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Abstract—It is shown that growth kinetics of a plant community determine the maximum rate at which 
biomass can be extracted continously while maintaining a quasistatic equilibrium. The floating hy­
drophyte Lemna major is studied as a model system. It is shown that the measurements on this system 
are in agreement with the theoretical model and that the optimum energy harvest efficiency of Lemna 
major is —4%. 

1. INTRODUCTION 

Development of plant species with high photosyn-
thetic capabilities is one of the most promising 
methods of harnessing solar power[l-4]. It is hoped 
that the search among existing species, selective 
breeding or genetic manipulation will eventually 
succeed in finding plants suitable for conversion of 
solar energy. An ideal energy crop must admit con-
tinous biomass (energy) extraction while maintain­
ing quasistatic equilibrium with the growth process. 
In a short communication published in this jour­
na l^ , we defined a parameter termed "energy har­
vest efficiency" (T} / / £) as a measure of the suita­
bility of such species for conversion of solar energy. 
In this paper we elaborate on this idea and present 
experimental results on measurements of T\HE for 
the floating hydrophyte Lemna major, which was 
studied as a mode! system. 

2 . THEORY 

The photosynthetic efficiency {^\PE) of a plant or 
a plant community can be defined as 

where N is the total biomass per unit area at time 
/. If b is the calorific value of biomass, which in 
general is a slow varying function of t (especially 
true for biomass from fast growing species[8]), we 
obtain 

T \ P E = - (d£/dr), (1) 

where E = energy stored in biomass per unit area 
(Jm~2) as measured at time / ; / = intensity of solar 
radiation (Wm - 2 ) . Even if the external conditions 
(e.g., CG*2 concentration, /, temperature) are kept 
fixed, t\pE cannot be regarded constant, but de­
pends on time t referred to the growth. The growth 
process is described by a rate equation of the 
form[6-7] 

dA/ 
dt 

= /(AD, (2) 

f]PE 
f{N)b 

I 
(3) 

When biomass is extracted at a constant rate, C, 
eqn (2) modifies, i.e., 
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d/V 
dt 

= /(AO - C, (4) 

and a quasistatic equilibrium is possible if 

C = /(A/). (5) 

The function /(A/) could have a maximum for some 
value of A/(= A/) and the maximum biomass ex­
traction rate is, 

CMax = /(AO- (6) 

Thus the maximum energy harvest rate can be writ­
ten as follows: 

(•H//2I)Max — 
f{N)b (7) 

The equilibrium points of a differential equation 
of the form (4) are known to be stable' if[9] 

d/(N) 
dt 

< 0 N = N (8) 

Hence it follows form (3) and (7) that, provided (8) 
is satisfied, energy can be extracted at a rate nearly 
same as the maximum storage rate. 
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