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ABSTRACT 

Searching for livestock production systems with a high energy utilization is 
of interest because of resource use andpollution aspects and because energy 
use is an indicator of the intenstjication of production processes. Due to 
interactions between crop and livestock enterprises and between levels of 
dtflerent input factors and their eflects on yields, it is proposed to analyze 
agricultural energy utilization through system modelling of data from farm 
studies. Energy use in small grains, grass-clover andfodder beets registered 
in organic and conventional mixed dairy farms was analyzed and used 
together with crop yields in order to model energy prices on three Danish 
soil types. Conventional crop yields were higher but they also used more 
indirect energy with input factors, especially fertilizers. The conventional 
yields were not suficiently higher to compensate for the extra use of energy 
compared with the organic crops. The organic crops had lower ener- 
gy prices on all soil types, with the smallest dtflerence on irrigated sandy 
soils. Sensitivity analyses were made for the effects of changes in irrigation 
and fertilizer levels. One conclusion was that better energy utilization in 
grain crops might be found at intermediate levels offertilizer use, especially 
on irrigated soils. Actualfarm diesel use was on average 47% higher than 
expected from standard values, suggesting that care should be taken when 
basing energetic analysis of farming methods on experimental data alone. 
On the same farms, the energy use in firy production registered in 
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organic and conventional mixed dairy farms was analyzed and used toge- 
ther with milk and meat yields in order to model energy prices for three 
direrent feeding strategies and two soil types. Conventional dairy produc- 
tion is more intensive with a greater feeding ration and a higher proportion 
of high-protein feed, but has also higher yields. The conventional yields 
were not suficiently higher to compensate for the extra use of energy 
compared with the organic feeding ration. However, the lower energy price 
in organic dairy production is dependent on the composition of the feeding 
strategy. Substitution of 5OOSFU of grain with grass pellets makes an 
ordinary organic feeding ration based on conventional crop production 
competable. In general, the crop energy price models can be used together 
with the dairy production to model the eflects of direrent feeding and crop 
rotation strategies on the overall energy utilization in mixed dairy produc- 
tion systems. 0 1998 Elsevier Science Ltd. All rights reserved 

INTRODUCTION 

Today’s agricultural production relies heavily on the consumption of non- 
renewable fossil fuels. Consumption of fossil energy results in direct negative 
environmental effects through release of CO2 and other combustion gases. 
Indirectly, there have been positive effects: increased yields and reduced risk. 
Yet large amounts of cheap fossil energy have indirect negative impacts on 
the environment, such as less diversified nature through the intensification of 
agricultural practices. Thus, looking for agricultural production methods 
with a higher energy productivity is as topical today as it was some 20 years 
ago (Pimentel et al., 1973). According to the Brundtland Commission, the 
total consumption of energy has to be reduced 50% before 2035. 

To cite Giampietro et al. pp. 30 (1994) “In agriculture, energy analysis can 
be used to assess the impact of human activity on the complexity and stability 
of environmental equilibria in terms of alteration of patterns of energy flows.” 

We use fossil energy utilization analysis to evaluate the energy conversion 
and resource use of different mixed dairy production systems in Denmark. 
The total direct and indirect energy use in the primary agricultural sector 
alone (i.e. to the farm gate) was about 18% of the total energy consumption 
in Denmark in 1982-83 (Parsby and Fog, 1984). 

It is not obvious how the energy utilization would be influenced by a 
change in production intensity, as reduced yields might counterbalance any 
energy savings from reducing external inputs. Wagstaff (1987) suggests on 
the basis of a literature review “that within mechanised farming in indus- 
trialized countries it is unlikely that substantial energy savings would result 
solely from a reorientation towards systems characterized by lower external 
current inputs.” The use of fertilizers and pesticides, for instance, has an 
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impact on fodder crop yields as well as indirect energy consumption (fossil 
fuel used for their manufacturing). As most dairy farms are net fodder 
importers, any shift in crop yields has consequences for the fodder import- 
another source of indirect energy-as well as the crop rotation. Any restric- 
tions imposed in a part of a farming system might be substituted for in other 
parts of the system by the farm manager. Therefore, it is an interesting and 
complex question whether less intensive dairy farming systems are more 
energy efficient than conventional systems. 

Because of the interactions between crop and husbandry enterprises, we 
find that these questions might best be researched by systems modelling 
(Sorensen and Kristensen, 1993) based on studies of private farms. To facili- 
tate modelling of different strategies, separate models for crop and livestock 
production are developed. 

Organic farming was developed by farmers concerned about resource uti- 
lization and environmental effects. Pimentel(1993) and Pimentel et al. (1983) 
have proposed that organic production methods have a better energy utili- 
zation in many crop enterprises (e.g. in wheat and maize). Therefore, these 
might be feasible critical cases for the study of less intensive farming methods. 

The aim of this paper is, on the basis of farm studies: 

1. to analyze and model the energy consumption and productivity in 
organic and conventional cropping and dairy systems; 

3 _. to discuss different strategies to improve the energy utilization in crop 
and husbandry production systems. 

METHODS AND MATERIALS 

Principles for energy utilization 

Similar to the economist’s cost, energy carries a price tag. It has an actual or 
potential use as a resource and, by using it, one incurs an opportunity cost, 
in the sense that one cannot use the resource in another way. This implies a 
concern for resource depletion. Here, we exclude the vast energy flux of the 
sun. Not because of usefulness, but because no stock is depleted: no oppor- 
tunity cost is incurred (Leach, 1976). 

