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Summary 
This report is conducted within the project Improved Sustainability of Agro-food Chains in 
Central America. The aim of the project is to identify technological options that make agro-
food systems more sustainable from an environmental, food safety and socio-economic 
perspective. The project is an INCO (International Scientific Cooperation) Project financed by 
the European Union.  
   In this report, the environmental impact from five different products (eight different chains) 
from Central America is investigated: coffee, melon and chayote from Costa Rica, coffee and 
cashew from El Salvador and coffee, cashew and snow peas from Guatemala. The method 
used for comparison is Life Cycle Assessment (LCA). The inventory data, the quantity of 
inputs, have been collected by partners from Central America and SIK (the Swedish Institute 
for Food and Biotechnology) during 2004 and 2005.The calculations have been performed by 
SIK using an LCA software programme, SimaPro. In this study the system boundaries are of 
second order, which means that production of material and energy inputs are included in the 
study. For production of inputs (as energy, fertilisers, pesticides and plastics) literature data 
and databases (BUWAL and Ecoinvent) in SimaPro have been used.  
   The environmental impact categories that have been studied are: energy use, global 
warming, eutrophication, acidification and use of pesticides, land and water. It is difficult to 
give any overall conclusions of the results, but the main improvement that can be made in 
several cases is to reduce the pesticide use. Many pesticides that are used on the cultivations 
are acutely or chronically toxic, and several are also classified as hazardous, banned or 
restricted within different initiatives. On the other hand, crop deceases and infestations are 
often more problematic in tropical countries and therefore the need of pesticides is greater. 
Also the amount of fertilizer should be adjusted to balance the needs of the crop in order to 
reduce eutrophication.  
   For coffee the cultivation and preparation at the consumer were the most contributing stages 
in the life cycle (except for coffee in Guatemala, where the milling for the conventional coffee 
had the highest contribution to eutrophication). In the cultivation, some reduction of energy 
might be made, possibly mainly by reducing the use of fertilisers (which is rather energy 
consuming to produce and gives rise to eutrophication due to leakage of mainly nitrate), but 
since all coffee is picked by hand it is difficult to make other improvements considering these 
impact categories. For melon the main impact was at the cultivation phase, due to high use of 
pesticides (i.e. methyl bromide and metam sodium for respective case), but it is difficult to 
say how significant the improvements will be, since the action against pests then must be 
performed in other ways, which might contribute more to these impact categories (energy use, 
global warming, eutrophication and acidification). For chayote it was only for eutrophication 
that cultivation was the most contributing step in the chain, for the other categories the 
different transport steps had a higher contribution. The relatively high yield of chayote gave a 
rather low impact from the cultivation, seen per kg of product. For cashew in El Salvador the 
processing was the activity that gave the highest contribution for all impact categories, except 
eutrophication for the organically grown (for the conventionally grown cashew no 
conclusions can be made, since no data was available). For cashew in Guatemala the two first 
steps in the chain, cultivation and the transport to processing, where the ones with highest 
impact. For snow peas the environmental impacts for different activities in the chain varied 
depending on the impact category, though cultivation must be considered to have the overall 
highest environmental impact. 
   One of the largest difficulties in the study has been the collection of data. The problem with 
insufficient data (i.e. data gaps), especially for conventional cashew, makes it difficult to do a 
fair comparison between the different options. 
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1 Introduction 
This report is conducted within the project Improved Sustainability of Agro-food Chains in 
Central America. The objective of the project is to identify technological options that make 
agro-food systems more sustainable from an environmental, food safety and socio-economic 
perspective. Special attention is given to the position of small agro-food producers in 
developing economies and their potential to generate higher value added products. The project 
intends to develop technology evaluation tools for sustainable development which will be 
generally applicable to agro-food chains between developing and developed countries. This 
should lead to results that are directly applicable, leading to the interactive assessment of 
exploitable technological options for important market-oriented agro-food products in Central 
America. The products studies are significant valued added and foreign exchange generators, 
mainly produced by smallholders and with considerable demand potential in the European 
Union. The project is an INCO (International Scientific Cooperation) project, financed by the 
European Union. The research was coordinated by senior research professor Dr. W. Pelupessy 
of the Development Research Institute (IVO) of the Tilburg University in The Netherlands. 
The participating institutions (including IVO) are listed below: 
 

• The Development Research Institute (IVO) of Tilburg University, The Netherlands 

• Wageningen University, The Netherlands 

• The Swedish Institute for Food and Biotechnology (SIK), Sweden 

• International Centre of Economic Policy for Sustainable Development (CINPE), Costa 
Rica 

• International Institute of Toxicology Studies (IRET) of the National University, Costa 
Rica 

• The Foundation for Development (FUNDE), El Salvador 

• The Foundation for Rural Development of the Coffee Producers Association 
(FUNRURAL), Guatemala 

• The School of Agriculture Economics (ESECA), Nicaragua 
 
In this report, the environmental impact from five different products (eight different chains) 
from Central America is investigated. The method used for comparison is Life Cycle 
Assessment (LCA).  
 

1.1 Products studied 
Eight different product chains and five different products are studied. All products are 
produced in Central America and consumed in Europe. The products investigated in Costa 
Rica are: coffee, melon and chayote, in El Salvador: coffee and cashew nuts and in 
Guatemala: coffee, cashew and snow peas. All products are supposed to be consumed in 
Sweden, except chayote, which is assumed to be consumed in the Netherlands. For each 
product two different options (except for cashew in Guatemala) have been compared, some 
are more defined than others.  
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For the coffee produced in Costa Rica the differences between the options are in the 
management. The differences for the melon are the use of pesticides: in one case methyl 
bromide (MB) is used and in the other metam sodium (MS) is used. For the case of chayote 
the difference is the organisation, where cooperation is compared with independent producer. 
In El Salvador coffee grown at high altitude is compared with coffee grown at low altitude. 
For the production of cashew, conventional cultivation is compared with organic. In the case 
of coffee in Guatemala organic production is compared with conventional production. For 
cashew in Guatemala only one option (conventional) is studied. Finally, for snow peas in 
Guatemala two options is studied, where one is production for the market in the US while the 
other is produced for the European market. Despite that, both chains are here assumed to be 
consumed in Sweden, to able to make a fair comparison.  
 
Table 1.1: The different product investigated within this project. 

PRODUCTS  OPTIONS 

Costa Rica     

   Coffee  option 1  option 2 

   Melon  methyl bromide (MB)  metam sodium (MS) 

   Chayote  cooperation  independent producers 

El Salvador     

   Coffee  high altitude  low altitude 

   Cashew  traditional  organic 

Guatemala     

   Coffee  organic  conventional 

   Cashew  conventional  - 

   Snow peas  option 1  option 2 

 
 
 

1.2 Method 
All inventory data in Central America have been collated by project members in Central 
America. The inventory data collection is a tedious and difficult task, especially for small 
operators who tend to have less written information available. Thus, the quality of the 
collected data is for some of the factors not sufficient for deeper analysis and solid 
conclusions. 
 
The inventory of data in Sweden (i.e. the coffee roasting process, the coffee making at the 
consumer etc) has been conducted by SIK – the Swedish Institute for Food and 
Biotechnology. SIK has also performed the calculations, which have been carried out in the 
LCA software programme SimaPro. For production of energy, plastics etc databases 
(BUWAL and Ecoinvent) in SimaPro have been used.  
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1.3 System boundaries 
In this study the system boundaries are set to include the “core system” (see figure 4.2, 4.9, 
5.1, 6.1 and 7.1) and production of all inputs of energy and materials to that. For inputs to the 
core system, data has been collected within this project and for production of the inputs (for 
example energy, fertilisers, pesticides and plastic), literature data and databases have been 
used. For production of energy databases (BUWAL and Ecoinvent) in SimaPro has been used 
and the specific electricity mix has been used for each country, based on IEA (International 
Energy Agency). For the fertilizer data on production is taken from Davis et. al (1999) and a 
database (Ecoinvent) in SimaPro have been used. For production of pesticides literature data 
(Green, 1987 in Audsley and Fluck, 1992) has been used. The pesticides are expressed in 
amount active ingredient (a.i.). For production of other inputs as plastic and paper, databases 
(BUWAL and Ecoinvent) in SimaPro have been used. All data collection performed by the 
partners in Central America have been done between 2004 and 2005 and during the same time 
the data in Sweden has been collected. 
 
Impact Categories 
The impact categories studied here are: 
 

• primary energy use, 
• global warming potential, 
• eutrophication, 
• acidification, 
• pesticide use and  
• use of land and water. 

 
For further information see chapter 3 environmental impacts considered. 
 
 

1.4 Allocations 
Allocation has been avoided as much as possible; instead system expansions have been made 
for example in incineration of packaging. For the home transport allocation base on mass has 
been used, since it then is more comparable in all eight cases. In some cases allocation could 
have been done, as for example in the case of fruit in cashew cultivation, but these by-
products had such small value that it was not considered relevant. 
 

1.5 Structure of the report 
The design of this report makes it possible for the reader to read about each product 
separately; hence some texts in the different chapters are repeated. In the following chapter an 
introduction to the LCA method is given, followed by a description of the different impact 
categories studied. Then an introduction, description of the system, data inventory, results and 
conclusions are presented for each product. Finally the report is concluded with discussion of 
the results.  
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2 Life Cycle Assessment (LCA) – description of the 
method 

This following chapter is written by Johanna Berlin (The Swedish Institute for Food and 
Biotechnology, Göteborg) and is directly copied from chapter Life Cycle Assessment (LCA): 
an introduction which was published in Environmentally friendly food processing, edited by 
Berit Mattsson and Ulf Sonesson, 2003, though there are some slight differences and chapter 
2.5 Using LCA: some examples is not included. 
 

2.1 Introduction of LCA 
Life cycle assessment (LCA) is a tool for evaluating the environmental impact associated with 
a product, process or activity during its life cycle. LCA is a suitable tool for several purposes. 
If an increase in knowledge of a product and its related environmental impact is wanted, LCA 
is a proper tool. It is also possible to find stages in the lifecycle of the studied process or 
product that makes significant contribution to the environmental impact with the tool. Other 
purposes of undertaking an LCA-study could be to assess improvements alternatives or 
comparing products, processes or services. Environmental communication like EPD can be 
based on LCA, and it can also be used as an instrument in environmentally adjusted product 
development.  
 
Life cycle assessment is one of the tools included in environmental systems analysis and is 
today one of the most commonly used tools within the subject. LCA has its roots back in the 
1960´s, when the interest in energy requirement calculations started. During the oil shortage 
in the 1970´s several studies were undertaken which included lifecycle thinking for energy 
calculations. The step to include emissions released during energy production was taken the 
same decade. However, after the oil crises the interest of LCA faded, but with the increased 
interest for the environment in the 1980´s a revival of LCA occurred. Since 1990 LCA has 
expanded enormously, and the number of studies, publications, conferences and workshops is 
still growing (Lindahl, Rydh and Tingström, 2001). Today LCA is an ISO standardised 
method (ISO 14040-14043, 2002). 
 

2.1.1 Environmental Systems Analysis 
Before describing the LCA tool the subject of environmental systems analysis is briefly 
introduced. The topic of environmental systems analysis consists of the knowledge of how to 
collect and assess information of a technical system’s contribution to the environmental 
impact. This can be performed with diverse aims and therefore several tools have been 
developed. Every tool within systems analysis includes some typical activities. The following 
framework for a systems analysis problem was presented by Findeisen and Qaude (1997): 

1. formulating the problem 
2. identifying, designing, and screening the possible alternatives; 
3. forecasting future contexts or states of the world; 
4. building and using models for predicting the results; and 
5. comparing and ranking the alternatives. 
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The listed activities encompasses several additional components as for example determining 
boundaries and constraints, data collection and analysis but this can be performed somewhat 
differently for the diverse tools. 
 
The tools are developed from the aim of the problem and with that in mind the following 
categorisation of the tools can be made: flow models, monetary models, process models and 
risk assessment. Examples of tools belonging to the categories follow: Tools based on flows 
are life cycle assessment, material flow accounting and substance flow accounting. The tool 
of LCA is further described below. Material flow accounting describes all in- and outflows 
and accumulation of a material, substance or element in a geographic area during a certain 
time period. Depending on the type of material studied, a further distinction of MFA is often 
applied. Bulk-material flow analysis studies flows of bulk materials, such as wood, iron or 
plastics, in a given region. Flows of substances such as nitrogen compounds and single 
elements such as Cd or Pb within a region are studied in a substance flow accounting (Udo de 
Haes et al. 1997). A monetary tool is Cost-benefit analysis used for assessing total costs, 
including environmental costs, and benefits from a planned project. An example of a process 
tool is design for the environment, which focuses on the environmental dimension of the 
design process. Risk assessment is a broad term and includes several different types of 
assessments. The focus can be on human health or environmental aspects. The risk can also 
vary from diffuse to specific and can be risk associated with natural operation or risk for 
accidents. The tools mentioned above are just a selection; for more information see Moberg 
(1999), Baumann and Cowell (1999) and Wrisberg et al. (2000). 
 

2.1.2 Life Cycle Assessment 
LCA is a method for assessing and evaluating the environmental performance of products, 
processes or services throughout its entire life cycle. The flow of material needed for the 
processing of the product or service is followed during the stages of the products life cycle 
and at the same time input and output data such as emissions, waste, energy use and resources 
are collected for each unit process. This is the ground principles for the life cycle model 
which is the first section of this chapter. It is followed by the procedure of how to perform an 
LCA. The last section of this chapter is a description of some key principles within LCA. 
 
This chapter is an introduction to LCA, for further information about LCA see the ISO 
standard 14040-43 (1997, 1998, 2000, 2000) and Baumann and Tillman (2002).  

2.2 The LCA process 
The concept of life cycle assessment means that a product is followed and assessed from its 
“cradle” all the way to the “grave”. As shown in figure 2.1 the life cycle model starts with the 
acquisition of raw materials and energy that is needed for production of the studied object, the 
“cradle”. The model follows the stages of processing, transportations, manufacturing, use and, 
finally, the waste management which is considered to be the “grave”. The assessment is 
accomplished by identifying and quantitatively or qualitatively describing the studied object’s 
requirements for energy and materials, and the emissions and waste released to the 
environment.  
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Figure 2.1: The life cycle model (Baumann and Tillman, 2002). The arrows illustrate flow of energy 
and matter. 

2.2.1 The LCA procedure 
LCA is an ISO standardised tool (ISO 14040–14043) and included in the standard is a 
working procedure, illustrated in figure 2.2 and described below. 

 

 
 
Figure 2.2: Working procedure for an LCA. The unbroken line indicates the order of procedural steps 
and the dotted lines indicate iterations. (ISO 14040, 1997) 
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An LCA starts with an explicit statement of the goal and scope of the study, the functional 
unit, the system boundaries, the assumptions and limitations and allocation methods used, and 
the impact categories chosen. The goal and scope includes a definition of the context of the 
study which explains to whom and how the results are to be communicated. The functional 
unit is quantitative and corresponds to a reference function to which all flows in the LCA are 
related. Allocation is the method used to partition the environmental load of a process when 
several products or functions share the same process.  

 

In the inventory analysis a flow model of the technical system is constructed using data on 
inputs and outputs. The flow model is often illustrated with a flow chart,which includes the 
activities that are going to be assessed and also gives a clear picture of the technical system 
boundary. The input and output data needed (resources, energy requirements, emissions to air 
and water and waste generation for all activities within the system boundaries) for the 
construction of the model is collected. Then, the environmental loads of the system are 
calculated and related to the functional unit, and the flow model is finished. 

 

The inventory analysis is followed by impact assessment, in which the data are interpreted in 
terms of their environmental impact i.e. for example acidification, eutrophication and global 
warming. In the classification stage, the inventory parameters are sorted and assigned to 
specific impact categories. The next step is characterisation, where inventory parameters are 
multiplied by equivalency factors for each impact category. Thereafter all parameters 
included in the impact category are added and the result of the impact category is obtained.  

 

In many LCAs, characterisation concludes the analysis; this is also the last compulsory stage 
according to ISO 14042 (2000). However, some studies involve the further step of 
normalisation, in which the results of the impact categories from the study are compared with 
the total impact in the region. During weighting, the different environmental impacts are 
weighted against each other to get a single number for the total environmental impact. 

 

The results from the inventory analysis and impact assessment are summarised during the 
interpretation phase. The outcome of the interpretation is conclusions and recommendations 
of the study. According to ISO 14043 (2000) the interpretation should include; 

• identification of significant issues for the environmental impact, 

• evaluation of the study considering completeness, sensitivity and consistency 

• conclusion and recommendations. 
 

The working procedure of LCA is iterative as illustrated with the dotted lines in Figure 2. The 
iteration means that information gathered in a latter stage can cause effects of a former stage. 
When this occurs the former stage and the following stages have to be reworked taking into 
account the new information. Therefore it is common for an LCA practitioner to work at 
several stages at the same time. 
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2.3 Key principles of LCA 
There are some key principles besides the flow model and procedure of LCA that are 
important to know for understanding the concept of LCA. These are described in this section. 

 

2.3.1 Functional unit 
The definition of the functional unit by the ISO standard is: The functional unit is a quantified 
performance of a product system for use as a reference unit in a life cycle assessment study 
(ISO 1440, 1997). All data in the study is related to the functional unit which means that all 
the inputs and outputs to the system are related to the unit. Therefore the unit must be defined 
and measurable. The chosen function for a system is dependent on the goal and scope 
definition of the study (ISO 1440, 1997, Baumann & Tillman, 2002). 

 

2.3.2 System boundary 
The system under study is limited by a system boundary. All unit processes under study are 
within the system boundary. Tillman and Ekvall (1994) came to the conclusion that the 
boundaries need to be specified in several dimensions: 

• Boundaries in relation to the natural system: the boundary between the technical 
system and nature. The system’s cradle and grave are specified in this dimension. 

• Geographical boundaries: the area of which the system under study is limited. 

• Time boundaries: the time perspective of the study i.e. retrospective, present time or 
prospective. 

• Boundaries within the technical system related to production capital, personnel etc.: a 
specification of which activities that are needed in the life cycle of the studied object 
but are not included in the study. 

• Boundaries within the technical system in relation to other products´ life cycles.: when 
several products share the same processes the environmental load has to be shared 
between the products. This is further discussed below in the allocation section. 

 

The specification of the system boundaries first takes place in the phase of goal and scope 
definition. But the final boundary is decided when enough information has been collected 
during the inventory analysis. If part of the life cycle is not investigated this must be very 
clearly stated in the report. The technical system is preferably described by a flowchart of all 
unit processes included in the study.  

 

2.3.3 Allocation 
During the performance of an LCA, allocation problems occur when the life cycles of 
different products are connected. When such problems arise, ISO 14041 (1998) recommends 
expanding the system boundaries to include the co-products or to increase the level of detail 
in the life cycle. Increasing the level of detail involves detailed investigation of the process 
whereby the product under study is produced at the same time as the co-product in order to 
gather individual data for the product and the co-product. 
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If neither of the above approaches is applicable, an allocation method can be used to partition 
the environmental loads between the products or functions of the shared processes. The 
partitioning can be based on physical correlation, such that any quantitative changes in the 
produced products or their functions correlate with changes in the in- and outflows of the 
system. Partitioning can also be based on economic allocation, that is, on the value of the 
produced products as reflected in their relative prices or their gross sales value. Baumann and 
Tillman (2002) give the example of a multi-output process producing gold, a valuable 
product, and zinc, a less valuable one. In such a situation it can be argued that economic 
allocation is preferable since production of the valuable product is the motive for production 
in the first place.  

