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Summary 
 

The goal of this project was to increase the knowledge on greenhouse gas emissions 
from Swedish production of some major types of fresh fruits and vegetables consumed 
in Sweden and some important flowers, that can be grown in Sweden. The goal was 
also to clarify which parts in the production chain that contribute most to greenhouse 
gas emissions and to describe the most efficient measures to reduce the emissions. 

All in all, 17 products were analysed: kalanchoë, poinsettia, tomato, cucumber, 
cauliflower, broccoli, carrot, parsnip, iceberg lettuce, onion, leek, swede, celeriac, 
white cabbage, apple and strawberry. The products were selected in collaboration with 
the reference committee with representatives from the horticultural sector. The 
functional unit for the fruits, vegetables and flowers in the study is 1 kg of product, one 
flowerpot or one bouquet of ten tulips, sold at the retailer. The system boundary is 
drawn from production of inputs to the cultivation to the retailer, including production 
and waste treatment of packaging. 

The results for tomato, cucumber and the flowers showed that the heating in the 
greenhouse is the single most important contribution of emissions of CO2, but the 
packaging is also quite important for the two pot plants, which is partly due to the pot, 
but also the plastic tray the pots are placed in for transport. Regarding the contribution 
from heating the greenhouse, not only did the choice of fossil or non-fossil heat source 
impact the result but also the energy efficiency of the greenhouse production. 

Greenhouse gas emissions for the open field products emanate from all parts of the 
life cycle from farm to retailer. For most products however, the emissions from the 
cultivation, including the production of fertiliser, contributes most. For open field 
products, which have a high yield, several tonnes per ha (10-80), the resulting carbon 
footprint per kg product is quite low from the agricultural phase, despite high inputs of 
nitrogen fertiliser and significant use of diesel in the field work. This means that the 
other steps in the chain, transport and packaging, become relatively important, 
although the absolute figures are still low.  

The impact of the packaging varies slightly for the different products; products that are 
packed in a reusable plastic crate have slightly lower emissions than the ones packaged 
in corrugated board. The transport from farm to retailer was divided into three steps: 
(1) from cultivation to distribution centre, (2) from distribution centre to retail storage, 
(3) from storage to retailer. More than 70% of the contribution from transport stems 
from the middle transport step, i.e. from the distribution centre to the retail storage, 
which is the longest distance the products are transported. 

There are several ways in which the emissions of greenhouse gases can be reduced for 
horticultural products. In the report measures are summarised for how emissions can 
be reduced from the cultivation (for greenhouse products and open-filed products 
respectively), and the post-farm stages storage, transport and packaging. 

 

Key words 

Life cycle assessment, climate change, carbon footprint, global warming potential, 
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Introduction 

In Sweden we are used to having access to a wide variety of fresh fruits and vegetables 
all year round. Emissions of greenhouse gases are relatively low for non-animal 
products compared to products of animal origin, but only provided the whole 
production chain is efficient. The aim of this study is to increase the knowledge on 
greenhouse gas emissions from Swedish production of the major types of fresh fruits 
and vegetables consumed in Sweden and some important flowers, that can be grown 
in Sweden. The study is performed by SIK, the Swedish Institute for Food and 
Biotechnology, and is financed by The Swedish Farmers’ Foundation for Agricultural 
Research (SLF).  
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Goal and Scope 

Goal of the study 

The goal of this project is to increase the knowledge on greenhouse gas emissions from 
Swedish production of some major types of fresh fruits and vegetables consumed in 
Sweden and some important flowers, that can be grown in Sweden. The goal is also to 
clarify which parts in the production chain that contribute most to greenhouse gas 
emissions and to describe the most efficient measures to reduce the emissions. 

The studied products 

The products included in the study have been selected on the basis of being consumed 
in relatively large quantities in Sweden, see Figure 1, and that they can be produced in 
Sweden. The selection has been made in collaboration with the steering group. In total 
17 products are included in the analysis, given in Table 1. Except for apples, no organic 
production was included. For apple, both organic and conventional production was 
explored. 
 
Table 1 Products included in the study and the functional unit used for each product 

 Functional unit used in study 

Tomato 
Cucumber 
Iceberg lettuce 
White cabbage 
Carrot 
Onion 
Leek 
Broccoli 
Cauliflower 
Parsnip 
Celeriac 
Swede 
Strawberry 
Apple 
Kalanchoë 
Poinsettia 
Tulip 

1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
1 kg 
One single stem plant in 11 cm pot  
One single stem plant in 10 cm pot 
One bouquet of 10 tulips 
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Figure 1 Swedish annual production and import in 2008 of the products included in the study (SJV, 
2008; SCB, 2010). No import statistics were available for flowers. Swedish export is limited; only 
iceberg lettuce is exported (ca 5000 tonnes per year). 

Functional unit 

Food products provide many different functions (nutrition, pleasure etc), and flowers 
too. In this study the purpose is not to compare different products but to explore the 
climate impact of each product so that improvement options can be identified. Hence, 
a weight based functional unit, that is easy to use in further studies, is chosen for the 
fruits and vegetables, and for the flowers one pot or one bouquet is chosen. The 
functional unit for the fruits, vegetables and flowers in the study is 1 kg of product, 
one flowerpot or one bouquet of ten tulips, sold at the retailer, see also Table 1. It is 
important to point out that the products in the study are very different in many ways, 
e.g. the nutritional value of broccoli and cucumber are not equivalent, and should 
therefore not be compared on a weight basis. Depending on which context the results 
will be used in, the results can be translated to an appropriate comparison basis 
(providing the results on a per kg basis should facilitate such a translation). 
 

System boundaries 

The system boundary is drawn from the production of inputs to the cultivation and 
ends with the product leaving the retail store, i.e. transport to and storage at the 
household are not included. However, waste management of the packaging is included 
even when it takes place beyond the retail stage, since the producer can influence the 
choice of packaging material, and the impact of the packaging material is significantly 
dependant on its waste management.  
 
Figure 2 shows which processes are taken into account in the analysis. Infrastructure is 
included for transport (production and waste treatment of vehicles and roads as well 
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as maintenance of roads), and also heat, electricity generation and plastic production 
(production and waste treatment of plant), infrastructure for all other processes is not 
included. 
 
For the cultivation of greenhouse products, the following processes are included: 
 

 For the flowers, the energy use for growing of baby plants is included, as well 
as transport to main cultivation, production of substrate for pot plants 

 For tomato and cucumber, energy for growing of baby plants is included, and 
growing is assumed to take place close to main cultivation (i.e. no transport to 
main cultivation) 

 For the tulip, the transport of bulbs to main cultivation is included, as well as 
cold storage of the bulbs. Cultivation of bulbs has been assumed to be 
equivalent to cultivation of Swedish onion, due to lack of data 

 Production of heat and electricity for the greenhouse 

 Production of mineral fertilisers 

 Production of CO2 for tomatoes and cucumber;  
 
And the following is not included: 

 Production of seed (assumed to be negligible) 

 Production of greenhouse is not included (this was first included in a pre-study, 
but turned out to be negligible) 

 For the tulips, heat treatment of bulbs is not included due to lack of data 

 Production of pesticides 

 Production of CO2 proved to be negligible for tomato and cucumber so has not 
been included for the pot flowers which require less CO2 

 
For the cultivation of field crops, the following processes are included: 
 

 Baby plant production (Cauliflower, Broccoli, Iceberg lettuce, Leek, Celeriac and 
White cabbage): production of growing media (although negligible contribution 
to results), energy use for production of the baby plants in greenhouse, and 
transport of the plants to the main cultivation 

 Main cultivation: production of mineral fertiliser, diesel, electricity for watering 
and cold storage, wastage from storage, production and waste treatment of 
crop cover if applicable (e.g. strawberries)  

 Crop wastage (e.g. products with storage damage and leaves from cleaning the 
vegetables) is assumed to be returned to the field. The resulting emissions of 
N2O has been allocated to the product (even though the compost is likely to be 
applied to another crop), in order not to underestimate these emissions 

 
And the following is not included: 

 Production of seed is not included (assumed to be negligible) 

 Production of pesticides 
 
The production and waste treatment of primary and secondary packaging is included 
in the analysis. Most of the products are packed in reusable plastic containers (as 
secondary packaging), in this case the transport and washing of the containers is taken 
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into account in the analysis, see further section on packaging. The transport from the 
cultivation to the retailer is divided into three steps: (1) from cultivation to assembly 
point, (2) from assembly point to retailer storage, (3) from storage to retailer. 
 
 

 
 
Figure 2 System boundary used in the analysis 

Type of life cycle assessment (LCA) 

The approach used for the analysis is descriptive (attributional) life cycle assessment 
(LCA), i.e. it is an accounting LCA documenting current activities, often approximated 
by past (most recent) data. The study is solely focused on climate impact, hence no 
other environmental impacts are considered. 
 

Climate impact 

Global Warming Potentials is a metric making it possible to compare future climate 
impacts of emissions of long-lived greenhouse gases. The emission of 1 kg of a 
compound is related to 1 kg of the reference gas CO2 and expressed as kg CO2-
equivalents. The emissions of climate gases in this study were calculated according to 
the latest IPCC report (Forster et al. 2007), see Table 2.  
 
Table 2 Global Warming Potentials, GWPs, used in the study 

 GWPs, time horizon 100 years 
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Co product handling 

Some processes in the system produce more than one product, hence the 
environmental burden of the process has to be allocated between the products.  We 
have employed volume based allocation for the transport and allocation based on 
display area at the retail stage. Regarding the wastage of product from the field, only 
carrots and parsnips were sold as product, all other were assumed to be composted 
and returned back to the field. For carrots and parsnips, economic allocation was used 
to allocate between the product that was sold for human consumption and the 
product that was sold as feed.  

Manure is used in some of the apple farms. Here, we assume that the environmental 
burden of handling and storing the manure at the animal farm is allocated to the 
animal products, and the burden of transport and application (with resulting 
emissions) is allocated to the system that uses the manure, in our case the apples.  

The incineration of packaging generates heat, which has been assumed to replace 
average Swedish production of district heating. 
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Data Inventory 

Methods for data collection 

Data have been collected from two to seven growers depending on product. For the 
open field products, more than one field at each grower has been investigated. The 
data have been collected in collaboration with the extension service in Skaraborg for 
the open field products and HIR Malmöhus for the greenhouse products. The ambition 
has been to explore large producers with ways of production and yield levels which 
produce products that to a large degree may represent a significant share of the 
products found in Swedish retail stores. Specifically, for tomato, cucumber and tulip, 
data from Nielsen (2008; 2009) have been used, which give data from a significant 
number of Swedish growers. 

