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Abstract
Reducing food waste is very important for food security and environmental issues. The aim of
this study is to assess potential food losses and waste (FLW) along fresh apples value chain,
related environmental impact (emissions), and identify applicable measures to reduce losses
and waste. The study covered fresh apple value chain from production to consumption
considering agricultural, processing, distribution and consumption stages. Both quantitative and
qualitative analyses have been used. For FLW estimation, both primary data and secondary data
were used. For greenhouse gas (GHG) emission assessment, secondary data was compiled and
used. Considering the total FLW along the whole value chain, FLW became about 42% of the
yield. The contribution of processing (post-harvest handling between farm and retail) stage is
42%, followed by the consumption stage (25%), agricultural production (19%), and the
distribution (to and from retail and handling at retail) stage (14%). Considering the whole value
chain, GHG emissions (organic apple) shows that agricultural production stage contributes 8%,
processing 38%, distribution 18% and consumption 36%. Conventional apple emission is the
same percentage at processing and distribution stage, 1% increase at agricultural production
and consumption each. FLW at the end of the value chain (consumption) causes more emission
per unit FLW, because of the large amount of loss at this stage and higher accumulated impacts
from agricultural to consumption stages. The major causes of fruit loss ad waste are quality
attributes, mechanical injuries, improper harvesting method, improper handling, inadequate
storage facilities, over-purchasing, spoilage etc. Strategies to reduce FLW of apple related
environmental impact include increasing awareness on FLW, improving post-harvest handling
of fruits, reuse and recycle food rather than waste.
Key words: Apple value chain; Food loss; GHG emission; apple loss factors
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1. Introduction
1.1 Apple production
There is an increase in food production as a result of an increasing world population Intensive
agricultural practices help in food production and have negative impacts on the environment.
Use of fertilizers, pesticides contribute to environmental issues, food safety and security(Liu
et al, 2013).
Organic farming is a type of farming system which implements the use of natural inputs than
synthetic input such as pesticides, fertilizers, chemicals etc. It is like conventional farming in
other practices with restrictions on use of synthetic agrochemicals. Organic farming has been
on the rise by farmers to protect the environment and improve natural processes.
Fruits are consumed for improved health by humans. Apple (Malus domestica) is a sweet,
fleshy fruit produced by apple trees. Apples constitute 3% of the total consumer market in the
EU followed by dairy products, meat, cereals, crop-based products, vegetables, beverages and
pre-prepared meals (Notarnicola et al,2017)
Apples can be grown by conventional and organic methods. Organic apple is a commercial
fruit highly cultivated in Sweden. Production of commercial apples ranges between 20000
tonnes per year in which organic is 1-2% (200-400 tonnes) in Sweden. The cost of production
of organic apples is higher than conventional apples, despite higher cost of production,
organic apples has lower yield. Apple produced can be sold as `organic` if it has been certified
by two national organizations responsible for organic farming control; KRAV and Demeter.
(FAO,2009)

1.2. Literature review
1.2.1 Apple value chain
Value Chain Analysis (VCA)- is a method used to identify where food loss is the most important
along the supply chain. Level of food loss varies along stages of food supply and this depends
on food type (cereals, fruits, vegetables, dairy etc), region/country, social and cultural practices.
Product value chain is the process involved in production of goods to consumption. Apple value
chain consists of a full range of activities and services required to bring the product from farm
gate for sales in local and international markets. Addition of value to a product includes
production, processing, packaging, storage, transport, marketing and distribution.
7

1.2.2 Food loss and waste (FLW)
Food loss is important in terms of food production and provision. Food loss is a threat to food
security, food safety and quality and the environment. Food losses depend and differ at various
stages such as production, storage, processing, marketing, consumption and food practices.
According to FAO 2011, food loss can be described as resources wasted such as land, water,
energy and inputs, for production of food that will not be consumed.
According to Muth et al, (2019), “food loss and waste (FLW) is defined as food lost at every
stage of food supply chain from production to consumption including un-harvested food on the
field; food damaged by pest, during transportation and food that were not consumed due to
spoilage ,excess preparation and therefore disposed.”
Different causes of FLW along the supply chain results in different volumes of waste at each
stage. Food waste according to the FAO is estimated at 413 tonnes at the production stage, 293
tonnes at postharvest and storage stage,148 tonnes during processing. 161 tonnes at the
distribution stage and 280 tonnes is wasted in consumption(Gustavsson et al,2013). Food types
such as fruits, vegetables, poultry, nuts, cereals etc are wasted at different quantities at each
stage. Approximately,30% of fruits and vegetables are wasted at the retail and consumption
stage,26% of meat, poultry and fish, 15% of nuts and 41% of sugars and sweeteners (Buzby et
al,2014). Waste exits for many reasons at different stages, FLW at different stages should be
addressed in order to identify the extent of total amount of waste.

Figure.1. A model showing how food flows through the food supply chain
8

FLW at all stages; agricultural production, food processing, retail and consumption.
Consumption between food service establishments and institutions were distinguished (Read et
al., 2019).
Comparisons by various studies between conventional and organic farming systems performed
on various agricultural products and at different factors recommends organic farming to be
environmentally safe , due to its lower use of fossil fuel energy and less greenhouse gases
emission which contributes to global warming (Flessa et al,2002) .Furthermore, products from
organic farming are ascertained to be healthier and safer for consumption(Dendler et al.,
2016)resulting in high demand due to the benefits especially in developed countries.
This study focuses on the production, consumption and loss of organic apple fruits were
evaluated from an environmental perspective. How much fresh apple is lost and wasted along
its supply chain and how can such losses be prevented? How waste from organic and
conventional apple production impacts the environment? There are not specific answers to these
questions as enough attention is not paid to food supply chain losses which are important.
1.2.3 FLW at global level
Food loss and waste is a worldwide issue and food security is a significant concern in all parts
of the world however, of utmost concern in developing countries due to expanding population.
Decrease of food loss will develop food order productivity. Natural resources such as land,
water, fertilizer, and energy utilized in the production of food are lost alongside food waste.
Foods that are not consumed contribute to CO2 outflows just as loss of food monetary level.
According to the Swedish Institute for Food Biotechnology:
Types of food losses/waste along food supply chain (Fruit commodities and products)
Agricultural production: losses as a result of mechanical damage during harvest e.g. fruit
picking, sorting, crops left in field, animal attack, disease infection etc.
Post-Harvest handling and storage: these are losses that occur during handling, storage and
production after harvesting as a result of spillage and degradation, insect infestation.
Processing and Packaging: losses occur at this level during fruit processing such as industrial
or domestic processing such as canning, juice production (peeling, slicing of fruits).
Distribution: losses and waste when fruit is being distributed at the market level- wholesalers,
retailers, supermarkets. This includes loss during packaging (boxes, crates), transportation to
the distributors.
9

Consumption: losses and waste at domestic and household level during consumption.
1.2.4 Extent of food losses and waste
One-third of edible portions produced for human consumption are wasted worldwide i.e.1.3
billion ton per year (FAO,2011). Food waste occurs from initial production to domestic
consumption. The amount of food waste varies by country, in high income countries, at
household (consumption stage) food waste is higher than in any supply chain and in low income
countries, food waste is mostly at the early stage of supply chain, less is wasted at consumer
level.
Food loss in Europe and North America is between 280-300kg/year, in sub- Saharan Africa and
South/Southeast Asia is 120-170 kg/year. Per capita food wastage by consumers in Europe and
North America is 95-115 kg/year, but only 6-11 kg/year sub-Saharan Africa and
South/Southeast Asia.
In countries with low and medium income, agricultural production loss dominates the FSC and
losses at post-harvest and distribution are also important.

