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Many of the following 
figures are coming from 
this market study 
 
Please see 
www.bio-based.eu/markets 

 

Source: Carus & Eder et al. 2014 
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Life cycle of hemp fibre production  
(“cradle-to-gate”) 

Inputs 

§  Materials 
(fertilizer, 
pesticides, 
etc.) 

§  Energy flows 
(electricity, 
heat, etc.)  

Outputs 

§  Materials 
(products, by-
products) 

§  Emissions 
(carbon dioxide, 
etc.)  
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Agricultural production stages during the crop 
cycle 
 Harvesting technique 1  

Haying  

Sowing  

Baling  

Tillage and fertilizer application  

Harvesting technique 2  
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Comparison of fertilizer inputs 
 

Hemp	
  	
  
(European	
  field	
  survey	
  

2013)	
  	
  

Kenaf	
  	
  
(Malaysia	
  field	
  survey	
  

2013)	
  
	
  

Nitrogen	
  	
  
Kg	
  N	
  /	
  ha	
  

50	
  -­‐	
  100	
   100	
  -­‐	
  150	
  

Phosphorus	
  
Kg	
  P2O5	
  /	
  ha	
  

0	
  -­‐	
  75	
   25	
  -­‐75	
  

Potassium	
  
Kg	
  K20	
  /	
  ha	
  

50	
  -­‐	
  150	
   75	
  -­‐	
  100	
  

Sources	
   European	
  field	
  trials,	
  
literature	
  data	
  

LKTN	
  standard	
  manual	
  
(Malaysia),	
  field	
  trials	
  
(Italy),	
  literature	
  data	
  

(USA)	
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Comparison of pesticide and herbicide inputs 
 

Hemp	
  	
  
(European	
  field	
  survey	
  

2013)	
  	
  

Kenaf	
  	
  
(Malaysia	
  field	
  survey	
  

2013)	
  
	
  

Glyphosate	
  
kg	
  /	
  ha	
  

4*	
   4	
  	
  

Metolachlor	
  
kg	
  /	
  ha	
  

0	
   4	
  	
  

Glyphosateisoprophyl
amine	
  
kg	
  /	
  ha	
  

0	
   2	
  –	
  6	
  	
  

Others	
   0	
   ?	
  

* Some hemp famers are using Glyphosate before sowing (roundup). 
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Fibre production with the total fibre line 
 
 

Shredder / bale opener 

Refiner  

Guillotine Intake conveyor 

Hammer mill Fibre baling  
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Average material flows of hemp fibre production  
 
 

Source: EIHA 2012 
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Energy use for fibre production   

Reference	
   Essel	
  (2013)	
   NNFCC	
  (2010)	
   Carus	
  et	
  al.	
  (2008)	
   Cherre_	
  et	
  al.	
  
(2005)	
   Munder	
  et	
  al.	
  (2005)	
  

Purpose	
   Fibre	
   Fibre	
   Fibre	
   Tex6les	
   Fibre	
  

Electricity	
  use	
  
310	
   336	
   130	
   150	
   20	
  -­‐	
  50	
  

(kWh	
  /	
  t	
  fibre)	
  

Diesel	
  use	
  
1,666	
   -­‐	
   -­‐	
   -­‐	
   -­‐	
  

(l	
  /	
  t	
  fibre)	
  

Remarks	
   Total	
  fibre	
  line	
   Total	
  fibre	
  line	
   Decor6ca6on	
  only	
   Decor6ca6on	
  only	
   Decor6ca6on	
  only	
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Greenhouse gas emissions 
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Source: Carus & Eder et al. 2014 

 

Small differences between different Natural Fibres 
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Shares of 
different 
processing 
steps to 
total GHG 
emissions 

Source: Carus & Eder et al. 2014 
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Comparison with other natural and man-made fibres 

Data from literature review Source: nova 2013 
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Huge differences between Natural Fibres and synthetic fibres 

Source: Carus & Eder et al. 2014 
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Allocation of environmental impacts 
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Allocation of environmental impacts 
 §  Hemp and flax fibre production are multi-output processes 

producing fibres, shives and dust (filter dust, metals stones, 
fibre wastes etc.) 