The data were collected mainly in 2008 and 2009 and represents cultivation in 2007-
2009, depending on product. Data for each specific product is explained further in the 
inventory section. 

Data on background processes 

Data on electricity and heat production (e.g. combustion of light fuel oil, diesel, natural 
gas etc) are taken from the Ecoinvent database (2007). 

Data for nitrogen fertiliser production are taken from Ecoinvent and Davis and Haglund 
combined with update from Yara. We assume that 60% of the nitrogen fertiliser comes 
from Yara (Statskontoret, 2010) and that this part is BAT (www.yara.com), i.e. with 
lower emissions of nitrous oxide (data on Calcium ammonium nitrate from Davis and 
Haglund (1999) is used and updated with Yara information from October 2010, 3.1 kg 
CO2 equivalents/kg N), and that 40% is not BAT (data from Ecoinvent on ammonium 
nitrate is used, 8.55 kg CO2 equivalents/kg N). Phoshorus fertilser data are taken from 
Davis and Haglund (1999) and potassium fertiliser from Ecoinvent (2007). 

Data on plastic production are taken from Ecoinvent (2007); these data are originally 
from Plastics Europe. Emissions from production of cardboard, as well as incineration 
and recycling of plastic and cardboard are also taken from Ecoinvent. The incineration 
generates heat, this has been assumed to replace average Swedish production of 
district heating. The recycled cardboard is assumed to replace cardboard produced 
from 24% recycled fibers and 76% virgin fibers, based on average Swedish production. 

Data for emissions from transport have been taken from both Ecooinvent och NTM 
(Nätverket för Transporter och Miljö), see the section on transport for further 
information. 
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Greenhouse products 

Carbon dioxide used as input 

Production of carbon dioxide is included for tomatoes and cucumber. It is only the 
growers that use biofuels and district heating that have to purchase carbon dioxide; 
the ones that use natural gas and oil for heating can use carbon dioxide from their own 
combustion plant and direct to the greenhouse (it is not yet economically feasible to 
clean the gas from the small biofuel combustion plants from sulphur and nitrogen 
compounds). For the tomato and cucumber growers we therefore use 0.6 kg CO2/kg 
tomatoes and 0.3 kg CO2/kg cucumber for the growers that do not use natural gas or 
oil for heating the greenhouses. The carbon dioxide is purchased from industry; it is 
usually a by-product (no burden from combustion of the fuel to produce the CO2 has 
therefore been allocated to the gas, all burden is allocated to the main industry 
product that is produced) that is purified and then compressed before transport. 
Möller Nielsen (2008) gives that 125-180 kWh electricity is used for the purification 
and compression; we have used 153 kWh Swedish electricity/ton CO2 in the 
calculations. Tulips do not require any input of CO2, the pot plants can require some in 
the cold months, but the results for tomato and cucumber show that the contribution 
from production of CO2 is negligible, so we have not included it for the flowers. 
 

Tomato 

Data on tomato production is based on a study undertaken 2008 and 2009 by Möller 
Nielsen (2009a) covering 97-98% of the total tomato production in Sweden, and also 
communication with Nielsen. Data on fertiliser use has been collected by the extension 
service. The key data are summarised in  
Table 3.  
 
Table 3 Data for Swedish tomato production used in the study 

 Per kg tomato 

Electricity for baby plant production, kWh 
Energy for heating, total, kWh 
District heating from biofuel, kWh 
Straw, grain, wood chips and saw dust, kWh  
Waste heat, kWh 
Peat, kWh 
Light fuel oil, kWh 
Heavy fuel oil, kWh 
Natural gas, kWh 
Electricity for greenhouse (e.g. lighting), kWh 
N fertiliser, g 
P fertiliser, g 
K fertiliser, g 

0.1 
8.6 
0.5 
5.2 
0.9 
0.1 
0.6 
0.1 
1.2 
0.2 
4.2 
0.6 
5.6 
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Cucumber 

Data on cucumber production is also based on the study undertaken 2008 and 2009 by 
Möller Nielsen (2009a) covering a large share of Swedish production (60-70%), and 
also communication with Nielsen. Data on fertiliser use has been collected by the 
extension service. The key data are summarised in Table 4.  
 
Table 4 Data for Swedish cucumber production used in the study 

 Per kg cucumber 

Electricity for baby plant production, kWh 
Energy for heating, total, kWh 
District heating from waste, kWh 
Straw, wood chips and saw dust, kWh  
Peat, kWh 
Light fuel oil, kWh 
Heavy fuel oil, kWh 
Natural gas, kWh 
Electricity for greenhouse (e.g. lighting) , kWh 
N fertiliser, g 
P fertiliser, g 
K fertiliser, g 

0.1 
5.8 
0.2 
2.1 
0.1 
0.5 
0.1 
2.9 
0.2 
3.3 
1.6 
3.0 

Tulip 

Information and data on tulip production has been taken from Möller Nielsen (2009b). 
The tulip bulbs are imported from Holland. They are grown on open land in Holland for 
a couple of years to store energy, harvested in the summer, then heat treated before 
cold storage and transport to Sweden, by truck. No data has been available on the 
cultivation and heat treatment of the bulbs, hence, cultivation has been equalled to 
cultivation of Swedish onion. The transport to Sweden is taken into account in the 
study (1085 km by truck).  At arrival at the tulip producer, the bulbs are planted and 
then stored cold until they are placed in the heated greenhouse. The key data on tulip 
production are given in Table 5. 
 
Table 5 Data for Swedish tulip production used in the study 

 Per 1000 tulips 

Tulip bulbs from NL 
District heating from biofuel, kWh 
Straw, wood chips and saw dust, kWh  
Light fuel oil, kWh 
Heavy fuel oil, kWh 
Natural gas, kWh 
Electricity for lighting and cold storage, kWh 
N fertiliser as nitrate, g 
N fertiliser as ammonium, g 
P fertiliser, g 
K fertiliser, g 

1111 
52.9 
55.3 
18.7 
9.2 
0.9 
52.9 
7.7 
11.9 
9.8 
25.2 

Kalanchoë 

Swedish annual production of Kalanchoë was ca 6.4 million pots of various sizes in 
2008 produced by 20 greenhouse companies (SJV 2008). The growing from cutting to 
finished plant takes about 17 weeks depending on the size. In this study we have 
looked at a single stem plant in a 11 cm pot, weighing approximately 310 g. The data 
on energy and fertiliser use used in this study is based on data from four large 
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producers in the south of Sweden, the key energy data are given in Table 6. The data 
on use of other inputs such as growing substrate and packaging is taken from one of 
these four producers. The transport of cuttings from South Africa to Sweden mainly by 
air is taken into account (9011 km by air and 930 km by truck). When the cuttings are 
produced in South Africa lighting is required during the night, which requires 0,034 
kWh electricity from coal power/cutting according to (Onofrey, 2008). 
 
Table 6 Data for Swedish kalanchoë production used in the study (average of four producers) 

 kWh/pot kalanchoë 

Energy for heating, total, kWh 
Wood and saw chips, kWh  
Electricity for heatpump, kWh 
Natural gas, kWh 
Light fuel oil, kWh 
Electricity for lighting, kWh 

8.5 
3.6 
0.1 
1.9 
0.1 
2.7 

 

Poinsettia 

Swedish yearly production of Poinsettia is ca 5.7 million pots of various sizes produced 
by 118 greenhouse companies (SJV 2008). In 1999 the number of producing companies 
was 273 so the trend is towards larger production volumes by a smaller number of 
producers. The growing from cutting to finished plant takes about 12 weeks depending 
on the size. The data on production of poinsettia is based on data from two Swedish 
producers (Bergstrand, 2009), together with data on energy use from a further five 
producers. These seven growers produce ca 10 % of the total Swedish production. 
Some key data are given in Table 7. In this study we have looked at a single stem plant 
in a 10 cm pot, weighing approximately 350 g. The cuttings are produced abroad, in 
Ethiopia, Kenya, Portugal and Mexico. The production of poinsettia cuttings is assumed 
to be similar to the production of geranium cuttings in Kenya for which neither heating 
or lighting is required (Högemark Hilliges 2008). In Sweden the cuttings are rooted at 
producers specialized at this, according to Bergstrand (2009) the 4 week rooting 
requires 0,23 kWh natural gas and 0,01 kWh electricity per cutting. The transport of 
cuttings from Kenya to Sweden mainly by air is taken into account (6359 km by air and 
1100 km by truck). 
 
Table 7 Data for Swedish poinsettia production used in the study (average of seven producers) 

 Per pot poinsettia 

Energy for heating, total, kWh 
Wood and saw chips, kWh  
Electricity for heatpump, kWh 
Natural gas, kWh 
Electricity for greenhouse, kWh 

4.8 
3.3 
0.2 
1.2 
0.9 

 

Field crops 

Data on open land cultivation has been collected by experts in the extension service by 
questionnaires or visits at the farm. The questionnaire used for data collection is given 
in Appendix B. A selection of two to three producers per product were made on the 
basis that they produce large quantities, i.e. represent a significant proportion of 
Swedish production. Production at different times of year has been explored at each 
producer, i.e. data from more than one field was collected at each producer. Data on 
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strawberry cultivation is based on Hagerman (2009), which contains data on two 
cultivation systems (which in turn is based on collection of data from two growers for 
each system). Emissions of nitrous oxide from the cultivation are taken into account 
for all the open land products, according to the section Appendix D. Some key 
inventory data for the products are given in Figures 3-6 and also more detailed in 
Appendix C. 
 

 

 
Figure 3  Net yield and wastage of product for field crops 

  

There was a large variation in wastage between different crops, from 0 to 40 % of the 
harvested amount, see Figure 3. Broccoli and cauliflower were cleaned on the field and 
not stored on the farm, which makes the sold amount for human consumption the 
same as the gross yield. For parsnip and carrots, the yield not sold for human 
consumption was sold as feed, but only a small impact was allocated to this flow based 
on the economic value of the feed. For other crops, the wastage, was used on the farm 
for soil improvement. The wastage includes both leaves from cleaning of the 
vegetables and products of insufficient quality. The principal waste arose during 
storage on the farms. 
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Figure 4  Input of nitrogen fertiliser per tonne of product for field crops 

Field balances of nitrogen 

The amount of active N in soil is one of the factors influencing both direct and indirect 
N2O emissions. There are large differences between crops regarding the amount of 
nitrogen applied to different crops per hectare, see Figure 5. The variation in N uptake 
per hectare by the crops is smaller than the variation in fertilising, resulting in large N 
surpluses in many cases. For carrots, the N uptake is larger than the applied amount, 
and for parsnip and onion, there is approximately a balance between fertilising and 
uptake. For other crops, the surplus ranges from 48 to 295 kg N per ha, calculated as N 
input in fertilisers and compost minus N in gross yield. 
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Figure 5. Nitrogen field balances for the field crops for the year studied. N out is calculated from gross 
yields, which means sold amount plus waste. The waste is composted on the farms, and is supposed 
to be returned to the field. For carrots and parsnip, waste is not supposed to be returned, since it is 
sold as feed and thus is removed from the field permanently. Nitrogen deposition from air is not 
included as an input N. Deposition amounts vary between 2 and 12 kg N/ha in Sweden, depending on 
geographical location. 
 