Figure 2. Graph showing Percentage of the initial production lost or wasted at different stages
of the FSC for fruits and vegetables in different regions (FAOSTAT,2010)
“Agriculture” losses indicate losses during the harvesting process and subsequent sorting and
grading. “Post-harvest” indicates losses occurring during processing, transportation and storage
immediately after harvest and before processing (FAO,2011). The differences indicate the need
to improve fruits and vegetables technology during post-harvest operations in developing
countries.
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1.2.5 Food loss and waste in Sweden
Due to lack of comprehensive data, food waste generated in Sweden is 1,210,000 tonnes as of
2012 which is equivalent to 127kg per person (Stare et al.,2013). Distributors are supermarkets
including wholesalers have been identified but they generate less volume of food waste.
Consumers include restaurants, catering facilities and households. According to Jensen et
al,2010, data were based on how much food is disposed of in supermarket, restaurant
Despite the availability of facilities to separate food loss thrown as mixed waste, total volume
of food waste as mixed waste is greater and the total food waste are calculated as percentage of
mixed waste, they also increase. Total volume of food waste is unnecessary food waste and
unavoidable food waste, unnecessary food waste in this context is defined as food that would
have been consumed assuming it was handled correctly and eaten at some point e.g. bread, food
leftovers in plate, unavoidable waste are the food loss during production and cannot be avoided
such as peelings, bones, spoilage etc.
1.2.6 Fruits and vegetables losses across the food chain
Fruits and vegetables are of importance and have very short shelf life. This includes (cabbage,
carrot, onion) as vegetables and tomato, apple, grapes, berries etc as fruits.
The rate of loss of fruit and vegetables in the agricultural production stage in high income
countries is 22% , while in low income countries is 9% (FAO,2011).Reasons for such losses
and waste differs widely in each region, according to Global food loss and Waste study, loss is
higher in agricultural production in high income countries as a result of overproduction to
deliver the right quantity irrespective of adverse weather, losses by producers as a result of
market price variation, pest infestation on field, mechanical damage before and during harvest,
etc.
Activities in post-harvest handling and storage includes cooling, cleaning, sorting, storage,
processing, packing, transportation, and marketing. At post-harvest and storage phase, Losses
in high income countries may be due to machinery and additional fruit sorting ,low
and medium countries as a result of inadequate facilities such as transport and storage due to
temperature and ventilation needed for preserving the fruits and vegetables, resulting to high
losses due to degradation ,pest infestation and heat damage during summer to perishable fruit
and vegetables (Themen,2014).
Across the value chain, packaging of fruits and vegetables before transportation to market and
distribution and processing involves preserving the nutrition to extend the shelf life till it gets
to the market. There is low amount of loss and waste during processing in high income countries
11

compared to low income countries (FAOSTAT,2010).Loss is minimal due to accessibility to
high technology, while in low income countries use of simpler practices like pickling, salting,
poor utility, electricity supply during production etc may contribute to higher amount of loss
and waste.
Distribution is a phase in the horticultural value chain from loading the product after packaging,
from the farm for sales to consumers In high income countries there is the highest level of loss
during this phase in the chain (at 6%) while middle income is less than 6% and low income is
less than 4% (FAO,2011) The reason for the loss is due to retailers ordering more than the
amount needed so as to ensure varieties of fruit and vegetables, the quantity ends up in excess
and rejected by consumers when they become un-fresh. High request of a product by consumers
during festivities/celebrations such that the demand goes down after this event resulting in
wastage.
Another factor described by the Global Food losses and Waste study is poor refrigeration,
products that are sensitive to cold are stored at extremely low temperature and those that require
low temperature are stored at high temperatures.
In low and medium countries, the losses during this stage are effective at the consumers stage
i.e. at the market. transportation, equipment used in packing, sold openly without refrigeration
all contributes to fruit and vegetables loss.
Consumption is the last stage in the value chain, time of purchase by consumers of fresh or
processed fruits and vegetables till it is consumed. The loss at high income countries is
higher at this stage than in low income countries Above 20% loss in high income countries,
13% in middle income countries and 2% in low income countries(Themen,2014) This is in
accordance with the Global Food losses and Waste study. Differences in losses at this stage
depends on consumers behaviour such as discarding products 24 hours after purchase, cutting
a large part due to degradation etc all these are identified as losses and waste.
1.2.7 Environmental Impacts due to FLW
Food loss comprises waste resources used in production of food and commodity e.g. land,
water, inputs and energy. Choice of food is not only important for health; it also affects the
environment. Food handling must be sustainable in order to reduce greenhouse gas emissions/
negative implications on the environment. According to FAO (2011), the carbon footprint of
wasted food in 2007 is 3.3 billion metric tons equivalent to CO2 with an estimated economic
cost of 750 million U.S dollars. Across the supply chain from initial production of food and
product to the final consumers, greenhouse gases (GHG) e.g. carbon dioxide (CO2), nitrous
12

oxide (N2O) and methane (CH4) are produced. (Zhou,2011). Landfills have adverse effects on
the environment, produce toxic chemicals and release greenhouse gases (Sonesson, et al 2010)
and emissions from burnt incinerators; food waste and other waste products deposited in
landfills, bacteria breakdowns the waste which produces gases.
Greenhouse gas emissions (GHGs) are not the only negative environmental impact associated
with natural resources / food wastage; other impacts include land occupation, water usage,
energy consumption and biodiversity losses, soil erosion, deforestation etc. Plants and animal
products have various environmental impacts both negative and positive. However, animal
products e.g. milk, eggs , meat etc usually have more negative environmental impacts, negative
environmental impacts linked with plant products such as fruits, vegetables, flowers, tubers etc
are as a result of emission from soils and from consumption of energy such as fossil fuels etc
are also important (Cederberg et al.,2009).