The two major substitutes for fossil energy in agricultural production are 
solar and human energy. The sun and the fossil fuels differ in their patterns 
of scarcity. 

Radian-energy from the sun is practically infinite in total amount (stock), 
but it is strictly limited in its flow rate. Conversely, energy stored in fossil 
fuels and minerals is strictly limited in its total amount in a very long 
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perspective (stock), but relatively unlimited in its flow rate-that is, we can 
use it up at a rate largely of our own choosing (Daly and Cobb, 1989). 

Solar energy is indirectly brought into the agricultural production system 
through crop production, with land acting as a solar collector. The highest 
quality soils require less human and fossil energy inputs per unit of food 
produced than the poorer soils. Yet food production can be increased 
markedly in the short term by investing more energy (Jones, 1989; Hall et al., 
1992; Pimentel et al., 1994). 

The other substitute for fossil energy is human energy or labour, but this 
input is hard to convert to energy figures for obvious reasons. Energy costs 
might include energy for food for the specific work done and for the main- 
tenance of the body. One might also include other needs for labour as a 
member of society. Moreover, labour contributes not only with physical 
work but also with intellectual work, which is difficult to quantify (Nielsen 
and Rasmussen, 1977; Pimentel, 1980; Jones, 1989). Labour and fossil 
energy are too different to be handled with the same term, and therefore 
labour energy is not included in our analysis. 

In our study, we use process analysis (Fluck, 1992), which is defined as the 
evaluation of both direct energy inputs and all indirect energy inputs 
(Fig. 1). The direct energy refers to the fuel burned at the site of production, 
corresponding to the items inside the farm borderline (Fig. 1). The indirect 
energy refers to fuel burned in other sectors to manufacture the materials 
purchased and used as inputs at the site of production (e.g. energy for 
production of mineral fertilizer), corresponding to the items outside the 
borderline of Fig. 1. 

The more indirect the energy cost becomes for the farm, the smaller the 
contribution to the total energy cost of the agricultural product. Setting the 
right system boundary is difficult. What about the energy used for the pro- 
duction of the inventory used at the fertilizer plants, for instance? In general, 
roughly half of the embodied energy of a good or service is used at the site of 
production (Hall et al., 1992). Nielsen and Rasmussen (1977) report that the 
last two stages of a production process in general will cover more than 90% 
of total fossil energy input. Therefore, to avoid this infinite regression we 
only include the indirect energy costs one step backwards from the farm. 
Even though the energy used to manufacture capital goods for producing 
farm inputs thus is excluded, our study will presumably cover over 90% of 
the energy used in the whole production process. 

The energy price 

Energy price is the quantity of energy required per unit yield for a given 
agricultural product. It is proposed as a measure for the utilization of energy 
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Fig. 1. A conceptual model for the use and conversion of fossil energy on a livestock farm. 
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in industrialised agricultural systems (Fluck, 1979). The resource use is related 
to the quantity of output from the production system as a measure for the 
utilization of fossil energy. Measuring the output in human feed units is not 
straightforward because of the disparate qualities of the food produced. 

Data 

Data on 14 organic and 17 conventional farms affiliated with the Danish 
Institute of Animal Science were recorded during the 2-year period from 
1 May 1990 until 30 April 1992 for the direct energy input. Yields and input 
quantities were registered during the 4-year period from 1 May 1989 until 
30 April 1993. 

All farms have dairy production (except two organic farms with beef cat- 
tle) as the main enterprise, combined with grain production. Organic farms 
meet the Danish organic regulations prohibiting the use of chemically pro- 
duced fertilizers and pesticides. Non-organically produced fodder, only of 
Danish production, is limited to 15%, and organic animal manure is applied 
from, at most, 1.4 livestock units ha-’ year-‘. 

The goal of data collection is to describe the triple flow of energy, nutrients 
and money on each farm. Information is collected at farm, herd and crop 
level. Data are collected from biweekly visits recording fodder consumption 
over a 24-h period, stocks assessments, farm purchases, and sales and input 
for crops. All registered inputs and yields are checked yearly against the 
farms accounts, and any private consumption of diesel and electricity is 
separated from the amounts used in the production. A detailed description 
of each farm’s production system and yield during the working years is 
presented in yearly publications (Ostergaard, 1990, 1991; Kristensen and 
IZlstergaard, 1992; Kristensen, 1993). 

There are some differences between organic and conventional farms 
regarding soil type and partition of crops and livestock units per hectare, 
(Table 1). The number of livestock units per hectare is 40% greater on con- 
ventional farms due to difference in breeds and fattening of bull calves. The 
area with fodder beets and whole crop silage from small grains is higher on 
conventional farms, whereas the organic farms have more grass-clover in 
rotation, including 9% lucerne. The crops on the remaining area are different 
types of cereals (including about 10% winter cereals) and other cash crops 
such as potatoes and rape seed. The proportion of grass-clover harvested for 
silage is on average greater on the organic farms; but the area of permanent 
pasture is nearly identical for the two farming systems (1 l-12%). 

The organic dairy farms sell on average a larger proportion of animal 
products compared with plant products than conventional dairy farm-a 
result of the production rules for the organic system. 
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