
Opportunities for Hemp Fiber 
in Industry Supply Chains

Jeffrey Catchmark
Department of Agricultural and Biological Engineering

The Rock Ethics Institute
Penn State University

jmc102@psu.edu

Pennsylvania Industrial Hemp Engine
Industrial and Consumer Product Development R&D

Stakeholder Engagement Meeting
April 9, 2024 



Outline

• Fibers and their characteristics
• Supply chain driven research
• Overview of Hemp in paper and fiber cement
• Discussion!



Supply chain driven research

Cultivar



Sources of fiber and composites

Lotfi, A., Li, H., Dao, D. V., & Prusty, G. (2021). Natural fiber–reinforced composites: A 
review on material, manufacturing, and machinability. SAGE Publications.



Sources of fiber and composites

Lotfi, A., Li, H., Dao, D. V., & Prusty, G. (2021). Natural fiber–reinforced composites: A 
review on material, manufacturing, and machinability. SAGE Publications.

Hemp Bast fiber Hemp Hurd fiber

Hemp fiberboard



Molecular construction of plant fiber 



Molecular construction of plant fiber 



Molecular construction of plant fiber 

These materials can be 
extracted from Hemp



Fiber characteristics

Strongly influenced by Hemp cultivar!

Fines (%, amount of fiber in a pulp that passes though a 200 mesh [76 microns] screen) 
Kappa Number (KN, where lignin content in % is ~0.13-0.16 x KN) 
Coarseness (mass of fiber per unit length – higher for fibers with thicker cell walls)
Freeness (CSF [Canadian Standard Freeness test], ability of fibers to separate in water)
Drainabilty (oSR, Schopper-Reigler method)
Any chemical modification
Purity

& variation

Kurpińska, M., Pawelska-Mazur, M., Gu, Y., & Kurpiński, F. (2022). The impact of natural fibers' characteristics 
on mechanical properties of the cement composites. Scientific Reports, 12(1), 20565-20565.
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Fiber characteristics

Shuvo, I. I. (2020). Fibre attributes and mapping the cultivar influence of different 
industrial cellulosic crops (cotton, hemp, flax, and canola) on textile properties. 
Bioresources and Bioprocessing, 7(1), 1-28.



Paper and paperboard
• Manufactured mainly from trees.
• Public is demanding forest preservation.
• Some non-wood fiber crops can capture more CO2 and carbon sequestration is 

also important to the public.
• Using less wood and higher carbon capturing crops would allow paper companies 

to brand products accordingly.
• Non-wood fiber crops may provide better fiber and/or manufacturing processes 

(made up 8-10% of fiber in 2010).
• Forest resources are dwindling, and forest plantations are less productive in colder 

climates.
• Hemp may be an alternative fiber crop.
• To compete with wood (spruce, larch, Douglas fir, birch, cereal straw, and 

genetically modified poplars), the dry biomass yield must be >7 tons/ha (and >6-
12/ha tons to compete with gm poplars)

• European paper mills would need 640,000 oven dried metric tons of IH straw 
requiring 80,000 ha of land to produce (assuming 8 tons/ha yield). 

Danielewicz, D. Industrial Hemp as a Potential Nonwood Source of Fibres for European 
Industrial-Scale Papermaking—A Review. Materials 2023, 16, 6548. 



Paper and paperboard
• IH has advantages for paper making: 

– Lower mineral content than cereal straw.
– Comparable density to wood.
– Good or improved handsheet mechanical properties – especially improved 

tear resistance allowing IH to become a “healing pulp” for low grade pulps.
– Kraft pulps are easier to produce (lower lignin content) with higher yield.
– No need for plant protection and pesticides.
– Good drought tolerance.
– High crop yield.

• IH deficiencies/issues include: 
– Need for annual sowing.
– Need to use IH stalks to be price competitive.
– Need much shorter fiber lengths in IH bast (from as long as 55mm to ~6mm). 

Can cut stalks but get more short fiber which is also a problem. 
– Need longer lengths (additional 0.2-0.3 mm) in hemp hurd woody core. 
– Need a “papermaking” hemp cultivar that does not exist. 

Danielewicz, D. Industrial Hemp as a Potential Nonwood Source of Fibres for European 
Industrial-Scale Papermaking—A Review. Materials 2023, 16, 6548. 

Kraft process

Fibers can then 
be bleached 
using hydrogen 
peroxide and 
chlorine dioxide



Fiber Cement

Fiber cement industry led by James 
Hardie and Allura (Plycem, who 
purchased the fiber cement division 
of Saint Gobain)



Fiber Cement production process

Manufactured 
using the 
Hatschek 
process



Issues with Fiber Cement
• Long term stability due to alkaline pH ~13 degrading fiber.
• Long term stability under wet/dry and temperature cycling 

associated in part with water absorbance of fiber and how it 
influences interface bonding and fiber mineralization.

• Damage to boards during shipment or use in construction due 
to lack of ductility.



Issues with Fiber Cement

Mohr, B. J., Nanko, H., & Kurtis, K. E. (2005). Durability of 
kraft pulp fiber–cement composites to wet/dry cycling. 
Cement & Concrete Composites, 27(4), 435-448. 



Issues with Fiber Cement

Mohr, B. J., Nanko, H., & Kurtis, K. E. (2005). Durability of 
kraft pulp fiber–cement composites to wet/dry cycling. 
Cement & Concrete Composites, 27(4), 435-448. Reduces 

matrix 
strength

Akhavan, A., Catchmark, J., & Rajabipour, F. (2017). Ductility enhancement of autoclaved 
cellulose fiber reinforced cement boards manufactured using a laboratory method simulating 
the hatschek process. Construction & Building Materials, 135, 251-259.

Farshad Rajabipour, PSU
Interim department head, Civil and Env. Eng. 



Fiber Cement
• Typical properties of fiber used in fiber cement

• IH has advantages for fiber cement: 
– All the advantages associated with paper. 
– Easy processing to get a Kappa number of ~25.
– Low cost if IH stalks can be used directly. 
– Benefits of long IH bast fiber which could improve fiber cement if it 

does not present an issue elsewhere in manufacturing process including 
difficulty in dispersion. 

No literature could be found studying various hemp fibers 
used in making fiber cement via the Hatschek process



Where Hemp can shine!
• From the specification sheet K25 pulp for fiber cement (Oji 

Fiber Solutions, Australia & New Zealand)
• Contains Full LCA analysis



Where Hemp can shine!
• From the specification sheet K25 pulp for fiber cement (Oji 

Fiber Solutions, Australia & New Zealand)
• Contains Full LCA analysis

CTUh - 
Comparative 
Toxic Unit for 
Humans



More cylinders for the Engine? 
• Systems person 
• LCA/TEA person



Thank you!







Sources of fiber
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