 
Figure 6  Use of diesel per tonne of product for field crops 

 

Diesel use per tonne product varied from 3-20 l/tonne for annual crops (Figure 6). The 
variation was partly explained by the difference in yield levels. Strawberries had lower 
diesel use because it is a perennial crop and thus does not require ploughing each 
year. 
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Calculation of nitrous oxide emissions from fields/agriculture 

The direct and indirect emissions of nitrous oxide from fields have been quantified 
following the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. A 
detailed description of the calculation procedure is given in Appendix D. 

Apple 

The data for apple cultivation is based on three organic growers and two IP (Integrated 
Production) growers. There was a significant difference in the amount of nitrogen 
fertiliser used for the growers, hence a value of 2.5 kg N/ton apples was used for all 
growers based on Jordbruksverket (2010) and personal communication with Ascard 
(2011). The two IP growers used a cold storage requiring 0.67 kWh/kg apple. Table 8 
gives key data at the farm: use of diesel and electricity. 

For the organic producers we assume that the environmental burden of handling and 
storing the manure at the animal farm is allocated to the animal products, and the 
burden of transporting and spreading (with resulting emissions) is allocated to the 
system that uses the manure, in our case the apples. We assume the manure used in 
the organic cultivation is transported by tractor 20 km to the farm. 

 
 
Table 8 Use of diesel and electricity at the apple farms 

Grower Use of diesel 
[MJ/kg] 

Use of electricity 
[kWh/kg] [g/pack] 

IP I 
IP II 
Org I 
Org II 
Org III 

0.33  
0.22 
0.62 
0.42 
0.48  

0.03 
0.14 
- 
- 
- 
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Primary packaging 

The anticipation has been to include the most common type of packaging for the 
product, hence a mixture of packaging types has not been applied, but rather one 
typical packaging for each product. The weight per product is based on KF och ICA 
provkök (2000). The weight of packaging is based on measurements at SIK. 
 
Table 9 Type and amount of primary packaging used in the study for the fruits and vegetables 

Product Packaging type, 
material 

Amount of 
packaging 
[g/pack] 

Assumed weight of product per 
pack  

Amount of 
packaging [g/kg 
product] 

Tomato 
Cucumber 
Iceb lettuce 
W cabbage 
Carrot 
Onion 
Leek 
Broccoli 
Cauliflower 
Parsnip 
Celeriac 
Swede 
Strawberry 
 
 
Apple 

Plastic bag, HDPE  
HDPE film wrap 
Plastic bag, HDPE 
HDPE film wrap 
Plastic bag, HDPE  
Plastic bag, HDPE 
none 
HDPE film wrap 
Plastic bag, HDPE  
Plastic bag, HDPE  
Plastic bag, HDPE 
Plastic bag, HDPE 
Whitelined 
chipboard 
HDPE layer 
Plastic bag, HDPE 

3 
2 
3 
2 
3 
3 
 

2 
3 
3 
3 
3 

16 
 

2 
3 

500g of tomatoes 
One cucumber, 400g 
One lettuce, 430g 
Half a cabbage, 450g 
500g of carrots 
500g of onions 
One leek, 225g 
One broccoli, 325g 
One cauliflower, 500g 
2 parsnips, 280g 
One celeriac, 350g 
Half a swede, 500g 
Carton of strawberries, 500g 
 
 
500g of apples 

6 
5 
7 
4 
6 
6 
- 
6 
6 

11 
9 
6 

32 
 

4 
6 

 
Table 10 Type and amount of primary packaging used in the study for the plants 

 Packaging type, material Amount [g/pot or 
bouquet] 

Note 

Kalanchoë 
 
Poinsettia 
 
Tulip  

Plastic pot, PP 
Plastic wrapping, HDPE 
Plastic pot, PP 
Plastic wrapping, HDPE 
Plastic sheet, HDPE 

9 
6 
6 
6 
3 

11 cm pot 
 
10 cm pot 
 
Bouquet of ten 

 

We have assumed that the plastic bags and wraps are incinerated after use and that 
for the plastic pots and trays 30.5% is recycled and 69.5% is incinerated with heat 
recovery. The resulting heat and new material is assumed to replace average Swedish 
production of district heating and average production of plastics respectively. 

Secondary packaging 

There are two common types of secondary packaging used for the products: 
corrugated board boxes and reusable plastic crates. A visit was made to a large retail 
store in Gothenburg to investigate the most common type of secondary packaging for 
each product. The result is given in Table 11. 
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Table 11 Type and amount of secondary packaging used in the study for the fruits and vegetables 

Product Packaging type Amount of packaging 
[kg/pack] 

Weight of product per 
pack [kg/pack] 

Tomato 
Cucumber 
Iceberg lettuce 
White cabbage 
Carrot 
Onion 
Leek 
Broccoli 
Cauliflower 
Parsnip 
Celeriac 
Swede 
Strawberry* 
Apple 

Corrugated board 
Plastic crate, reusable 
Corrugated board 
Plastic crate, reusable 
Corrugated board 
Corrugated board 
Plastic crate, reusable 
Plastic crate, reusable 
Plastic crate, reusable 
Corrugated board 
Plastic crate, reusable 
Plastic crate, reusable 
Plastic tray, reusable 
Plastic crate, reusable 

0.33 
1.63 
0.51 
1.63 
3.03 
3.28 
1.63 
1.63 
1.63 
0.25 
0.86 
0.86 
0.59 
1.63 

6 
12 
6.7 
13 

200 
180 
10.2 
7.3 

10.1 
5.5 
5.7 
7.3 
8.3 

12.7 

*Have assumed data for plastic crate due to lack of data on logistics for washing of tray, assume 
7 boxes in one crate 

 

For the flowers, the following data has been used: 

 Tulip: box of corrugated board, 270 g, containing 24 bouquets 

 Kalanchoe: 200 g HDPE tray with 10 pots 

 Poinsettia: 225 g HDPE tray with 15 pots or 450 g cardboard bow with 15 pots - 
have assumed of 50% of each type of packaging 

 
We have assumed that the cardboard is recycled after use. The resulting new material  
is assumed to replace average production of new cardboard made from 24% recycled 
fibers and 76% virgin fibers. Furthermore, a fraction of too old fibers is incinerated 
resulting in heat (0.32 per kg new cardboard produced).  
 
Data on reusable crates have been taken from a study performed by SIK in 2010, 
commissioned by Svenska Retursystem (SRS).  The crates are reused after being 
washed at one of SRS’s four sites in Helsingborg, Mölnlycke, Västerås and Örebro. Data 
on a crates use cycle (one loop in the system) is used in the analysis. Some key data 
that are used in the analysis to calculate the greenhouse gas emissions for one cycle 
are described here: 
 

 One half size crate weighs 0.86 kg and a full size crate weighs 1.63 kg (including 
weight of two bale arms) 

 The crates are manufactured from virgin plastic at site in England (consits of 10 
% glassfibre reinforced polyamide nylon 66 and 90 % polypropylene), electricity 
is used during injection moulding of crates at the site, i.e. UK electricity mix is 
used in the analysis. In total 4.46 MJ per kg crate is used, out of which 95 % is 
electricity and 5 % is natural gas (this energy use includes all energy used at the 
site, e.g. for ventilation etc.) 

 Data on polymer production are taken from Ecoinvent (2007) which represent 
European average data on production of plastics from Plastics Europe 

 Number of cycles per crate before disposal: 100 (presumably the crates are 
used more times  but this number is used in order not to underestimate the 
environmental burden) 
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 1 % wastage of crates (assumption) 

 Average use of energy at washing sites: 0.5 MJ electricity per kg half size crate 
and 0.4 MJ per kg full size crate 

 Transport between SRS washing and food producer and back again is 
performed by truck and trailer and the average distance is 162 km per single 
route 

 At disposal the crates are recycled and the generated plastic is assumed to 
replace average production of plastics (generates avoided emissions), the 
energy use for the recycling: 1.25 MJ electricity/kg plastic flakes 
 

Transport 

The transport calculations are based on a palletweight model, differentiating product 
types by edible weight possible to load onto a pallet, e.i the functional unit 
equivalentning mass per pallet, see table 11. As most partial goods types today is 
limited rather by volume than actual maxload on the truck (Vägverket 2008), the 
weight per pallet – i.e. a product density - could be held as a proxy for this volume 
limitation. By this, the envionmetal burden of the the diesel combustion is only 
allocated to the functional unit equivaling mass (the edible weight), packaging is 
accouted for in the production but only indirectly onboard the lorry in the cases when 
the packaging contributes to a lower weight of edible product possible to load onto a 
pallet. The flowers are transported on special trolleys, and the tulips in cardboard 
boxes; the maximum load for the truck (based on volume) of kalanchoe, poinsettia and 
tulips are: 7.5 tonnes, 8,7 tonnes and 15,6 tonnes respectively.  
 
Table 12 Pallet weights of transported edible products 

 

Product Weight of product on pallet 
(kg) 

Parsnip 800 

Onion 800 

Swede 800 

Celeriac 800 

White cabbage 800 

Cucumber 672 

Tomato 576 

Carrot 576 

Apple 576 

Leek 480 

Strawberry 336 

Cauliflower 288 

Broccoli 288 

Iceberg lettuce 288 

 

 

Palletweights and specific fuel data was gathered for a large 60 tonne lorry (40 tonne 
maxload) from Swedens largest vegetable distributor Sydgrönt. Environmental load 
was divided upon the total goodsweight  excluding packages as derived from the 
palletweights multiplied by the the total number of pallets per truck, generally 48 
(used), but 51 in the case of Sydgrönt. Data was modelled in SimaPro7.0 with diesel 
input and infrastructure from Ecoinvent2.0. This model was also modified by 
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decreased cargo capacity – a factor describing how many of the available pallet areas 
that are used, most relevant in the case of urban distribution with mulitple stops. This 
was also used to describe smaller trucks (see national distribution below). In a 
sensitivity analysis an additional positioning factor was also added. 