§  Allocation procedures are necessary to allocate the 
environmental impacts on the products and by-products by 

Ø  mass 

Ø  economic value 

Ø  energy content (not useful for fibres) 
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Allocation by mass for hemp and flax 
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Hemp	
  Average	
  	
  
(Total:	
  756)	
  

Flax	
  Average	
  	
  
(Total:	
  751)	
  

Product	
  /	
  by-­‐
product	
  

Mass	
  distribu6on	
  
(%)	
  for	
  hemp	
  total	
  

fibre	
  line	
  

Fibres	
   28	
  

Shives	
   52	
  

Dust	
   20	
  

TOTAL	
   100	
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Greenhouse Gas Emissions 
 

Biocomposites & Insulation 
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Highest share for the epoxy resin 

Source: Carus & Eder et al. 2014 
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GHG emissions in % for the production of fossil-based and natural 
fibres-based composites: Impressive results! 

Source: Carus & Eder et al. 2014 
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Source: Carus & Eder et al. 2014 

 

How to compare biofuels with hemp biocomposites? 
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Hemp Fibre Composites can be better than Biodiesel 
and Bioethanol! 

Source: Carus & Eder et al. 2014 
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Detailed LCA data for insulation material 
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Good results for Thermohanf 
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http://www.multihemp.eu 
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nova-Institute together with the project leader Università 
Cattolica del Sacro Cuore 
(www.unicatt.it, contact: Stefano Amaducci, 
email: multihemp@unicatt.it) 
 
will perform the most comprehensive LCA on Hemp ever: 
•  from different cultivation scenarios (region, soil, climate) 
•  via different harvesting and processing technologies 
•  to different final products such as insulation material. 
 
First results will be available in early 2015. 
 
email: roland.essel@nova-institut.de 
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Storage of biogenic carbon 
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Kohlenstoffspeicherung	
  („Carbon	
  storage“)	
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How much biogenic carbon is stored in hemp 
fibre?   
 §  1 kg hemp fibre contains: 

 

 

 

 

 

 

 

à  38 % of the fibre mass is “embedded carbon” 

à  380 g biogenic carbon is stored in each kilogram of hemp fibre 

Component	
   Mass	
  distribu6on	
  
(kg)	
  

Carbon	
  content	
  
(%)	
  

Embedded	
  carbon	
  
(kg)	
  

Cellulose	
   0.650	
   40	
   0.260	
  

Hemicellulose	
   0.150	
   40	
   0.060	
  

Lignin	
   0.100	
   60	
   0.060	
  

Water	
   0.100	
   0	
   0	
  

TOTAL	
   1.000	
   100	
   0.380	
  



32 

How much CO2 is stored in 1 kg hemp fibre? 

Oxidation of carbon 

1 mole carbon + O2 = 1 mole CO2 

 
 

with 
1 mole carbon dioxide (CO2) = 44 g/mole 

1 mole carbon = 12 g/mole 

1 mole oxygen = 16 g/mole 

 

Therefore, we calculate 

0.380 kg C * 3.666 = 1.393 kg CO2 

à  1.393 kg carbon dioxide is stored per kg hemp fibre 

 

Conversion factor:                       = 3.666  
44 g/mole 
12 g/mole 
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 Biodiversity 
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Agro-biodiversity of different crops  
 
 

In times of increasing 
monocultures, hemp 
is an enrichment to 
agro-biodiversity. 

Source: Montford & Small 1999 
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Sustainability	
  Cer6fica6on	
  
	
  

The	
  best	
  way	
  to	
  prove	
  the	
  
sustainability	
  of	
  your	
  feedstock	
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ISCC plus and RSB for bio-based Materials 
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Environmental criteria 
•  Greenhouse gas emissions 
•  Air quality 
•  Quality and quantity of Water 
•  Soil quality, productivity, erosion 
•  Biodiversity 
•  Protection areas 
•  Energy & Material efficiency 
•  Use of renewable & non-renewable 

resources 
•  Waste management 
Social criteria 
•  Labour rights 
•  Working conditions 
•  Living conditions 
•  Land use rights 
•  Water use rights 
•  Local development 
Economic criteria 
•  Fair business practices 

CEN TC 411 draft on 
sustainability criteria for bio-
based products (2014) 
 
Easy for European Hemp 
Difficult for Kenaf or Jute from 
Bangladesh or India 
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Finally	
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nova-Institute will publish this year a leaflet on: 
 
Carbon Footprint and Sustainability of different Natural 
Fibres for Biocomposites, study will provide data for the 
automotive industry 
 
1)  Natural Fibres in comparison 
2)  Carbon Footprint from Cultivation to the natural fibre  
3)  Carbon Footprint for transport, further processing to the 

final non-woven (precursor of the biocomposites)  
4)  Sustainability Certification  
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Thank you for your attention! 
 Michael Carus, CEO 

Division Head “Bio- and CO2-based  Economy” 
Tel.: +49 (0) 2233 – 48 14-40 
E-Mail: michael.carus@nova-institut.de 