 

2.3.4 Data quality and data collection 
It is important to use data that suits the study’s goal. A proper data quality increases the 
reliability of the results. A life cycle study is a summary of a large amount of data of varying 
quality, therefore the transparency of data is crucial. It should be possible for the receiver of 
the study to trace the result back to the data used. The transparency is also important for the 
study’s reliability, for example data can be collected from production companies directly or it 
can be gathered from literature. The two ways of collecting data gives different views of 
reality. 

 

To minimise the variety of data quality the data quality requirements should be set in the 
phase of goal and scope definition before the inventory starts. Following parameters 
concerning data quality requirements should be included according to the ISO standard (ISO 
14041, 1998); 

• Time related coverage: the age of data. 

• Geographical coverage: the geographical area where the data is relevant 

• Technology coverage: the type of technology i.e. best available, worst operating, 
weighted average of an actual process mix. 

• Precision: the variance of the data values 

• Completeness: the percentage of the locations reporting primary data for each data 
category in a unit process. 

• Representativeness: a qualitative assessment of the degree to which the data reflects 
the true value of the time related coverage, geographical coverage and technology 
coverage. 

 

When the study is fulfilled the data used should be assessed with the same parameters to find 
out if there are data that are crucial for the study which has to be improved.  
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2.4 LCA of Food Products 
LCA has been used for studies of many kinds of products. The first LCA studies of food 
products was performed at the beginning of the 1990s (Mattsson and Olsson, 2001). In every 
area of products under study there are questions that are unique for that particular area. The 
unique things for LCA of food products are described in this chapter. 
 

2.4.1 Functional unit 
All data are related to the functional unit of the study. As it is only possible to use one 
functional unit it can be hard to define it when the product under study fulfils more than one 
purpose. The mass of a specific product is commonly used for LCA studies of food products, 
e.g. 1 kg of cheese leaving the cheese making dairy, 1 kg of bread from a bakery, 1 kg of cod  
from the filleting industry or 1 kg of apples from the greengrocers. But when defining the 
functional unit the choice is not obvious. As has been described in both Baumann and Tillman 
(2002) and Andersson (1998), other functions that food products provide are for example 
nutritional value, content of fibre, calorific value, shelf-life taste, smell, and appearance, but 
also that food gives pleasure. An LCA can only be related to one functional unit but the other 
functions are preferably described in qualitative terms in the stage of interpretation of the 
LCA study. 
 

2.4.2 System boundaries 
The boundary between the technical system and nature is not clear when agriculture is 
considered as the production takes place in nature. Some examples of decisions that have to 
be made follow. A question is if the soil is going to be included in the system or not. The time 
boundary is also not a clear choice if crop rotation is going to be included in the study. When 
animals are considered a choice has to be taken when the cradle of the life cycle starts? As the 
choices are not obvious considering agriculture it is important that they are clearly stated in 
the report. 
 

2.4.3 Allocation 
Allocation is preferably avoided according to the ISO-standard (ISO 14041, 1998). But, for 
many LCAs of food products this is not applicable as both expanding the system and 
increasing the level of detail will result in too much extra work. Several stages of food 
products’ life cycles need to be allocated as there are multifunctional processes; the 
agriculture phase, the phase of production, the retailer and the household. For instance dairy 
cows produce both milk and meat, and wheat crop gives both straw and wheat, which makes 
it difficult to divide the agriculture system into sub-systems. During production many 
products are often produced at the same time as cheese, cream, milk powder and whey, to 
expand the system to include all these products will take too much time. The retailer sells an 
enormous amount of products which makes it impossible to include all of them in the study. If 
the product for example is stored in the fridge or freezer at the household the product under 
study shares the place with other products, which entails the same problem as at the retailer. 
Different kinds of allocation methods can be used but allocation according to weight, volume 
or economical value are the most common ones used in relation to food products. 
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2.4.4 Environmental impacts: Land use and biodiversity 
There is no general agreement how to handle the category of land use in LCA. LCA is a 
method focusing on material flows and therefore it is hard to connect it with for example the 
impact of biodiversity which is an impact when land use is considered. Therefore in many 
food LCAs, land use just includes the area required for the agricultural production of the 
product under study with no connection to biodiversity. 
 
However, land use is a vital issue for LCA of foods especially when agriculture is considered 
(Cederberg, 2002; Mattsson, 1999). A method for assessment of agricultural land was 
assessed and tested by Mattsson et. al. (2000). They concluded that specific indicators (soil 
erosion, soil, organic matter, soil structure, soul pH, phosphorus and potassium content of the 
soil and impact of biodiversity) gave a good picture of long term soil fertility and biodiversity 
but also that there is a need for a more simplified method.  

2.5 Future Trends 
The purpose of the study decides the proper tool to use. In some cases there is no tool that 
suits the purpose; a solution can then be to combine systems analysis tools. Wrisberg et al. 
(2000) suggests when a limitation of a tool is reached to combine it with another tool to avoid 
the problem. Baumann and Cowell (1999) introduced a framework of analysing tools. They 
observed that tools may be combined, for example through their consecutive use. The 
combination means that one tool acts as the input to the next tool. Baumann and Cowell also 
observed that some tools overlap each other. Successful case studies which combine tools are 
for example; Sonesson and Berlin (2002) who combine the tools material flow accounting, 
substances flow accounting and life cycle assessment in their study of the future milk supply 
chains in Sweden. Berlin and Sonesson (2002) also made an environmental process model 
strongly influenced by LCA.  
 
A new trend in society when food is considered is the ethical and moral values. This will 
probably also influence the tool of LCA. The combination of economy and LCA has already 
been performed in several studies. But to combine LCA and social values like working 
environment and animal welfare in studies is still rare today.  
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3 Environmental impact categories considered 
Impact categories considered in this study are primary energy use, potential contribution to 
global warming, eutrophication, acidification and also amount of pesticides used as well as 
use of land and water.  
 

3.1 Energy 
Energy and material are resources, thus they are more or less limited. Different 
characterisation methods treat resources in different ways; they can be divided into either 
renewable and non-renewable, or biotic and abiotic resources (Baumann & Tillman, 2004). 
When comparing production systems with different geographical locations, one has to take 
into account possible differences in energy sources, e.g. the difference between the European 
and Swedish electricity mixes. In this study the primary energy use is presented; energy 
content in all resources used to produce the energy is taken into account.  
 

3.2 Global warming 
Global warming potential (GWP) is defined by the United Nations Framework Convention on 
Climate Change (UNFCCC, 2005) as “an index representing the combined effect of the 
differing times greenhouse gases remain in the atmosphere and their relative effectiveness in 
absorbing outgoing infrared radiation”. In turn, greenhouse gases are substances which enable 
for human life essential ability of the atmosphere to trap heat. However, the incineration of 
fossil fuels has increased the concentration of these gases, thus more heat has been trapped. 
As a result the temperature in the atmosphere has risen significantly since the beginning of the 
industrial age. Global warming is in LCA terms an ecological consequence (Lindfors et al, 
1995), and is usually considered in a LCA. The most important emissions that contribute to 
this impact are: CO2, CH4 and N2O, the emission factors used for these emissions are 
presented in table 3.1 below. The most commonly used unit is CO2-equivalents, which 
denotes the relative global warming potential that a substance has in comparison to carbon 
dioxide. 
 
Table 3.1: Emission factors for the most important contributors to global warming potential (GWP) 
[kg CO2 equivalents per kg] 

Substance Emission factor 

CO2 1 

CH4 23 

N2O 296 

 
The time horizon for the method used in this report, CML 2 baseline 2000 version 2.03 in 
SimaPro, is 100 years; other methods may use for instance 10 or 1 000 years, which means 
the emission factors are slightly changed. 
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3.3 Eutrophication  
Another considered category is eutrophication, maybe the most important impact from food 
systems. Previous studies have shown that the food system accounts for the largest share of 
total eutrophication in society (Sonesson et al, 2005a). The largest contributors are sewage 
outfalls and fertilised farmland, which leak nitrogen and phosphorus compounds to lakes, 
watercourses and coastal waters. However, sewage outfalls and similar point sources are 
easier to control than the diffuse emissions from arable land. Emissions that contribute to 
eutrophication include N, NOX, NH3, NO3 (to water), P (to water), PO4 (to water) and organic 
matter (measured as Biological Oxygen Demand (BOD) or Chemical Oxygen Demand 
(COD)). In this study the eutrophication potential is presented in PO4 equivalents, which is 
used in the CML 2 baseline 2000 version 2.03 in SimaPro and the characterisation factors are 
presented in table 3.2. 
 
Table 3.2: Emission factors for the most important contributors to eutrophication [kg PO4 – 
equivalents per kg] 

Substance Emission factor 

NOX 0.13 

NH3 0.35 

NO3 0.1 

N 0.42 

PO4 1 

P 3.06 

COD 0.022 

 

3.4 Acidification 
This is the denotation of decreased pH in water or soil, caused by sulphur and nitrogen in 
precipitation, which in turn is entailed by the combustion of oil, coal and other fossil fuels. 
The main effect is the decline in number of species (both animals and plants) that occur at 
only small changes in pH. Acid precipitation is now diminishing in Europe and the US, but in 
other areas, e.g. China, they are increasing, due to the concrete actions that have been 
undertaken the last decades towards more “clean” emissions (SEPA, 2005:1). The most 
important emissions that contribute to acidification are SO2, NOX and NH3. Various 
characterisation factors exist, however CML 2 baseline 2000 version 2.03 in SimaPro uses 
SO2-equivalents, see table 3.3. 
 
Table 3.3: Emission factors for the most important contributors to acidification [kg SO2 equivalents 
per kg] 

Substance Emission factor 
SO2 1.2 
NOX 0.5 
NH3 1.6 
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3.5 Toxicity and pesticide use 
Pesticide use is one of the most important impact categories for tropical crops. However, 
today there is no internationally agreed method within the LCA framework to calculate the 
effect from pesticide use. Existing methods for the characterisation of toxicological effects 
continue to provide sometimes diverging and doubtful results. This is compounded by lacking 
data for more comprehensive assessments; there are a large number of emitted compounds 
and the knowledge of specific elements characteristics and potential spread in nature is often 
limited. Furthermore, there is often a lack of information on how specific compounds affect 
different species. Therefore, in this analysis, use of pesticides is reported as amount of active 
substance used; even if this is only a course indicator of toxicity, it still provides some 
information on the potential risk that is associated with the cultivation. 
 

3.6 Land use and water use 
In LCA methodology, the impact category “land use” describes the environmental impacts of 
occupying, reshaping and managing land for human purposes. It can either be about the long-
term use of land as in farming, or changing the type of land, e.g. from rainforest to arable 
land. In this study, land use has only been taken into account in a quantitative manner, and 
most land is cultivated land. Although this is a simplified measure, it still provides a number 
on an aspect of resource use of food systems that is becoming more and more important. As 
the world’s population continues to grow, the land has to supply more and more food, an 
increased demand which must be handled by either increased yields or by increased acreage 
of cultivated land. Most of the land suitable for agriculture is already in use, and the 
remainder is covered by valuable natural ecosystems such as rainforests. Also, in a time when 
alternatives to fossil fuels are sought, food crops may have to compete with other crops such 
as energy forest. All this makes land use an important parameter which will play a leading 
role in the construction of sustainable food systems. Another very important parameter, which 
can be a very limited resource in some parts of the world, is the use of freshwater. 
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4 Coffee  
Coffee is, after crude oil, the most traded commodity worldwide (ICO and Salmone, 2003). 
The largest producing country is Brazil, followed by Vietnam and Colombia, which together 
stand for more than half of the coffee production in the world (ICO). Guatemala, Costa Rica, 
El Salvador and Nicaragua stand for around 7.5 percent of the global coffee production; the 
coffee trade is also an important contribution to the economies of these countries. Figure 4.1 
show a coffee tree with cherries. 
 

 
Figure 4.1: Coffee tree with cherries on. 
 
 
Cultivation 
The way to grow coffee varies very much from place to place. The coffee tree needs to have a 
warm climate with some rain, and grows preferably on an altitude between 500 and 1200 
meters. The coffee tree can be about ten metres high, but in cultivations it is usually pruned to 
two to four meters, to simplify the harvesting. A large part of the harvesting is performed by 
hand, only in some countries (Brazil for example) or regions where the landscape allows, 
machines are used for picking the coffee. It takes about five years before the tree gives coffee 
for the first time and it can carry both flowers and cherries at the same time and does so 
several times a year. Since the coffee cherries ripen at various times throughout the year, the 
people who pick the coffee need to go through the same cultivation several times. 
Traditionally the coffee was grown together with other trees or plants to give shade and 
protect the coffee plant from the sun. In the beginning of 1970 large parts of the shade trees 
were cut down to give room for more refined coffee varieties. Together with large amounts of 
fertilizers and pesticides, these new varieties give higher yields. The traditional shade grown 
coffee was therefore replaced with sun grown coffee, which, as all mono cultivations, is much 
more sensitive to insect attacks and deceases (Svensk kaffeinformation). 
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Milling 
There are two possible ways to process or mill the coffee: the wet method and the dry method. 
The wet method is the one that is most common in Central America while the dry method is 
more common in Brazil, Africa and Asia. The wet method is more complicated and, as the 
name says, requires more water than the dry method. The coffee berry is transported with 
water through channels and cleaning basins to a machine that removes the outer skin and the 
pulp. The damaged beans are then separated from the good ones, which are transported to a 
basin for fermentation. The beans are fermented for 12 to 36 hours to give the coffee the right 
level of acidity. After the fermentation the coffee is washed and then dried for about a week. 
When the beans are dried the parchment and silverskin is removed by machine. The dry 
method is used in places where it is dry and water is scarce. The coffee cherries are first 
separated and then put on large cement- or stone terraces to be dried in the sun. To get the 
cherries completely dry, they have to be turned several times a day. After about three weeks 
the coffee beans have dried inside the shell and then the dry shell is separated from the bean 
with a machine (Svensk kaffeinformation, 2005). In figure 4.2 the different sections of the 
coffee cherry is shown. 
 

 
Figure 4.2: The different sections of the coffee cherry. 

 
After the milling process the coffee is called green coffee and is now a dry product which is 
much easier to store; it is in this form the coffee is exported to other countries for roasting.  
 
Roasting 
In the roasting plant the coffee is roasted, ground and packed. Different countries have very 
different preferences of how the coffee should taste and therefore the coffee is usually roasted 
in the country of consumption. The coffee is roasted at around 200°C for about five to ten 
minutes (Svensk kaffeinformation, 2005). It is the time and temperature, together with the 
mix of different types of coffee that decide the taste of the finished product. 
 

4.1 Production of coffee in Costa Rica 
In Costa Rica two different areas were studied. Both are located in the same region, but 
different counties. The differences between the two scenarios are at the farm level concerning 
the quality management. Option 2 has more stringent quality controls than option 1. Option 2 
is also a smaller plantation than option 1. The functional unit is one kg of roasted coffee at 
the consumer. The chain starts at the cultivation phase in Costa Rica, including production of 
fertilizers and pesticides, and ends up with the coffee making at the consumer in Sweden, se 
flowchart in figure 4.3.  
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Figure 4.3: Flowchart over the coffee chain, starting at the cultivation in Costa Rica and ending up at 
the consumer in Sweden. The different inputs of materials are also shown in the figure. 

 

4.1.1 Inventory of coffee from Costa Rica 
There is no direct technological difference between option 1 and option 2. The difference 
between the two options is more on the farm management level, as mentioned above. 
 
Cultivation (coffee in Costa Rica) 
The average size of the cultivations are 10.6 ha and 7.1 ha for option 1 and option 2 
respectively. In both cases the number of plants are 3000 per ha and the average yield is 8.2 
tonnes of coffee cherries per ha for option 1 and 9.4 tonnes of coffee cherries per ha for option 
2. One kg of coffee cherries gives about 0.2 kg of raw coffee, which gives about 0.17 kg of 
roasted coffee, see figure 4.4.  
 
 
6.4 KG COFFEE CHERRIES 1.18 KG GREEN COFFEE 1 KG ROASTED COFFEE  

Figure 4.4: The amount of coffee cherries and raw coffee needed to produce one kg of roasted coffee 
in Costa Rica. 
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Use of energy and fertilizers 
Harvesting the coffee is carried out by hand. The different inputs to the coffee cultivation in 
Costa Rica are shown in table 4.1. When calculating the amounts of fertilizers and pesticides 
no difference has been made between kg and litre, e.g. one kg is assumed to be equivalent to 
one litre of fertilizer/pesticide. In the table below both the total amount of fertilizers and its 
content of nitrogen (N), phosphorus (P) and potassium (K) are presented. Besides the 
synthetic fertilizer, organic fertilizer (compost and pulp from the coffee berry) is also used in 
one of the cultivations at low altitude. The pesticides are presented as total amount of active 
ingredient (a.i.) and also divided into herbicides, insecticides, fungicides and fumigants. 
Water for irrigation is only used in the case of high grown coffee. 
 
Table 4.1: Input data to the coffee cultivation in Costa Rica. 

per ha and year option 1 option 2 

Fertilizers   

   N (kg) 270 232 

   P (kg) 24 19 

   K (kg) 128 156 

   dolomite (kg) 184 25 

Pesticides   

   herbicides (kg a.i.) 1.07 0.64 

   insecticides (kg a.i) 0.20 0 

   fungicides (kg a.i.) 0.67 1.12 

   fumigants (kg a.i.) 0.83 0.64 

 
Nitrogen losses 
It is very difficult to estimate the nitrogen losses from the cultivation. To do this, an analysis 
of the soil, topography, temperature and precipitation and how it is distributed over the year 
needs to be carried out and this was beyond the scope of this project. Instead a simplified 
nitrogen balance was performed, based on the total amount of nitrogen added to and lost from 
the cultivation. The total amount of nitrogen fertilizer added to the cultivation is 267 kg for 
option 1 and 232 kg for option 2. The amount of nitrogen out from the cultivation is: nitrogen 
in the coffee cherries, emissions of dinitrogenoxide (N2O), ammonia (NH3) and nitrate (NO3). 
The amount of nitrogen in raw coffee is 1.76%, assuming that the protein content is 11% 
(encyclopaedia of foods, Clarke and Macrae, 1985), and in the pulp the amount of nitrogen is 
2.5% (Svensk kaffeinformation, 2005). This gives a total nitrogen content for the coffee berry 
of 2.35% and the amount of nitrogen in the yield is then 192 kg for option 1 and 221 kg for 
option 2. The N2O-N emissions are assumed to be 1.25% of the total amount of nitrogen in 
the fertilizer (IPCC 2000). 
 
 option 1: 1.25% * 267 kg N per ha =3.3 kg N2O-N  →  5.2 kg N2O per ha 
 
 option 2: 1.25% * 232 kg N per ha = 2.9 kg N2O-N  →  4.6 kg N2O per ha 
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According to Audsley et.al. (1996) about 1% of the nitrogen fertilizer is emitted as ammonia 
nitrogen (NH3-N) to air. 
 
 option 1: 1% * 267 kg N per ha = 2.7 kg NH3-N  →  3.3 kg NH3 per ha 
 
 option 2: 1% * 232 kg N per ha = 2.3 kg NH3-N  →  2.8 kg NH3 per ha 
 
The most difficult nitrogen emission to calculate is the leakage of NO3 to water. To get an 
approximate estimation, it has been assumed in this study that half of the “surplus” of the 
nitrogen (the total amount of nitrogen added as fertilizer, minus the amount of nitrogen in the 
yield, emissions of N2O and NH3) will be NO3-N leakage. The other half is assumed either to 
be build-up organic matter in the soil or de-nitrified to N2 (with no environmental 
consequences). For option 1 the surplus is 69 kg N, which gives us a leakage of 34.5 kg NO3-
N or 153 kg NO3, using the assumptions above. In the same way, the surplus is 5.8 kg N, 
which gives us a leakage of 2.9 kg NO3-N or 12.8 kg NO3 for option 2. In table 4.2 the 
nitrogen balance for the coffee cultivation in El Salvador is shown.  
 