Cooling system 

The cooling system was modelled by technical specification of the two most frequently 
used models SL-200e and SL-400e obtained from Thermoking, a retailer dominating 
the market in Sweden and Norway specifying diesel consumption to 3.1 l/h for chilled 
transport and 3.0 l/h for freezed1. Leakage of refrigerants was estimated by Sweden’s 
largest maintenance firm HO-Nilsson, as estimated to 5-10% of refrigerant volume. In 
lorries the total refrigerant volume is approximately 6.5kg. Most commonly used 
refrigerants are R-134a and R-404A; in the calculations we have assumed R-404A as a 
worst case (Global Warming Potential (GWP) of 3921kgCO2eq/kg (IPCC 2008)).The 
leakage rate from the cooling system was calculated by dividing the yearly leakage 
with 2500 working hours, based on an assumption from Norcargo with 250 working 
days, 10 hours long each2.  
 
Thus, the cooling emissions were modelled by time and the propulsion emissions were 
modelled by distance, see distribution cases below. This also mean that the proportion 
of cooling emissions vary by type of transport and slightly by product, since individual 
time estimations have been made per case regarding breaks, start up, general working 
hours.  

National distribution 

The national distribution model is based on the proposed climate impact guidelines 
provided by the Swedish initiative Climate Certification for Food 
(www.klimatmarkningen.se), report 2010:1 Klimatpåverkan från livsmedelstransporter.  
In this model demographic average distances to central warehouses are used; that is 
the average distance to Borlänge, Göteborg, Jönköping, Skåne, Stockholm, Västerås, 
Umeå, Växsjö weighted by the demographic distribution of 2007. A similar model was 
based on 4 hubs and the results where similar. In the case of vegetables, the largest 
production occurs in the southern region of Skåne as well as the largest import3. Thus 
a starting point in Skåne (Helsingborg) is used along with average distance to 
warehouse and average distribution distance. The generalized transports chain was 
modelled as: 
 
Farm/Greenhouse – Helsingborg (repacking for mainly distribution to warehouses)  
- 2*60km average distance approximated by Sydgrönt doubled to describe empty 
positioning to the farm  
- 4h cooling system running assumed (half workday including warm up) 
- Cargo capacity 100% utilized, Sydgönt’s own logistics. 
 
                                                 
1 Ulf Olsson, HO-Nilsson Göteborg, personal contact + product specifications 
Thermoking SL200e SL400e. 
2 Stein Erik Gurigard, Bring FrigoScandia (NorCargo), personal contact. 
3 Ted Stenshed, CEO Sydgrönt AB, personal contact. 
 

http://www.klimatmarkningen.se/
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Helsingborg – Average Warehouse 
- 477km (climate labelling model) 
- 12h cooling system running assumed (one workday including breaks and warm-up) 
- Cargo Capacity 90%. Assumption describing that nationally some cases may not use 
the largest type of lorries and also compensating for positioning not included in the 
average distance. 
 
Average Warehouse – Average Retail 
- 64km (climate labelling model) 
- 1,4h cooling system running assumed (based on 50km/h (=1,3) + 1h start-up divide on 
one workday 8h). 
- Cargo capacity 70%. Assumption describing smaller lorries with multiple stops in 
urban traffic. 
 

Retail 

Data on energy use at the retailer is based on a report by Carlsson (2000) who has 
studied the energy use for different types of products in retail stores, one being 
potatoes. We have assumed the energy use for potatoes is representative for the 
products in this study in terms of storage time and temperature: 0.017 kWh 
electricity/kg product (allocation of energy between products based on display area). 
For the flowers we have assumed 0.017 per pot/bunch, i.e. assuming that one kg of 
potatoes take up about the same exposure area as one pot or bunch.  

Data on wastage at the retailer is taken from a study on wastage of horticultural 
products at nine Swedish retailers in 2009 (Gustavsson, 2010), see Table 13.  

  

Table 13 Wastage of products at Swedish retailers 

 

Product Wastage [%] 

Tomato 
Cucumber 
Kalanchoë 
Poinsettia 
Tulip  
Iceberg lettuce 
White cabbage 
Carrot 
Onion 
Leek 
Broccoli 
Cauliflower 
Parsnip 
Celeriac 
Swede/turnip 
Strawberry 
Apple 

2.2 
0.9 
3.0 
2.5 
4.5 
1.9 
0.7 
1.3 
0.4 
2.1 
6.3 
4.7 
3.3 
4.6 
4.2 
4.8 
1.1 
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Results 

Greenhouse products 

The following activities are included in the labels in the figures below: 
 
Precultivation/ Production of heat and electricity for greenhouse (baby 

plants); Air freight of cuttings/Transport of flower cuttings 
by air from Africa 

Cultivation & trp  
of cuttings or bulbs Cultivation of cuttings or tulip bulbs and transport to 

Sweden 
 
Cultivation Production of heat and electricity for greenhouse, 

production of mineral fertilisers and substrate for pots 
 
Packaging Production and waste treatment of primary and secondary 

packaging 
 
Transport Transport of baby plants to main cultivation by truck, 

transport from producer to retailer by truck via distribution 
centre 

 
Retailer Production of electricity for storage at the retailer and 

wastage; this includes the environmental impact caused by 
producing the ‘extra’ amount of product, from farm to 
retailer that is then wasted 

 
Carbon dioxide is the main source of greenhouse gas from production of these 
products, but there are also small emissions of nitrous oxide and methane. The nitrous 
oxide originates from production of mineral fertiliser, whereas the methane emissions 
originate from the use of natural gas as a heat source in the greenhouse; when the gas 
is transported in long distance pipelines there is a small leakage of methane gas. 
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Figure 7  Emissions of greenhouse gases for tomato 

 

Figure 7 shows the results for 1 kg of tomato at the retail gate. The most significant 
emissions generate from producing the heat for the greenhouse which results in 
emissions of fossil CO2. This contribution is based on that 25% of the heating is 
produced from fossil fuel (oil and natural gas), which is still a fairly low share. The 
second largest contributor is the cardboard box which the tomatoes are packed in, 
although all the steps in the chain apart from the greenhouse cultivation have a very 
little contribution.  

 
Figure 8  Emissions of greenhouse gases for cucumber 
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Figure 8 shows the results for 1 kg of cucumber at the retail gate. Again, the most 
significant emissions generate from producing the heat for the greenhouse. Compared 
to tomatoes the contribution for cucumber is higher, despite the fact that less energy 
per kg of product is required in the greenhouse. This is due to that a larger share of the 
energy use is fossil for the cucumbers, about 60%.  All the remaining steps in the chain 
together have a very little contribution (here, the secondary packaging is a reusable 
crate). 

 
 
Figure 9  Emissions of greenhouse gases for kalanchoë 

 
Figure 9 and 11 show the greenhouse gas emissions from production of kalanchoe and 
poinsettia. Again, the most significant contribution comes from heating of the 
greenhouse. Even though the cuttings are transported by air to Sweden from Africa, 
the small size and light weight of each cutting that are transported still makes this 
transport less important than the main cultivation of the plants in the greenhouse.  

These figures cannot be said to represent average Swedish production since the data 
input is insufficient, and also due to the fact that depending on the practice of the 
producer the result can vary greatly. Figure 10 and 12 shows the great span between 
the different producers. Not only does the energy source impact the result but also the 
amount of energy that is used; there is a significant variation in energy efficiency 
between the different producers. For example, poinsettia producer 4 and 6 both use 
natural gas, but the amount they use is very different, which affects the results greatly.  

In the analysis (and in the figures) waste treatment of the substrate is not included, 
only waste treatment of the pot. It is difficult to judge what the end-of-life scenario is 
for the substrate, if it is composted or if it goes into the municipal waste stream. A 
likely scenario might be that the whole pot is thrown into the dustbin and hence is sent 
to incineration. If so, this would add an extra 218 g and 140 g CO2 respectively for 
kalanchoe and poinsettia due to the peat in the substrate.  
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Figure 10  Emissions of greenhouse gases for kalanchoë per grower 

 
Figure 11  Emissions of greenhouse gases for poinsettia 
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Figure 12  Emissions of greenhouse gases for poinsettia per grower 

 

Figure 13 shows the results for tulips. Here too, the forcing of the bulbs in the 
greenhouse is the most significant stage. But the transport of the bulbs from the 
Netherlands to Sweden is also a significant stage.  

 
Figure 13 Emissions of greenhouse gases for tulip 
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Figure 14 Emissions of greenhouse gases for greenhouse products - summary 

 

Figure 14 gives a summary of the greenhouse products included in the project. Of 
course, these products are not comparable, but it is interesting to see which parts 
contribute most to the total emissions for each product. The heating in the greenhouse 
is important for all products, but the packaging is also quite important for the two pot 
plants, which is due to the pot, but also the plastic tray the pots are placed in for 
transport. The tomatoes are packaged in a cardboard box, whereas the cucumbers are 
packed in a reusable crate which explains the lower figure for cucumbers. 
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Field crops 

The following activities are included in the labels in the figures below: 
 
Fertiliser production Production of NPK fertiliser used in main cultivation 
 
Cultivation Production of baby plants if applicable and transport to 

farm, production of diesel and emissions from use of diesel, 
field emissions of N2O, production of electricity (storage and 
other), emissions of N2O from on-farm crop wastage 
returned to the field 

 
Packaging Production and waste treatment of primary and secondary 

packaging 
 
Transport  Transport from producer to retailer 
 
Retailer Production of electricity for storage at the retailer and 

wastage (this includes the environmental impact caused for 
producing the product, from farm to retailer that is then 
wasted) 

 

Figure 15 Emissions of greenhouse gases for iceberg lettuce 

 

Greenhouse gas emissions for the open field products emanate from all parts of the 
life cycle from farm to retailer, see figures 15 to 27. For most products however, the 
emissions from the cultivation, including the production of fertiliser, contributes most. 
Production of ammonium nitrate, which is a common nitrogen fertiliser in Sweden, 
generates CO2 from use of natural gas, but also N2O which is emitted in the course of 
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nitric acid production4. From the cultivation it is the use of diesel that contributes, and 
also the field emissions of nitrous oxide (direct and indirect). A small part of the 
nitrogen is released as ammonia which leads to indirect emissions of nitrous oxide 
when the ammonia is eventually deposited. For open field products, which have a high 
yield, several tonnes per ha (10-80), the resulting carbon footprint per kg product is 
quite low from the agricultural phase, despite high inputs of nitrogen fertiliser and 
significant use of diesel in the field work. This means that the other steps in the chain, 
transport and packaging, become relatively important, although the absolute figures 
are still low.  

