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The aims of organic farming include the recycling
of nutrients and organic matter and the minimisa-
tion of the environmental impact of agriculture.
Reduced nitrogen (N)-losses and energy (E)-use
are therefore fundamental objectives of conver-
sion to organic farming. However, the case is not
straightforward, and different scenarios for con-
version to organic farming might lead to reduced
or increased N-losses and E-use.

This paper presents a scenario tool that uses a
Geographical Information System in association
with models for crop rotations, fertilisation prac-
tices, N-losses, and E-uses. The scenario tool has
been developed within the multidisciplinary re-
search project Land Use and Landscape Devel-
opment Illustrated with Scenarios (ARLAS). A pi-
lot scenario was carried out, where predicted
changes in N-losses and E-uses following con-
version to organic farming in areas with special
interests in clean groundwater were compared.
The N-surplus and E-use were on average reduced
by 10 and 54%, respectively. However, these re-
ductions following the predicted changes in crop
rotations, livestock densities, and fertilisation
practices were not large enough to ensure a sta-
tistically significant reduction at the 95% level. We
therefore recommend further research in how
conversion to organic farming or other changes
in the agricultural practice might help to reduce
N-surpluses and E-uses. In that context, the pre-
sented scenario tool would be useful.
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INTRODUCTION

The agricultural use of fossil energy (E) and nitrogen (N) are
important issues. On the one hand, the use of these resources is
necessary to attain agricultural production, while on the other
hand it leads to undesirable greenhouse gas emissions[1] and N-
losses to the environment[2]. Knowledge about the advantages
compared to the environmental and socioeconomic costs in the
use of these and other resources is therefore needed and has been
a focus area for scientific research. Conversion to organic farm-
ing might be a useful measure to reduce both N-losses[3] and E-
use[4]. However, the case is not straightforward, and different
scenarios for conversion to organic farming might lead to re-
duced or increased N-losses and energy consumption.

The present study aims to present a method to map, simu-
late, and compare N-losses and E-uses at the regional level. The
method is demonstrated in a Danish study area. Especially, it is
the aim to compare the present situation to a pilot scenario for
conversion to 100% organic farming in those parts of the study
area with special interests to protect the groundwater.

MATERIALS AND METHODS

The study area was situated around the city of Bjerringbro
in the midwest of Denmark and covered 10 × 10 km2. A
1998 land-use map of this area was digitised in scale
1:10,000, based on a digital field-block map (Table 1),
aerial photography, and satellite images combined with
ground-truth observations (Fig. 1). The area included 65%
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TABLE 1
Data Collected in the 10- ××××× 10-km2 Study Area

Type Sourcesa

1. Livestock types and numbers for each farm The Danish Livestock Register (CHR)

2. Crop type and area for each field The Danish Field Crop Register (GLR)

3. Fertilisation practice for each farm The Danish Register of Fertilisation Accounts

4. Link between land owner and land farmer The Cadastral Register of Denmark (ESR)

5. Geographical placement of fields The field-block map (DMK-Block) and aerial photography

6. Geographic placement of groundwater protection areas The County Register over areas designated

a Most of these data sources are included in the Ministry of Food, Agriculture, and Fisheries’ national databases[5].

FIGURE 1. Land use in the 10- × 10-km2 study area, situated around the city of Bjerringbro in the midwest of Denmark. This study is limited to describing the N-
losses and the E-use related to the agricultural areas within or outside the two environmentally sensitive areas (ESAs) with special interests in clean groundwater.

agricultural land and 20% forests, and the remaining area
consisted of urban areas, roads, lakes, streams, hedges, and
other small biotopes. The present study was limited to N-
losses and E-use related to the agricultural land. Of this
agricultural land, 16% of the area was designated as envi-

ronmentally sensitive areas (ESAs) with special interests
to protect the groundwater.

Agricultural land-use data were collected from the Ministry
of Food, Agriculture, and Fisheries’ national databases (Table 1).
This information was collected for all 489 farms within the re-
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gion in 1998. Moreover, detailed information about farm-level
N-inputs (i1–i7) and N-outputs (o1–o4) were collected from a
sample covering 41 farms within the study area (Fig. 2). Thereby,
the N-surpluses from these farms were obtained, and a nonlinear
relation[6] between the N-surplus and the fertilisation in the form
of animal manure (N-am) was derived (Fig. 3). Analogously, a

function was derived for organic farming on the basis of simu-
lated results from a previous study in the area[6] (Fig. 3). In this
study, the N-surpluses were used to indicate the overall N-losses
from agriculture in the form of dissolved N (mainly nitrate), gas-
eous N (ammonia, dinitrogen, nitrogen oxides, etc.), and solid N
(mainly organic matter).