Table4.2: Nitrogen balance for coffee cultivation in Costa Rica 

kg N per ha and year option 1 option 2 

Total amount of nitrogen fertilizer 267 232 

Total amount of nitrogen in yield 192 221 

Emissions to air   

   N2O-N 3.3 2.9 

   NH3-N 2.7 2.3 

Emissions to water   

   NO3-N 34.5 2.9 

“Surplus” or “Deficit” + 69 + 5.8 

 
The leakage of phosphorous is assumed to be 0.3 kg per ha in both cases. 
 
Transport to mill (coffee in Costa Rica) 
After the coffee is harvested at the cultivation, it is transported to the mill. The transport is 
done by a pickup or small truck. The average distance in both cases was 4 km. For data on 
fuel consumption a database (BUWAL) in SimaPro has been used. 
 
 



22 

Mill (coffee in Costa Rica) 
In Costa Rica the milling of the coffee is performed by the wet method (see milling in chapter 
4). For option 2 no data on milling was found, so the same milling is assumed in both options, 
see table 4.3. The average capacity of the plant is 5 520 tonnes per year. Unfortunately no 
data on emissions were found, which is unfortunate as especially emissions of BOD 
(Biological Oxygen Demand) could have a large contribution to eutrophication. 
 
Table 4.3: Inputs to the coffee milling in Costa Rica. 

per kg of raw coffee option 1 option 2 

Energy (MJ)   

   electricity (MJ) 0.11 same as option 1 

Water consumption (litre) 1.9 same as option 1 

 
 
Transport to export harbour (coffee in Costa Rica) 
The transport is the same for both option 1 and option 2 and the distance between the mill and 
the export harbour is 250 km and for the transportation a medium truck is assumed. For data 
on fuel consumption SimaPro database (BUWAL) has been used. 
 
Transport to import harbour in Sweden (coffee from Costa Rica) 
The transport from Costa Rica to Sweden is done by ship and assumed to be the same in both 
cases and the distance is 8 900 km. For data on fuel consumption a database (BUWAL) in 
SimaPro has been used. 
 
Transport to roasting plant 
The transport to the roasting plant is mainly done by train and therefore train has been 
assumed for this transport. The distance is 265 km and in Sweden most trains run on 
electricity; so data for Swedish average electricity mix is used. For data on the electricity a 
database (BUWAL) in SimaPro has been used. 
 
Roasting plant 
The roasting is performed in a Swedish roasting plant. To produce one kg of roasted, ground 
and packed coffee, 1.18 kg of green coffee is needed. The coffee is roasted in a hot air oven 
fuelled with propane gas. The total amount of energy used to produce one kg of roasted coffee 
is 1.5 MJ propane gas and 0.11 MJ electricity. An additional 0.125 litres of water is used. (all 
data was provided by a Swedish roasting plant). The coffee is also ground and packed at the 
roasting plant. The packaging material is assumed to be plastic (LDPE) and one package 
weighs 20 g (weighed at SIK December 2005). Each package contains 500 g of coffee so the 
total amount of packaging material is 40 g per kg of coffee.  
 
Transport of coffee to store 
The packed coffee is first transported to a storage before being distributed to the store, but 
since no data on either the transport between the roasting plant and storage, or storage and 
store, have been possible to estimate, a distance of 400 km has been assumed to give some 
indication of this part of the chain. Looking at other LCA studies, transport often has quite a 
small impact related to the whole chain (Sonesson et. al, 2005a) Coffee does not require any 
cold storage, so the energy consumption for the storage and store is assumed to be 
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insignificant in this study. For data on fuel consumption a SimaPro database (BUWAL) has 
been used. 
 
Home transport of coffee 
The transport from the store to the consumer is very difficult to estimate. In this study an 
average distance on 12.7 km is assumed for one person to transport all groceries from the 
store by car per week, based on an article by Sonesson et al. (2005). The study also takes into 
account that some transport is done by other transportation modes than car, as bicycle, which 
does not contribute to any energy use or emissions. Assuming a car uses 0.08 litres of petrol 
per km and the energy content in petrol is 31.4 MJ per litre, gives that to transport all 
groceries during one year from the store to the home 1659 MJ of petrol is needed per person. 
An average household in Sweden buys around 748 kg groceries per year (SJV and SCB, 
2000) and in each household there are 2.2 persons, which gives that one person buys 340 kg 
groceries per year (SCB, 2004). This gives that to transport one kg of groceries from the store 
to the consumer requires 2.2 MJ of petrol. 
 
 
Preparation and consumption of coffee at the consumer 
In Sweden one person consumes 158 litres of coffee or 9.5 kg of roasted coffee a year 
(Svensk kaffeinformation, 2004). This gives that for one kg of roasted coffee, 16.7 litres of 
water is needed. The production of coffee filter is also taken into account in this study and 
assuming that 0.5 litres of coffee is made each time, 33 coffee filters are needed per functional 
unit. One filter weighs 1.6 g (weighed at SIK December 2005), which gives a total 
consumption of filter of 53 g per functional unit. The energy consumption to make half a litre 
of coffee is around 0.5 MJ (measured at SIK December 2005), which gives a total energy 
consumption of 16.7 MJ per functional unit.  
 
At the consumer the coffee package is discarded and incinerated. During the incineration 
energy is obtained and therefore a system expansion has been made. The system expansion is 
illustrated in figure 4.5, where the obtained energy from combustion of the plastic package is 
assumed to replace production of 0.12 MJ electricity and 1.31 MJ district heating.  
 
 

CONSUMER INCINERATION

PRODUCTION OF
ELECTRICITY

PRODUCTION OF
DISTRICT HEAT

emissions

plastic
packaging

SWEDISH 
ELECTRICITY 
PRODUCTION

SWEDISH
PRODUCTION OF 

DISTRICT HEATING

produced within the system replaces

 
Figure 4.5: A system expansion has been made for the incineration of the coffee packaging. In the 
incineration the plastic package causes emissions, but also energy, which can replace a certain 
amount of electricity and district heating. This means that the incineration will save some energy that 
otherwise would have been produced in another way, and therefore the environmental impact of the 
coffee system will be reduced by the environmental impact of production of this saved energy.  
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Data for incineration, emissions and obtained energy, are given in Sundqvist (1999) and listed 
in table 4.4. 
 
Table 4.4: Emitted emissions and obtained energy during incineration of waste (Sundqvist, 1999). 

per kg of polyethene plastic   

Air emissions (kg) CO2 2.36 

 CO 3.5e-3 

 dust 2.4e-6 

 dioxins 2.3e-12 

 NOX 1.8e-3 

 PAH 2.3e-8 

 Slag and ashes 3.0e-2 

Production of energy (MJ) electricity 2.94 

 heat 32.76 

 
 

4.1.2 Results for the coffee produced in Costa Rica 
Below, the results from the LCA on coffee from Costa Rica to Sweden are presented. The 
different impact categories are: use of primary energy, potential contribution to global 
warming, eutrophication and acidification, as well as use of land, water and pesticides. 
 
Primary energy use 
The primary energy use is highest in the consumption phase, see figure 4.6. It is the amount of 
electricity used to make the coffee that gives the high contribution, mainly due to the uranium 
used for nuclear power. The Swedish electricity mix consists of about half (54 %) hydro 
power and half (40 %) nuclear power, but considering the primary energy (e.g. the energy 
content in the recourses needed to produce the electricity) nuclear power stands for around 60 
% and hydro power for about 30 %. In the cultivation it is the production of fertilizers that 
stands for the larges part of the energy use, which is also why the energy use is slightly higher 
for option 1 (which uses a higher amount of fertilizers). In the roasting plant it is the 
production of the plastic used for the coffee package and the gas used for the oven in the 
roasting process that gives the highest energy use.  
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Figure 4.6: Primary energy use for production of one kg of roasted coffee (cultivated in Costa Rica 
and roasted and consumed in Sweden). 

 
 
Global warming 
The emissions contributing to global warming is highest in the cultivation phase (see figure 
4.7), due to dinitrogen oxide emissions from the field and in the production of fertilizers. The 
dinitrogen oxide emissions stands for about half of the greenhouse gas emissions and the rest 
comes from the combustion of fossil fuels, mainly from cultivation, home transport and 
consumption stage. The coffee in option 1 contributes more to global warming since this 
system uses a larger amount of fertilizers and therefore has higher emissions of dinitrogen 
oxide. The making of the coffee at the consumer has the highest energy use, but only the third 
highest contribution to global warming, due to the Swedish electricity mix. Since Swedish 
electricity mainly consists of hydropower and nuclear power it has a very low contribution to 
global warming, if European average electricity mix would have been used in the 
consumption stage instead, the contribution to global warming would in total have been more 
than 40 percent higher (also considering that European average electricity mix would have 
been replaced in the system expansion for the incineration of the coffee packaging). At the 
roasting plant the greenhouse gases come from the production of the coffee package and 
combustion of gas for the roasting process. 
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Figure 4.7: Emissions of greenhouse gases for production of one kg of roasted coffee (cultivated in 
Costa Rica and roasted and consumed in Sweden). 

 
Eutrophication 
The potential contribution to eutrophication for producing one kg of coffee is highest in the 
cultivation phase, see figure 4.8. Option 1 has almost six times higher contribution to 
eutrophication than option 2, mainly due to higher leakage of nitrate and ammonia emissions, 
but also a higher leakage of phosphorus per FU. 
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Figure 4.8: Potential contribution to eutrophication for production of one kg of roasted coffee 
(cultivated in Costa Rica and roasted and consumed in Sweden). 
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Acidification 
The highest contribution to potential acidification comes from the cultivation (see figure 4.9), 
due to the ammonia emissions from the field and the emissions from energy use in production 
of fertilizers. For the coffee in option 1, a higher amount of fertilizers is used per kg of coffee 
and therefore the emissions are also higher, since the ammonia emissions at the field are 
directly connected to the fertilizer use (see table 4.2). The second highest contribution to the 
potential acidification is electricity (mainly the oil) used for making the coffee at the 
consumer. Compared to the other impact categories, the transport had a larger contribution to 
the potential acidification, this because of sulphur oxide and nitrogen oxide emissions from 
combustion of oil (the boat transport, export to import, had a higher contribution to this 
impact category mainly depending on a higher degree of sulphur oxides in the fuel compared 
to fuel for trucks). 
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Figure 4.9: Potential contribution to acidification for production of one kg of roasted coffee 
(cultivated in Costa Rica and roasted and consumed in Sweden). 
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Use of land and water in the cultivation phase 
The resources used presented have has been limited to land and water in the cultivation (for 
resources as phosphorous and potassium see table 4.1). The land use is directly connected to 
the yield, and since the yields are slightly lower in option 1, the land use is a bit higher in this 
case, see table 4.5. For the water use in the cultivation no data were available. 
 
Table 4.5: The use of land and water in the cultivation of coffee in Costa Rica. 

per functional unit option 1 option 2 

Land use (m2) 7.85 6.80 

Water use (litre) no data found no data found 

 
 
Use of pesticides 
It is very difficult to estimate the pesticides’ effect on the environment and therefore only the 
amounts of active substance are presented here. (In this project a deeper investigation of the 
pesticides’ toxicity and the effect on human health are performed, so for further information 
see report from IRET within this project). In table 4.6 the amount of active substance used in 
the cultivation of coffee in Costa Rica are listed. Some very toxic ingredients are used, as for 
example the herbicide Paraquat and the fumigants Terbufos and Diazinon. 
 
Table 4.6: Amount of pesticides (g active substance) used in the cultivation of coffee in Costa Rica. 

g a.s. per functional unit option 1 option 2 

Fumigants 0.676 0.450 

Fungicides 0.539 0.787 

Herbicides 0.868 0.452 

Insecticides 0.162 0 

Total amount of pesticides 2.245 1.689 

 
 

4.1.3 Conclusions for the coffee produced in Costa Rica 
It is only the cultivation step that is different for the both cases, but in all categories, the 
environmental impact is higher for option 1. The inputs of fertilizers and pesticides are 
slightly higher for the coffee grown in option 1. A better balancing of the amount of fertilizer 
given compared to the needs of the crop would considerably lower the eutrophication in 
Option 1. Considering the whole chain, the consumption phase has the highest primary energy 
use. For the other impact categories, the cultivation was the most contributing step. 
 
The most important improvement to be made might be to stop the use of the most toxic 
pesticides. Today several pesticides that is classified as extremely hazardous (terbufos by 
WHO) or included on PAN dirty dozen1 list (Paraquat) used.  
 
 

                                                 
1 The Dirty Dozen (now 18) is a PAN (pesticide action network) initiative that aims to bring attention to and stop 
the use of these particularly harmful chemicals. 
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4.2 Production of coffee in El Salvador 
In El Salvador two different options are studied: coffee cultivated at low altitude, between 600 
and 900 meter, and coffee cultivated at high altitude, above 900 meter. The functional unit is 
one kg of roasted coffee at the consumer. The chain starts at the cultivation phase in El 
Salvador, including production of fertilizers and pesticides, and ends up with the coffee 
making at the consumer in Sweden, se flowchart in figure 4.10.  
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Figure 4.10: Flowchart over the coffee chain, starting at the cultivation in El Salvador and ending up 
at the consumer in Sweden. The different inputs of materials are also shown in the figure. 

 

4.2.1 Inventory of coffee from El Salvador 
In total seventeen different cultivations have been investigated, ten at high altitude (above 900 
meter) and seven at low altitude (between 600 and 900 meter) and these two options are the 
ones that are studied in this report.  
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Cultivation (for coffee in El Salvador) 
The average size of the cultivations at high altitude are 190 ha and a density of 3800 trees per 
ha. For the cultivations at low altitude the corresponding figures are 280 ha and 5100 trees per 
ha. The average yields of coffee cherries are 5.0 tonnes per ha at high altitude and 2.7 tonnes 
per ha at low altitude. One kg of coffee cherries gives about 0.2 kg of raw coffee, which gives 
about 0.17 kg of roasted coffee, see figure 4.11.  
 
5.88 KG COFFEE CHERRIES 1.18 KG GREEN COFFEE 1 KG ROASTED COFFEE  

Figure 4.11: The amount of coffee cherries and raw coffee needed to produce one kg of roasted coffee 
in El Salvador. 

 
Inputs to the cultivation (for coffee from El Salvador) 
Harvesting the coffee is carried out by hand.  The different inputs to the coffee cultivation in 
El Salvador are shown in table 4.7. When calculating the amounts of fertilizers and pesticides 
no difference has been made between kg and litre, e.g. one kg is assumed to be equivalent to 
one litre of fertilizer/pesticide. In the table below both the total amount of fertilizers and its 
content of nitrogen (N), phosphorus (P) and potassium (K) are presented. Besides the 
synthetic fertilizer, organic fertilizer (compost and pulp from the coffee berry) is also used in 
one of the cultivations at low altitude. The pesticides are presented as total amount of active 
ingredient (a.i.) and also divided into herbicides, insecticides, fungicides and fumigants. 
Water for irrigation is only used in the case of high grown coffee. 
 
Table 4.7: Input data to the coffee cultivation in El Salvador. 

per ha and year high altitude low altitude 

Energy use   

   electricity (MJ) 38.2 17.0 

   diesel (MJ) 112.8 68.0 

Fertilizers   

   N (kg) 45.0 56.8 

   P (kg) 27.6 12.3 

   K (kg) 7.1 0.6 

Organic fertilizers (kg) 12.7 4913.4 

Pesticides   

   herbicides (kg a.i.) 0.22 0.28 

   insecticides (kg a.i) 0.14 0.35 

   fungicides (kg a.i.) 0.11 0.09 

   fumigants (kg a.i.) 0.10 0.09 

Water use (m3) 1.9 0 

 
Nitrogen losses (for coffee in El Salvador) 
It is very difficult to estimate the nitrogen losses from the cultivation. To do this, an analysis 
of the soil, topography, temperature and precipitation and how it is distributed over the year 
need to be carried out and this was beyond the scope of this project. Instead a simplified 
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nitrogen balance was performed, based on the total amount of nitrogen added to and lost from 
the cultivation. The total amount of nitrogen fertilizer added to the cultivation was 45 kg for 
high grown coffee and 67 kg for low grown coffee. The amount of nitrogen out from the 
cultivation is: nitrogen in the coffee cherries, emissions of dinitrogen oxide (N2O), ammonia 
(NH3) and nitrate (NO3). The amount of nitrogen in raw coffee is 1.76%, assuming that the 
protein content is 11% (encyclopaedia of foods, Clarke and Macrae, 1985), and in the pulp the 
amount of nitrogen is 2.5% (Svensk kaffeinformation, 2005). This gives a total nitrogen 
content for the coffee berry of 2.35% and the amount of nitrogen in the yield is then 117 kg 
for the case with high altitude coffee and 64 kg for low altitude coffee. The N2O-N emissions 
are assumed to be 1.25% of the total amount of nitrogen in the fertilizer (IPCC 2000). 
 
 high altitude: 1.25% * 45 kg N per ha = 0.56 kg N2O-N  →  0.88 kg N2O per ha 
 
 low altitude: 1.25% * 67 kg N per ha = 0.84 kg N2O-N  →  1.32 kg N2O per ha 
 
According to Audsley et.al. (1996) about 1% of the nitrogen fertilizer is emitted as ammonia 
(NH3-N) to air. 
 
 high altitude: 1% * 45 kg N per ha = 0.45 kg NH3-N  →  0.55 kg NH3 per ha 
 
 low altitude: 1% * 67kg N per ha = 0.67 kg NH3-N  →  0.81 kg NH3 per ha 
 
The most difficult nitrogen emission to calculate is the leakage of NO3 to water. To get an 
approximate estimation, it has been assumed in this study that half of the “surplus” of the 
nitrogen (the total amount of nitrogen added as fertilizer, minus the amount of nitrogen in the 
yield, emissions of N2O and NH3) will be NO3-N leakage. The other half is assumed either to 
be build-up organic matter in the soil or de-nitrified to N2 (with no environmental 
consequences). Since the surplus is negative (or deficit) in the case of high altitude coffee, the 
NO3-N leakage is assumed to be zero. The nitrogen deficit does not mean that the cultivation 
is depleting the soil's nitrogen content. In all soils nitrogen is fixed by micro organisms, as 
bacteria and fungi. The interactions between soil, plants and micro organisms are very 
complex and differ between soil types and climates, and also not fully understood. It was 
beyond the scope of the present project to investigate this issue. In the case of low altitude 
coffee, the surplus is 1.5 kg N, which gives us a leakage of 0.7 kg NO3-N or 3.3 kg NO3, 
assuming the assumptions above. In table 4.8 the nitrogen balance for the coffee cultivation in 
El Salvador is shown.  
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Table 4.8: Nitrogen balance for coffee cultivation in El Salvador 

kg N per ha and year high altitude low altitude 

Total amount of nitrogen fertilizer 45 67 

Total amount of nitrogen in yield 117 64 

Emissions to air   

   N2O-N 0.56 0.84 

   NH3-N 0.45 0.67 

Emissions to water   

   NO3-N 0 0.7 

“Surplus” or “Deficit” -72 +1.5 

 
The leakage of phosphorous is assumed to be 0.3 kg per ha in both cases. 
 