The impact of the packaging varies slightly for the different products; products that are 
packed in a reusable plastic crate (e.g. white cabbage) have slightly lower emissions 
than the ones packaged in corrugated board (e.g. iceberg lettuce). Also, onion and 
carrot, are packed in a very large corrugated board container with room for 180 kg and 
200 kg respectively, which results in lower emissions than the smaller corrugated 
board boxes. 

The transport bar describes the transport from the field to the retailer; it consists of 
three steps: (1) from cultivation to distribution centre, (2) from distribution centre to 
retail storage, (3) from storage to retailer. More than 70% of the contribution from 
transport stems from the middle transport step, i.e. from the distribution centre to the 
retail storage, which is the longest distance the products are transported. 

There is a small contribution from the retail step, partly from the use of electricity at 
the retailer, but mostly from the wastage of product. This bar includes the 
environmental impact caused for producing the product, from farm to retailer that is 
then wasted. This explains why broccoli (fig 22) has a higher impact at the retail step 
than onion (figure 20); the wastage of broccoli in the store is 6% and only 0.4% for 
onion, plus the fact that broccoli has a higher impact than onion from farm to retailer. 

Figures 17 and 18 show the difference between cultivation on peat and mineral soil for 
carrots. Organic soils emit both CO2 and more N2O per ha than mineral soils (IPCC, 
2006), which is included in the calculations of greenhouse gas emissions from crop 
production. It is the decay of organic matter that gives rise to these emissions. There 
are large uncertainties regarding the emitted amounts of greenhouse gases, but we 
have here followed the IPCC guidelines. In Sweden it is estimated that about 5% of the 
cultivation of carrots are on peat soil, resulting in the average figure in figure 19. 

 
 

                                                 
4
 Ammonia is vaporized, mixed with air and burned over catalyst, to form nitric oxide, nitrous oxide, 

nitrogen and water. The nitric oxide is oxidized to nitrogen dioxide and the latter is absorbed in water to 
give nitric acid. 
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Figure 16 Emissions of greenhouse gases for white cabbage 

 

 
Figure 17 Emissions of greenhouse gases for carrot on mineral soil, at farm gate 
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Figure 18 Emissions of greenhouse gases for carrot on peat soil, at farm gate 

 

 
Figure 19 Emissions of greenhouse gases for carrot (assuming 5% on peat soil) 
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Figure 20 Emissions of greenhouse gases for onion 

 

 
Figure 21 Emissions of greenhouse gases for leek 
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Figure 22 Emissions of greenhouse gases for broccoli 

 

 
Figure 23 Emissions of greenhouse gases for cauliflower 
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Figure 24 Emissions of greenhouse gases for parsnip 

 

 
Figure 25 Emissions of greenhouse gases for celeriac 
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Figure 26 Emissions of greenhouse gases for swede 
 

 
Figure 27 Emissions of greenhouse gases for strawberry 

 



  

 

 SIK  43 
 

 
Figure 28 Emissions of greenhouse gases for field crops - summary 

 

Figure 28 gives an overview of the overall results for the open field products. When 
analyzing the results across the products, it is important to recognize that they are very 
different in terms of nutrient and water content. However, for all products it can be 
seen that the climate footprint per kg is in the same range or even lower than for 
Swedish grain (wet weight for vegetables, 14% water content for grain).  

Apples 

Figures 29 and 30 show the climate impact of the two apple farm groups in the study. 
As for the open field products, the production of fertiliser or transport of manure 
together with the cultivation is the most significant step in terms of greenhouse gases. 
The contribution at the farm stems mainly from use of diesel, but for the conventional 
growers the use of electricity for the cold storage is the most important source of 
emissions. The use of cold storage is of course not due to which type of cultivation 
(conventional or organic) is undertaken, but is rather explained by the size of the farm.  
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Figure 29 Emissions of greenhouse gases for organic apple 

 

 
Figure 30 Emissions of greenhouse gases for conventional apple 
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Discussion 

In this section the sensitivity of the results are discussed, as well as how the emissions 
of greenhouse gases can be reduced for each product group. The results are also 
discussed in relation to the impact of total Swedish consumption.   

Greenhouse products 

The data collection of products grown in greenhouses proved quite difficult for those 
products which are produced simultaneously with others, i.e. it was difficult to isolate 
the energy use to one specific product. For the monocultures tulips, tomatoes and 
cucumber, this was not an issue and the energy use figures are considered robust. 
Moreover, for these products an extensive survey covering a significant share of total 
Swedish production was used as a basis, further strengthening the results. However, 
the transition of moving from fossil fuels to biofuel is progressing rapidly in Swedish 
greenhouse production. In 2007 about one third of the Swedish tomato producers 
used renewable energy sources and already in 2009 (for which the result figure in this 
study is valid) 75% used renewable energy sources or district heating. This effect has a 
great impact on the results, so when interpreting the results one has to be aware of 
the time aspect, a swift transition soon makes the results outdated.   

Initially, potted lettuce was part of the project scope, but due to difficulties in 
collecting data from the producers, despite persistent attempts, this product had to be 
excluded.  

The experience gained from the study on greenhouse products makes it possible to 
identify which points are most important to focus on when performing carbon 
footprint studies on greenhouse products: 

 Energy use and type of energy used is the single most important parameter; for 
monocultures the procedure is quite straightforward, but for co-production 
with other products, close interaction with the grower is necessary in order to 
estimate the proportion of energy that can be allocated to the product under 
study 

 Production and maintenance of the greenhouse is of minor importance for the 
footprint, due to long life-span 

 Production of seeds proved negligible, but any forcing of cuttings in 
greenhouses should be explored if performed in heated or lighted greenhouse, 
i.e. use of greenhouses before the main cultivation step should also be 
explored as it can prove significant, especially if performed in a country with 
use of fossil fuel for producing electricity 

 For potted flowers, the packaging – both pot and tray – are quite important for 
the overall climate footprint and should therefore be explored in detail 

 The end-of-life scenario of the peat containing substrate has a significant 
impact on the overall results for flower pots 

Field crops 

For the field crops, the ambition has been to explore large producers who represent a 
large share of the products that are found in Swedish retail stores. A consequence of 
this choice might be that the study might have captured a group of growers that are 
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relatively efficient in their practices due to the large size of their production, and that 
this leads to slightly underestimated results. However, the size of a farm alone does 
not determine the efficiency; it is the practices of the farmer that play the most 
important role, e.g. quantity of and application technique for nitrogen fertiliser. The 
selection of producers has in this study been made by the extension services, and all 
types of producers (different practices, sizes etc) are not covered due to limits in 
resources. Still, it is estimated that the results given in this study are roughly 
representative of the products found in large retail stores in Sweden.  

In the study of open field products, both products for short and long storage were 
examined. The results showed that in terms of energy use for storing, this had a very 
little effect on the overall results, i.e. storing the products for a long time only made a 
negligible contribution to the overall carbon footprint (with the exception of apples). 
However, the storage did result in extensive wastage for some products, which affects 
the results. Eating products when they are in season is often stated as a good way to 
reduce the environmental impact of food, and this can certainly be linked to reducing 
the wastage of these types of products. But man has to eat during winter too, and the 
burden of the stored products should be compared to production and import of 
vegetables from southern countries. Calculations for such a comparison are not made 
here, but we see that transports are not negligible, see further section on Total 
Swedish consumption. 

An important parameter for the results on open field products is the amount of 
nitrogen fertiliser used. The input of new reactive nitrogen (i.e. N from synthetic 
fertilisers and leguminous crops) in agricultural production is a good indicator for 
assessing the potential impact from nitrogen-related environmental interventions. The 
vegetable products studied here have only been fertilised with mineral N fertilisers and 
no green manure (leguminous plants) have been added in the crop rotation. This 
means that it is fairly easy to calculate the indicator for these vegetables and the 
results are shown in Figure 31.  
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Figure 31 Relation between input of reactive nitrogen and carbon footprint from cultivation of annual 
field crops (i.e. post-farm not included) 

 

There are overwhelming evidences for several serious environmental consequences 
due to excess nitrogen from human activities. Examples from agricultural production 
are nitrate leaching from soils which can lead to eutrophication and contamination of 
drinking water, volatilisation of ammonia (mainly from farmyard manure) contributing 
to acidification and eutrophication and emissions of the potent greenhouse gas nitrous 
oxide mainly from production and use of nitrogen fertilisers. The increasing 
transformation of inert N2 in the atmosphere into reactive forms is the main cause for 
why more reactive nitrogen forms now are found in ecosystems and atmosphere. 
Without interference of humans, the nitrogen cycle is in equilibrium but today human-
driven conversion occurs primarily through four processes; industrial fixation of 
ammonia (80 million tonnes N (Mtonnes) yr-1, biological fixation in leguminous crops 
(40 Mtonnes yr-1), fossil fuel combustion (20 Mtons yr-1) and biomass burning (10 
Mtonnes yr-1). This means that around 120 Mtonnes new reactive nitrogen (as 
synthetic N fertilizers and leguminous crops) goes into agriculture every year5. If we 
compare this input with the human consumption of nitrogen in crops, dairy and meat 
products corresponding to 17 Mtonnes N in 2005, we realize that the N-efficiency is 
very low (<20%) in today´s food chain. Also, it has changed for the worse over the last 
decades, the global nitrogen-use efficiency of cereals decreased from ~80% in 1960 to 
~30% in 2000 (Erisman et al., 2008).  
 
Due to the large-scale anthropogenic pressure on the Earth system, a research group 
has recently suggested the need to establish nine planetary boundaries for estimating 
a safe operating space for humanity with respect to the functioning of the Earth 
System. They suggested that humanity already transgressed three of these proposed 
planetary boundaries namely i) climate change, ii) biodiversity loss and iii) changes to 
the global nitrogen cycle. It is striking to conclude that present food production has a 
profound impact on all these three crucial Earth system processes. When it comes to 
the disturbance of the nitrogen cycle, the research group propose that the simplest 
and most direct approach is to consider the human fixation of N2 from the atmosphere 
as a giant valve that control the massive flow of new reactive nitrogen into the Earth 
system and they suggest that the boundary value initially to be set at approximately 25 
% of current value, or to about 35 Mtonnes N yr-1 (Rockström et al., 2009). 
Consequently, such a target means an enormous challenge for improving nitrogen 
efficiency in the entire food chain, from fertilisation and manure handling until the 
treatment of N in waste from food consumption. 