In a geographical information system, data on land use and
ESAs with special interests in clean groundwater (Fig. 1, Table
1) were used to construct a scenario for conversion to organic
farming. In this scenario, all farms with fields within the two
ESAs were converted to organic farming. This implied a reduc-
tion in the livestock density. The herds on organic livestock farms
where the livestock density exceeded 1.4 livestock units (LSU)
per hectare, corresponding to the maximum allowed livestock
density according to Danish organic-farmer regulations, were cut
to that limit. Also the crop rotations, crop yields, fertilisation
practices, required fodder imports, and types of field operations
were affected by the conversion. The simulations are explained
in detail in the following.

The collected data, in combination with information
about 10 years of practice on organic farms in Denmark[7],
were used to simulate crop rotations[8] and fertilisation
practices[9] on organic and conventional farms. This simu-
lation meant that the arable crop and corresponding
fertilisation practice were decided for each field in 30 suc-
ceeding years, given the present management practice. The
results presented are the averages of these 30-year peri-
ods, such as the fertiliser use presented in Table 2. For ex-
ample, a typical crop rotation on conventional dairy farms
would be fodder beets → spring barley → spring barley,
undersown grass → grassland in rotation → 1st year
grassland → 2nd year grassland → winter wheat → spring
barley → spring barley and peas for silage, undersown grass →
1st year grassland, etc. The typical rotation on organic farms
would consist of more grass/clover and would be simpler, for
example, spring barley, undersown grass/clover → 1st year grass/
clover → 2nd year grass/clover, etc. Moreover, some of the area
would be out of rotation and covered by permanent grassland or
permanent set-aside (Table 3). The level of fertilisation on con-
ventional farms was simulated to correspond to the recorded,
present fertilisation level (Table 1). Organic farms only used live-
stock manure. If the manure production on either an organic or a
conventional farm exceeded the norms for fertilisation accord-
ing to Danish legislation[9], the manure was transported to the
nearest farm without manure surplus. Finally, the farm-level
N-fertiliser amounts were distributed to the corresponding fields
according to current practice[9]. For example, spring barley on
loamy soils at conventional farms would be fertilised with 123 kg
plant-available N ha–1 year–1, corresponding to a yield of 6 t cere-
als ha–1 yr–1. The same crop on organic farms would be fertilised
with around 90 kg plant-available N ha–1 year–1, corresponding
to a yield of 4 t cereals ha–1 year–1. The simulated yields corre-
sponded to published crop yields and crop yield losses when
converting to organic farming in Denmark[10].

The fossil E-use, measured in Joules (J), was simulated
with Dalgaard et al.’s model[11]. This model divides the E-use
into energy use for crop and livestock production. Moreover,
the energy use is divided into direct and indirect E-use. Direct
E-use is energy input used in the production, when such input
can be directly converted into energy units (e.g., diesel fuel,
lubricants, and electricity for lubrication and drying). Indirect

FIGURE 2. Farm N-inputs (i1–i7), N-outputs (o1–o4), and N-surplus, i.e., in
kg N ha–1 year–1[3]. [[fig taken from Ref[3]?]]

FIGURE 3. Relationship between nitrogen surplus (N-surplus) and the farm-
level, ex-store application of nitrogen in the form of animal manure (N-am) in
conventional farming and organic farming[6].
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TABLE 2
Farm-Level N-Surpluses (kg N ha–1 year–1), Before and After

Conversion to Organic Farming, in the Environmentally
Sensitive Areas (ESAs) with Special Interests in Clean Groundwater

Within ESAs (n = 61)a Outside ESAs (n = 428) Total (n = 489)

Before conversion 115 ± 15 107 ± 5 108 ± 5

After conversion 104 ± 14 b 107 ± 5

a n = number of farms.
b The farms outside ESAs were not converted and have the same nitrogen surpluses as before.

TABLE 3
Field-Crops in the Study Area in the Present Situation (P) and in the
Scenario (S) with Conversion to Organic Farming in the Environmentally

Sensitive Areas (ESAs) with Special Interests in Clean Groundwater

Within ESAs Total
Outside ESAs

P S P = S P S

Cereals 60% 53% 66% 65% 64%

Row crops 9% 0% 10% 10% 8%

Glass/clover in rotation 5% 24% 4% 4% 7%

Perm. grassland or set-aside 26% 23% 20% 21% 20%

TABLE 4
Farm-Level Energy Uses (106 J ha–1 year–1), Before and After

Conversion to Organic Farming, in the Environmentally
Sensitive Areas (ESAs) with Special Interests in Clean Groundwater

Within ESAs (n = 61)a Outside ESAs (n = 428) Total (n = 489)

Before conversion 26 ± 10 23 ± 6 23 ± 5

After conversion 12 ± 4 b 21 ± 5

a n = number of farms.
b The farms outside ESAs were not converted and have the same energy uses as before.

