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Abstract  

The hypothesis was that a local organic diet , based on the food products that can be 
produced in a local farming cooperative that is balanced in terms of vegetable and 
livestock production, can meet human nutritional requirements and reduce 
greenhouse gas (GHG) emissions. This diet (North European conditions) will include a 
lower proportion of animal products and more vegetable products, which has a 
positive effect on both the environment, the climate and the nutritional value of the 
diet. 

A basic scenario was set up where specialized farming activities in a local farming 
community area were integrated in a joint organization that could produce all the 
required foodstuffs for a smaller town with 770 inhabitants. The farming system 
included 180 ha of mainly grass-clover in rotation and a mixed production of milk, 
meat, breadwheat and vegetables. The GHG emission from the production was 3247 
g CO2/person/day. Scenario 1 added biogas treatment to the basic scenario, which 
lowered the emission by 982 g CO2/person/day and the system became self-sufficient 
in terms of fossil energy. In scenario 2, the animal production was reduced, 
corresponding to a decrease in the intake of beef meat by a third and an increase in 
vegetables to maintain the energy intake. This scenario reduced GHG emission by 
more than half, to 1239 g CO2-eq./person/day.  

Introduction  

Organic farming is currently specialised the same as conventional farming is and 
causes some of the same environmental problems. However, according to the organic 
principle, organic farming aims to minimise the human impact on the environment by 
taking advantage of on-site resources, such as livestock manure for fertiliser and feed 
produced on the farm, and by creating harmony between crop production and 
livestock production. Our hypothesis was that these goals could be reached by 
introducing a new type of farming system, where several specialized farming activities 
in a local farming community area are integrated in a joint organization. In such a joint 
local farming system, import of feed, manure, straw etc. to the system is avoided, and 
the system has to find a balance between crop and animal production, utilizing cattle 
as the motor of the system and accepting that a greater proportion of the crop 
products is used directly as human food instead of as animal feed, and some of the 
area is used for energy production. The primary products from this farming system 
also have to balanced with the typical requirements of a human diet.  
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Materials and methods  

First we investigated how a local, organically grown diet could be produced. A basic 
scenario was set up for a system that could produce all necessary foodstuffs for a 
smaller town with 770 inhabitants, and where by-products and waste was reused. In 
the basic scenario the composition of the diet represents the present typical Danish 
food intake (Fagt, 2008). However, all food was assumed to be organically grown and 
as much as possible locally grown. However, some non-agricultural food items such 
as fish and beverages might need to be ―imported‖. An important issue was to quantify 
the losses in the chain from primary product to food intake, as the environmental 
impact depends on the amount produced at the farm, whereas the nutritional impact 
depends on the amount eaten by the consumer. The system has a comprehensive 
production of milk, meat, bread grain, vegetables from outdoor production areas and 
greenhouse tomatoes and other heat-demanding products (North European). The size 
of the livestock production was determined by the need for animal products in the 
human diet and the size of the crop production adjusted to the need for animal feed 
and crops used directly as food. By-products were recalculated as animal feed. Two 
different scenarios were set up for producing a healthier, more sustainable and climate 
friendly local diet for 770 inhabitants. In scenario 1, the production was unchanged but 
a biogas plant was introduced. Input for biogas production were manure, 50% of 
kitchen refuse, and 50% of slaughterhouse wasteg. The biogas plant produces 
electricity and heat, avoiding the input from other sources (calculated as saved CO2-
emission). In scenario 2, the animal production was reduced corresponding to a 
reduction in the intake of beef meat by a third and the intake of vegetables was 
increased to maintain the energy intake. The sustainability of the farming system was 
evaluated by greenhouse gas emissions. Emission of GHG was calculated according 
to IPCC (2006).  

Results  

Table 1 shows for the basic scenario the food intake per person per day and the 
required amount of food leaving the food factory assuming 30% loss in the 
chain after processing. Input of primary product for processing is given in 
addition to the necessary primary production in the local system, both per 
person per day and total per year. The food intake in table 1 corresponds to 80% 
of the energy intake. The remaining 20% consists of fish (21 g/d), sweets (34 
g/d), juice (73 g/d) and beverages (2185 g/d).  