                                                 
5
 N deposition from biomass burning and combustion of fossil fuels not included 
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How can the climate footprint be reduced? 

In this chapter, we concentrate on possible reductions of greenhouse gas emissions 
from Swedish production of vegetables and flowers per functional unit. Main focus is 
the cultivation, since that is where the highest emissions emanate. 

On-farm 

Greenhouse products 

Energy is a central issue in greenhouse production. In general, it is crucial to maintain 
high yields per square meter, since this reduces the heat needed per kg or per pot 
plant. It is also, as always, very important to keep the waste as low as possible. 
Packaging is dealt with in the section Fel! Hittar inte referenskälla. below. 
 
Cultivation stood for 55-90 per cent of the total GHG emissions from the greenhouse 
products. Nearly all GHG emissions from cultivation were emitted as carbon dioxide, 
and most of it had its origin in the heating of greenhouses. There were large 
differences between farms and between crops in this respect (see for example Figure 
10). Bio fuels were used for 40 (tulips and cucumbers)-70 (poinsettia) per cent of the 
heating (see “Greenhouse products” in the inventory chapter). According to Möller 
Nielsen (2009) 60 % of the greenhouse area used for tomatoes was heated by bio fuels 
in 2009. The bio fuel share is growing for every year, which reduces the climate impact.  
 
In order to save GHG emissions from the use of heating energy in the greenhouses, 
there are several possible actions to take. Firstly, see if there is any unnecessary 
energy use in the greenhouse, and take proper measures to reduce it. It could be to 
use energy screen in the night-time during the cold season, to reduce the need for 
heating. The same effect may be obtained from use of double glass in the building. 
According to an investigation 2008, energy screen was used for 77 % of the 
greenhouse area for tomato (Möller Nielsen, 2008a). For cucumber, the share was 
somewhat lower (personal communication, Möller Nielsen, 2009). 
Using dynamic temperature regulation, which adjusts the use of heating energy 
automatically in relation to the needs, can also reduce the energy use.  
More tips can be found in Möller Nielsen (2008b). 
 
Secondly, consider if there are any space-saving actions to take in the production, i.e. 
to increase the number of plants per square meter in the greenhouse. Optimising the 
use of the greenhouse could be made by precise planning considering cultivation time 
and temperature etc. needed by different cultures/varieties. 
 
And thirdly, if non-renewable energy sources are used, consider the possibilities to 
shift to renewable.6 
 

                                                 
6
 Fossil fuels are the energy sources which are problematic from a climate perspective and should be 

avoided. However non-fossil, non-renewable energy sources (i.e. electricity from nuclear energy), have 
other severe impacts on the environment, and should also be avoided. Hence, we recommend 
renewable energy sources. 
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Field crops 

For field crops, cultivation stands for 27-54 per cent of the total GHG emissions from 
cradle to retail. In most cases, emissions from cultivation are larger than for each of 
the steps fertiliser production, packaging, transports and retail. For some of the crops, 
CO2 stands for the main part of the emissions, but for others N2O is the main 
contributor of greenhouse gases from cultivation. Of general importance is to strive at 
high and even yields, and low emissions, in relation to the inputs. It could, for example, 
be by optimising irrigation and fertilising, and by promoting a good soil structure. 
Below we make a more specific analysis of the GHG emissions from vegetable 
production and potentials for improvement. 
 

Reduce wastage 

The amount of waste arising from storing depends on  

 the handling during and after harvest. It is crucial to avoid mechanical damage 
on vegetables intended for storing. There should be as little handling and 
transport as possible in order to minimise the mechanical damage. 

 the stockroom climate. Humidity, temperature and oxygen content affect the 
quality and the aging of the vegetables. There is technology for automatic 
climate control and for reduced oxygen levels in the stock, but these solutions 
are expensive. 

 variety qualities. There is a potential for better storing ability as an outcome 
from improvement of varieties. 

 fertilising. The balance and amount of nutrients influence the storing 
properties. This needs further research.  

 

Since the GHG emissions are calculated per kg product, the results for the crops would 
improve if more of the harvest would be sold as food for humans instead of 
composted or sold as feed.  
 

Save diesel 

For CO2 emissions, the diesel consumption was the single most important parameter. 
We saw that diesel consumption was less than 12 L per tonne for all crops studied, 
except broccoli. The reason to this is that for broccoli, the yields per ha were lower 
than for the other crops, while the need for soil management was approximately the 
same.  
 
No information on driving practises was collected from the farmers, but we can see 
that there are large differences between farms producing the same crop. Some of the 
differences could be explained by differences in soil type, others may depend on the 
farm layout, the driving habits or differences in soil moisture when soil management 
was performed. Differences could also be a result of choice of measures for weed 
control – the need for diesel is larger if you choose mechanical weed control instead of 
herbicides. However, there are some general recommendations for reduced diesel 
consumption that may be implemented in the field production of vegetables 
(Pettersson, 2004; Pettersson, personal communication, 2011): 
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 Attend a course in economical tractor driving. 

 Tractor and field equipment should match each other in capacity. The 
motor of the tractor is most efficient when working at its maximum, but 
without overload. 

 Use machinery which can perform more than one action at a time, to 
save driving.  

 Avoid excessive wheelslip. 

 Do not use the four-wheel drive if not necessary; it increases the use of 
energy. 

 Keep the mechanical equipment in good repair. 

 Consider diesel consumption per kWh when buying a new tractor or 
new machinery. 

 Use GPS tools in order to avoid overlap in soil management (e.g. when 
using a broad harrow).  

 Use precision farming to maximise the yield in relation to the inputs of 
fertilisers and pesticides, which also minimises the diesel use in relation 
to the yield.  

In addition, use of e.g. biogas instead of diesel would reduce the GHG emissions from 
tractor driving on the farms. 

 

Increase the nitrogen efficiency 

Nitrogen fertilisers lead to emissions of greenhouse gases during production and 
increase the risk for GHG emissions when used in cultivation. The production of 
ammonium nitrate (NH4NO3) results in emissions of N2O from conversion of NH3 to 
nitric acid (HNO3) and CO2 from combustion of fossil fuels. Field emissions of nitrous 
oxide, N2O are the sum of indirect and direct emissions. Direct emissions were 
calculated as a function of N in fertilisers and crop residues (IPCC, 2006). Indirect 
emissions were calculated from NO3 leakage and NH3 losses. Therefore, if the use of 
nitrogen could be reduced in relation to the yield, this would lead to savings of GHG 
emissions in several steps of the production chain. 

As we saw in the inventory, the cultivation of vegetables often leads to a large surplus 
of N in the soil. The high levels of reactive N left in soil means a large risk for direct 
emissions of N2O. High levels of N in soil also increase the risk for losses of ammonia 
(NH3) to the atmosphere and of nitrate (NO3

-) to water, and thus the risk for indirect 
emissions of N2O. Broccoli, cauliflower, iceberg lettuce, leek, celeriac, white cabbage 
and swede all give a surplus of more than 100 kg N per ha in soil. Therefore, increasing 
the nitrogen efficiency by reducing the amount of N fertilisers used per ton yield to 
these crops could be a way to reduce the potential emissions of GHG from the 
production. Calculation of nitrogen balances for each crop and for the farm as a whole 
could be a way to check the overall balances. Precision farming technology could be 
used to increase the efficiency of fertilisers applied, i.e. increase yields in relation to 
inputs and emissions. 

It is also important to consider the vegetable in question in relation to the other crops 
in the rotation on the farm. For vegetables which need heavy fertilising to reach a 



 

 

52  SIK 

good quality, it is important to have catch crops or post-crops which are able to use 
the nutrients left in soil. Ideally, N efficiency should be calculated not for single crops 
but for a complete crop rotation. This is not within the scope of this study, but we 
would still like to recommend that perspective to the farmer. 

Use N-fertilisers produced with lower emissions 

There is a large variation between different N fertilisers in emissions from fertiliser 
production. Some producers communicate the carbon footprint of their product, 
which makes it possible to choose fertilisers produced with low documented emissions 
of greenhouse gases (so-called BAT-fertilisers (Best Available Technology)). 

 

Post farm operations 

Cooling and storage 

We saw that there was a large waste for many products on the farm, especially during 
storage. For post farm storage we only have the information about wastage for the 
retail stage, but it is likely that there is wastage also during transport and storage at 
the distribution centre and retail storage. Since vegetables and flowers are living 
material involved in biological processes, waste during storage depends principally on 
storage time, in combination with physical aspects; hence minimising the storage time, 
and keeping the conditions optimal for the specific product groups should reduce the 
wastage. 
 

Transport 

The more climate efficient a product is in production, the more relatively important 
becomes the transport in the domination analysis, and vegetables compared to many 
other product categories fall in this category even though many exceptions exist. 
 
In this study transports usually ranks among the the top three contributiongroups . But 
at times where the impact shaded by a larger production impact such as cultivationj, it 
is important to bear I mind that  practical possibilities  to influence the improvement 
may still be in logistics chain which is controlled by national legislation and local retail 
companies, in contrast to  imported prodruction. 
 
To reduce greenhousgas emissions the models indicate the importance of maximizing 
the edible weight transported per lorry, a work that is indirectly constantly in focus 
among most logistics companies. It is also revealing the transport cost of having 
incubersome voluminous packaging. Tomatoes for example need more protection than 
carrots and by this the packaging indirectly influence the environmental performance 
per product. However this neglects the possibilities of increased fuel consumption with 
increased payload which definatly could be an issue for local distributions with 
multiple stops, however at long distance runs the air resistance tend to dominate and 
even with a minor change the impact of the load weight will still be dominating.  
However, all the factors of transport length, emissions per km and edible payload have 
optimizing possibilities for reduced carbon emissions. 
 



  

 

 SIK  53 
 

The extra combustions from coolants tended to be in the region of one order of 
magnitude less than the propulsion combustion, with refrigiants leakge of 
approximately two orders of magnitude less than the propulsion combustion. However 
the relationship between propulsion and cooling emission shift depending on the type 
of transport. In local distributions the time dependent coolant emissions per km will 
increase in importance and decrease in long range. Technical advances adopting more 
efficient gear and climate neutral refrigerants along with increased edible payload 
could be possibilities to reduce carbon footprint in these areas. 