1.3 Aim
The general objective of this study is to assess potential losses and waste along fresh apples
value chain, related environmental impact (emissions) and identify applicable measures to
reduce losses and waste. The study is specifically aimed to:
● identify and map apple value chain
● assess potential loss/waste along the apple value chain and related environmental
impact.
● identify factors causing FLW along apple value chain
● identify and describe available technologies (methods) for loss reduction and reuse of
waste products.

2. Materials and Methodology
2.1 Scope of the study
The focus of this study is on FLW along fresh apples supply chain and GHG emissions due to
this apple loss and waste. The study covers whole chain including agricultural production,
processing, distribution, and consumption stages. GHG emissions is the only environmental
impact category assessed in the study, focusing on GHG emission due to FLW along fresh
apple supply chain.
13

2.2 Data Collection
In this study, both primary and secondary data have been collected and used. The primary data
survey was conducted to collect data on FLW along apple value chain. Secondary data was
collected to enrich the FLW data and create data base for the assessment of GHG emission due
to FLW.
2.2.1 Data survey of FLW along apple value chain
For collection of primary data, there different categories of questionnaire were designed;
questionnaire targeting apple processor, retailers and consumers. Questions include in each
questionnaire are provided in Appendix A. A google format was created for each questionnaire
and sent out to all targeted groups. For consumers, an online survey was conducted targeting
consumers in Sweden in spring 2020. In this case, the google-format based questionnaire
distributed via email and social media platforms to university different networks and student
networks. For processors and retails, the questionnaires were distributed to a processor,
selected retails.
2.2.2. Secondary data of losses and waste along apple value chain
This is based on literature study (reviews articles, project and reports) All literature used in this
paper is properly referred to in the text (including figures and graphs) This study is focused on
fresh apple value chain including agricultural production, processing, distribution retail , and
consumption stages. Secondary data sources include mainly research reports and published
scientific papers. Data collection was conducted between March and May 2020. Selected
search words for this study were “apple loss and waste”, “organic apple value chain”,
“environmental impact of apple value chain”, , LCA and apple”, and “carbon footprint and
apple”. The major Databases were Google scholar, and Web of Science (all databases). In some
cases, reference list from articles were also used to find more relevant data source.
2.2.3. Secondary data of environmental impact along value chain
Emission data obtained from different reports, with focus on developed countries. After
identification of relevant papers, 14 papers with 17 supply chains were used as source of
emission data along fresh apple supply chain. Organic and conventional apple value chains
were considered separately to identify the differences between the two supply chains. Data
from integrated agricultural production of apple was categorized as organic in this study.
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2.3. FLW estimation along apple value chain
In order to estimate FLW, firstly, the supply chain was determined to be agricultural production,
processing (including transport to processing facility, storing, and packaging), distribution
(handling at retail), and consumption levels. Accordingly, 10 apple value chains were identified
from relevant peer reviewed papers and trusted documents. Secondly, FLW at each stage of the
10 value chains was extracted carefully at each stage of each apple value chain. Initially, FLW
data was estimated (extracted) as percentage of the apple amount entering each stage of the
value chain. Then, FLW was quantified in weight corresponding to 1 ton (after reducing all
losses) of fresh apple finally consumed. This increases our understanding on characteristics of
FLW along apple value chain. All unit conversions were done carefully, because different
studies presented their results in different units. This conversion of unit enables us to have
uniform database for analysis in this study.
2.4. GHG emission estimation along apple value chain
To estimate GHG emission, firstly data on emission due to activities each stage of value chain
(agricultural production, processing, distribution, and consumption) was extracted from the 17
apple value chains (see section 2.3). Then the data is carefully edited to maintain the uniformity
of unit, and supply chain structure. This is important as different papers (data sources) used
different units and different supply chain structure. Therefore, the extracted GHG emission
values were provided in kg CO2 equivalent (kg CO2 eq) per 1-ton fresh apple handled at each
stage. Using this redefined unit of emission and the quantity of FLW along apple value chain
(see section 2.3), GHG emission corresponding FLW at each stage was calculated.
In the estimation of FLW and related GHG emission values, Excel Spreadsheet was used.
Mainly, descriptive statistics such as, minimum, maximum, and average values are used to
describe and present the results along with Tables, graphs, and charts.
Level of food loss varies along stages of food supply and this depends on food type (cereals,
fruits, vegetables, dairy etc), region/country, social and cultural practices.
2.5. Assumptions and limitations
In this study, the following major assumptions were made:
•

The amount of FLW does vary between Organic and conventional apple value chain.

•

Except the agricultural production stage, GHG emission at processing, distribution, and
consumption levels does not vary between organic and conventional apple value chains.
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•

FLW characteristics and related emission along apple value chain do not vary much
between different developed countries.

•

In order to describe, the FLW and related GHG emission in quantitative value (weight),
1 ton of consumed (after reducing all FLW values along the chain) fresh apple was
considered as reference (functional unit) for final analysis.

This study has also some limitations:
•

Processed apple such as dried and apple juice product value chains were not studied in
detail.

•

Except GHG emission, other environmental impacts categories such as energy use, land
use, eutrophication, acidification etc are not considered.

3. Results
3.1 Mapping apple value chain
Loss and waste of fruit occurs in all stages along the value chain. The reason for this is fruits
are delicate and have a short shelf life i.e. cannot be kept for so long without effective
preservation measures. Loss of fruits vary considerably from one product to another because
the fruits and vegetables sector are heterogeneous; fruit products varies as some can withstand
certain treatment and temperatures while some products are sensitive to rough handling and
incorrect temperature (Mattsson,2014). For this reason, the major activities along apple supply
chain have been mapped out (see Figure 3).

16

Figure 3: Main activities along the apple value chain as identified in this study - from production
at the farm level to the final consumers
3.2. Background characteristics of survey participants and related data
From the online survey of consumers, 91 respondents were registered. Out of this about 50 %
were female and 50% were male (see Table 1). Regarding the causes of FLW, spoilage (56%
of respondents), over purchase (27), bad taste (9%) and other factors (9%) are the major factors
contributing to FLW along apple value chain (see Table 2).
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Table 1: response regarding gender
Gender
Female
Male
Total

Frequency (number of
respondents)

Percentage (i.e. percentage
of total respondents)
45
50
45
50
90
100

Table 2(a): responses of respondents regarding FLW at consumption level
Loss (%)

frequency (no of respondents

Percentage (%)

0-1%
1-2%
2-3%
3-5%
5-10%
10-20%
20-30%
30-40%
40-50%
>50%
Total

43
6
13
8
8
7
5
1
na
na
91

47.25
6.59
14.29
8.79
8.79
7.7
5.5
1.1
na
na
100

Table 2(b): Response regarding factors causing loss

Factor

Frequency (number of
respondents)

