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Developing Energy Crops for  Thermal 
Applications:

Optimizing Fuel quality, Energy Security & GHG Miti gation*
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Providing leadership in the research and 
development of sustainable agricultural biofuels 
and bioenergy conversion systems for greenhouse 
gas mitigation    

18 years of R & D on energy crops for liquid and 
solid biofuel applications
Working in China, Philippines and West Africa on 
bioenergy and rural development projects 
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To economically provide large amounts of 
renewable energy from biomass we must:

1. As efficiently as possible capture solar 
energy over a large area

2. Convert this captured energy as efficiently 
as possible into useful energy forms for 
energy consumers
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C4 Grasses such as switchgrass 
are ideal bioenergy crops 

because of their moderate to 
high productivity, stand 

longevity, high moisture and 
nutrient use efficiency, low cost 
of production and adaptability to 

marginal soils. 
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Solar Energy Capture and Net Energy Gain 
of Ontario Field Crops %������������&'�())*+
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SG=Switchgrass
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Problem:
� Main historic barrier with grasses has been high 

potassium (K) & chlorine (Cl) 
� Causes  clinker (agglomeration) problems and 

corrosion in boilers 
Solution
� Use  warm season grasses under delayed

harvest management to leach chemicals
� Use advanced boiler & stove technology
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0.060.38-0.951.000.05K (%)

0.330.460.700.30N (%)

n/a

4.5-5.2 

18.2-18.8

Fall harvest

Switchgrass 

n/a0.19-0.510.01Cl (%)

2.7-3.24.50.6Ash  (%)

19.118.6-18.820.3Energy (GJ/t)

Overwintered 
Spring harvest

Wheat 
straw

Wood 
pellets 

Unit

Source: Samson et al.,2005
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Can we make  a wood pellet 
substitute from grass?

� Need to keep stems somewhat thin (3.5- 5 mm thick 
and stem wall (0.7mm thick) 

(thick stems like miscanthus problematic for aerosol pollution)

� Cultivate on sandy soils (have lower silicic acid content than clay 
soils which makes lower ash fuels)

� Increase stem fraction through 

breeding and species choice
� Separate stems from leaves through 

air fractionation
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Energy Content 
(GJ/ODT)

Ash ContentPlant 
Component

18.46.98%Leaves

18.73.07%Leaf Sheaths

19.52.38%Seed Heads

19.61.03%Stems

*Overall weighted SG average ash content of 2.75% and
3.25% on sandy and clay sites respectively
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Impact of Soils on Ash Content
Studies with reed canarygrass in Sweden (Pahkala et al 1996)

found ash contents of:
� Sandy soils        1.3%
� Organic soils     1.9%
� Clay soils          4.9%

In eastern Canada spring harvested whole plant 
switchgrass 2.75% & 3.21% ash on sandy loam 
and clay soils respectively (Samson et al 1999)

Clay soils have higher monosilicic acid content than sandy soils which 
result in more silica uptake into plants creating higher ash fuels
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Big Bluestem: a lower ash 
pellet than switchgrass?

Big Bluestem
Native ecovars 60% stem

Switchgrass
Native ecovars 45-50% stem
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How close are grass stems to wood 
residues as pellet feedstocks?

+72%1.03%0.6%Ash

-3.7%19.55 GJ/t20.3 GJ/tEnergy

DifferenceSwitchgrass 
Stems

Wood 
residues

Quality 
parameter

Will homeowners be content with a 1% ash pellet that 
doesn’t clinker?
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SG= switchgrass; LNG= liquified natural gas
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Samson and Bailey Stamler, 2009
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Note: No subsidies exist for pellets, a $2/GJ subsidy would cost about $25-$40/tonne CO2 avoided



�����������	�
�

����������	��������
���

� 6�� ������%�����������-����%���$�� ����
����	�����������%��/��������-�	����������%�����
�$��	�$����-�-���	����%

� 6!"�
�� ����7	������������ 
	����%����
�	-�����������$����������
����	���

� 8$��������%�����$%�����
�����������������-��$��
������-�������%�	������%�5�%���� �����������������%�
�	��-��



�����������	�
�

�������� %����
���	+

� 6��$�	���	
������$�� ����������� ���������� �����
����%�� ����
��������%��������������/����-������
��-���� �%�� �����	--�� �%���

� 6��$�-����������������$�-������������	
���������� ��
������-�������/����
��� ���� �9�����%�/�
���
�%������%�	������%��$���%�	�������:���/�����



�����������	�
�

/���= D��E

REAP-Canada’s Biomass Energy Program Sponsored by

www.reap-canada.com