Packaging 

Measures that could reduce the impact of the packaging: 

• The amount of packaging should be as minimal as possible with maintained 
function (important not to increase the wastage of product to a degree that 
outweighs the gains of the packaging).For products that can be sold per 
piecemeal an analysis should be made to investigate possible differences in 
wastage between a product sold as piecemeal or ready packed; if piecemeal 
has lower wastage this should be the preferred choice 

• PP-tray should be chosen before PET tray, if weight of packaging is similar 
• Trays of pressed recycled fibres should be used before plastic trays for apples, 

root vegetables and cherry tomatoes 
• Optimisation of volume specific to product should be made for products 

packed in trays, i.e. that the tray is not oversized 
• Assess if plastic nets can be used more for sensitive products before plastic 

trays and plastic bags 
• Use of reusable crate is preferable as secondary packaging 

 

Total Swedish consumption 

The focus of this project has been on production in Sweden. For imported products, no 
data has been inventoried for production abroad. Instead, just to have an idea about 
the climate impact of these products, we have collected data on the transport to 
Sweden, i.e. we have assumed that the production is similar in terms of climate impact 
and have just added the transport from the largest countries Sweden import from. For 
tomatoes, where production is likely not to be similar, we have modelled cultivation in 
the Netherlands and Spain, see below. For cucumber no data were found on 
production in Spain and the Netherlands so we have assumed Swedish data. It is 
reasonable to assume that there are no significant differences in the cultivation 
practices in different European countries that would affect the climate impact 
dramatically for the open field products, but of course there are large differences in 
emissions from transport between the imported and the Swedish products.  

Cultivation on tomatoes in the Netherlands is based on data from statline 
(http://statline.cbs.nl/StatWeb/publication/?VW=T&DM=SLNL&PA=7447&LA=NL) 
which state that 92 % of the heating in Dutch greenhouses is produced from natural 
gas in 2006 (the latest year reported is 2006), but other sources confirm that natural 
gas is still a common fuel in the Netherlands. We assume that the rest is waste heat, 
i.e. a by-product from industry with no associated burden. We assume that the 
production is similar to Swedish production, but just change the heat source. Data on 

http://statline.cbs.nl/StatWeb/publication/?VW=T&DM=SLNL&PA=7447&LA=NL
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Spanish tomato production is taken from Anton (2005) who analysed the 
environmental impact of Mediterranean cultivation of tomatoes.  

For all imported products, we have used the same type of primary packaging as the 
Swedish products, but assumed that the secondary packaging is corrugated board in all 
cases (i.e. no reusable plastic crates since these are used in a Swedish logistics system). 
 

The transport is based on National import statistics where the most dominant export 
countries have been selected representing 80% or more of the Swedish import, see 
table 13.  

Table 14  Main countries of origin for imported products used in the study (import figures from 
www.scb.se for the year 2008) 

Product (tonne/ 
year) 

Export country Share used in 
calculation 

Coverage of 
total import 

Tomato 85 180 Netherlands  74% 95% 
   Spain 21%   
   Germany  5%  

98% Cucumber 28 344 Spain 57% 
   Netherlands 34%   
   Germany 9%   
Cauliflower& Broccoli 6600 Italy 33% 82% 
   Germany 28%   
   France 26%   
   Spain 13%   
Carrot 13 788 Italy 46% 89% 
   Netherlands 37%   
   Denmark 17%   
Iceberg lettuce 29 458

1
 Spain  89% 87% 

   Netherlands 11%   
Onion 20 600 Netherlands 77% 80% 
   Spain 13%   
   New Zealand 9%   
Leek 9 685 Netherlands  100% 88% 
Swedish turnip 80 Germany 

Netherlands 
France 

60% 
21% 
19%  

96% 

Celeriac 1 096 Netherlands 
Germany 

87% 
13%  

95%  

White Cabbage
2
 27 178 Germany 

Spain 
Netherlands 

 82% 
11% 
7% 

89% 

Apple 92 007 Italy 36% 86% 
   Netherlands 

France 
17% 
16% 

  

   Argentina 11%   
   Brazil 8%   

   Germany 7%   
   Chile 5%   
Strawberry 4 733 Belgium 46% 88% 
    Netherlands 30%   
    Spain 12%   
    Italy 12%  
1
 Head salad, total; 

2
 White cabbage and red cabbage 
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Distance from every export country were chosen at a starting point representative for 
the whole country and weighted together by the import statistics. A connecting 
transport from farm to export point was assumed equal to the Swedish scenario 
2*60km. The actual distance was estimated by map24.com and a shorter ferry 
transport was added Helsingborg-Helsingör. 

 

Table 15 Distances used in study 

Exporting 
country 

Point of Export to 
Helsingborg 

Distance 
[km] 

Belgium Brussels 954 

Denmark Vejle, Jylland 278 

France Bourges 1495 

Italy Rome 1938 

Netherlands Amsterdam 828 

Poland Warsaw 1123 

Spain Madrid 2525 

Germany 
Argentina 
Brazil 
Chile 
New Zealand 

Leipzig 
Buenos Aires 
Sao Sebastiao 
Punta Arenas 
Aukland 

577 
12720 
10900 
14700 
21600 

 

 

Looking at the total consumption (Swedish production plus import) of the products 
included in the study (figure 32) it is evident that apples, carrots and tomatoes are very 
popular, but large quantities of lettuce, onion, cucumber and white cabbage are also 
consumed. The largest part of the consumption of apples is covered by imports from 
Italy, the Netherlands, France and Argentina and the tomatoes are mainly imported 
from the Netherlands and Spain. In figure 33 the resulting emissions of greenhouse 
gases form the consumption in figure 32 are shown. The emissions from the 
consumption are dominated by the greenhouse products tomatoes and cucumber. All 
together the products in the figure contribute a total of ca 370 000 tonnes carbon 
dioxide equivalents. This can be related to total emissions of all Swedish consumption 
which is ca 95 million tonnes carbon dioxide equivalents (out of which ca 20 Mt is 
related to food) according to the Swedish Environmental Protection Agency’ s report 
(5903)  Konsumtionens klimatpåverkan. The products in the figure thereby stand for 
approximately 1.9% of the total food related emissions of greenhouse gases in 
Sweden.  
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Figure 32 Swedish consumption of a selection of horticultural products 

 

 

 
Figure 33 Emissions of greenhouse gases from Swedish consumption of a selection of horticultural 
products (note only specific cultivation data for tomatoes, remaining products have been equaled to 
Swedish cultivation; all transports are modelled specifically) 
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Appendix A: Inventory data template for greenhouse cultivation  

This is an example of data template for production of tulips. 
 
Inventering av förhållanden vid växthusodling 
Frågorna i detta formulär syftar till att få fram ett underlag som skall användas till en 
livscykelanalys (LCA) av växthusodlade grönsaker och prydnadsväxter. Analysen görs med 
avseende på produkternas miljöpåverkan i form av växthusgasutsläpp och är en del i ett större 
projekt som genomförs av SIK (Institutet för livsmedel och bioteknik). 
Odlare 
Namn:  
Adress:  
Telefon:  
Mail:  
 
Grunduppgifter för produktionen 
Gröda  
Sort: 

 
 

Antal omgångar per år  
Skörd per omgång  
Andra grödor som odlas på företaget (om vissa 
uppgifter inte kan ges specifikt för den aktuella 
grödan) 

 

 
Generella frågor 

 

Vilken växthustyp och vilka material? (Ange andel eller 
yta per typ.) 

 

Vilka u-värden (k-värde) har växthusmaterialet?  
Är någon del av växthusen helisolerad? Hur stor yta i 
så fall? 

 

Vilka typer av täckmaterial/vävar använder ni? Hur 
mycket? 

 

Vilket energislag används till uppvärmning av 
växthusen? 

 

Tillför ni koldioxid? Hur mycket och på vilket sätt?  
 

Hur stor är er totala växthusyta?  
 
Utgångsmaterial  
Varifrån köper ni era lökar?  
Hur levereras lökarna?  
Hur mycket lökar går det åt per år?  
 
Produktionen 

 

När börjar och slutar växthussäsongen (datum)?   
 

Beskriv hur ytan utnyttjas under året. Hur stor yta 
utnyttjas hela säsongen? 

 

Vilka tillväxtreglerande medel används? Hur mycket  
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används per år av respektive medel? 

Vilka kemiska bekämpningsmedel används? Hur mycket 
används per år av herbicider, fungicider och 
insekticider? 

 

Vilken biologisk bekämpning används?  
 

Hur mycket vatten förbrukas per år?  

Till vilken uppvärmningstemperatur värmer ni dag 
respektive natt? 

 

Hur mycket svinn har ni i plantmaterialet och när under 
kulturtiden? 

 

Används mörkläggningsgardiner?   

Hur mycket energi används till uppvärmning under 
aktuell period (MJ, MWh, etc.)? 

 

 
Beskriv odlingsförloppet: 

Under långdagsbehandling  

Dag- resp. nattemperatur?  

Planttäthet (plantor/m2)?  

Belysning (antal timmar och effekt)?  

Under kortdagsbehandling  

Startdatum?  

Dag- och nattemperatur?  

Planttäthet (plantor/m2)?  

Belysning (antal timmar och effekt)?  

Hur mycket näringslösning används?  
 

Vad består näringslösningen av – ämnen och halter?  
 

Vilken krukstorlek används?  
 

Vilket substrat används (sammansättning)?  
 

Hur mycket substrat används totalt per år?  
 

Återanvänds något av substratet i den egna 
produktionen? 

 

Hur hanteras överblivet substrat? Hur mycket är det per 
år?  
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Appendix B: Inventory data template for open air cultivation 

 

Inventering av utsläpp av växthusgaser vid produktion av grönsaker 
 
Alla uppgifter kommer att behandlas konfidentiellt. Den enskilda odlarens uppgifter 
kommer endast att vara en del i medelvärden för odlargruppen. De kommer inte att 
redovisas  
separat.  
 
Grönsaksproduktion definierar vi arbetet som sker i alla led 1-5 fram till det att 
produkten levereras från gården. 
 