Bad taste
Spoilage
Over purchase
Other factor
Total

8
50
24
8
90

18

Percentage (i.e.
percentage of total
respondents)

8.9
55.6
26.7
8.9
100

Table 3: Response regarding purchase habit of apple

Product type

Frequency (number of
respondents)

Organic
conventional
both
Total

26
29
36
91

Percentage (i.e.
percentage of total
respondents)

28.6
31.9
39.6
100

Consumers are also assessed in the survey in terms of their consumption type and fruit
selection. Regarding the purchasing behaviour of respondents, 28% purchase only organic
apple, 32% purchase only conventional, and 40%, purchase both organic and conventional
apple. Amount of fresh apple loss and waste indicated by the consumers in their household’s
ranges between 0%-40%. About 47% of respondents indicated that the FLW of apple at
consumption level is less than 1% of apple purchased. In general, from result of survey, the
average FLW value at consumption level was 4.6% of purchased amount. Main reasons for
losses and waste in the homes are bad taste, spoilage, over-purchase and other factors. Most
prominent cause of loss and waste is spoilage, followed by over-purchase and bad taste
respectively. The survey indicated also that most consumers purchase apple juice rather than
dried apple.
Primary data was also acquired from an apple processing company in Sweden. The company
receives from farmers and perform activities such as storing, sorting, packaging and marketing.
Storage of apple at the facility is between 3 to 4 months, with temperature at 1- 4 C.Activities
o

at the facility include washing, sorting, packaging, before distribution to the retailers. Apple
loss and waste at this stage is estimated at 10-20 percent. Cause of losses at the supply chain
occurs during storage, packaging, transportation to retailers, truck loading and unloading.
Primary data was also obtained from 4 retailing stores, where both conventional and organic
apples are sold as fresh and dried product and in processed form such as apple juice, apple
chips. Two of the stores indicated the amount of loss at their facility (2% and 3-5%) while the
other two retails did not specify the exact amount of loss. Causes of loss stated at the facility
include bruises, impacted injuries etc.
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3.3 Estimated FLW values based on primary and secondary data
Collection of data was done from 10 published reports on the amount of FLW at each stage of
apple supply chain. Data is not obtained from each stage because some reports do not contain
agricultural to consumption stages i.e. some reports cover only one of the stages and some have
one of the stages. (agricultural, processing, distribution and consumption). Packaging, sorting
was added to processing, transportation to retail, supermarkets, stores was included under
distribution stage for the datasets to be more consistent. The collected data is organized and
presented in Appendix-B.
Table 4 describes that considering the apple amount entering each stage, the average FLW
values were estimated to be 8%, 19%, 8%, and 15% at agriculture, processing, distribution, and
consumption levels respectively. This average value has included both the data obtained from
primary and secondary sources. The findings of this study indicated that processing and
consumption levels contributes much to the FLW along apple value chain (see Table 4).
Table 4 also indicates that when 1 ton of consumed apple is considered, the agricultural yield
before loss was estimated to be 1.716 ton while FLW values were 137 kg, 300 kg, 102 kg, and
177 kg at agriculture, processing, distribution, and consumption level respectively.
Table 4: Summary of loss and waste estimation data along apple fruit value chain
Before
loss

Mean FLW

Mean
FLW

Quantity
remaining after loss

Value chain
stage

Ton

% of amount entering
each stage

Ton

Ton

Agriculture

1.716

8

0.137

1.579

Processing

1.579

19

0.300

1.279

Distribution

1.279

8

0.102

1.177

Consumption

1.177

15

0.177

1

0.716

Total
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Figure 4: Pie chart showing calculated estimates of FLW along the supply chain
Figure 4 shows the percentage contribution of each stage to the total FLW (716 kg per 1 ton
consumed fresh apple) along the value chain. Processing stage has the highest amount of loss
(42%), followed by consumption stage (25%), agriculture stage (19%), with the lowest amount
at the distribution phase (14%).

3.4 Environmental Impacts (GHG emissions) produced by apple loss and
waste
The detailed data base created from secondary data sources is presented in Appendix C.

Figure 5(a): Average GHG emissions from organic apple loss and waste
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Contribution of each stage to the average
GHG emission due to FLW, organic apple case

8%
36%
38%
18%

Agriculture

Processing

Distribution

Consumption

Figure 5(b): Average GHG emissions showing each stage in percentage (%)

Figure 6(a): Average GHG emissions from conventional apple loss and waste.
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Contribution of each stage to the average GHG
emission due to FLW, conventional apple case
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35%
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Agriculture

Processing

Distribution

Consumption

Figure 6(b): Average GHG emissions showing each stage in percentage conventional apple loss
and waste
Figure 5 and 6 shows emission rates from organic and conventional apples along the supply
chain. Regarding GHG emission from organic apple, GHG values are agricultural stage
(24kgCO2eq/ton of apple),processing(118kgCO2eq), distribution (56kgCO2eq) and consumption
stage (111kgCO2eq). Regarding GHG emission from conventional apple, the GHG values are
at agricultural stage (30kgCO2eq/ton of apple),processing(131kgCO2eq), distribution
(60kgCO2eq) and consumption stage (119kgCO2eq).

