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Abstract—It is shown that the usefulness of a plant species as an energy crop depends on energy 
harvestment efficiency and not entirely on the photosynthetic efficiency. An ideal energy crop must 
admit continuous energy extraction while maintaining quasistatic equilibrium with the growth process. 
A simple model based on these ideas is used to relate optimum energy harvest rate to photosynthetic 
energy storage rate. 

Biomass production is still a promising method of 
solar energy conversion! 1-4]. The global average 
of photosynthetic efficiency on land is ~0.1%[1, 2]. 
Much higher efficiencies of 2%-3% are achievable 
with some cultivated crops[l, 2] (e.g. cane sugar 
and maize). Theoretical considerations indicate 
that the efficiency of photosynthetic conversion 
could be as high as 12%-13%[5, 6J. It is possible 
that genetic engineering will eventually succeed in 
developing species with optimum capabilities. In 
this note we point out that photosynthetic energy 
storage efficiency and the energy harvest efficiency 
of a crop are two different things, and attempts 
should be made to breed species with high-energy 
harvestment efficiencies. 

An ideal energy crop should admit continuous 
biomass (energy) extraction while maintaining 
quasistatic equilibrium with the growth process. If 
N is the weight of biomass produced per unit area 
in a time /, assuming an exponential law of growth 
with an inhibitary interaction proportional to A/2, 
we get the well-known rate equation[7, 8], 

d/V 
di 

= kN - aN2, (1) 

where k and a are constants that could be deter­
mined experimentally. When biomass is extracted 
at a constant rate C, eqn (1) takes the form 

d/V 
di 

= kN - aN2 - C. 

Quasistatic equilibrium is maintained if 

C = kN - aN2. 

(2) 

(3) 

The above expression for C has the maximum value 
C m a * = Icl4a, when N = klla. Thus if b is the en­
ergy stored in biomass per unit weight, the maxi­
mum possible energy harvest rate is R = Irbl4a. 
Consequently, a high value for b is not the only 
criterion of suitability of a species as an energy 
crop. A large value for k and a small value for a 
also favours higher energy extraction rate. The pa­
rameters b, k and a depend on genetic and envi­
ronmental factors. 

Apart from above, the economic aspects of the 
problem have to be taken into account. The bio­
mass extraction process itself should consume little 
energy, and waste products of the process (con­
taining nitrogen and mineral nutrients) must be ca­
pable of being fed into the system for recycling with 
minimal expenditure of energy. 
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