 
Transport to mill (for coffee in El Salvador) 
After the coffee is harvested at the cultivation, it is transported to the mill. The transport is 
done by a pickup or small truck. For the case of high altitude coffee the average distance is 
25.8 km and for the case of the low altitude coffee the average distance is 17.5 km. For data 
on fuel consumption a database (BUWAL) in SimaPro has been used. 
 
 
Mill (for coffee in El Salvador) 
In El Salvador the milling of the coffee is performed by the wet method. In table 4.9 the 
amount of energy and water used for the processing is shown. Unfortunately no data on 
emissions were found; especially emissions of BOD (Biological Oxygen Demand) could have 
a large contribution to eutrophication. 
 
Table 4.9: Inputs to the coffee milling in El Salvador. 

per kg of raw coffee high altitude low altitude 

Energy   

   electricity (MJ) 0.18 0.018 

   diesel (MJ) 0.14 0.37 

   petrol (MJ) 0.031 0.015 

   wood (MJ) 0.90 0.40 

Water consumption (litre) 9.29 5.5 

 
 
Transport to export harbour (for coffee in El Salvador) 
The transport is the same for both high altitude coffee and low altitude coffee and the distance 
between the mill and the export harbour is 286 km and for the transportation a medium truck 
is assumed. For data on fuel consumption a database (BUWAL) in SimaPro has been used. 
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Transport to import harbour in Sweden (for coffee from El Salvador) 
The transport from El Salvador to Sweden is done by ship and assumed to be the same in both 
cases and the distance is 9115 km. For data on fuel consumption a database (BUWAL) in 
SimaPro has been used. 
 
 
Transport from harbour to consumption of coffee 
For the rest of the chain the same data as for the case of Costa Rica have been used, so for 
more details see 4.1.1 Inventory of coffee from Costa Rica. 
 

4.2.2 Results for coffee from El Salvador 
Below, the results from the LCA on coffee from El Salvador to Sweden are presented. The 
different impact categories are: use of primary energy, potential contribution to global 
warming, eutrophication and acidification, as well as use of land, water and pesticides. 
 
Primary energy use (for coffee from El Salvador) 
The primary energy use is highest in the consumption phase, see figure 4.12. It is the amount 
of electricity used to make the coffee that gives the high contribution, mainly due to the 
uranium used for nuclear power. The Swedish electricity mix consists of about half (54 %) 
hydro power and half (40 %) nuclear power, but considering the primary energy (e.g. the 
energy content in the recourses used to produce the electricity) nuclear power stands for 
around 60 % and hydro power for about 30 %. In the cultivation it is the production of 
fertilizers that stands for the largest part of the energy use, which is also why the energy use is 
higher for the coffee grown at low altitude (because the use of a larger amount of fertilizers in 
that case). In the roasting plant it is the production of the plastic used for the coffee packaging 
and the gas used for the oven in the roasting process that contributes most to the energy use.  
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Figure 4.12: Primary energy use for production of one kg of roasted coffee (cultivated in El Salvador 
and roasted and consumed in Sweden). 

 



34 

 
Global warming (for coffee from El Salvador) 
The emissions contributing to global warming is highest in the cultivation phase (see figure 
4.13), due to nitrous oxide (N2O) emissions from the field and in the production of fertilizers. 
These emissions stand for more than half of the greenhouse gas emissions and the rest comes 
from the combustion of fossil fuels. The coffee grown at low altitude has a much larger 
contribution to the global warming since they use a larger amount of fertilizers. The making 
of the coffee at the consumer has the second highest contribution to global warming, even 
though Swedish electricity mix is used. In the roasting plant the greenhouse gases come from 
the production of the coffee packaging and combustion of gas for the roasting process. 
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Figure 4.13: Emissions of greenhouse gases for production of one kg of roasted coffee (cultivated in 
El Salvador and roasted and consumed in Sweden). 

 
Eutrophication (for coffee from El Salvador) 
The potential contribution to eutrophication for producing one kg of coffee is highest in the 
cultivation phase, see figure 4.14, which is consistent with many other food LCAs (Sonesson, 
2005a). The higher amount of ammonia emissions and leakage of nitrate per kg of coffee give 
a much higher contribution to the potential eutrophication for the coffee grown at low altitude 
than for the coffee grown at high altitude. 
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Figure 4.14: Potential contribution to eutrophication for production of one kg of roasted coffee 
(cultivated in El Salvador and roasted and consumed in Sweden). 

 
Acidification (for coffee from El Salvador) 
For the coffee grown at low altitude the highest contribution to potential acidification comes 
from the cultivation (see figure 4.15), due to the ammonia emissions at the field and the 
emissions from energy use in production of fertilizers. For the coffee grown at high altitude a 
lower amount of fertilizers are used per kg of coffee and therefore the emissions are also 
lower, since the ammonia emissions at the field is directly connected to the fertilize use (see 
table 4.8). The highest contribution to the potential acidification for the coffee grown at high 
altitude is the electricity (mainly the part produced from oil) used for making the coffee at the 
consumer. Compared to the other impact categories, the transport had a larger contribution to 
potential acidification, this is due to the sulphur oxide and nitrogen oxide emissions for 
combustion of oil (the boat transport, export to import, had a higher contribution to this 
impact category mainly due to a higher degree of sulphur oxides in this fuel compared to 
truck fuel). 
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Figure 4.15: Potential contribution to acidification for production of one kg of roasted coffee 
(cultivated in El Salvador and roasted and consumed in Sweden). 

 
 
Use of land and water in the cultivation phase (for coffee from El Salvador) 
The resources used presented have has been limited to land and water in the cultivation (for 
resources as phosphorous and potassium see table 4.7). The land use is directly connected to 
the yield, and since the yield is almost twice as high for the coffee grown at high altitude the 
land use is only half of the land used for coffee grown at low altitude, see table 4.10. The 
coffee grown at low altitude does not require any water for irrigation, while the coffee grown 
at high altitude requires almost two m3 per ha, se table below. 
 
Table 4.10: The use of land and water in the cultivation of coffee in El Salvador. 

per functional unit high altitude low altitude 

Land use (m2) 12 22 

Water use (litre) 2.2 - 

 
 
Use of pesticides (for coffee from El Salvador) 
It is very difficult to estimate the pesticides effect on the environment and therefore only the 
amounts of active substance are presented here (In this project a more deep investigation on 
the pesticides toxicity and the effect on human health are performed, so for further 
information see report from IRET within this project). In table 4.11 the amount of active 
substance used in the cultivation of coffee in El Salvador are listed. Some very toxic 
ingredients are used, as for example the insecticide Endosulfan, which is used for both high 
and low grown coffee, other acute toxic ingredients are the insecticide Chlorpirifos and the 
herbicide Paraquat that are used for the high grown coffee or the fumigant Carbofuran that is 
used for the coffee grown at low altitude. 
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Table 4.11: Amount of pesticides (g active substance) used in the cultivation of coffee in El Salvador. 

g a.s. per functional unit high altitude low altitude 

Fumigants 0.117 0.197 

Fungicides 0.133 0.189 

Herbicides 0.264 0.756 

Insecticides 0.166 0.605 

Total amount of pesticides 0.680 1.747 

 

4.2.3 Conclusions for coffee from El Salvador 
The environmental impact in all categories is higher for the coffee grown at low altitude, due 
to the lower yield in this case. The inputs of fertilizers and pesticides are slightly higher for 
the coffee grown at low altitude. Also the use of organic fertilizers is much higher for the 
coffee grown at low altitude. For the water and energy use the inputs are higher for the coffee 
grown at high altitude.  
 
The most important improvement to be made might be to stop the use of the most toxic 
pesticides. Today several pesticides that is classified as highly hazardous (carbofuran by 
WHO) or included on PAN dirty dozen2 list (Paraquat) used.  

                                                 
2 The Dirty Dozen (now 18) is a PAN (pesticide action network) initiative that aims to bring attention to and stop 
the use of these particularly harmful chemicals. 
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4.3 Production of coffee in Guatemala 
In El Salvador organic grown coffee is compared with conventional grow coffee. The 
functional unit is one kg of roasted coffee at the consumer. The chain starts at the cultivation 
phase in Guatemala, including production of fertilizers and pesticides, and ends up with the 
coffee making at the consumer in Sweden, se flowchart in figure 4.16.  
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Figure 4.16: Flowchart over the coffee chain, starting at the cultivation in Guatemla and ending up at 
the consumer in Sweden. The different inputs of materials are also shown in the figure. 

 

4.3.1 Inventory of coffee from Guatemala 
In total 24 different cultivations have been investigated, seven organic cultivations and 
seventeen conventional cultivations and these two options are the ones that are studied in this 
report.  
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Cultivation (for coffee in Guatemala) 
The average size of the cultivations varies a lot, both for the organic and the conventional 
cultivations, but an average of the cultivations give that the organic cultivation is 76 ha while 
the conventional is around 20 ha. The conventional cultivation has a higher density of trees, 
3 500 trees per ha, compared with the organic cultivation, 2 300 trees per ha. Also the yield is 
higher for the conventional, 3.94 tonnes per ha, while the organic cultivation has a average 
yield on 1.67 tonnes per ha. One kg of coffee cherries gives about 0.19 kg of green coffee, 
which gives about 0.16 kg of roasted coffee, see figure 4.17.  
 
6.24 KG COFFEE CHERRIES 1.20 KG GREEN COFFEE 1 KG ROASTED COFFEE  

Figure 4.17: The amount of coffee cherries and raw coffee needed to produce one kg of roasted coffee 
in Guatemala. 

 
Inputs to the cultivation (for coffee from Guatemala) 
Harvesting the coffee is carried out by hand. The different inputs to the coffee cultivation in 
Guatemala are shown in table 4.12. When calculating the amounts of fertilizers and pesticides 
no difference has been made between kg and litre, e.g. one kg is assumed to be equivalent to 
one litre of fertilizer/pesticide. In the table below both the total amount of fertilizers and its 
content of nitrogen (N), phosphorus (P) and potassium (K) are presented. Besides the 
synthetic fertilizer, organic fertilizer (compost and pulp from the coffee berry) is also used in 
one of the cultivations at low altitude. The pesticides are presented as total amount of active 
ingredient (a.i.) and also divided into herbicides, insecticides, fungicides and fumigants. 
Water for irrigation is only used in the case of high grown coffee. 
 
Table 4.12: Input data to the coffee cultivation in El Salvador. 

per ha and year organic conventional 

Fertilizers   

   N (kg)  117.9 

   P (kg)  15.27 

   K (kg)  60.73 

Organic fertilizers   

   N (kg) 21  

   P (kg) 2  

   K (kg) 1  

Pesticides   

   herbicides (kg a.i.)  3.025 

   insecticides (kg a.i)  0.1512 

   fungicides (kg a.i.)  0.0593 

   fumigants (kg a.i.)   

Plastic (kg) 0.03 0.01 
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Nitrogen losses (for coffee in Guatemala) 
It is very difficult to estimate the nitrogen losses from the cultivation. To do this, an analysis 
of the soil, topography, temperature and precipitation and how it is distributed over the year 
be carried out and this was beyond the scope of this project. Instead a simplified nitrogen 
balance was performed, based on the total amount of nitrogen added to and lost from the 
cultivation. The total amount of nitrogen fertilizer added to the cultivation was 21 kg for 
organic coffee and 118 kg for conventional coffee. The amount of nitrogen out from the 
cultivation is: nitrogen in the coffee cherries, emissions of dinitrogen oxide (N2O), ammonia 
(NH3) and nitrate (NO3). The amount of nitrogen in raw coffee is 1.76%, assuming that the 
protein content is 11% (encyclopaedia of foods, Clarke and Macrae, 1985), and in the pulp the 
amount of nitrogen is 2.5% (Svensk kaffeinformation, 2005). This gives a total nitrogen 
content for the coffee berry of 2.35% and the amount of nitrogen in the yield is then 117 kg 
for the case with high altitude coffee and 64 kg for low altitude coffee. The N2O-N emissions 
are assumed to be 1.25% of the total amount of nitrogen in the fertilizer (IPCC 2000). 
 
 organic: 1.25% * 21 kg N per ha = 0.26 kg N2O-N  →  0.41 kg N2O per ha 
 
 conventional: 1.25% * 118 kg N per ha = 1.47 kg N2O-N  →  2.31 kg N2O per ha 
 
According to Audsley et.al. (1996) about 1% of the nitrogen fertilizer is emitted as ammonia 
(NH3-N) to air. 
 
 organic: 1% * 21 kg N per ha = 0.21 kg NH3-N  →  0.26 kg NH3 per ha 
 
 conventional: 1% * 118 kg N per ha = 1.18 kg NH3-N  →  1.43 kg NH3 per ha 
 
The most difficult nitrogen emission to calculate is the leakage of NO3 to water. To get an 
approximate estimation, it has been assumed in this study that half of the “surplus” of the 
nitrogen (the total amount of nitrogen added as fertilizer, minus the amount of nitrogen in the 
yield, emissions of N2O and NH3) will be NO3-N leakage. The other half is assumed either to 
be build-up organic matter in the soil or de-nitrified to N2 (with no environmental 
consequences). Since the surplus is negative (or deficit) in the case of organic coffee, the 
NO3-N leakage is assumed to be zero. The nitrogen deficit does not mean that the cultivation 
is depleting the soil's nitrogen content. In all soils nitrogen is fixed by micro organisms, as 
bacteria and fungi. The interactions between soil, plants and micro organisms are very 
complex and differ between soil types and climates, and also not fully understood. It was 
beyond the scope of the present project to investigate this issue. In the case of conventional 
coffee, the surplus is 22.66 kg N, which gives us a leakage of 11.33 kg NO3-N or 50.18 kg 
NO3, assuming the assumptions above. In table 4.13 the nitrogen balance for the coffee 
cultivation in Guatemala is shown.  
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Table 4.13: Nitrogen balance for coffee cultivation in Guatemala 

kg N per ha and year organic conventional 

Total amount of nitrogen fertilizer 21 118 

Total amount of nitrogen in yield 39.2 92.6 

Emissions to air   

   N2O-N 0.26 1.47 

   NH3-N 0.21 1.18 

Emissions to water   

   NO3-N 0 11.3 

“Surplus” or “Deficit” -18.7 +22.7 

 
The leakage of phosphorous is assumed to be 0.3 kg per ha in both cases. 
 
Transport to mill (for coffee in Guatemala) 
After the coffee is harvested at the cultivation, it is transported to the mill. The transport is 
done by a pickup or small truck. In both cases the average distance is 38.3 km. For data on 
fuel consumption a database (BUWAL) in SimaPro has been used. 
 
 
Mill (for coffee in Guatemala) 
In Guatemala the milling of the coffee is performed by the wet method. In table 4.14 the 
amount of energy and water used for the processing is shown. The COD (Chemical Oxygen 
Demand) is assumed to be 1250 mg per litre of water (0.26 gram per kg of green coffee) in 
the case of organic coffee, which is the maximum limit for certified processing plants. For the 
conventional coffee the COD emissions are 12 000 mg per litre of water (479 gram per kg of 
green coffee), which is the average value in Guatemala if no waste water treatment is used.  
 
Table 4.14: Inputs to the coffee milling in Guatemala. 

per kg of green coffee organic conventional 

Energy   

   electricity (MJ) 0.068 0.068 

   diesel (MJ) 1.77 1.66 

   petrol (MJ) 1.46 1.46 

   wood (MJ) 2.44 2.44 

Water consumption (litre) 0.206 39.9 

 
 
Transport to export harbour (for coffee in Guatemala) 
The transport is the same for both organic and conventional grown coffee and the distance 
between the mill and the export harbour is 215 km and for the transportation a medium truck 
is assumed. For data on fuel consumption a database (BUWAL) in SimaPro has been used. 
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Transport to import harbour in Sweden (for coffee from El Salvador) 
The transport from Guatemala to Sweden is done by ship and assumed to be the same in both 
cases and the distance is 9455 km. For data on fuel consumption a database (BUWAL) in 
SimaPro has been used. 
 
Transport from harbour to consumption of coffee 
For the rest of the chain the same data as for Costa Rica have been used, so for more details 
see 4.1.1 Inventory of coffee from Costa Rica. 
 

4.3.2 Results for coffee from Guatemala 
Below, the results from the LCA on coffee from Guatemala to Sweden are presented. The 
different impact categories are: use of primary energy, potential contribution to global 
warming, eutrophication and acidification, as well as use of land, water and pesticides. 
 
Primary energy use (for coffee from Guatemala) 
The primary energy use is highest in the consumption phase, see figure 4.18. It is the amount 
of electricity used to make the coffee that gives the high contribution, mainly due to the 
uranium used for nuclear power. The Swedish electricity mix consists of about half (54 %) 
hydro power and half (40 %) nuclear power, but considering the primary energy (e.g. the 
energy content in the recourses used to produce the electricity) nuclear power stands for 
around 60 % and hydro power for about 30 %. In the conventional cultivation it is the 
production of fertilizers that stands for the largest part of the energy use. For the organic 
grown coffee only organic fertilizers (compost) was used, and for this no energy use fro 
production was assumed. In the roasting plant it is the production of the plastic used for the 
coffee packaging and the gas used for the oven in the roasting process that contributes most to 
the energy use.  
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Figure 4.18: Primary energy use for production of one kg of roasted coffee (cultivated in Guatemala 
and roasted and consumed in Sweden). 
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Global warming (for coffee from El Salvador) 
The emissions contributing to global warming in the case of conventional grown coffee is 
highest in the cultivation phase (see figure 4.19), due to nitrous oxide (N2O) emissions from 
the field and in the production of fertilizers. These emissions stand for about three quarters of 
the greenhouse gas emissions and the rest comes from the combustion of fossil fuels. The 
contribution to global warming for the organic coffee is about the same for the cultivation 
phase (due to N2O emissions), milling (emissions from combustion of fossil fuel) and the 
making of the coffee at the consumer (emissions from electricity production, even though 
Swedish electricity mix is used). In the roasting plant the greenhouse gases come from the 
production of the coffee packaging and combustion of gas for the roasting process. 
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Figure 4.19: Emissions of greenhouse gases for production of one kg of roasted coffee (cultivated in 
Guatemala and roasted and consumed in Sweden). 

 
 
Eutrophication (for coffee from Guatemala) 
The potential contribution to eutrophication for producing one kg of coffee is highest in the 
milling for the conventional case and in the cultivation phase for the organic grown coffee, 
see figure 4.20. The high contribution to eutrophication in the milling phase for the 
conventional grown coffee is due the larger mount of water used in the milling and that no 
treatment of the water was assumed, which gave a higher value on the COD concentration in 
the water. For the organic coffee a lower amount of water was used and also a lower 
concentration of COD was assumed due to the restrictions for the certified milling plants. The 
potential contribution to eutrophication in the cultivation phase for the organic coffee is 
related to the assumption on phosphorus leakage. For the conventional cultivation the main 
impacts is related to the nitrate leakage. 
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Figure 4.20: Potential contribution to eutrophication for production of one kg of roasted coffee 
(cultivated in Guatemala and roasted and consumed in Sweden). 