4. Discussion
The purpose of this study is to identify the potential FLW along the apple value chain, the
environmental impact (emissions) due to FLW, and steps to reduce FLW. There has been
particularly limited research on a specific fruit (apple) loss and waste across the supply chain.
Most reports are usually focus on fruit and vegetables or just one or two stages of the apple
supply chain.
In this study, post-harvest handling activities such as storage, packaging, cooling, washing,
grading etc are classified as processing stage. In the case of primary data, only 1 processor has
participated. It was difficult to get more data from other processors. Distribution stage consisted
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of transportation to retailer and handling, at wholesalers/retailers, wholesalers/retailers. In the
survey 4 retailers participated.
Regarding consumer survey, 91 participants were recorded. About 55.7% of the consumers
responded that spoilage is a major factor contributing to apple loss,26.7% as over purchasing
and 8.9% respondents chose bad taste and other factors. In the primary survey, the responses
reflect the characteristics of individual or household consumption. On the other hand, data at
consumption stage from literature review consisted of large households, restaurants, and this
influenced the loss and waste amount.
4.1 Differences in apple loss and waste along the supply chain.
The first research question is to estimate loss and waste along its supply chain. Stages
considered in this study are agricultural production, processing and consumption Assessment
showed that the largest loss from both organic and conventional apple came from the processing
stage and smallest loss occurred at distribution stage. Second largest loss occurred at
consumption stage followed by agriculture stage . Previous research has conducted fruit losses
and waste using value chain analysis and other methodologies (Porat et al 2018;Meyer et al
2018;Erikkson 2012;Burzby et al;2016).
In general, results regarding FLW show a similarity with results from previous studies, however
there are also differences. One reason is that in this study, limited data sources consisted of all
the supply chain i.e. no available data for processing stage compared to the consumption stage.
Porat et al (2018) has similar results with the study in terms of loss and waste across the supply
chain except at the processing stage.
In contrast, FAO, (2011) calculated fruits and vegetables loss in Europe and indicated that more
loss occurred at the agricultural stage (20%), followed consumption stage (14%) with the least
at distribution and processing stage. Reason for this difference could be as a result of FAO
(2011) did not calculate only for apple but for all fruits and vegetables.
4.1. Apple loss and waste along its supply chain
4.1.2. During growth and harvest
Waste at this stage varies a lot as it depends on the variety (type) being harvested and conditions
of the fruit during harvest. Various diseases, pests, physiological disorders etc can affect apples
on the field. (Tarabay et al,2018). Disorders are described as complications in the fruit that are
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not pathogen related. Stress caused by temperature, humidity, light, handling etc,
(Masood,2011)
Quality attributes such as size, shape, colour and absence of blemishes etc is important along
the supply chain (Nissen, et al 2018). Grower plays a big role in this aspect as they decide on
the quality limit the buyers want (Mattsson,2014). Decision made during production and
distribution chain to some extent may depend on financial considerations such as product price.
Harvesting can be done manually or mechanically. Hand harvesting is done for products that
are vulnerable to physical injury such as apples (Wills et al,2007), though harvesting is done
with care, spoilage can still occur. Determining the maturity stage for various varieties of apple
is difficult. Choice of harvesting date- too early harvesting and late harvesting has an impact
on the fruit firmness, colour, skin colour, seed colour, production of flavour and odour. Apples
harvested too early may be sour, harsh and badly coloured, and if harvested when they are too
mature result in spoilage and improper storage (IALC,2006).
Different picking dates of apples during the harvesting period may also affect the fruit quality.
Water quantity is reduced in apples harvested early due to waxy surfaces not fully formed.
Surface in a storage unit of early harvested apple fruits is larger because transpiration depends
on the fruit surface area, making small fruits smaller in weight. Structure of fruit cuticle is
another factor contributing to water evaporation from fruits, the cuticle is not fully developed
in apple fruit harvested early (Mitcham et al ,2002, Kvikliene et al,2009). The cuticle is the first
obstacle that pathogens must challenge (Kvikliene et al.2009).
In summary, causes of losses during harvesting are mechanical injuries by dropping, throwing
etc, immature or over-mature harvesting, weather impact on fruit e.g. frost sun, improper
harvesting method, late transportation to storage/markets. Lack of communication among
producers, distributors as well as consumers' meal plan all further increases food wastage.
(Sonosson et al,2010). Interest in food waste and loss has developed over the years, fruits have
high diets and are important classes of food for consumers, amount of fruit waste and loss needs
to be evaluated along the value chain.
4.1.3 Processing
In this case, processing includes sorting ,grading and packaging. Harvested products need to be
protected; this is done by packaging. Packaging is essential in terms of the product quantity,
the market and customers' needs. Different materials, shapes, sizes are used for packing
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horticultural products. Packaging helps to prevent damage during distribution and for
maintenance (Thompson and Mitchel,2002). It is important to use a good package to protect
the fruit and reduce the large amount of damage sustained by fruits. (Fadiji et al.,2016)
Apples not properly packed can result in losses of the product and cause physical injuries to the
product. Most observable cuts, bruises punctures on apple fruits occur during packaging and
distribution. Bruising is caused by dropping the fruits on a hard substance and this causes impact
damages on the fruit (Kafashan et al,2007). Large amounts of fruits are wasted due to damage
caused by bruising.
Sorting is performed to distinguish the product by colour, size and grade (Thompson, Mitcham
and Mitchell,2002). Grading is done to reduce handling losses during transportation and to
increase uniformity. Grading is done according to size, weight , colour and/or combination
of all the features(Wills et al.,2007).Inadequate cleaning and sanitation, inappropriate grading
and packaging , mounting crates containing fruits, dropping of fruit from a long distance,
damage by improper handling e.g. long fingernails all cause post-harvest losses of
fruits (IALC,2006).
4.1.4 Distribution
This includes transportation to wholesalers, retailers and final consumers. Horticultural
products such as apples are highly susceptible to damage during transportation and post-harvest
handling (Sittipod et al.,2009, Eissa et al.,2012). It is important to avoid blemishes, cuts, bruises
etc to meet consumers' wants and requirements. Waste can occur due to misconception of fruit
been ripe and then kept into storage or defects on the fruit are not detected which affects the
quality of the apple fruit (Mattson,2014)
Temperature during transportation is not always maintained i.e. optimal temperature needed for
fruits is difficult to attain affecting the quality of the damage. Different types of fruit require
different temperature, separating the fruits may not be possible. Optimal temperature of 8-19
degrees Celsius is considered ideal for all fruits and vegetables. (Mattson,2014). Ideal
temperature for apple fruit is 2-2.5degrees Celsius with relative humidity at about 9092%(USAID,2008). It is also stated that apples can be kept for a long time in a cool storage
area (3 C, well ventilated space, dark and slightly humid) (Masood,2011).
0

Wholesalers check the quality of product delivered. The quality, class, size, colour etc is
checked with agreement in the contract. Error during transportation and handling (deteriorated
26

fruits) is returned to the sender. The longer the product is being transported, more chances the
quality reduces. (Mattson,2014). Sometimes deteriorated products are packed e.g. fruits
affected by green mould are sold in the criteria of less quality product. Problem with this is that
some of the products which previously was not affected by the mould may become mouldy
either in the store or after purchase by consumers. In the situation whereby over purchased is
done by wholesalers, storage facilities may not be enough for all the excess products, resulting
in damage and increased waste.
After products are dispatched from wholesalers to retailers, wastes arise as a result of improper
handling or by ordering too much. At this level, improper handling of fruit boxes can result in
bruised products; bruising is not visible instantly but may develop later after purchase by
consumers. Wrong storage procedure such as the use of inappropriate temperature. The fresh
products are chosen first by the consumers, while some products remain on the shelves for a
long time and then deteriorate. Products returned by retailers to the wholesalers are not
concluded as waste as some of these products are sold to another buyer who finds it suitable for
their quality requirement (Mattson,2014).
4.1.5 Consumption
Along the food supply chain, the consumer stage includes preparation processes according to
the consumers' wants and consumption in the home. Amount of fruits wasted at home is not
always accounted for nevertheless there is a significant amount of waste with the consumers.
Consumers´ waste includes wastes at

industrial, household, restaurants, hotels. Factors

contributing to loss and waste at this level includes lack of storage facilities, inappropriate
handling, poor portion control, over-purchasing, poor food safety and food quality controls.
(CEC,2019).

