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Mini Review
Shortage of fossil energetic resources, parallel to harmful 

effects to natural environment became a challenge to contemporary 
economies. Both factors mentioned constitute the real problems 
especially that they cause contradicting results. Expected shortages 
of fossil fuels may lead to energy crisis, while further use of those 
fuels leads to almost catastrophic environmental problems. 

In this situation bio fuels are frequently recommended [1-
4], and considered as the replacement for fossil ones. It is bellied 
that use of bio fuels may contribute to mitigation of the danger 
of energy crisis, as well as of those fuels to reduce environmental 
threats. Implementation of bio fuels is also considered as important 
contribution towards achieving sustainability of agriculture [5-7]. 

Recent publications by Wasiak & Orynycz [8-10] present 
analysis of energy efficiency of biofuel production systems, as well 
as offer an attempt to redefine energetic aspects of sustainability 
Wasiak [11]. It was shown that (EROEI type) indicator of energetic 
efficiency, ε, of the energy production system built of, i, subsystems 
can be expressed by the law of additivity of reciprocals of partial 
efficiencies, εi, describing each of subsystems:

1/ε=∑_i1/ε_i 	 ………………………………………. (1)

The partial efficiency of a subsystem, in turn, is defined as the 
ratio of the energy, Etot, obtained (during a chosen period of time) 
from the whole system to the sum of the energy inputs, Ek, needed 
to maintain functioning of that subsystem, i.e.:

ε_i=E_tot/(∑_kE_k )_i 	 …………………………………. (2)

Application of the above approach to the analysis of agricultural 
part of bio fuel production systems […] have shown that energetic 
efficiency of s.c. “energetic” plantation varies from about 10 to about 
200 depending upon the choices of plant species being cultivated, 
production technology, productiveness of machinery used, as well 
as some aspects of production organization. On the other hand, 
Transportation of goods between fields, and transportation of 
crops from plantation to the factory converting biomass into bio  

 
fuel require additional inputs of energy. For the case of rapeseed 
grain transportation on the distance of 100km, it was estimated, 
that energetic efficiency of this part of production system varies 
between 100 and 150 depending on the type of transportation 
means used.

Results of various combinations of the values above mentioned 
are given in Table 1. It is seen, that in some combinations the effects 
are quite substantial. The effects are mostly pronounced when both 
values of effectiveness, being combined, are large. In these cases the 
aggregate value is reduced to almost half of each contributing ones.

It has to be mentioned, that further decrease of energetic 
effectiveness should be expected due to energy inputs necessary to 
achieve conversion of biomass into bio fuel in the industrial part of 
the production system. Conclusion, that can be drawn from those 
computations, shows that in order to achieve maximum efficiency, 
production system dedicated to bio fuels production, should contain 
as small as possible number of energy consuming processes, and 
should be built basing on high yield plants, and highest energy 
content crops. 

Further question is how the energy efficiency of bio fuel 
production system corresponds to sustainability of agriculture, 
as well as in wider sense sustainability of the whole economy, at 
least on the level of particular Country. It has to be pointed out 
that agriculture is not only one resource providing biomass for 
mankind. Biomass is being harvested also from other sources like 
forestry, fisheries, etc. Some of those resources are cultivated, some 
still belong to wild nature.. Any of those resources, however, require 
inputs of energy in order to obtain some amount of useful biomass. 
Consequently, the considerations given above are applicable to all of 
the resources. Considering biomass as replacement of fossil fuels one 
has to keep in mind that such use competes with other applications 
like food production or construction materials. Evidently, although 
with slightly different results, one may assume that a unit of land 
cultivated for energetic purposes may cover energy needs of other, 
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i.e. “non–energetic” plantations at the proportion given by numbers 
taken from Table 1, depending upon technological and agricultural 
factors corresponding to particular case. Consequently, these 
numbers give the idea of necessary reduction of other crops in 
favor of “energetic” ones to achieve sustainability or at least self-
sufficiency of agriculture itself. This consideration does not consider 
energy needed to supply agriculture with industrial products, like 
machinery, fertilizers, etc. The development of technology, and 
biotechnology may improve the situation to some extent through 
developing more efficient tools and conversion methods, as well 
as an increase of productivity of biomass (e.g. through genetic 
modification of organisms). Also, in order to reduce the danger 
caused by competitive use of bio-resources, it seems advisable to 
develop technologies of energy production from wastes of biomass 
occurring in e.g. food production, so that edible parts of biomass 
would not undergo conversion to energy.

Table 1: Effect of energetic efficiency of transport on the energetic 
efficiency on aggregate efficiency of two sub systems.

εtr εagr

10 50 100 200

245 9.7 41.6 71.1 110.2

197 9.6 39.9 66.4 99.3

116 9.3 35 53.8 73.5

The above consideration could also be applied to discuss what 
part of land, should be converted to energetic production to replace 
fossil fuels in a degree covering whole needs of economy. This task 
extends the range of this paper. It seems, however, that assumption 
of such possibility is rather unrealistic.
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