered post-combustion and sent to Huffman Labs for 
compositional analysis and speciation of metals present in the ash. 

 
Figure 1. MBMS characterization of combustion (top trace) and pyrolysis (bottom trace) 
products from textile briquettes 
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