4.2 Impact assessment
Considering 1 ton of consumed apple as a reference, GHG due to FLW of organic and
conventional apples are 310kgCO2eq/ton and 340 kgCO2eq/ton respectively. The difference
between these two production types is lower than 10%. In case of organic apple ,consumption
contributes about 36% of the total mission per 1 ton of apple consumed and in conventional
case, the consumption stage contributes 35% of total emission per ton of apple. The main
contributor is the processing stage accounting for 38% of the total GHG emission for both
conventional and organic apples. Second to the processing stage is the consumption stage which
is 1% lower than conventional. Distribution stage accounts for 18% of total GHG for both
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organic and conventional, the agricultural stage contributes 8% and 9% of total GHG
for organic and conventional apples respectively. This indicates that not much difference is
observed between the two production types. Corresponding with these findings, Longo et
al(2017) studied life cycle assessment of organic and conventional apple supply chains in Italy
and indicated that packaging has a major impact during the post-harvest, about 71.5% for both
organic and conventional apples step due to high electricity consumption of cold storage
,washing and sorting of apples.
Considering the entire phases of a food product value chain, more impact occurs at the
production phase. Nevertheless, each phase of food production i.e. production to consumption
has additional environmental impacts. The more food product is wasted along the supply chain,
the higher its environmental impacts This shows as the supply chain goes down (consumption),
the higher the food wastage footprint. (FAO,2013). More wastage occurred at the Processing
stage and consumption stage in this study therefore higher impact is observed.
For example, some studies have assessed and discussed the environmental impact of food
waste. Notarnicola et al (2017) inquired into the environmental impact of most food types
consumed in the Europe countries and indicated that food is wasted at agricultural, industrial
and domestic phases. Katarina Scholz (2013) examined the carbon footprint of food wastes
from retailer’s store, which accounted for 46% of the total CO2 effect of fruit and vegetable
waste.
Purchase of locally produced apple have less environmental impact compared to imported
apples, with transportation as the primary cause of impacts (Stadig, 1997; Jones, 2002; Blanke
and Burdick, 2005; Sim et al., 2007).Stadig(1997) found out that consuming apples produced
and stored in Sweden resulted in less environmental impacts than importing them from New
Zealand.
Organic apple is characterized by lower impacts for all supply chain categories. Environmental
impact during cultivation of organic apples is mainly caused by irrigation, fertilization and
harvest, diesel consumption during irrigation and use of manures /vegetable matter. After
harvest, activities such as storage, packaging, transportation have similar impacts for organic
and conventional apples.
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Certain impacts have a global effect while some occur essentially at local scale. Methane (CH )
4

emissions from landfills N O emissions as a result of agricultural practices have global warming
,

2

potential which contributes to climate change on a global scale, with eutrophication on a local
scale due to nutrient losses from food waste along the food supply chain.
Resource inputs and emissions for food items vary with food items and geographical regions,
various practices along the supply chain contribute to differences in environmental impacts.
(Frankowska et al,2019) Variability as a result of economic and management conditions, crop
type, energy requirement etc contributes to environmental implications (Muth et al,2019).
Carbon impact of the same food section varies with countries for instance carbon footprint of
cereals in Asia is higher than wasted volume, while cereals in Europe have lesser carbon usage
than Asia, due to differences in types of cereal planted in both regions (FAO,2013)
Production of some food products consume more natural resources than some others. Not all
food commodities are wasted in similar contents and the same amount of natural resources are
used for production i.e. certain products are less intensive than the others (FAO,2013). Volumes
of products and methods of production influence GHG emissions, the emissions from
wasted fruit and vegetables is lesser than emission from dairy products and meat due to the
production method and other activities along the value chains. This is similar with water use,
land use, energy consumption etc.

