
Food consumption 
 (140 PJ/yr, see insert) is only 11% 
or 10% of the energy demand for 
residential or personal transport 
sectors, respectively. 

Canada’s Energy Systems: Integrating Food and Fibre  

Studies of energy systems typically 
consider only the flows of energy 
and carbon associated with fuels & 
electricity (Figure 1), ignoring those 
associated with food & fibre. 

RESULTS	AND	DISCUSSION	 CONCLUSIONS	
Three findings from this work 
highlight the potential of agriculture 
and fo res t ry to address the 
challenges of climate change: 
q Their large annual flows of 

energy;  
q The proportion of that energy 

which is unused (stored energy); 
and  

q The high conversion losses 
compared to fossil fuels. 

While conversion of biomass to fuels 
and electricity tends to be more 
challenging than for fossil fuels, the 
relatively high carbon content of 
biomass, and the fact that it was 
recen t l y ex t r ac ted f r om the 
atmosphere, suggests that biological 
systems could play a much greater 
role in managing the anthropogenic 
carbon cycle. 

Future Directions 
Across the provinces of Canada, 
there is great diversity in the flows of 
energy and carbon associated with 
the production of food, fibre, fuels 
& electricity.   
We a r e c u r r e n t l y e x p l o r i n g 
interprovincial differences in energy 
flows, and extending these studies to 
an analysis of carbon flows in order 
t o e v a l u a t e t e c h n o l o g i c a l / 
behav iou ra l changes i n t he 
management of our biological 
resources. 
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Fig. 1. Flows 
of energy 
through fuels 
& electricity 
in Canada in 
2013. 

To provide a better perspective for 
identifying climate change solutions, 
this study integrates food and fibre 
production / use into the energy 
systems of Canada. 
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METHODS	
Government data sources [1, 2] were 
used to obtain information on the 
production & use of agricultural and 
forestry products, and converted to  
petajoules (PJ) using conversion 
factors from the literature [e.g., 3, 4]. 
Forest primary production was only 
that associated with the ~0.7 Mha/y of 
annually harvested land. 
The energy flows for fuels and 
electricity were obtained from the 
CanESS [5] model, and the results 
were used to generate Sankey 
diagrams using software developed 
for the www.cesarnet.ca website. 
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NOTE:	
q  Energy flows through food and 

fibre are large: 
Agriculture and Forestry contribute 
23% of the primary energy production 
in Canada (=32 EJ/yr), more than 
natural gas.  
As a proportion of domestic primary 
energy flow, biomass energy is 1.4 
-1.5X larger than either oil or nat’l gas. 
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q  Compared to 
other human 
energy demands, 
food is small. 

q  Conversion losses from 
agriculture and forestry are 
large compared with other 
energy industries. 
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q  Forestry and agriculture 
contribute large amounts to 
stored (unused) energy. 

Examples include municipal solid 
waste, forest & agricultural residues. 
These decompose over time. 

Up stream ‘energy industry’ 
conversion losses from agriculture 
and forestry are large (61%) 
compared to fossil fuels (25%). 
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