E-use is energy used in the production when such input cannot
be converted directly into energy inputs (e.g., machinery,
fertilisers, pesticides, and fodder imports). The needed conven-
tional or organically produced fodder that was not produced within
the 10- ×10-km2 study area was supposed to be imported from
outside the area. No manure was imported to the area, either in
the present situation or in the scenario for conversion to organic
farming.

The crops were divided into four types: cereals (spring ce-
reals, winter cereals, and field-peas), row crops (beets, rape, and
corn grown for fodder), grass/clover in rotation, and permanent
grassland or set-aside grassland. The E-uses for each of these
crop types were simulated from E-use standards for typical man-

agement practices in the form of field operations and use of in-
put factors (nitrogen, phosphorous, potassium, lime, pesticides,
machinery, and irrigation)[12]. Subsequently, the E-uses for these
crop types were multiplied with the area of each crop type in the
present situation and in the scenario for conversion to organic
farming. Likewise, the livestock were divided into ruminants
(cattle, sheep, goats, etc.) and nonruminants (pigs, poultry, etc.),
and the average E-use was simulated per livestock unit of these
two types, where one livestock unit corresponds to that number
of animals producing 100 kg N ex store per year. Finally, the E-
uses for crop and animal production were aggregated for each
farm and used to calculate the average E-use before and after
conversion (Table 4).
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TABLE 6
Average Energy Use (106 J ha–1 year–1)

for Organic Crop Production[13]

Grass/Clover Cereals Row Crops Perm. Grass

Oila 2.4 4.3 11.3 0.8

Electricityb 0.8 0.7 0.5 0.0

Fertilisersc 0.0 0.0 0.0 0.0

Machinery 0.7 1.3 3.4 0.3

Total 4.0 6.3 15.2 1.1

a Diesel, gasoline, lubricants, etc. incl. refining and distribution.
b Irrigation and drying.
c Fertilisers, pesticides, and lime.

TABLE 5
Average Energy Use (106 J ha–1 year–1)
for Conventional Crop Production[13]

Grass/Clover Cereals Row Crops Perm. Grass

Oila 3.1 4.5 13.2 0.8

Electricityb 0.8 0.9 0.4 0.0

Fertilisersc 10.3 5.9 4.3 0.7

Machinery 1.0 1.4 4.0 0.3

Total 15.2 12.7 21.9 1.8

a Diesel, petrol, lubricants, etc. incl. refining and distribution.
b Irrigation and drying.
c Fertilisers, pesticides, and lime.

RESULTS

The agricultural land use was dominated by cereals, but conver-
sion to organic farming led to more areas with grass/clover and
smaller areas with cereals and row crops (Table 2). This resulted

in lower E-uses for crop production (Tables 5 and 6), primarily
because of lower energy inputs for synthetic fertilisers, where
grass/clover benefit from its ability to fixate N from the atmo-
sphere. Also, grazing in the grass/clover fields required less en-
ergy inputs per produced output than did harvest of roughage

TABLE 7
Livestock Density (LSU ha–1) at Farms with Cattle, Sheep, and
Other Ruminants Compared to Farms with Pigs, Poultry, and
Other Nonruminants in the Present Situation (P) and in the
Scenario (S) with Conversion to Organic Farming in
Environmentally Sensitive Areas (ESAs) with Special

Interests in Clean Groundwater

Within ESAs Total
Outside ESAs

P S P = S P S

Ruminants 0.6 0.4 0.5 0.5 0.5

Nonruminants 0.9 0.8 0.5 0.6 0.6

Total 1.5 1.2 1.0 1.1 1.0
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TABLE 8
Average Simulated Energy Use (MJ LSU–1) for

Conventional (C) and Organic (O) Livestock Production

Ruminants Nonruminants
(Cattle, Sheep, etc.) (Pigs, Poultry, etc.)

C O C O

Electricity in livestock houses 5.8 5.7 3.4 2.0

Oil for heating livestock houses 0.0 0.0 1.8 0.0

Buildings, inventory, etc. 2.7 2.7 2.7 2.7

Fodder import 5.4 4.2 12.9 9.7

Own fodder production 0.0a 0.0a 0.0a 0.0a

Total 13.9 12.6 20.8 14.5

a Included in the energy use for crop production.