4.3 Factors Influencing Food loss and Waste
Causes of food losses and waste can be attributed to various reasons. Studies on FLW described
a wide range of various causes of FLW that have evolved from pre-existing factors. The preexisting factors are considered and depend on the product, stage of food supply chain observed
i.e. from production to consumption and the context. Causes of FLW along the supply chain
are often similar. A problem at one stage of the product chain can affect the entire chain e.g.
bruise/mechanical damage at the early stage of production may render the product
unmarketable. To determine the causes and effective ways to reduce them, all the stages of the
food supply chain need to be considered. (Themen,2014)
According to research conducted by OECD (2011), producers, wholesalers/retailers, consumers
behaviour contributes to FLW. Consumers preferences, prices by retailers, amounts of food
produced is sometimes in excess resulting in wastage by individuals and companies.
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Factors determining FLW can be divided into 2 main factors: loss along the food supply
chain and loss as a result of the surroundings of the food supply chain (Kowalska.,2017).
Loss along the food supply chain: These can be explained as steps and procedures along the
supply chain such as machines, materials, management practices, methods used and People
carrying out such operations also contribute to losses/waste.
People: knowledge and Attitude of people participating in the food supply chain determines a
level of food losses and waste. Inaccuracies on the part of producers/staff can cause a great deal
of loss. People are the most important as they contribute to FLW in every aspect. Extra care
needs to be taken in production, processing, distribution etc. Consumers should limit the loss
of food at household level, consumers are often aware of the impact of food waste on the
environment, economic implication but this does not influence their decision and behaviour on
food wastage.
Management: Quality management practices should be ensured in supply chains. Good
hygienic and manufacturing practices that are significant for food safety can reduce FLW. EU
food law committed to hygiene of foodstuffs in the food industry identifies, evaluate and control
hazard to reduce food wastage and losses contributing to food security (Kołożyn-Krajewska, et
al 2010; Kowalski 2010). Effective risk management may improve the food supply chain
performance.
Methods: Technologies used postharvest such as packaging method, processing method,
storage method plays an important role along the food supply chain. Packaging,
storage methods that can extend the shelf-life of products and prevent food loss should be
implemented. In low and medium countries, lack of skills, inadequate market facilities, poor
packaging, processing and storage contributes to high FLW in this region. (Eli et al,2018)
Value chain actors to take a position in improved technologies and practises; or from policy
failure for instance the absence of legal and regulatory environments encouraging such
investments (Themen.,2014).
Machines: Management of food loss and waste requires advanced technology and more
machines is important. During agricultural production and food processing, technology use is
essential. Improved methods combined with advanced technology will reduce FLW to a certain
extent. In low- and medium-income countries, one major cause of food loss at the production
and processing stage is the use of old machinery and inadequate technical support of the
new machines. Recurring breakdowns, bad condition, basic amenities necessary such as
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electricity may result in avoidable losses in raw materials and final products. Maintenance and
servicing of machinery should be carried out frequently (Kowalska,2017).
Loss as a result of the surroundings of the food supply chain: factors influencing FLW
from surroundings food supply chain includes policies, regulations, political issues, consumer
trends, consumers education, food market development, funds and support for operators,
training and education. Awareness on food waste and supply chain to consumers may influence
the rend and behaviour of the consumers. Nowadays, the food supply chain has become longer
as there is an increase in the organizational structure of supply chain. Preventing food loss and
waste may be a challenge in a long food supply chain.
4.4 Strategies to reduce fruits and vegetables losses and waste (environmentally friendly)
The concept of waste hierarchy is to identify steps that protect the environment with the
resources and energy consumption i.e. prioritizing efficient use of natural resources.
(EPA,2017) The waste hierarchy is the three R's -Reduce, Reuse, recycle helps with sustainable
life. This is implemented by reducing the amount of waste, so lesser quantity goes to the landfill
thereby reducing carbon footprint (FAO,2013).
Reduce: The effect of food production on natural resources cannot be overemphasized and it
rises while the food moves on the food value chain. Reduction of food wastage means reducing
the impact on natural resources. The focus is to maximize efficiency and stay away from
unnecessary consumption. Less waste will result to less to recycle and reuse.
Raising awareness for food wastage: Less data is available for amount of wastage due to lack
of report on food wastage data. It is important to create awareness and campaigns programmes
on the importance of reducing wastage across the supply chain. It is important to understand
about the environmental impact of food wastage. Assumptions such as organic food waste does
not cause any harm to the environment is a misconception as natural resources used for
production are wasted. Unconsumed food that ends up in landfill constitutes a large percentage
of methane emission. Therefore, it is important to understand for food wastage across the
supply chain. Such understanding helps to reduce FLW.
Communication along the supply chain: Efficient communication between producers,
distributors, wholesalers/retailers is paramount to meet the supply and demand of the
consumers. For instance, farmers need to find sellers for their product , retailers need to know
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the quantity of product that can be sold. Consumers can play a role by not over-purchasing
product. All individuals and stakeholders across the supply chain need to be involved in a
communication channel for reducing food wastage.
Improving food harvest, storage and transportation practices: Proper harvesting
techniques, harvesting containers and tools can help to reduce FLW. Optimized harvest time
and maturity period should be considered. After harvesting, temperature is another storage
factor that can extend fruit shelf life and reduce postharvest losses. Transportation method for
fruits and vegetables depends on distance, perishability and value of the product being
transported (Elik,2019). Storage needs to be done to prevent deterioration for a certain period.
Storage structure should be of high quality and needs to be kept cool for effectiveness.
(Kiaya,2014).Shelf life of product depends solely on temperature variations during transport
and storage, temperature influences the quality of product due to high effect on rates of
biological reactions.(Hertog et al,2014)Harvesting technique, optimal temperature suitable for
product storage and transportation should be considered for postharvest to reduce losses and
waste .
Packaging method: This is important in reducing food waste along the supply chain. Fresh
fruits and vegetables packaging require appropriate and smarter means of packaging to keep
food fresher for a longer period. Smart packaging should promote environmental impacts
reduction and the packaging should be eligible for recycling and biodegradability (FAO,2013).
Packaging solutions such as retainers, individual wrapping and cushioning during
transportation, smaller packaging in the markets for consumers etc will reduces wastage at
consumers level (Elik,2019).
In order to reduce the environmental, social and economic impacts of food wastage, avoiding
food wastage is more beneficial due to production resources conservation than improving food
wastage after its occurrence (FAO,2013)
Reuse: To recover resources used during production is important when reducing waste seems
to be possible. Recovered resources do not require further processing and more energy is not
consumed. In a situation, where excess food is produced is it is important to keep it within the
human food chain(FAO,2013).For instance, food that are no longer fit for human consumption
can be diverted for livestock feed, therefore conserving resources that should have used to
produce animal feeds (EPA,2017).Various ways for reusing food wastage are as follows:
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•

Creating markets for products not present in the food chain: Food items may not make
it to the market due to failure to meet the retailing product standards due to
overproduction on the field in high income countries, inaccessibility to market and poor
planning in low income countries etc (Themen,2014). Food left in the field can be
purchased at lower price thus producing a new food value chain. This is beneficial to
the farmers and the environment at large. Food perfectly for sales and consumption out
of the value chain can also be as a result of more supply with less demand.

•

Distribution of surplus food to needy: As a substitute of edible food to be discarded, it
is better for food industry along the supply chain to donate surplus food. Recently, the
amount of food being donated is negligible compared to the amount of available edible
foods worldwide (FAO,2013). For this to be effective, public and private collaborators
need to participate in this process.

•

Food not fit for consumption should be fed to livestock: Best use of food not fit for
consumption such as fruit and vegetable peelings can be used as animal feed thus
replacing energy and resources for producing animal feed. Food waste can be fed
directly or treated(processed)to animals. Environmental impact such as GHG emissions,
energy and water use) will depend on the type of treatment observed and procedure,
feeding food waste to animals is environmentally beneficial than the cost of production
for new feedstuff. According to Kawashima (2004), it is important to be less dependent
on imported feed products while reducing their GHG emissions.

Recycle/Recover: Waste materials are re-processed to assemble the same or different products.
Food products are transformed into a raw material which in turn can be formed into another/new
food product. Option for by-product recycling includes composting, anaerobic digestion,
recreating food from by-products and food waste etc. Recycling has a higher advantage over
landfills (FAO,2013) This process benefits the environment by reducing use of raw materials
and waste generation. Greenhouse gases emitted are used in anaerobic digestion replaces
conventional fossil fuel thereby reducing carbon emissions.
FLW interventions should be observed by federal, state and local governments, both private
and public companies such as food manufacturers, processors, technology developers etc (Muth
et al.,2019)
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4.5 FLW reduction and sustainability
The Sustainable development goals aim to eradicate poverty, protect the environment and
promote prosperity and well-being. Goal 12 aims to “halve global per capita food waste at the
retail and consumer levels and reduce food losses along production and supply chains by 2030”.
(UNDP,2015). Maximizing the extent of terrestrial land to absorb CO emissions and reducing
2

land use is important for sustainability, feeding the global population, and minimizing the
negative effects of climate change (IPCC,2019).Reducing FLW along a supply chain has the
prospective to diminish the food production, limit pressure off agricultural land and reduce
GHG emissions of the food system. In addition, a food system barely with built-in waste is
more sustainable and adaptable, moderating food production from adverse effects of global
change. (Schipanski et al.,2016) High losses of crop is said to increase the rate of global
warming (Gaupp et al,2019).