 
Acidification (for coffee from Guatemala) 
 
For the conventional grown coffee the highest contribution to potential acidification comes 
from the cultivation (see figure 4.21), due to the ammonia emissions at the field and the 
emissions from energy use in production of fertilizers. For the organic grown coffee no 
fertilisers were used, only some organic ones and in less amounts, why the emissions also are 
considerably lower compared to the conventional case, since the ammonia emissions at the 
field is directly connected to the fertilize use (see table 4.8). For the milling phase though, has 
the organic coffee a slightly higher impact due to a little higher use of diesel. In the 
consumption phase the contribution to acidification is related to the electricity (mainly the 
part produced from oil) used for making the coffee at the consumer. Compared to the other 
impact categories, the transport had a larger contribution to potential acidification, this is due 
to the sulphur oxide and nitrogen oxide emissions for combustion of oil (the boat transport, 
export to import, had a higher contribution to this impact category mainly due to a higher 
degree of sulphur oxides in this fuel compared to truck fuel). 
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Figure 4.21: Potential contribution to acidification for production of one kg of roasted coffee 
(cultivated in Guatemala and roasted and consumed in Sweden). 

 
Use of land and water in the cultivation phase (for coffee from Guatemala) 
The resources used presented have has been limited to land and water in the cultivation and 
milling (for resources as phosphorous and potassium see table 4.7). The land use is directly 
connected to the yield, and since the yield is than twice as high for the conventional grown 
coffee the land use is only half of the land used for organic coffee, see table 4.15. The organic 
coffee used much less water in the milling than the conventional coffee, se table below. 
 
Table 4.15: The use of land and water in the cultivation of coffee in Guatemala. 

per functional unit organic conventional 

Land use (m2) 37.3 15.8 

Water use (litre) 0.248 47.9 

 
 
Use of pesticides (for coffee from Guatemala) 
It is very difficult to estimate the pesticides effect on the environment and therefore only the 
amounts of active substance are presented here (In this project a more deep investigation on 
the pesticides toxicity and the effect on human health are performed, so for further 
information see report from IRET within this project). In table 4.16 the amount of active 
substance used in the cultivation of conventional coffee in Guatemala are listed (no pesticides 
are used for the organic coffee). Some very toxic ingredients are used, as for example the 
insecticide Endosulfan, 
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Table 4.16: Amount of pesticides (g active substance) used in the cultivation of coffee in Guatemala. 

g a.s. per functional unit organic conventional 

Fungicides - 0.094 

Herbicides - 4.79 

Insecticides - 0.239 

Total amount of pesticides - 5.12 

 
 

4.3.3 Conclusions for coffee from Guatemala 
The environmental impact is higher for the conventional coffee in the cultivation phase and 
also for eutrophication in the milling. For the other impact categories (energy, global warming 
and acidification) in the milling phase the organic coffee has an insignificant higher impact 
due to the slightly higher diesel use. The most important improvements could be done for the 
conventional grown coffee, where the most toxic pesticides should be replaced. Also the use 
of fertilisers might be reduced and in the milling some treatment of the water should be done. 
The organic coffee has much lower yields, which results in a much higher land use.  
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5 Melon 
Melon requires high temperature, much light, minimal rainfall and relatively low humidity 
during growing season. To get a higher quality and earlier yielding fruit, a combination of soil 
fumigation, drip irrigation and plastic coverage on the cultivation is often used. Figure 5.1 
shows a melon cultivation. 
 

 
Figure 5.1: Melon cultivation. 

5.1 Production of melons in Costa Rica 
In Costa Rica two different technologies of producing melon is investigated: the use of methyl 
bromide (MB) or metam sodium (MS) for sterilizing the soil. The systems are more or less the 
same, except one uses metam sodium instead of methyl bromide. Metam sodium is not as 
efficient as methyl bromide in the destruction of nematodes and bacteria, but has a smaller 
impact on the environment. Besides the cultivation, there are slight differences in the 
processing as well, otherwise the different steps in the chain are the same for both systems, se 
figure 5.2. 
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Figure 5.2: Flowchart over the melon chain, starting at the cultivation in Costa Rica and ending up at 
the consumer in Sweden. The different inputs of materials are also shown in the figure. 

 
In reality, there should be one transport from import harbour to storage, then storage, then 
transport from storage to store and then the store. However, other studies (e.g. Berlin, 2005) 
have shown that the storage and store have a relatively small impact, even if it is a product 
that needs cold storage. Since melon does not need any cold storage the contribution to 
environmental impact is even less and these steps in the chain have been excluded in this 
study. So from the import harbour only one transport, import harbour to store, has been 
assumed. In the store there are some losses of the melon, but besides this no other activity is 
assumed to occur in the store. From the store the melon is transported to the consumer and at 
the consumer no activity affecting the environment takes place. The functional unit chosen 
here is one melon at the consumer and one melon is assumed to weigh one kg. 
 

5.1.1 Inventory of melon from Costa Rica 
Data for the production with methyl bromide has been colleted at two cultivations and for 
metam sodium six cultivations have been investigated.  
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Cultivation (for melon in Costa Rica) 
In the case of using methyl bromide the average size of the cultivated land is 96 ha compared 
to the case of metam sodium, 120 ha. The yield is quite similar in both options, 15 000 and 
15 600 melons per ha for methyl bromide and metam sodium respectively.  
 
Inputs to the cultivation (for melon in Costa Rica) 
To get a maximum exchange/benefit of the irrigation, fertilisation and pesticide use, the 
cultivation is covered with plastic. The fertilisers and pesticides are mixed into the irrigation 
system and pumped to the cultivation through hoses. The methyl bromide is a soil sterilising 
agent which is applied after planting the seeds (30 000 seeds are used per ha); in the case of 
metam sodium this is used instead of methyl bromide. No data on the amount of water used 
are found. The only data on energy that was found is on the diesel use for irrigation, se table 
5.1. Use of plastic was only given in metres and one meter of plastic is assumed to weigh 
0.012 kg (pers. comm., Davis, 2006). The other inputs of fertilisers and pesticides to the 
cultivation are presented in the table below. 
 
Table 5.1: Input data to the melon cultivation in Costa Rica. 

per ha and year methyl bromide metam sodium 

Energy use   

   diesel (MJ) 16 897 31 362 

Fertilizers   

   N (kg) 125 120 

   P (kg) 51 45 

   K (kg) 162 119 

Pesticides   

   insecticides (kg a.i) 3.6 7.4 

   fungicides (kg a.i.) 7.9 12.0 

   soil sterilant (kg a.i.) 235* 200** 

Plastic (metre) 5 555 5 555 
* methyl bromide 
** metam sodium 
 
 
Nitrogen losses (for melon in Costa Rica) 
It is very difficult to estimate the nitrogen losses from the cultivation. To do this, an analysis 
of the soil, topography, temperature and precipitation and how it is distributed over the year 
has to be carried out and this was beyond the scope of this project. Instead a simplified 
nitrogen balance was performed, based on the total amount of nitrogen added to and lost from 
the cultivation. The total amount of nitrogen fertilizer added to the cultivations was 125 kg for 
the cultivations using methyl bromide and 120 kg for the cultivation using metam sodium. 
The amount of nitrogen out from the cultivation is: nitrogen in the melons, emissions of 
dinitrogen oxide (N2O), ammonia (NH3) and nitrate (NO3). The amount of nitrogen in melon 
is 0.14 g N per 100 g (Livsmedelsverket 1996). This gives a total nitrogen content in the yield 
on 21 kg and 22 kg for methyl bromide and metam sodium respectively. The N2O-N 
emissions are assumed to be 1.25% of the total amount of nitrogen in the fertilizer (IPCC 
2000). 
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 methyl bromide:  1.25% * 125 kg N per ha = 1.6 kg N2O-N  →  2.5 kg N2O per ha 
 
 metam sodium: 1.25% * 120 kg N per ha = 1.5 kg N2O-N  →  2.4 kg N2O per ha 
 
According to Audsley et.al. (1996) about 1% of the nitrogen fertilizer leaves as 
ammonianitrogen (NH3-N) to air. 
 
 methyl bromide:  1% * 125 kg N per ha = 1.3 kg NH3-N  →  1.5 kg NH3 per ha 
 
 metam sodium: 1% * 120 kg N per ha = 1.2 kg NH3-N  →  1.5 kg NH3 per ha 
 
The most difficult nitrogen emission to calculate is the leakage of NO3 to water. To get an 
approximate estimation, it has been assumed in this study that half of the “surplus” of the 
nitrogen (the total amount of nitrogen added as fertilizer, minus the amount of nitrogen in the 
yield, emissions of N2O and NH3) will be NO3-N leakage. The other half is assumed either to 
be build-up organic matter in the soil or de-nitrified to N2 (with no environmental 
consequences). For the case with methyl bromide the surplus is 101 kg N, which gives a 
leakage from the cultivation of 51 kg NO3-N or 224 NO3, using the assumptions above. For 
the case with metam sodium the surplus is 95 kg N, which gives a leakage from the 
cultivation on 48 kg NO3-N or 211 NO3, based on the same assumptions. In table 5.2 the 
nitrogen balance for the cultivations for melon in Costa Rica is shown.  
 
Table 5.2: Nitrogen balance for melon in Costa Rica 

kg N per ha and year methyl bromide metam sodium 

Total amount of nitrogen fertilizer 125 120 

Total amount of nitrogen in yield 21 22 

Emissions to air   

   N2O-N 1.6 1.5 

   NH3-N 1.3 1.2 

Emissions to water   

   NO3-N 51 48 

“Surplus” or “Deficit” +101 +95 

 
The leakage of phosphorous is assumed to be 0.3 kg per ha in both cases. 
 
Transport to processing plant (for melon in Costa Rica) 
After the melon is harvested at the cultivation, it is transported to the processing. The 
transport is done by a pickup or small truck. The distance has been estimated to 10 km in both 
cases. For data on fuel consumption a database (BUWAL) in SimaPro has been used. 
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Processing (of melon in Costa Rica) 
In the processing plant the melons are washed and some fungicide (imazalil) is applied to 
protect the melons from insects or bacteria, se table 5.3. No data on energy or other material 
use were found.  
 
Table 5.3: Use of energy and materials in the processing plant for the melon in Costa Rica. 

per melon methyl bromide metam sodium 

Fungicide (mg) 0.036 0.35 

Water (litre) 0.003 0.003 

 
Transport to export harbour (for melon in Costa Rica) 
In both cases the distance is 350 km from processing plant to export harbour. The melon is 
transported in cold storage and is assumed to be carried out by medium truck, where a five 
percent higher fuel consumption has been assumed, because of the cold storage. For data on 
fuel consumption a database (BUWAL) in SimaPro has been used. 
 
Transport to import harbour in Sweden (for melon from Costa Rica) 
The transport from Costa Rica (Limon) to Sweden (Gothenburg) is done by ship and a 
additional five percent of fuel consumption is assumed since melons need cold storage for the 
transportation. The same distance, 9 455 km, is used in both cases. For data on fuel 
consumption a database (BUWAL) in SimaPro has been used. 
 
Transport of melon to store 
As described in 5.1, only one transport is assumed between import harbour and store and 
since no data on either the distance between import harbour and storage, or storage and store, 
has been possible to estimate, a distance of 400 km has been assumed to give some indication 
of this part of the chain. This distance is also assumed to be carried out with a cold storage 
truck and five percent fuel consumption is added. For data on fuel consumption a SimaPro 
database (BUWAL) has been used. 
 
In the store five percent of the melon is assumed to be waste. Though this outflow has not 
been considered here, but would most likely have no impact on the overall results of the 
study. 
 
Home transport of melon 
The transport from the store to the consumer is very difficult to estimate. In this study an 
average distance on 12.7 km is assumed for one person to transport all groceries from the 
store by car per week, based on an article by Sonesson et al. (2005). The study also takes into 
account that some transport is done by other transportation modes than car, as bicycle, which 
does not contribute to any energy use or emissions. Assuming a car uses 0.08 litres of petrol 
per km and the energy content in petrol is 31.4 MJ per litre, gives that to transport all 
groceries during one year from the store to the home 1659 MJ of petrol is needed per person. 
An average household in Sweden buys around 748 kg groceries per year (SJV and SCB, 
2000) and in each household there are 2.2 persons, which gives that one person buys 340 kg 
groceries per year (SCB, 2004). This gives that to transport one kg of groceries from the store 
to the consumer requires 2.2 MJ of petrol. 
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Consumer 
At the consumer no activity affecting the environment occurs. The waste management of the 
leftovers from the melons are not considered in this study, but can be assumed to be so low 
they will not have a significant influence on the results. 

5.1.2 Results for melon from Costa Rica 
Below, the results from the LCA on melon from Costa Rica to Sweden are presented. The 
different impact categories are: use of primary energy, potential contribution to global 
warming, eutrophication and acidification, as well as use of land, water and pesticides. 
 
Primary energy use (for melon from Costa Rica) 
The difference between the two melon cases occur in the cultivation phase and processing, but 
no significant difference is obtained, see figure 5.3. The primary energy use is slightly higher 
in the case when methyl bromide is used. For both cases the absolute highest energy use is for 
producing methyl bromide and metam sodium respectively, for the cultivation. Since only an 
average production of herbicides is assumed, there could be larger difference between the 
cases than the results show here. 
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Figure 5.3: Primary energy use for production of one melon from Costa Rica 
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Global warming (for melon from Costa Rica) 
The emissions contributing to global warming is highest in the cultivation, mainly from 
production of herbicides (methyl bromide and metam sodium respectively), but also from 
dinitrogen oxide emissions and combustion of diesel at the field. The contribution to global 
warming is slightly higher in option 2 due to a higher amount of diesel in the field, see figure 
5.4. 
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Figure 5.4: Emissions of greenhouse gases for production of one melon from Costa Rica 

 
Eutrophication (for melon from Costa Rica) 
For both cases the cultivation has the highest contribution to eutrophication in the chain. The 
eutrophication potential is similar in both cases, since the amount of nitrogen fertilisers and 
the yields are very much the same for both options; the leakage is also very similar. For both 
options it is the leakage of nitrate that gives the highest contribution to eutrophication, se 
figure 5.5. 
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Figure 5.5: Potential contribution to eutrophication for production of one melon from Costa Rica 

 
Acidification (for melon from Costa Rica) 
Also for acidification the cultivation has the highest contribution, see figure 5.6. This is 
mainly due to the nitrogen oxides and sulphur oxides emissions from combustion of fossil 
fuel. The slightly higher contribution to acidification for the option with metam sodium 
depends on the higher use of diesel at the cultivation. 
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Figure 5.6: Potential contribution to acidification for production of one melon from Costa Rica. 
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Use of land and water in the cultivation phase (for melon from Costa Rica) 
The resources used, presented here, has been limited to land and water in the cultivation (for 
resources as phosphorous and potassium see table 5.1). The land use is directly connected to 
the yield, and since the yield is almost the same in both cases, there is no significant 
difference of the land use, see table 5.4. Water is used for cultivation of melons, but no data 
on this were found. 
 
Table 5.4: The use of land and water in the cultivation of one melon in Costa Rica. 

per functional unit methyl bromide metam sodium 

Land use (m2) 0.73 0.71 

Water use (litre) no data found no data found 

 
Use of pesticides (for melon from Costa Rica) 
It is very difficult to estimate the pesticides effect on the environment and therefore only the 
amounts of active substance are presented here (In this project a more deep investigation on 
the pesticides toxicity and the effect on human health are performed, so for further 
information see report from IRET within this project). In table 5.5 the amount of active 
substance used in the cultivation of melon in Costa Rica are listed. The amounts of pesticides 
used in the two options do not differ significantly, but the difference between methyl bromide 
and metam sodium is important to consider. Methyl bromide is an ozone-depleting pesticide, 
which should be phased out its use by 2005, with a period of grace for developing countries to 
2015, in accordance with Montreal Protocol on ozone depleting substances. It is also highly 
toxic according to US EPA(Environmental Protection Agency) (PAN, 2005). Metam sodium 
has replaced Methyl bromide in many cases, but also metam sodium is a pesticide with high 
toxicity and is classed as II (moderately hazardous) by WHO (World Health Organisation) 
and as “highly toxic” by US EPA (PAN). 
 
Table 5.5: Amount of pesticides (g active substance) used in the cultivation of melon in Costa Rica. 

g a.s. per functional unit methyl bromide metam sodium 

Fungicides 0.58 0.85 

Insecticides 0.25 0.52 

Soil sterilant 17.2* 14.1** 

Total amount of pesticides 18.03 15.47 
*methyl bromide 
**metam sodium 
 

5.1.3 Conclusions for melon from Costa Rica 
There is no significant difference between the two options, considering energy use, global 
warming potential, eutrophication, acidification and land and water use. Neither the amount of 
pesticide used differs significantly, but the difference between methyl bromide and metam 
sodium is important to consider (see use of pesticides in 5.1.2). 
 
The most important improvement to be made is to reduce the amount of pesticides, primarily 
the use of methyl bromide and metam sodium, which is very high. Also the fertilizer use is 
very high compared to the adsorbed amount if nitrogen in the melon. 
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6 Chayote 
Chayote is a perennial vegetable and can be grown in warm coastal areas. It looks like a 
mango shaped squash and grows to around 15 cm and weighs about 0.33 kg. The taste is 
similar to a squash. Chayote is grown similar to grapes, on a construction build of poles and 
metal wire (see figure 6.1). 
 

 
Figure 6.1: Chayote growing on a construction made of poles and metal wire 
 

6.1 Production of chayote in Costa Rica 
Two different options are studied here: cooperative and independent producers. The 
cultivation of the cooperative is larger than the cultivations of the independent producers, but 
the independent producer has a slightly higher yield. The functional unit is chosen to be 1 kg 
of chayote at the consumer. Figure 6.2 show the flowchart for the chayote chain. 
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Figure 6.2: Flowchart over the chayote chain, starting at the cultivation in Costa Rica and ending up 
at the consumer in the Netherlands. The different inputs of materials are also shown in the figure. 

 
In reality, there should be one transport from import harbour to storage, then storage, then 
transport from storage to store and then the store. However, other studies (e.g. Berlin, 2005) 
have shown that the storage and store have a relatively small impact, even if it is a product 
that needs cold storage. Since melon does not need any cold storage the contribution to 
environmental impact is even less, therefore these steps in the chain have been excluded in 
this study. So from the import harbour only one transport, import harbour to store, has been 
assumed. In the store there are some losses of chayote, but besides this no other activity is 
assumed to occur in the store. From the store the chayote is transported to the consumer and at 
the consumer no activity affecting the environment takes place. 

6.1.1 Inventory of chayote from Costa Rica 
Data for the cooperative has been collected at one medium cooperative and for the 
independent producers 28 different cultivations have been investigated.  
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Cultivation (for chayote in Costa Rica) 
The cultivation of the cooperative is larger than the cultivations of the independent producers, 
with an average on nine ha compared to five ha. The independent producers have a slightly 
higher yield, 92.35 tonnes compared to 92.16 tonnes for the cooperatives. The number of 
plants is the same in both options, 500 per ha. In both options around 20 % of the chayote is 
discarded at the cultivation. 
 