FIGURE 4. The geographical distribution of manure and synthetic fertilisers in the study area. Simulated average for a 30-year crop rotation with conventional
farming.

fodder from whole-crop cereals and row-crop fodder beets. This
contributed to lower E-uses in the organic than in the conven-
tional crop rotations.

The animal production was reduced significantly with con-
version to organic farming in the area with special interests in
clean groundwater (Table 7). Thereby, the E-use for animal pro-

duction was reduced via a combination of (1) reduced livestock
density and (2) lower E-use per unit organic livestock compared
to conventional livestock produced (Table 8).

Also, the manure production and the geographical distribu-
tion of fertilisers were affected by conversion. In the conven-
tional situation, the field crops were fertilised with both animal
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manure and synthetic fertilisers (Fig. 4). In the organic situation,
use of synthetic fertiliser was banned and the livestock produc-
tion reduced. Thereby, the estimated N-surplus was also reduced
(Table 2).

A statistical analysis of the simulated farm results revealed
an average reduction of 10% in the N-surplus and a reduction of
54% in the E-use following conversion to 100% organic farming
within the ESAs. A closer look at the confidence intervals re-
vealed that none of these reductions were statistically significant
at the 95% level, but the E-uses were very close to being signifi-
cant (the confidence interval before conversion, 26 ± 10, nearly
did not overlap that after conversion, 12 ± 4). Neither were the
recorded average reductions in the N-surpluses or the E-uses in
the total area significant, accounted to 1 and 9%, respectively
(Tables 2 and 4).

DISCUSSION

The simulated E-uses and N-surpluses in conventional com-
pared to organic farming corresponded to empirical values
from the literature. For example, Pimentel et al.[14] found an
E-use of 10.0 and 7.2 GJ ha–1, respectively, for conventionally
and organically grown spring wheat in North Dakota. For
Danish conditions, Vester[15] calculated the E-use of spring bar-
ley on organic model farms (6.9 to 13.0 GJ ha–1) and on conven-
tional farms (15.4 to 21.2 GJ ha–1), while Leach[16] calculated
typical E-uses in the U.K. and found an E-use of 15.7 GJ ha–1 for
spring barley, 26.4 GJ ha–1 for the row crop maize, and 15.6 to
18.9 GJ ha–1 for wheat. For animal production, Cederberg[17]
found the same for dairy production in Sweden: 22.0 GJ LSU–1

conventional cow ex farm, and 17.1 GJ LSU–1 organic cow ex
farm. Also, Halberg[18], in a study of 15 Danish dairy farms
over a 3-year period, found a significantly lower E-use for or-
ganically compared to conventionally produced milk. Dalgaard
et al.[3] and Halberg[18], respectively, reported N-surpluses of
124 and 114 kg N ha–1 year–1 for organic and 240 and 176 kg N
ha–1 year–1 for conventional Danish dairy farms. This difference
is larger than that presently estimated within the ESAs (Table 2).
However, this can be explained by smaller differences in live-
stock density before and after conversion in the present study
(Table 7) than in the two studies from literature, where organic
farming with 1.1 LSU ha–1 was compared to conventional farm-
ing with 1.7 LSU ha–1.

The presented changes in N-surplus and E-use should be
compared to the corresponding changes in production. The ani-
mal production changes are indirectly indicated with the ac-
counted livestock density before and after conversion (Table 7).
The arable crop production was not accounted specifically but
corresponded to a 12 to 33% reduction in the crop yields follow-
ing conversion to organic farming[10]. In the comparison of dif-
ferent scenarios for conversion to organic farming, or scenarios
for other agricultural production changes[19,20], these costs in
the form of reduced production should consequently be evalu-
ated with the environmental benefits in the form of reduced N-
losses and E-uses. However, the case is not straightforward —
for example, 1 l of organic milk might be worth more than 1 l of
conventionally produced milk, and the question of weighting
quality appears. Such weighting is a subject for future research.

In conclusion, the method to map, simulate, and compare
regional scenarios for N-surplus and E-use in conventional and
organic farming was consistent under Danish and similar condi-
tions. The results from a pilot scenario in the 10- ´ 10-km2 study
area indicated that conversion to organic farming in the environ-
mentally sensitive areas with special interests in clean ground-
water would reduce both N-surplus and E-uses. However, these
reductions following the predicted changes in crop rotations, live-
stock densities, and fertilisation practices were not large enough
to ensure a statistically significant reduction, though the energy
use reductions nearly were significant at the 95% level. We there-
fore recommend further research in how conversion to organic
farming, or other changes in the agricultural practice, might help
to reduce N-surpluses and E-uses. In that context, the presented
scenario tool in association with geographical information sys-
tems would be useful.
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