5. Conclusions
Food waste is produced along the supply chain from production to final consumers. Ensuring
that food systems are both resource and energy efficient is important to minimize the
environmental impacts caused by waste. The study focused on assessing the environmental
impacts of organic apples in order to understand how loss and waste contributes to the
environment by collection of primary and secondary data of apple waste through surveys and
published reports. Agricultural production included activities on field till harvest, processing
stage included post-harvest handling, distribution stage-(transportation to retailers, stores and
to the consumers) and consumption stage. Considering the total FLW along the whole value
chain, FLW became about 42% of the total yield. The contribution of the processing stage
(42%), followed by the consumption stage(25%), agricultural production (19%) and the
distribution stage (14%). Major causes of FLW are quality attributes requirement, mechanical
injuries, improper harvesting method, improper handling, inadequate storage facilities, overpurchasing, spoilage etc.
In terms of GHG emissions due to FLW, it was estimated to be 310kgCO2eq per 1 ton apple
consumed, for organic apple out of this each stage has its contribution: agricultural production
(8%), processing (38%) distribution (18%) and consumption (36%) .Regarding conventional
apple, the estimated value was 340kgCO2eq per ton of apple consumed with contribution of each
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stage- agricultural stage (9%), processing stage(38%), distribution (18%) and consumption
stage (35%). Entire supply chain irrespective of production type (organic and conventional) has
environmental impact, however, total emission generated form organic apple was lower than
conventional apple. Processing and consumption stage had most losses and more environmental
impact with the least at agricultural and distribution stage.
Strategies were suggested with the aim of reducing loss and environmental impact of apple
supply chains. These include

increasing awareness on FLW, reducing over purchase,

improving post-harvest handling of fruits, reuse and recycle food rather than waste. Consumers
attitude towards food waste can be changed through education on environmental impacts and
by encouraging consumers to waste less
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Appendix
Appendix A: Questionnaires
Appendix A1: Questionnaire for Apple processor
1. Do you process organic apple? If yes, ____% is organic apple.
2. How long do you store (organic or conventional) apple at your facility?
3. What is the best temperature (degree C) to store apple
4. What are main activities at your facility? Washing? Sorting? Packaging? Processing into
juice? Drying? Distribution?
5. Estimated total apple loss (as waste for instance) at your facility ?
6. Causes of loss at your facility?
7. Additional comment if any
Appendix A2: Questionnaire for retailers
1.Do you sell fresh organic apple?
2.Do you sell organic apple juice?
3.Do you sell dried organic Apple?
4. Do you sell apple juice produced in Sweden or imported?
5. Is there any loss or waste ? If yes, what percentage %?
6.What are causes of loss ?
7. Retail name (optional).
Appendix A3: Questionnaire for retailers
1) When you purchase fruits, which one do you prefer?
□ Organic
□ Conventional
□ both
2) If you purchase apple fruits, which one do you prefer?
□ Conventional
□ Organic
□ both
46

3) What percentage (of amount purchased) fresh apple is wasted at home?
□ 0-1%
□ 1-2%
□ 2-3%
□ 3-5%
4) Main reasons for waste? :
□ Bad taste
□ Spoilage
□ Over purchase (more than needed)
□ Other factor
5) If you purchase processed apple, which one do you purchase often?
□ Apple juice
□ Dried apple (apple chips)
□ both
6) Your age groups
□ <20 years old
□ 20-30 years old
□ 31-40 years old
□ >40 years old
7) Your Gender
□ Female
□ Male
8) Where do you live currently?
□ Sweden
□ Outside Sweden (Europe)
□ Outside Europe
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Appendix B- Summary of FLW data along apple value chain
FLW data in % of amount entering each stage
Reference*

1

2

3

4

5

6

7

8

9

10

1
1

Averag
e

Minimu
m

Maximu
m

Agriculture

0

0

10

3

0

2

0

0

16

0

0

8

2

16

Processing

0

0

0

0

0

18

0

0

24

0

19

15

24

Distribution

4

4

0

0

2

20

9

20

3

0

1
5
5

8

2

20

Consumptio
n

0

0

0

0

0

0

0

9

0

30

5

15

5

30

*-List of references in the above Table
1. Erikkson (2012); Sweden
2. Gustavvsson (2011); Sweden
3. Ulrika et al (2016), Nordic countries
4. Eurostat (2016), Sweden
5. Mattsson et al (2018), Sweden
6. Meyer et al (2017), Germany
7. Burzby et al(2016), USA
8. Burzby et al (2011), USA
9. Porat (2018), UK
10. Eberle (2016), Germany
11. Own Survey (2020), Sweden
Appendix C- Greenhouse gas emissions data along fresh apple supply chain. The values are in
kg CO2 eq per 1ton fresh apple handled at each stage.
Data source

Agricultural
Production

Processing

Distribution

Organic apple

34

150

105

na

Organic apple

na

na

290

na

49

234

41

na

271

na

na

na

Product

Reference

Consumption

Bosona (2017)

Ref 1

Clune et al (2017)

Ref 2

Johansson (2015)/
sweden

Ref 3

IP Apples

Johansson (2015)/
sweden

Ref3

Organic apple

Johansson (2015)/Italy

Ref 7 (Ref3?)

Conventional apples

244

na

na

na

Keyes et al(2015)

Ref 4

Conventional apples

64

197

15

na

48

Ref4

Organic apples

73

195

15

na

Frankowska et al(2019

Ref 5

Conventional apples

322

504

509

na

Annika (2017)

Ref 6

Conventional apples

185

na

na

na

(Beretta et al,2017)

Ref 8

Conventional apples

300

150

150

100

Cerutti et al (2011)

Ref 9

Conventional apples

62

96

122

na

Longo et al,2017

Ref 10

Organic apples

588

na

na

na

"

Ref10

Conventional apples

612

na

na

na

Vinyes et al (2017)

Ref 11

Conventional apples

112

na

118

69

Goosens et al (2017)

Ref 12

Organic apples

154

na

na

na

"

Ref12

Conventional apples

68

na

na

na

"

Ref12

IP Apples

66

na

na

na

Average

Total (organic and
conventional)

200

218

152

85

Average

Organic (including IP)

176

218

152

85

Average

conventional

219

218

152

85

Appendix D: Summary of FLW and GHG emission data: minimum, maximum and average
values
Value
chain
stage
Agricultu
re
Processin
g
Distributi
on
Consump
tion

FLW in % of weight
Mini
Maxi Ave
mum mum
rage
2
15

16
24

8
19

GHG emission in kgCO2 eq/t of fresh organic
apple handled at each chain stage

GHG emission in kgCO2 eq/t of fresh
conventional apple handled at each chain stage

min

min

max
34
96

Average
588

176
218

504

2

20

8

15

509

5

30

15

69

100

152
85

49

max

Average

62

612

219

96

504

218

15

509

152

69

100

85
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