Inputs to construction for the cultivation 
The chayote is grown on in similar way as grapes, on constructions which the plants can grow 
on. These constructions are replaced every seventh year. Below in table 6.1 are the inputs to 
the constructions presented.  
 
Table 6.1: Average inputs to the construction for the chayote cultivation per ha and year, same in both 
cases. 

per ha and year  

metal wire (kg) 143 

cement (kg) 71 

sand (m3) 0.3 

stone (m3) 0.3 

 
 
Inputs to the cultivation (for chayote in Costa Rica) 
The chayote is harvested by hand, so no energy is used for this process. Diesel is used to 
transport the chayote within the cultivation and gasoline is used for irrigation. For data on 
inputs of energy, fertilizers, pesticides and water use to the cultivation see table 6.2. 
 
Table 6.2: Input data to the chayote cultivation in Costa Rica. 

per ha and year cooperative independent producer 

Energy use   

   diesel (MJ) 9 799 9 799 

   petrol (MJ) 9 564 4 201 

Fertilizers   

   N (kg) 757 259 

   P (kg) 344 167 

   K (kg) 469 257 

Pesticides   

   herbicides (kg a.i.) 1,6 1.9 

   insecticides (kg a.i) 4,4 8.1 

   fungicides (kg a.i.) 6.7 2.1 

   fumigants (kg a.i.) 0 1.3 

Water use (m3) 4.6 4.6 
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Nitrogen losses (for chayote in Costa Rica) 
It is very difficult to estimate the nitrogen losses from the cultivation. To do this, an analysis 
of the soil, topography, temperature and precipitation and how it is distributed over the year 
be carried out and this was beyond the scope of this project. Instead a simplified nitrogen 
balance was performed, based on the total amount of nitrogen added to and lost from the 
cultivation. The total amount of nitrogen fertilizer added to the cultivation was 757 kg for 
cooperative and 295 kg for independent producer. The amount of nitrogen out from the 
cultivation is: nitrogen in the chayotes, emissions of dinitrogenoxide (N2O), ammonia (NH3) 
and nitrate (NO3). The amount of nitrogen in chayote has been assumed to be the same as for 
squash, 0.19 g N per 100 g. This gives a total nitrogen content in the yield on 175 kg for both 
cases (since the yield is almost the same for both options). The N2O-N emissions are assumed 
to be 1.25% of the total amount of nitrogen in the fertilizer (IPCC 2000). 
 
 cooperative: 1.25% * 757 kg N per ha = 9.5 kg N2O-N  →  14.9 kg N2O per ha 
 
 independent prod: 1.25% * 295 kg N per ha = 3.7 kg N2O-N  →  5.8 kg N2O per ha 
 
According to Audsley et.al. (1996) about 1% of the nitrogen fertilizer leaves as 
ammonianitrogen (NH3-N) to air. 
 
 cooperative: 1% * 757 kg N per ha = 7.6 kg NH3-N  →  9.2 kg NH3 per ha 
 
 independent prod: 1% * 295kg N per ha = 3.0 kg NH3-N  →  3.6 kg NH3 per ha 
 
The most difficult nitrogen emission to calculate is the leakage of NO3 to water. To get an 
approximate estimation, it has been assumed in this study that half of the “surplus” of the 
nitrogen (the total amount of nitrogen added as fertilizer, minus the amount of nitrogen in the 
yield, emissions of N2O and NH3) will be NO3-N leakage. The other half is assumed either to 
be build-up organic matter in the soil or de-nitrified to N2 (with no environmental 
consequences). For the cooperative the surplus is 565 kg N, which gives a leakage from the 
cultivation on 282 kg NO3-N or 1251 NO3, assuming the assumptions above. For the 
independent producers the surplus is 113 kg N, which gives a leakage from the cultivation on 
57 kg NO3-N or 251 NO3, based on the same assumptions. In table 6-3 the nitrogen balance 
for the cultivations for chayote in Costa Rica is shown.  
 
Table 6.3: Nitrogen balance for chayote in Costa Rica 

kg N per ha and year cooperative independent producer 

Total amount of nitrogen fertilizer 757 295 

Total amount of nitrogen in yield 175 175 

Emissions to air   

   N2O-N 9.5 3.7 

   NH3-N 7.6 3.0 

Emissions to water   

   NO3-N 282 57 

“Surplus” or “Deficit” +565 +113 

 
The leakage of phosphorous is assumed to be 0.3 kg per ha in both cases. 
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Transport to processing plant (for chayote in Costa Rica) 
After the chayote is harvested at the cultivation, it is transported to the processing. The 
transport is done by a pickup or small truck. The distance has been estimated to 12 km in both 
cases. For data on fuel consumption a database (BUWAL) in SimaPro has been used. 
 
Processing (of chayote in Costa Rica) 
In the processing plant the chayote is washed and then polished. In the processing, chloride 
and detergent is used, but no specification is made on what kind, so data for production of 
calcium chloride and soap from a database (Ecoinvent) in SimaPro have been used. After 
washing, the chayote is polished with wax, but for this no data on production have been 
found. Additionally some electricity is also used; 0.04 MJ for cooperatives and 0.03 MJ for 
independent producer. The chayote is then packed in plastic boxes and for both cases the 
amount of plastic is 0.0017 kg per kg chayote. For production of plastic boxes HDPE is 
assumed and a database (BUWAL) in SimaPro has been used. In table 6.4 below the amount 
of energy, chemicals, materials and water used for the processing is shown.  
 
Table 6.4: Use of energy and materials in the processing plant for the chayote in Costa Rica. 

per kg of chayote cooperative independent producer 

Energy   

   electricity (MJ) 0.04 0.03 

Chloride (litre*) 0.0006 0.0006 

Detergent (litre*) 0.0004 0.0004 

Wax (litre) 0.0006** 0.0006** 

Plastic box (kg) 0.002 0.002 

Water (litre) 0.2 0.2 
* one litre here is assumed to equal one kg 
** production of wax has not been included in the study 
 
Transport to export harbour (for chayote in Costa Rica) 
In both cases the transport is 200 km from processing plant to export harbour and is assumed 
to be carried out by medium truck with cold storage and therefore an additional five percent 
fuel consumption is assumed. For data on fuel consumption a database (BUWAL) in SimaPro 
has been used. 
 
Transport to import harbour in the Netherlands (for chayote from Costa Rica) 
The transport from Costa Rica (Limon) to the Netherlands (Amsterdam) is done by ship and a 
additional five percent of fuel consumption is assumed since chayote needs cold storage for 
the transportation. The same distance, 9 231 km, is used in both cases. For data on fuel 
consumption a database (BUWAL) in SimaPro has been used. 
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Transport of chayote to store 
As described in 6.1, only one transport is assumed between import harbour and store and 
since no data on either the distance between import harbour and storage, or storage and store, 
has been possible to estimate, a distance of 50 km has been assumed to give some indication 
of this part of the chain. The transport is assumed to be carried out with a medium truck with 
cold storage and therefore an additional fuel consumption of five percent is added. For data on 
fuel consumption SimaPro database (BUWAL) has been used. 
 
Store 
In the store five percent of the chayote is assumed to be waste. Though this outflow has not 
been considered here, but would most likely have no impact on the overall results of the 
study. 
 
Home transport of chayote 
Even though the chayote is consumed in the Netherlands, the same data as for Swedish 
conditions on home transport are used. The transport from the store to the consumer is very 
difficult to estimate. In this study an average distance on 12.7 km is assumed for one person to 
transport all groceries from the store by car per week, based on an article by Sonesson et al. 
(2005). The study also takes into account that some transport is done by other transportation 
modes than car, as bicycle, which does not contribute to any energy use or emissions. 
Assuming a car uses 0.08 litres of petrol per km and the energy content in petrol is 31.4 MJ 
per litre, gives that to transport all groceries during one year from the store to the home 1659 
MJ of petrol is needed per person. An average household in Sweden buys around 748 kg 
groceries per year (SJV and SCB, 2000) and in each household there are 2.2 persons, which 
gives that one person buys 340 kg groceries per year (SCB, 2004). This gives that to transport 
one kg of groceries from the store to the consumer requires 2.2 MJ of petrol  
 
Consumer 
Chayote can both be cooked and eaten raw in different courses and in this study the chayote is 
assumed to be consumed raw, so no activity affecting the environment occurs at the 
consumer.  
 

6.1.2 Results for chayote from Costa Rica 
Below, the results from the LCA on chayote from Costa Rica to Sweden are presented. The 
different impact categories are: use of primary energy, potential contribution to global 
warming, eutrophication and acidification, as well as use of land, water and pesticides. 
 
Primary energy use (for chayote from Costa Rica) 
The energy use is highest for the home transport (see figure 6.3), even though there are inputs 
of both fertilizers and energy in the cultivation phase. But since there is quite a high output of 
yield, the amount of energy per functional unit is not so high. The energy use is higher for the 
cooperatives than for the independent growers, because of more intense use of fertilizers (1.57 
tonnes compared to 0.72 tonnes). 
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Figure 6.3: Primary energy use for production of 1 kg chayote from Costa Rica 

 
Global warming (for chayote from Costa Rica) 
Contribution to global warming is highest for the home transport (due to CO2 emissions from 
combustion of fossil fuel) in both cases, but the difference for the cultivation for the 
cooperatives is not so big, see figure 6.4. The contribution to global warming in the 
cultivation phase is mainly due to production of nitrogen fertilizers and the associated 
emissions of dinitrogen oxide. 
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Figure 6.4: Emissions of greenhouse gases for production of 1 kg chayote from Costa Rica 
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Eutrophication (for chayote from Costa Rica) 
The eutrophication potential is highest for the cultivation phase for both cases, see figure 6.5. 
Comparing the systems the cooperatives have a larger contribution to the eutrophication, 
mainly due to nitrate leakage from fertilizer use. The transport steps processing to export 
harbour and import harbour to store also has some contribution to eutrophication, due to 
emissions of nitrogen oxides. The higher amount of NOX in diesel, compared to heavy fuel oil 
and petrol, gives these transport steps a higher contribution to the eutrophication, compared to 
transport from export harbour to import harbour and home transport, which both have a higher 
impact on energy use and global warming. 
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Figure 6.5: Potential contribution to eutrophication for production of 1 kg chayote from Costa Rica 

 
Acidification (for chayote from Costa Rica) 
The transport from export harbour to import harbour has the highest contribution to 
acidification because of the relatively high sulphur oxides in heavy fuel oil. In the cultivation 
it is the combustion of fossil fuel and production of fertiliser that has the highest contribution 
to acidification, see figure 6.6. 
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Figure 6.6: Potential contribution to acidification for production of 1 kg chayote from Costa Rica. 

 
 
Use of land and water in the cultivation phase (for chayote from Costa Rica) 
The resources used, presented here, have been limited to land and water in the cultivation. 
The land use is directly connected to the yield, and since the yield is almost the same in both 
cases, there is no significant difference of the land use, see table 6.5. The water use is also the 
same for both cases. 
 
Table 6.5: The use of land and water in the cultivation of chayote in Costa Rica. 

per functional unit cooperative independent producer 

Land use (m2) 0.11 0.11 

Water use (litre) 0.05 0.05 

 
 
Use of pesticides (for chayote from Costa Rica) 
It is very difficult to estimate the pesticides effect on the environment and therefore only the 
amounts of active substance are presented here (In this project a more deep investigation on 
the pesticides toxicity and the effect on human health are performed, so for further 
information see report from IRET within this project). In table 6.6 the amount of active 
substance used in the cultivation of chayote in Costa Rica are listed. The amount of pesticides 
is almost the same in both options, cooperatives uses slightly more, but the independent 
producers use more toxic substances. In the case of the cooperatives the highly toxic 
insecticide oxamyl is used, but the independent producers use additionally the insecticides 
endosulfan and chloripyrifos and the herbicide paraquat, which all is classified as highly 
toxic. 
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Table 6.6: Amount of pesticides (g active substance) used in the cultivation of chayote in Costa Rica. 

g a.s. per functional unit cooperative independent producer 

Fumigants 0 0.01 

Fungicides 0.08 0.02 

Herbicides 0.02 0.02 

Insecticides 0.05 0.09 

Total amount of pesticides 0.15 0.14 

 
 

6.1.3 Conclusions for chayote from Costa Rica 
Only for eutrophication the cultivation gave the highest contribution. For energy use, global 
warming and acidification, the transports accounted for the largest environmental impact. The 
out take of yield from cultivation is quite high (92 tonnes), so the input per kg of product is 
rather low, though not per ha.  
 
The most important improvement to be made might be to stop the use of the most toxic 
pesticides. Today several pesticides that is classified as highly hazardous (oxamyl by WHO) 
or included on PAN dirty dozen3 list (Paraquat) used. Also the amount of fertilizer should be 
adjusted to balance to the needs of the crop in order to reduce eutrophication. 
 
 

                                                 
3 The Dirty Dozen (now 18) is a PAN (pesticide action network) initiative that aims to bring attention to and stop 
the use of these particularly harmful chemicals. 



66 

 

7 Cashew nuts 
The cashew nut is grown on trees and both the fruit and the nut grow at the same time, see 
figure 7.1. It is a tropical fruit originating from Brazil and spread out to other continents as 
Africa, Asia and Central America. One of its main characteristics is to represent an item with 
a good environmental profile, another is that it strongly drives generation of jobs and income 
in the primary production worldwide. The main producing countries of cashew nuts are: India, 
Brazil, Vietnam and African countries. India is the principal importer of raw cashew and 
exporter of processed cashew nuts. The main markets of shelled cashew nuts are United States 
and Canada (50%), European Union (27%) and Japan (3%). 
 

 
Figure 7.1: Growing cashew nut and fruit. 
 

7.1 Production of cashew nuts in El Salvador 
In El Salvador, in the cultivation phase, there are two main outputs with an important 
commercial value in the market:  
 
 Cashew apple (represent about 90% of all fruit): is used in elaboration of juices, pulp, 

concentrated, wines or is consumed like fresh fruit in the local market.  
 
 Cashew nuts (used like a raw cashew in the processing industry)  

 
In this study the focus is only on the cashew nut (and all environmental impact from 
cultivation is allocated on the nuts). The harvest of cashew in El Salvador begins in October 
and ends in April. The largest producers in El Salvador are certificated as organic, which 
gives a competitive advantage because the market for organic products gives better prices 
than commercial markets. The total area for cultivation of cashew nuts in El Salvador is 2 450 
ha, 1 497 ha of these are organic and the rest are conventional cultivations. The functional 
unit is chosen to be 100 g of packed cashew nuts at the consumer. In figure 7.2 the flowchart 
for cashew nut chain is shown. 
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Figure 7.2: Flowchart over the cashew nut chain, starting at the cultivation in El Salvador and ending 
up at the consumer in Sweden. The different inputs of materials are also shown in the figure. 

 
In reality, there should be one transport from import harbour to storage, then storage, then 
transport from storage to store and then the store. Other studies (Berlin, 2005) have shown 
that the storage and store has a relatively small impact, as Berlin has studied, even when it is a 
product that needs cold storage. Since cashew does not need any cold storage the contribution 
to environmental impact is even less, therefore these steps in the chain have been excluded in 
this study. So from the import harbour only one transport, import harbour to store, has been 
assumed.  
 

7.1.1 Inventory of cashew nuts from El Salvador 
In total, six cultivations have been investigated, two for the traditionally grown cashew and 
four for organically grown. Unfortunately, almost no data for the conventional cashew were 
found. For processing the same data s for organic was assumed, but for the cultivation the 
system is so different so the same data is not possible to use. 
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Cultivation (for cashew nuts in El Salvador) 
The traditional cashew cultivations are quite small, 25 ha on average and the number of trees 
is 67 per ha. For the organic cashew the average size of the cultivation varies from 29 to 700 
ha with an average of 262 and the number of trees is 157 per ha (but the spread is quite large: 
between 67 and 273).  
 
Use of energy and fertilizers (for cashew nuts from El Salvador) 
The cashew nuts are harvested by hand, so no energy is used for this process. Though in the 
organic option, some diesel is used for maintenance of the cultivation (pruning the trees for 
example). No fertilizers or pesticides are used in the organic cultivation and for the 
conventional cultivation no data were found. Data on water for irrigation was only found in 
the case of organic cultivation. Table 7.1 presents the inputs to the cultivation of cashew nuts 
in El Salvador. 
 
Table 7.1: Input data to the cashew cultivation in El Salvador. 

per ha and year traditional organic 

Energy use   

   electricity (MJ) no data found 400 

   diesel (MJ) no data found 659 

Water use (m3) no data found 1.6 

 
 
Nitrogen losses (for cashew nuts in El Salvador) 
Since no data on fertilizer is found, no nitrogen balance has been performed. 
 
Transport to processing plant (for cashew nuts in El Salvador) 
After the cashew is harvested at the cultivation, it is transported to the processing. The 
transport is done by a pickup or small truck. For the traditionally grown cashew no data on 
transportation was found so therefore the distance has been assumed to be the same as in the 
case of organic cashew, an average distance of 14.5 km. For data on fuel consumption a 
database (BUWAL) in SimaPro has been used. 
 
 
Processing (of cashew nuts in El Salvador) 
In the processing plant the cashew is first dried in the sun, then cooked in steam, cooled, 
before it is peeled. Some energy is used for this process, se table 7.2. For the conventional 
case no data for energy consumption were found, so the same as for the organic case was 
used. The cashew is peeled by hand so no energy is used for this activity and to get one kg of 
peeled cashew nuts 5.26 kg raw cashew from the tree is needed. After it is peeled it is 
classified by size, colour and humidity and then packed in plastic bags, which two and two is 
put in paper boxes for export. No data for use of paper boxes were found in the case with 
conventional cashew so the same data as for the organic cashew were used, but for the plastic 
bags about half the amount is used in the traditional compared to the organic cashew nuts. In 
the table below the amount of energy and materials used for the processing is shown.  
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Table 7.2: Use of energy and materials in the processing plant for the cashew in El Salvador. 

per kg of shelled cashew nuts traditional organic 

Energy (MJ)   

   electricity (MJ) same as organic 12.1 

   propane gas (MJ) same as organic 0.004 

Paper board (kg) same as organic 0.04 

Plastic bag (kg) 0.004 0.009 

 
 
Transport to export harbour (for cashew nuts in El Salvador) 
The transport for the organic cashew is 300 km from processing plant to export harbour and is 
assumed to be carried out by medium truck. No data for the traditional option have been 
found, so the same distance is assumed in this case too. For data on fuel consumption a 
database (BUWAL) in SimaPro has been used. 
 
Transport to import harbour in Sweden (for cashew nuts from El Salvador) 
The transport from El Salvador to Sweden is done by ship and assumed to be the same in both 
cases and the distance is 9 115 km. For data on fuel consumption a database (BUWAL) in 
SimaPro has been used. 
 
Transport of cashew nuts to store 
As described in 7.1, only one transport is assumed between import harbour and store and 
since no data on either the distance between import harbour and storage, or storage and store, 
has been possible to estimate, a distance of 400 km has been assumed to give some indication 
of this part of the chain. For data on fuel consumption SimaPro database (BUWAL) has been 
used. 
 