 
Odlare 
Namn:  

Adress:  

Telefon:  

Mail:  

Gröda 1                                            Sort: 

                                                 

 
 
Produktionsled som ingår 
Plantuppdragning 
Odling 
Lagring 
Leverans 
 
1. Plantuppdragning för ett ha 

Antal frö, samt fröbehandling  

Mängd plantjord, typ av jord  

Växtnäring under plantuppdragning  

Växtskydd under plantuppdragning  

Uppvärmning   Mängd energislag  

Bevattning       Mängd energiåtgång  

Transport        Lastmaskin, truck 
energiåtgång alternativt tid 
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2. Odling/ha 

Växtföljd  

Växtnäring 
 
 Ange;  stallgödsel, mineralgödsel 
 
 *Egen stallgödsel 

Sort Mängd Spridningstid, 
spridningssätt  
(Nedbrukningstid ) 

   

   

   

   

 
 

  

 

Bevattning   Mängd energislag  

Växtskydd Sort mängd 

  

  

  

  
 

 
 
Maskiner i fält  
 
Jordbearbetning, plantering, 
ogräsrensning, luckring, kupning, 
gödsling, växtskydd, skörd  
 
Transport till lager 
 
 
 
Ange redskap tid, bränslebehov  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
 

Avstånd från gård till fält:   < 1     1-3     3-6     > 6   km 

Skörd                                  kg  
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Skörde system 
Stor låda, stålhäck, lösvikt 

 

Skörderester   Nedbrukning  

Bearbetningstidpunkt efter skörd av 
huvudgrödan 

 

  

Övrigt 
Fiberduk 

 

  

 
 
3. Lagring/ per kg 

Kyllager   Mängd  energislag  

Transport,  
hantering lager 
 
Truck vid uttag mm 

Redskap Tid/drivmedel 

  

  

  

  
 

Uttag av lagervara, puts  % svinn  

Packning, Emballage  

  

 
 
4. Leverans / motsvarande mängd från 1 ha 

  

Försäljning  
 
Försäljningsorganisation, egen  
 

 

Leverans via 
Grossist,  direkt butik.  Hemförsäljning 

Transportfordon Sträcka 
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För beräkning av kväveutlakning, behöver vi följande uppgifter: 
 

Jordart         sand (<5% ler)                         lerig (5-15% ler)                  lättlera (15-25% ler)                                  
  mellanlera (25-40% ler)          styvlera (>40% ler)             mulljord (>40% 
mull) 

Mullhalt        mullfattig <2%            något mullhaltig 2-3%        måttligt mullhaltig 3-6%                                
  mullrik 6-12%              mycket mullrik 12-20%         mulljord (>40% mull) 

Mängd stallgödsel i snitt i växtföljden:__________  ton per ha 
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Appendix C: Key inventory data for cultivation of field crops 

 
Table 16 Net yield of product 

Product Ton of product/ha (net yield) 

 
Iceberg lettuce 
White cabbage, long storage 
White cabbage, no storage 
Onion, long storage 
Onion, no storage 
Leek 
Broccoli 
Cauliflower 
Carrot, long storage 
Carrot, no storage 
Parsnip, long storage 
Parsnip, no storage 
Celeriac, long storage 
Celeriac, no storage 
Swede/turnip, long storage 
Swede/turnip, no storage 
Strawberry 

Producer 1 
47 
60 
52 
52 
52 
30 
14 
41 
60 
75 
36 
20 
50 
45 
30 
45 
13 

Producer 2 
47 
60 
50 
51 
51 
40 
20 
39 
63 
72 
28 
20 
48 
54 
64 
59 
10 

Producer 3 
45 
66 
80 
51 
51 
 
 
40 
64 
72 
 
 
 
 
30 
40 
 

 

 
Table 17  Input of nitrogen fertiliser per ha 

Product kg nitrogen/ha 

 
Iceberg lettuce 
White cabbage, long storage 
White cabbage, no storage 
Onion, long storage 
Onion, no storage 
Leek 
Broccoli 
Cauliflower 
Carrot, long storage 
Carrot, no storage 
Parsnip, long storage 
Parsnip, no storage 
Celeriac, long storage 
Celeriac, no storage 
Swede/turnip, long storage 
Swede/turnip, no storage 
Strawberry 

Producer 1 
290 
305 
305 
137 
137 
178 
434 
482 
90 
90 
88 
88 
178 
178 
180 
180 
58 

Producer 2 
277 
208 
162 
129 
129 
259 
378 
337 
56 
56 
88 
66 
316 
316 
149 
149 
55 

Producer 3 
312 
291 
237 
99 
99 
 
 
378 
33 
33 
 
 
 
 
51 
51 
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Table 18  Nitrogen in crop residues and root residues per ha 

Product kg N in crop and root residues/ha 

 
Iceberg lettuce 
White cabbage, long storage 
White cabbage, no storage 
Onion, long storage 
Onion, no storage 
Leek 
Broccoli 
Cauliflower 
Carrot, long storage 
Carrot, no storage 
Parsnip, long storage 
Parsnip, no storage 
Celeriac, long storage 
Celeriac, no storage 
Swede/turnip, long storage 
Swede/turnip, no storage 
Strawberry 

Producer 1 
 59.3 
94.7 
161.8 
 
 
119.5 
687.2 
310.2 
64 
51 
57 
57 
162.3 
142.4 
132.8 
88.5 
0.6

1
 

Producer 2 
56.6 
117.5 
109.2 
 
 
99.6 
687.2 
310.3 
60.8 
52.8 
57 
57 
151.1 
134.3 
99.6 
81.3 
0.7

1
 

Producer 3 
157.1 
119.7 
105.2 
 
 
 
 
310.3 
56.1 
50 
 
 
 
 
132.8 
99.6 

1
 Negligible, i.e. emissions of nitrous oxide is solely based on applied fertiliser 

 

 

 
Table 19  Diesel use per ton product for field crops 

Product Diesel use [litre/ton product] 

 
Iceberg lettuce 
White cabbage, long storage 
White cabbage, no storage 
Carrot, long storage 
Carrot, no storage 
Onion, long storage 
Onion, no storage 
Leek 
Broccoli 
Cauliflower 
Parsnip, long storage 
Parsnip, no storage 
Celeriac, long storage 
Celeriac, no storage 
Swede/turnip, long storage 
Swede/turnip, no storage 
Strawberry 

Producer 1 
11.5 
4.6 
4.6 
10.1 
8.1 
2.6 
2.6 
10.5 
21.0 
11.3 
5.9 
10.7 
4.7 
5.2 
5.4 
3.6 
1.3 

Producer 2 
5.3 
n.a.

1
 

n.a.
1
 

11.3 
9.9 
1.9 
1.9 
11.5 
19.0 
7.6 
11.9 
16.7 
3.9 
3.4 
2.8 
1.6 
1.3 

Producer 3 
10.1 
4.6 
3.3 
n.a.

1
 

n.a.
1
 

0.9 
0.9 
 
 
11.2 
 
 
 
 
7.3 
5.5 
 

 

1
 not available, average of the two other producers has been used in the study 
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Appendix D: Calculation of nitrous oxide emissions from fields/agriculture 

 

The direct and indirect emissions of nitrous oxide from fields have been quantified 
following the 2006 IPCC Guidelines for National Greenhouse Gas Inventories.  

Direct emissions 

Direct N2O emissions from managed soils are calculated as follows:  

N2Odirect-N = N2O-Ninputs + N2O-Norganic soils  

where N2O-Ninputs = (FN in synthetic fertilisers + FN in crop residues) * EF1  

Since the use and management of land are presumed to be constant in this study, there 
will be no losses of soil carbon and no mineralisation of soil nitrogen in association with 
changes in land use or management. The fields studied are not subject to grazing, which 
also facilitates the calculation. 

FN in synthetic fertilisers: Nitrogen in synthetic fertilisers occurs in the shape of ammonia and 
nitrate. All of the nitrogen is included in the formula. 

FN in crop residues: Nitrogen in above-ground crop residues is calculated as follows: A crop-
specific factor of the amount of above-ground crop residues (fresh weight) in relation to 
the size of the harvest is calculated as the average from different studies.7 The nitrogen 
content of the crop residues is calculated in the same way. For parsnip, no crop specific 
data was found. Instead, data for carrot is used. 

To decide the amount of below-ground crop residues, the IPCC default ratio of below-
ground residues to above-ground biomass for tubers (0,20, dry mass) is used. The 
nitrogen content and the dry mass content of the below-ground residues are presumed 
to the same as in the product for root crops, i.e. swede, carrot, parsnip and celeriac 
(0,77-2,9%). For other crops, the nitrogen content of the below-ground residues is 
presumed to be the same as for potatoes: 1,4% of the dry mass. 

EF1: The IPCC default emission factor 0,01 is used. 

In addition to N2O from nitrogen inputs, there will also be N2O emissions from the use of 
organic soils. For temperate, organic soils, the default emission factor is 8 kg N2O-N per 
hectare, which is the value used in this study. 

Indirect emissions 

Indirect emissions from the management of soils are calculated as follows: 

N2Oindirect-N = N2O-Nfrom volatilization of N in fertilisers and manure + N2O-Nfrom leaching nitrate 

where N2O-Nfrom volatile N in fertilisers and manure = FN in synthetic fertilisers*FracGASF * EF4  

and N2O-Nfrom leaching nitrate = NO3-Nleaching * EF5 

                                                 
7
 For onion, all studies except one presented a considerably higher value (0,33-0,46 kg residues per kg 

harvest) than the value used (0,06). The reason for choosing the low value is that the onion studied is 
harvested after the withering of the tops, when most of the nitrogen has left the green parts for the 
onion. Some of the tops follow the harvest, and some of it is left in the field, but both parts are small and 
contain a minimum of nutrients. (Christina Marmolin, pers. comm.) 
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FN in synthetic fertilisers is the sum of all nitrogen in the synthetic fertilisers applied to the field. All 
of the nitrogen in the synthetic fertilisers used occurs in the shape of ammonia or 
nitrate. 

FracGASF: The IPCC default value for the volatile fraction of the nitrogen applied through 
synthetic fertilisers (0,10) is based on a considerable use of urea. Since urea is not used 
at all in the studied fields (and since that is typical for Swedish conditions), a lower value 
is here chosen: 0,02. 

EF4: The IPCC default emission factor 0,01 is used. 

NO3-Nleaching: The amount of nitrogen leaching from the fields is calculated in the data 
programme Stank in Mind. Here, a several specific conditions are included, e.g. 
fertilising, plant uptake of nitrogen, local climate conditions, soils, soil organic matter 
and time for cultivation. For some crops (cauliflower, broccoli, swede, parsnip, leek and 
celeriac), Stank in Mind lacks information on plant uptake and leaves it excluded 
resulting in higher leaching. In these cases, an uptake calculated from literature has 
been subtracted from the Stank in Mind result. 

EF5: The IPCC default emission factor 0,0075 is used. 
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