The livestock production consisted of 51 dairy cows, mainly fed grass-clover and 
producing 5500 kg milk per cow per year; bull calves were raised for beef production. 
Twenty-two sows were housed outdoors, slaughter pigs were raised indoors. 
Fivehundred hens and 5000 chicken fouraged in the orchard. The crop rotation 
included 2-3 years with grass clover (73 ha) followed by cereals (64 ha), rapeseed (13 
ha), potatoes (4 ha) and vegetables (2 ha). By-products from production of 
breadwheat, milk and rapeseed was used as feed for livestock. 

In scenario 2, meat production was decreased by reducing the number of cows but 
increasing milk yield from 5500 to 8200 kg/cow/year to maintain milk production and 
thereby reducing the number of bull calves raised. At the same time the area with 
vegetables was increased by 1.5 ha. However, due to the reduced livestock 
production a surplus area of 12.5 ha could be used to produce energy crops as input 
to the biogas plant. 
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Tab. 1: Food intake and necessary primary production in basic scenario, 
(g/person/day) and total production per year for the town (tonnes) 

Foodstuff Intake 

 

Food ex 
processing  

Input for 
processing 

Primary 
production 

Production 
per year, t 

Milk and 
milk 
products 

323 461 471 500 280 

Cheese 33 47 471 500 

Cereal and 
flour 

72 103 129 134 89 

Bread 141 201 176 184 

Vegetable 
(excl pot.) 

157 224 269 280 79 

Fruit 204 291 350 364 102 

Beef meat 40 57 62 110 
1)
 31 

Pork 68 97 106 154
 1)

 43 

Poultry 23 33 36 53 
1)
 15 

Eggs 17 24 24 26 7 

Fat 25 36 86 89 25 

Potatoes 102 146 153 195 55 

Total 1205 1721 2332 2590  

1) Live weight of animal products 

Table 2 shows total GHG emission from the local farming system for the basic 
scenario. The GHG emission related to food processing was not included in the 
calculation. Total GHG emission in basic scenario was 909.000 kg CO2-eq/year or 
3247 g CO2-eq./person/day. Of this, 35% comes from methane (CH4), 42% from 
nitrous oxide (N2O) and 23% from CO2. 

 

Tab. 2: Emission of GHG ex the local farming system, kg CO2-eq. /year 

 Total kg CO2-eq. 

(1000 kg) 

% of 
CO2-eq. 

Digestion: Cattle / Pig CH4 9031 / 230 226 / 6 25 / <1 

Manure:  Cattle / Pig  1765 / 1744 44 / 44 5 / 5 

Manure/crops N2O-N 261 / 359 122 / 168 13  / 18 

Indirect: Leaching/ 
NH3 

 110 / 91 51 / 43 6 / 5 

Field / stable CO2 100 / 50 100 / 50 11 / 6 

Green house  29 29 3 

Total   909 100 
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The total GHG emission from the farming system from the three scenarios can be 
seen in Table 3. 

 

Tab. 3: Emission of GHG, g CO2-eq./person/day 

Scenario Basic 1 

Biogas 

2 

Biogas, reduced beef 

CH4 

N2O 

CO2 

1143 

1372 

732 

1143 

1372 

732 

939 

1118 

670 

Total from farm 3247 3247 2727 

Biogas  -982 -1488 

Total 3247 2265 1239 

 

Discussion  
Some of the assumptions used in the present investigation can be discussed or are 
subject to some uncertainty. For example it was not taken into account that especially 
for the improved farming system with low livestock density and thereby low nutrient 
flow, there could be a lack of some essential nutrients as yield was assumed to be 
regulated only by N supply. The assumption regarding saved CO2-emission due to 
fossil energy being replaced by electricity and heat generated by the biogas plant 
presume that this production can be utilized etc. 

 
Conclusions  

A joint North European local organic farming system including 180 ha and a mixed 
production of milk, meat, cereals and vegetables could produce 80% of the required 
food energy in a diet that represents the present typical Danish food intake for 770 
inhabitants in a smaller town. The resulting GHG emission was 3247 g 
CO2/person/day. If the animal production was reduced corresponding to a decrease in 
the beef intake by a third and a corresponding increase in the intake of vegetables to 
maintain the energy intake, with crops from the surplus area used in a biogas plant, 
the GHG emission could be more than halved, the diet composition became healthier, 
and the system became self-sufficient in fossil energy.   
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