Home transport of cashew nuts 
The transport from the store to the consumer is very difficult to estimate. In this study an 
average distance on 12.7 km is assumed for one person to transport all groceries from the 
store by car per week, based on an article by Sonesson et al. (2005). The study also takes into 
account that some transport is done by other transportation modes than car, as bicycle, which 
does not contribute to any energy use or emissions. Assuming a car uses 0.08 litres of petrol 
per km and the energy content in petrol is 31.4 MJ per litre, gives that to transport all 
groceries during one year from the store to the home 1659 MJ of petrol is needed per person. 
An average household in Sweden buys around 748 kg groceries per year (SJV and SCB, 
2000) and in each household there are 2.2 persons, which gives that one person buys 340 kg 
groceries per year (SCB, 2004). This gives that to transport one kg of groceries from the store 
to the consumer requires 2.2 MJ of petrol and for the transportation of 100 gram of cashew 
nuts 0.22 MJ of petrol is required.  
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Consumer 
At the consumer the package for the cashew nuts is discarded and incinerated. During the 
incineration energy is obtained and therefore a system expansion has been made. The system 
expansion is illustrated in figure 7.3, where the obtained energy from combustion of the 
plastic package is assumed to replace production of 0.0088 MJ electricity and 0.098 MJ 
district heating.  
 
 

CONSUMER INCINERATION

PRODUCTION OF
ELECTRICITY

PRODUCTION OF
DISTRICT HEAT

emissions

plastic
packaging

SWEDISH 
ELECTRICITY 
PRODUCTION

SWEDISH
PRODUCTION OF 

DISTRICT HEATING

produced within the system replaces

 
Figure 7.3: A system expansion has been made for the incineration of the package for the cashew nuts. 
In the incineration the plastic package causes emissions, but also energy, which can replace some 
amount of electricity and district heating. This means that the incineration will save some energy that 
otherwise would have been produced in another way, and therefore the environmental impact will be 
reduced the same environmental impact of production of this saved energy  

 
Data for incineration, emissions and obtained energy, are given in Sundqvist (1999) and listed 
in table 7.3. 
 
Table 7.3: Emitted emissions and obtained energy during incineration of waste (Sundqvist, 1999). 

per kg of polyethene plastic   

Air emissions (kg) CO2 2.36 

 CO 3.5e-3 

 dust 2.4e-6 

 dioxins 2.3e-12 

 NOX 1.8e-3 

 PAH 2.3e-8 

 Slag and ashes 3.0e-2 

Production of energy (MJ) electricity 2.94 

 heat 32.76 
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7.1.2 Results for cashew nuts from El Salvador 
Below, the results from the LCA on cashew nuts from El Salvador to Sweden are presented. 
The different impact categories are: use of primary energy, potential contribution to global 
warming, eutrophication and acidification, as well as use of land, water and pesticides. 
 
Primary energy use (for cashew nuts from El Salvador) 
The energy use is rather low for the production of cashew nuts. There is no use of fertilizers, 
the production of which usually has a significant contribution to the energy, in the cultivation. 
For the traditionally grown cashew no data energy use were found. In the cultivation some 
diesel is used for machine work, which stands for the main part of the energy use in the 
cultivation. A small part of the energy also comes from production of plastic bags. The 
processing has the highest contribution, see figure 7.4. 
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Figure 7.4: Primary energy use for production of 100 g cashew nuts from El Salvador. 

 
 
Global warming (for cashew nuts from El Salvador) 
The emissions contributing to global warming is highest for the processing (see figure 7.5), 
due to carbon dioxide (CO2) emissions from electricity (mainly from the electricity produced 
from oil, electricity mix for El Salvador (EIA)). Cultivation of organic cashew also gives a 
relatively high contribution to global warming, also due to CO2 emissions from combustion of 
fossil fuels. There are some uncertainties in the transport from the store to the consumer; still, 
the results show that it is an important step in the cashew chain. 
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Figure 7.5: Emissions of greenhouse gases for production of 100 g cashew nuts from El Salvador. 

 
Eutrophication (for cashew nuts from El Salvador) 
The potential contribution to eutrophication for producing 100 g of cashew is highest in the 
cultivation phase, see figure 7.6. This has nothing to do with leakage of nitrogen (which is 
often the case for agriculture products) since no leakage has been assumed here, due to no use 
of fertilisers. Instead it is the emissions of nitrogen oxides (NOX), connected to combustion of 
diesel for machinery. For the processing it is also the NOX emissions, but from production of 
electricity, that contributes most to the eutrophication. 
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Figure 7.6: Potential contribution to eutrophication for production of 100 g cashew nuts from El 
Salvador. 
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Acidification (for cashew nuts from El Salvador) 
The highest contribution to acidification is in the processing phase, due to emissions of 
sulphur oxides (SO2) in the electricity production, for both cases (figure 7.7). About half of 
the electricity El Salvador is produced from oil, which has relatively high emissions of 
sulphur oxides. For the organic cashew the cultivation has also a significantly contribution to 
acidification because of SO2 and NOX emissions from electricity use and combustion of 
diesel. 
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Figure 7.7: Potential contribution to acidification for production of 100 g cashew nuts from El 
Salvador. 

 
 
Use of land and water in the cultivation phase (for cashew nuts from El Salvador) 
The resources used, presented here, has been limited to land and water in the cultivation. The 
land use is directly connected to the yield, and since the yield is almost the same in both 
cases, there is no large difference of the land use, see table 7.4. No data on water consumption 
was found for the conventionally grow cashew, but the water use for producing 100 g of 
organic cashew is shown below. 
 
Table 7.4: The use of land and water in the cultivation of chayote in El Salvador. 

per functional unit traditional organic 

Land use (m2) 18.6 19.8 

Water use (litre) 0 3.2 
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7.1.3 Conclusions for cashew nuts from El Salvador 
Since no data on cultivation of conventional cashew were found, the environmental impact in 
the cultivation phase of course was higher for the organic cashew. It did not seem relevant to 
use the same data in the conventional cultivation as in the organic, since the difference 
between conventional and organic agriculture usually is large. No processing data on 
traditional cashew was found, which is why the same data as for the organic cashew have 
been used, with exception for use of plastic bags, which was slightly lower in the traditional 
case.  
 
Because of the lack of data it is difficult to draw any conclusions for the conventional cashew. 
In the organic options no pesticides or fertilisers were used, only some energy and plastic, so 
the environmental impact relatively low for cashew production. 
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7.2 Production of cashew nuts in Guatemala 
For the case of cashew nut production in Guatemala only one option is studied. The chain 
starts at the production in Guatemala and ends at the consumer in Sweden. The functional unit 
is chosen to be 100 g of packed cashew nuts at the consumer. In figure 7.8 the flowchart for 
cashew nut chain is shown. 
 

PROCESSING

transport (processing – export)

transport (export – import)

transport (import - store)

transport (store – consumer)

CONSUMER

transport (cultivation – processing)

CASHEW CULTIVATION

STORE

Sweden

Guatemala

PACKAGING

PACKAGING PACKAGING

  
 
Figure 7.8: Flowchart over the cashew nut chain, starting at the cultivation in Guatemala and ending 
up at the consumer in Sweden. The different inputs of materials are also shown in the figure. 

 
In reality, there should be one transport from import harbour to storage, then storage, then 
transport from storage to store and then the store. Other studies (Berlin, 2005) have shown 
that the storage and store has a relatively small impact, as Berlin has studied, even when it is a 
product that needs cold storage. Since cashew does not need any cold storage the contribution 
to environmental impact is even less, therefore these steps in the chain have been excluded in 
this study. So from the import harbour only one transport, import harbour to store, has been 
assumed.  
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7.2.1 Inventory of cashew nuts from Guatemala 
In Guatemala one cultivation of cashew nut production has been investigated. 
 
Cultivation (for cashew nuts in Guatemala) 
The size of the cultivation is almost four ha and the tree density is 155 trees per ha. The yield 
is 1.43 tonnes per ha and year. 
 
Use of energy and fertilizers (for cashew nuts from Guatemala) 
No energy is used at the cultivation and all cashew nuts are harvested by hand. Some 
fertilisers and pesticides are used and the amounts are presented in table 7.5 below. 
 
Table 7.5: Input data to the cashew cultivation in El Salvador. 

per ha and year cashew nuts 

Fertilizers  

   N (kg) 13.7 

   P (kg) 4.02 

   K (kg) 9.76 

Pesticides  

   insecticides (kg a.i) 0.583 

   fungicides (kg a.i.) 0.254 

 
Nitrogen losses (for cashew nuts in Guatemala) 
It is very difficult to estimate the nitrogen losses from the cultivation. To do this, an analysis 
of the soil, topography, temperature and precipitation and how it is distributed over the year 
be carried out and this was beyond the scope of this project. Instead a simplified nitrogen 
balance was performed, based on the total amount of nitrogen added to and lost from the 
cultivation. The total amount of nitrogen fertilizer added to the cultivation was 13.7 kg. The 
amount of nitrogen out from the cultivation is: nitrogen in the cashew nuts, the fruits and also 
some for the growing of the trees, emissions of dinitrogenoxide (N2O), ammonia (NH3) and 
nitrate (NO3). Here has the emissions of N2O, NH3 and the nitrogen in the cashew nuts been 
accounted for in a first step.  
 
The amount of nitrogen in cashew nuts 2.9 g N per 100 g. This gives a total nitrogen content 
in the yield of cashew nuts on 41 kg per ha. The N2O-N emissions are assumed to be 1.25% of 
the total amount of nitrogen in the fertilizer (IPCC 2000). 
 
 cashew nuts: 1.25% * 13.7 kg N per ha = 0.17 kg N2O-N  →  0.27 kg N2O per ha 
 
According to Audsley et.al. (1996) about 1% of the nitrogen fertilizer leaves as 
ammonianitrogen (NH3-N) to air. 
 
 cashew nuts: 1% * 13.7 kg N per ha = 0.14 kg NH3-N  →  0.17 kg NH3 per ha 
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The most difficult nitrogen emission to calculate is the leakage of NO3 to water. To get an 
approximate estimation, it has been assumed in this study that half of the “surplus” of the 
nitrogen (the total amount of nitrogen added as fertilizer, minus the amount of nitrogen in the 
yield, emissions of N2O and NH3) will be NO3-N leakage. The other half is assumed either to 
be build-up organic matter in the soil or de-nitrified to N2 (with no environmental 
consequences). Since the surplus is negative (or deficit), the NO3-N leakage is assumed to be 
zero, and therefore there is no use to do any further investigations or assumptions on the 
amount of nitrogen in the fruits of the cashew tree. In table 7.6 the nitrogen balance for the 
cultivation for cashew in Guatemala is shown. The nitrogen deficit does not mean that the 
cultivation is depleting the soil's nitrogen content. In all soils nitrogen is fixed by micro 
organisms, as bacteria and fungi. The interactions between soil, plants and micro organisms 
are very complex and differ between soil types and climates, and also not fully understood. It 
was beyond the scope of the present project to investigate this issue.  
 
Table 7.6: Nitrogen balance for cashew in Guatemala. 

kg N per ha and year cashew nuts 

Total amount of nitrogen fertilizer 13.7 

Total amount of nitrogen in yield* 41.4 

Emissions to air  

   N2O-N 0.17 

   NH3-N 0.14 

Emissions to water  

   NO3-N 0 

“Surplus” or “Deficit” -28.0 
* only the cashew nuts is assumed here, the fruit is not accounted for here 
 
The leakage of phosphorous is assumed to be 0.3 kg per ha in both cases. 
 
 
Transport to processing plant (for cashew nuts in Guatemala) 
After the cashew is harvested at the cultivation, it is transported to the processing. The 
transport is done by a pickup or small truck and the distance is 425 km. For data on fuel 
consumption a database (BUWAL) in SimaPro has been used. 
 
 
Processing (of cashew nuts in Guatemala) 
In the processing plant the cashew first is dried in the sun, and then cooked in steam then 
cooled, before it is peeled. Some energy is used for this process, se table 7.7. The cashew is 
peeled by hand so no energy is used for this activity. To get one kg of peeled cashew nuts 4.5 
kg raw cashew from the tree is needed. Besides the cashew nuts, 2.25 kg of shell (where one 
quarter is used as fuel and the rest is organic waste) and 1.125 kg CNSL (an important input 
for the chemical industry in for example in India and Brazil, but in Guatemala it has no 
industrial value, instead it is just used to burn the cashew in the first step of the process) is 
obtained. After it is peeled it is classified by size, colour and humidity and then exported. 
Around three percentage of the cashew is rejected 
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Table 7.7: Use of energy in the processing plant for the cashew in Guatemala. 

per kg of shelled cashew nuts cashew nuts 

Energy (MJ)  

   electricity (MJ) 0.0106 

   propane gas (MJ) 0.22 

 
 
Transport to export harbour (for cashew nuts in Guatemala) 
The transport for the cashew is estimated to be 300 km from processing plant to export 
harbour and is assumed to be carried out by medium truck. For data on fuel consumption a 
database (BUWAL) in SimaPro has been used. 
 
 
Transport to import harbour in Sweden (for cashew nuts from Guatemala) 
The transport from Guatemala to Sweden is done by ship and the distance is estimated to 
9 115 km. For data on fuel consumption a database (BUWAL) in SimaPro has been used. 
 
 
Transport from harbour to consumption of cashew 
For the rest of the chain the same data as for the case of El Salvador have been used, so for 
more details see 7.1.1 Inventory of cashew nuts in El Salvador. 
 
 

7.2.2 Results for cashew nuts from Guatemala 
Below, the results from the LCA on cashew nuts from Guatemala to Sweden are presented. 
The different impact categories are: use of primary energy, potential contribution to global 
warming, eutrophication and acidification, as well as use of land, water and pesticides. 
 
Primary energy use (for cashew nuts from Guatemala) 
The energy use is rather low for the production of cashew nuts. The transports stand for a 
relatively high part of the energy use, see figure 7.9. In the cultivation phase the primary 
energy use is due to production of fertilisers. In the last step, consumption, the negative bar 
shows the energy obtained in the incineration of the plastic bag used for packaging the 
cashew. 
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Figure 7.9: Primary energy use for production of 100 g cashew nuts from Guatemala. 

 
 
Global warming (for cashew nuts from Guatemala) 
The emissions contributing to global warming is highest for the cultivation, due to production 
of mainly nitrogen fertiliser, and also transportation from cultivation to processing, which is 
relatively long and the product transported is much heavier than after removal of the shell (see 
figure 7.10). There are some uncertainties in the transport from the store to the consumer; 
still, the results show that it is an important step in the cashew chain. 
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Figure 7.10: Emissions of greenhouse gases for production of 100 g cashew nuts from Guatemala. 
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Eutrophication (for cashew nuts from Guatemala) 
The potential contribution to eutrophication for producing 100 g of cashew is highest in the 
cultivation phase, mainly due to leakage of phosphorus, see figure 7.11. Also the 
transportation between cultivation and mill has a relatively large contribution to the potential 
eutrophication, primarily from NOX emissions. The transportation between cultivation and 
processing, as stated above, is relatively long and since the shell not yet is removed is the 
weight almost five times higher compared with the functional unit. 
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Figure 7.11: Potential contribution to eutrophication for production of 100 g cashew nuts from 
Guatemala. 

 
Acidification (for cashew nuts from Guatemala) 
The highest contribution to acidification is the transport between cultivation and processing, 
mainly due to NOX emissions and the same reasons as explained above (under global 
warming and eutrophication), see figure 7.12. 
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Figure 7.12: Potential contribution to acidification for production of 100 g cashew nuts from El 
Salvador. 

 
 
Use of land and water in the cultivation phase (for cashew nuts from Guatemala) 
The resources used, presented here, has been limited to land and water in the cultivation and 
processing. The land use is directly connected to the yield, see table 7.8. No water was used in 
the cultivation, but in the processing 0.045 litre water was used for producing 100 g of cashew 
nuts, but all of it was recycled. 
 
Table 7.8: The use of land and water in the cultivation and processing of cashew in Guatemala. 

per functional unit cashew nuts 

Land use (m2) 3.15 

Water use (litre) 0.045* 
* all water used in processing is recycled 

7.2.3 Conclusions for cashew nuts from El Salvador 
The transportation had a relatively high impact for the chain of cashew, especially the 
transport between cultivation and processing had a large impact, due to transportation of raw 
cashew (which is almost five times the weight of peeled cashew) and also the relatively long 
distance. 
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8 Snow peas 
Snow pea is a type of edible-podded pea which, unlike garden peas, is eaten whole, because 
they have a less fibre in their pods (Hulshof, 2004 cited in Espindola Rafael, 2006), see figure 
8.1. The snow pea can today be grown in numerous climates worldwide, but originates from 
the Mediterranean region, though it is generally regarded a Chinese vegetable (Hart, 2002 
cited in Espindola Rafael, 2006). Today Guatemala is, together with Zimbabwe, the leading 
exporter of snow peas. 
 

 
Figure 8.1: Harvested snow peas 
 

8.1 Production of snow peas in Guatemala 
Snow peas have become one of Guatemala’s most important non-traditional agricultural 
commodities for export. It is to ninety percent produced on farms smaller than one hectare. 
Almost 77 % of the snow peas from Guatemala are exported to the US while 22 % percent are 
for the European market and the remaining 1 % goes to Canada. In this study two options are 
studied. The snow peas in option 1 are produced for the market in the United States while 
option 2 is for the market in Europe. The reasons for choosing these options are the different 
regulations for the two markets. The regulations for exporting to the US have general been 
harder than for exporting to Europe. Though in the last years, more European importers are 
demanding their exporters and farmers to fulfil the requirements according to EurepGAP, 
which is costly and makes it difficult for the farmers to enter the European market. On the 
other hand, for exporting to the US market other requirements are needed to be fulfilled, as 
specific types of fertilisers. (Espindola Rafael, 2006) Though, in this study, to be able to make 
a comparison of the both cases, both options are assumed to end up in Sweden. The different 
steps in the chain are shown in figure 8.2. 
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Figure 8.2: Flowchart over the snow peas chain, starting at the cultivation in Guatemala and ending 
up at the consumer in Sweden. The different inputs of materials are also shown in the figure. 

 
In reality, there should be one transport from import harbour to storage, then storage, then 
transport from storage to store and then the store. However, other studies (e.g. Berlin, 2005) 
have shown that the storage and store have a relatively small impact, even if it is a product 
that needs cold storage. Therefore, in this study, these steps in the chain have been excluded. 
So from the import harbour only one transport, import harbour to store, has been assumed. In 
the store there are some losses of the snow peas and the consumer also put the snow peas in a 
plastic bag as package, but besides this no other activity is assumed to occur in the store. 
From the store the snow peas is transported to the consumer and at the consumer the snow 
peas are boiled before consumption. The functional unit chosen here is one kg of boiled snow 
peas at the consumer. 
 

8.1.1 Inventory of snow peas from Guatemala 
Data for cultivation of snow peas in option 1 is collected from 28 producers and in option 2 
data is collected from 19 producers. For the processing data has been collected from three 
processors in option 1 and five processors in option 2.  
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Cultivation (for snow peas in Guatemala) 
In option 1 the average size of the cultivations are 0.25 ha compared to 0.6 ha for option 2. 
The yield in both cases are 8.69 tonnes per ha for option 1 and 13.5 tonnes per ha for option 2. 
 
Inputs to the cultivation (for snow peas in Guatemala) 
In the table 8.1 the inputs to the cultivations are shown. 
 
Table 8.1: Input data to the snow peas cultivation in Guatemala. 

per ha and year option 1 option 2 

Fertilizers   

   N (kg) 263 342 

   P (kg) 230 512 

   K (kg) 20.8 105 

Organic fertilizers   

   N (kg) 22.6 38.1 

   P (kg) 23.9 56.6 

   K (kg) 22.1 36.7 

Pesticides   

   insecticides (kg a.i) 38.8 9.21 

   fungicides (kg a.i.) 84.9 24.9 

   fumigants (kg a.i.) 0.249 7.03 

Water use (m3) 102 4 305 

 
 
Nitrogen losses (for snow peas in Guatemala) 
It is very difficult to estimate the nitrogen losses from the cultivation. To do this, an analysis 
of the soil, topography, temperature and precipitation and how it is distributed over the year 
has to be carried out and this was beyond the scope of this project. Instead a simplified 
nitrogen balance was performed, based on the total amount of nitrogen added to and lost from 
the cultivation. The total amount of nitrogen fertilizer added to the cultivations was 286 kg for 
option 1 and 380 kg for option 2. The amount of nitrogen out from the cultivation is: nitrogen 
in the snow peas, emissions of dinitrogen oxide (N2O), ammonia (NH3) and nitrate (NO3). 
The amount of nitrogen in snow peas is 0.49 g N per 100 g (Nutrition Facts). This gives a 
total nitrogen content in the yield on 43 kg and 66 kg for option 1 and option 2 respectively. 
The N2O-N emissions are assumed to be 1.25% of the total amount of nitrogen in the fertilizer 
(IPCC 2000). 
 
 option 1: 1.25% * 286 kg N per ha = 3.6 kg N2O-N  →  5.6 kg N2O per ha 
 
 option 2: 1.25% * 380 kg N per ha = 4.8 kg N2O-N  →  7.5 kg N2O per ha 
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According to Audsley et.al. (1996) about 1% of the nitrogen fertilizer leaves as 
ammonianitrogen (NH3-N) to air. 
 
 option 1: 1% * 286 kg N per ha = 2.9 kg NH3-N  →  3.5 kg NH3 per ha 
 
 option 2: 1% * 380 kg N per ha = 3.8 kg NH3-N  →  4.6 kg NH3 per ha 
 
The most difficult nitrogen emission to calculate is the leakage of NO3 to water. To get an 
approximate estimation, it has been assumed in this study that half of the “surplus” of the 
nitrogen (the total amount of nitrogen added as fertilizer, minus the amount of nitrogen in the 
yield, emissions of N2O and NH3) will be NO3-N leakage. The other half is assumed either to 
be build-up organic matter in the soil or de-nitrified to N2 (with no environmental 
consequences). For option 1 the surplus is 237 kg N, which gives a leakage from the 
cultivation of 119 kg NO3-N or 525 NO3, using the assumptions above. For option 2 the 
surplus is 305 kg N, which gives a leakage from the cultivation on 153 kg NO3-N or 676 kg 
NO3, based on the same assumptions. In table 8.2 the nitrogen balance for the cultivations for 
snow peas in Guatemala is shown.  
 
Table 8.2: Nitrogen balance for snow peas in Guatemala 

kg N per ha and year option 1 option 2 

Total amount of nitrogen fertilizer 286 380 

Total amount of nitrogen in yield 8 693 13 496 

Emissions to air   

   N2O-N 3.6 4.8 

   NH3-N 2.9 3.8 

Emissions to water   

   NO3-N 119 153 

“Surplus” or “Deficit” +237 +305 

 
The leakage of phosphorous is assumed to be 0.3 kg per ha in both cases. 
 
Transport to processing plant (for snow peas in Guatemala) 
After the snow peas are harvested at the cultivation, they are transported to the processing. 
The transport is done by a small truck, horse or human force. Here a small truck is assumed. 
The distance has been estimated to 2.3 km in both cases. For data on fuel consumption a 
database (BUWAL) in SimaPro has been used. 
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Processing (of snow peas in Guatemala) 
In the processing plant the snow peas are sorted and then packed in card board boxes. For 
every produced kg of snow peas 0.4 kg and 0.15 kg are assumed to be losses for option 1 and 
option 2 respectively. In table 8.3 the inputs of electricity, water and material for the 
cardboard boxes is shown per functional unit.  
 
Table 8.3: Use of energy and materials in the processing plant for the snow peas in Guatemala. 

per 100 gram of snow peas option 1 option 2 

Electricity (MJ) 0.011 0.0047 

Water (litre) 0.090 - 

Cardboard box (kg) 0.028 0.0025 

 
Transport to export harbour (for snow peas in Guatemala) 
In option 1 the distance is 311 km and in option 2 the distance is 344 km from processing 
plant to export harbour. The snowpeas is transported in cold storage and is assumed to be 
carried out by medium truck, where a five percent higher fuel consumption has been assumed, 
because of the cold storage. For data on fuel consumption a database (BUWAL) in SimaPro 
has been used. 
 
Transport to import harbour in Sweden (for snow peas from Guatemala) 
The transport from Guatemala to Sweden is done by ship and an additional five percent of 
fuel consumption is assumed since snow peas need cold storage for the transportation. The 
same distance, 9 455 km (assumed to be the same as for Costa Rica to Sweden), is used in 
both cases. For data on fuel consumption a database (BUWAL) in SimaPro has been used. 
 
Transport of snow peas to store 
As described in 8.1, only one transport is assumed between import harbour and store and 
since no data on either the distance between import harbour and storage, or storage and store, 
has been possible to estimate, a distance of 400 km has been assumed to give some indication 
of this part of the chain. This distance is also assumed to be carried out with a cold storage 
truck and five percent fuel consumption is added. For data on fuel consumption a SimaPro 
database (BUWAL) has been used. 
 
Store 
In the store ten percent of the snow peas are assumed to be waste. Though this outflow has not 
been considered here, but would most likely have no impact on the overall results of the 
study.  
 
For packaging the consumer uses a plastic bag for the snow peas. One plastic bag weighs 2 
gram (measured, SIK, 051209) and contain 200 gram of snow peas. For data on plastic 
(LDPE) production a SimaPro database (BUWAL) has been used. 
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Home transport of snow peas 
The transport from the store to the consumer is very difficult to estimate. In this study an 
average distance on 12.7 km is assumed for one person to transport all groceries from the 
store by car per week, based on an article by Sonesson et al. (2005). The study also takes into 
account that some transport is done by other transportation modes than car, as bicycle, which 
does not contribute to any energy use or emissions. Assuming a car uses 0.08 litres of petrol 
per km and the energy content in petrol is 31.4 MJ per litre, gives that to transport all 
groceries during one year from the store to the home 1659 MJ of petrol is needed per person. 
An average household in Sweden buys around 748 kg groceries per year (SJV and SCB, 
2000) and in each household there are 2.2 persons, which gives that one person buys 340 kg 
groceries per year (SCB, 2004). This gives that to transport one kg of groceries from the store 
to the consumer requires 2.2 MJ of petrol.  
 
Consumer 
At the consumer the snow peas are boiled before they are consumed. It is assumed that 200 
gram of snow peas is boiled at one time in 0.5 litre of water on an electric stove.  
The energy use is estimated based on “Energy consumption in household” (Sonesson et al., 
2003), which gives: 
 

TmetmemeE phpwmtwhutot ∆⋅⋅+⋅⋅+⋅= , where 
 

)1073.8(1035.1 73
whu me ⋅⋅−⋅= −−  

 
wmt me ⋅⋅−⋅= −− )1005.5(1042.1 95  

 
61081.3 −⋅=hpe  

 
5.0=wm  kg 

 
2=t  minutes 

 
2.0=pm  kg 

 
°=∆ 80T  

 
This gives an energy use of 0.5 MJ for boiling 200 gram of snow peas. Swedish electricity 
mix is assumed. The energy use for boiling one kg of snow peas are then 2.5 MJ. 
 
The plastic bag, used as package from the store to the consumer is here discarded and 
incinerated. During the incineration energy is obtained and therefore a system expansion has 
been made. The system expansion is illustrated in figure 8.3, where the obtained energy from 
combustion of the plastic bag (2 gram) is assumed to replace production of 0.00588 MJ 
electricity and 0.06552 MJ district heating.  
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Figure 8.3: A system expansion has been made for the incineration of the plastic bag. In the 
incineration the plastic package causes emissions, but also energy, which can replace some amount of 
electricity and district heating. This means that the incineration will save some energy that otherwise 
would have been produced in another way, and therefore the environmental impact will be reduced 
the same environmental impact of production of this saved energy  

 
Data for incineration, emissions and obtained energy, are given in Sundqvist (1999) and listed 
in table 8.3. 
 
Table 8.3: Emitted emissions and obtained energy during incineration of waste (Sundqvist, 1999). 

per kg of polyethene plastic   

Air emissions (kg) CO2 2.36 

 CO 3.5e-3 

 dust 2.4e-6 

 dioxins 2.3e-12 

 NOX 1.8e-3 

 PAH 2.3e-8 

 Slag and ashes 3.0e-2 

Production of energy (MJ) electricity 2.94 

 heat 32.76 

 
 

8.1.2 Results for snow peas from Guatemala 
Below, the results from the LCA on snow peas from Guatemala to Sweden are presented. The 
different impact categories are: use of primary energy, potential contribution to global 
warming, eutrophication and acidification, as well as use of land, water and pesticides. 
 
Primary energy use (for snow peas from Guatemala) 
The primary energy use is highest for the cultivation in option 1, though to inputs of 
pesticides and fertilisers, see figure 8.4. Especially the pesticides have a relatively high 
contribution (around 60 %) to the primary energy use. The energy use for option 2 is 
considerably lower compared to option 1, and here the fertilisers stand for the main part of the 
energy use, though the pesticides still correspond to about 20 %. For option 2 also the 
processing is considerable higher compared to option 1, this due to higher amount of 
cardboard boxes per kg of product but also because of a higher electricity use. Looking at the 
whole chain the preparing of the snow peas at the consumer had a relatively large impact. 
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Figure 8.4: Primary energy use for production of one kg of snow peas from Guatemala 

 
 
Global warming (for snow peas from Guatemala) 
The emissions contributing to global warming is highest in the cultivation, mainly due to 
dinitrogen oxide emissions from production of nitrogen fertilisers and emissions from the 
field, but also from combustion of fossil fuel at the production of pesticides and fertilisers. 
Option 1 has a higher contribution to global warming in both cultivation, due to a much lower 
yield, and in processing, due to the higher use of inputs, see figure 8.5. 
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Figure 8.5: Emissions of greenhouse gases for production of one kg of snow peas from Guatemala 
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Eutrophication (for snow peas from Guatemala) 
For both cases the cultivation has the highest contribution to eutrophication in the chain, due 
to nitrate leakage from the cultivation. Even though the nitrate leakage is higher per ha in 
option 2 the higher yield per ha gives a lower contribution to eutrophication per kg of product, 
se figure 8.6. 
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Figure 8.6: Potential contribution to eutrophication for production of one kg of snow peas from 
Guatemala 

 
Acidification (for snow peas from Guatemala) 
Acidification is higher in option 1 for the cultivation and processing, see figure 8.7. In the 
cultivation phase it is due to the lower yield and in the processing due to the higher amount of 
input. For the transport processing to export a small difference is also shown, depending on 
the slightly longer distance in option 2. For the transport from export to import the 
contribution to acidification is relatively higher compared to the other impact categories, due 
to the fuel used for ships contain more sulphur. 
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Figure 8.7: Potential contribution to acidification for production of one kg of snow peas from 
Guatemala 

 
 
Use of land and water in the cultivation phase (for snow peas from Guatemala) 
The resources used, presented here, has been limited to land and water in the cultivation (for 
resources as phosphorous and potassium see table 5.1) and processing. The land use is 
directly connected to the yield, and since the yield is much higher in option 2 the land use is 
much higher in option 1, see table 8.4. The water use is almost exclusively from the 
cultivation (only a small amount in option 1 refers to the processing) and in option 2 the water 
for irrigation is considerably higher than in option 1.  
 
Table 8.4: The use of land and water in the cultivation of one kg of snow peas from Guatemala 

per functional unit option 1 option 2 

Land use (m2) 1.78 0.945 

Water use (litre) 19.3 408 

 
 
Use of pesticides (for snow peas from Guatemala) 
It is very difficult to estimate the pesticides effect on the environment and therefore only the 
amounts of active substance are presented here (In this project a more deep investigation on 
the pesticides toxicity and the effect on human health are performed, so for further 
information see report from IRET within this project). In table 8.5 the amount of active 
substance used in the cultivation of snow peas in Guatemala are listed. The amount of 
pesticides used are higher for option 1, both considering per ha and per functional unit. The 
amount of the very toxic pesticide Ethoprophos, classified as extremely hazardous according 
to WHO, though is higher in option 2. Another pesticide, recommended not to be used by 
WHO, is Endosulfan, used in both option 1and option 2.  
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Table 8.5: Amount of pesticides (g active substance) used in the cultivation of one kg of snow peas in 
Guatemala. 

g a.s. per functional unit option 1 option 2 

Insecticides 6.92 0.874 

Fungicides 15.1 2.36 

Fumigants 0.0444 0.667 

Total amount of pesticides 22.1 3.9 

 

8.1.3 Conclusions for snow peas from Guatemala 
The environmental impacts, studied here, are higher for option 1. Though the amount of 
pesticides used in the cultivation are higher in option 1, the amount of extremely toxic 
pesticides (i.e. Ethoprophos, classified as extremely hazardous by WHO) is higher in option 2.  
 
There is a very high use of fertilisers in the cultivation of snow peas, which might be possible 
to lower. Looking at the nitrogen balance there seems to be a high surplus of nitrogen. 
Considering snow peas is a nitrogen fixating plant, the amount of nitrogen fertilities applied is 
a bit strange. Most likely this could be reduced. Also the amount of pesticides would 
preferably be reduced and especially the most toxic ones (Ethoprophos and Endosulfan) ought 
to be replaced.  
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9 Discussion 
 
The results show, in accordance with LCAs of many agricultural products, that the amount of 
fertilisers has an important influence on especially energy use, global warming and 
eutrophication. The production of fertilisers has a relatively large contribution to the use of 
energy, especially when a lot of the work at the farm is carried out by hand and the energy use 
at the cultivation is low. The energy use in relation to production of fertilisers gives rise to 
emissions contributing to global warming, but it is especially the emissions of dinitrogen 
oxide, N2O, related to the production and use of nitrogen fertilisers that contributes to global 
warming.  
 
The largest contribution to eutrophication was the leakage of nitrate (except for cashew, 
where no fertilizers were used, and for high altitude chayote in El Salvador where the nitrogen 
balance was negative and therefore no leakage of nitrate was assumed). The estimation of the 
nitrate leakage was made rather coarsely, since, as pointed out earlier, performing a “more 
accurate” estimation of the nitrogen losses, an analysis of the soil, topography, temperature 
and precipitation and how it is distributed over the year needs to be carried out, which was 
beyond the scope of this study.  
 
The contribution to global warming is closely connected with the energy use (with exception 
for the preparation of coffee and snow peas in Sweden, where Swedish electricity mix, 
consisting of about half hydro power and half nuclear power, is used). Also acidification has a 
strong correlation to combustion of fossil fuels, where oil (for the boat transport from export 
to import harbour) has the highest contribution to acidification due to emissions of sulphur 
oxides, SOx, followed by diesel (for all transports by truck) and last petrol (for the home 
transport), considering the different fuels used for transportation. None of the products, except 
possibly chayote, is a highly refined product, so transport has a relatively large impact, 
compared to many other LCA studies (e.g. Sonesson et al., 2005c, Berlin, 2005). The land use 
is directly correlated to the yield and for water use the access to data differed substantially for 
the products.  
 
The pesticides might be the most important impact category in this study, but since no well-
established method to classify toxicity and effect on the environment and humans exists, the 
pesticides in this study has just been expressed as amount of active ingredient (a.i.) and the 
most toxic substances have been pointed out.  
 
It is difficult to give any overall conclusions of the results. The main improvement that can be 
made is to reduce the pesticide use. Many pesticides that are used on the cultivations are acute 
or chronically toxic, and several are also classified as hazardous, banned or restricted within 
different initiatives. On the other hand, the crop deceases and infestations are often more 
problematic in tropical countries and therefore the need of pesticides are greater. Also the use 
of fertilisers has a potential to be lowered, especially in some cases the use were very high 
and a simple nitrogen balance could at least give a hint about the nitrogen needed. 
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For the other impact categories: energy use, global warming, eutrophication and acidification, 
the cultivation and preparation at the consumer were the most important stages in the life 
cycle of coffee. The preparation at the consumer is rather difficult to influence, perhaps more 
efficient coffee makers will be developed in future. In the cultivation, some reduction of 
energy might be made, mainly by reducing of the use of fertilisers (which is rather energy 
consuming to produce and gives rice to eutrophication due to leakage of mainly nitrate), but 
since all coffee is picked by hand it is difficult to make other improvements considering these 
impact categories.  
 
Melon had the main impact at the cultivation phase, due to high use of pesticides (i.e. methyl 
bromide and metam sodium for respective case), but it is difficult to say how significant the 
improvements will be, since the action against pests then must be performed in other ways, 
which might contribute more to these impact categories (energy use, global warming, 
eutrophication and acidification). Also the amount of fertilizer should be adjusted to balance 
to the needs of the crop in order to reduce eutrophication.   
 
For chayote it was only for eutrophication that cultivation was the most contributing step in 
the chain, for the other categories the different transport steps had a higher contribution. The 
relatively high yield gave a rather low impact from the cultivation, seen per kg of product.  
 
For cashew the processing was the activity that gave the highest contribution for all impact 
categories, except eutrophication for the organically grown. Maybe the processing of cashew 
could be more efficient in the steaming and cooling, but the peeling is today carried out by 
hand, so no improvements affecting the impact categories chosen in this study could be done 
here. No conclusions for the conventionally grown cashew can be made, since no data have 
been available.  
 
For all impact categories the cultivation phase was the one with the highest environmental 
burden in the case of sow peas. There was a high use of both fertilisers and pesticides. 
Especially the high amount of nitrogen used in the cultivation could be questioned, 
considering snow peas is a nitrogen fixating plant. The higher environmental impact for 
option 1 compared to option 2 was mainly due to the lower yields. 
 
One of the largest difficulties in the study has been the collection of data. The problem with 
insufficient data (i.e. data gaps), makes it difficult to do a fair comparison between the 
different options. Very little research has been done on these crops and therefore no studies 
have been found for comparison.  
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10 Conclusion and further outlook 
 
The conclusion of this study is that there are potential for improvements in most of the cases, 
mainly with focus on pesticide and fertiliser use in the cultivation phase. The large share of 
manual labour in the studied systems means that the input of fossil energy for traction etc. is 
low. Another effect of the manual labour is that the assessment of the working conditions 
becomes very important. If the agriculture is mechanised, it will lead to a trade-off between 
increased energy use and possibly better working conditions. However, no clear conclusions 
can be drawn on whether this is positive or negative; it must be assessed in each specific case. 
There might also be some potential improvements in the processing step for some products 
and in the case of coffee it shows that treatment of waste water is an important factor 
considering eutrophication potential.  
 
Recommendations for future work are that there is improvement potential in most of the 
cases, but deeper studies are needed and it is also important to consider other aspects within 
the sustainable concept (i.e. social and economic aspects).  
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