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This study aims to calculate the carbon footprint of bananas originating
from Dole plantations in Costa Rica which are sourced to German
supermarkets.

The approach cchadles-tongatd 0s whieh means that the raw
materials are the start of the production chain and the study ends at the

retail shelf .
The study describes and defines the sources of greenhouse gas emissions
within the whole supply chain, including the production of input materials

that are used in the differen t production phases of bananas.

The phases included in the analysis are farming, packaging, inland
transport ation , shipping, ripening and distribution.

The methodology that has been used to define the system boundaries and
the allocation meth od is in line with the PAS 2050, the ISO standard
14044 and verified by TU V-Nord according to their standard

Most of the data originates from Dole 6 sinternal systems , including the
data from the overseas transport. However, in some cases estimates have
been made or secondary data has been used.

The results ind icate that the carbon footprint of the bananas amounts to
1124 kg CO ,e perton of banana s.

Most of the emissions are related to the overseas transport. Also the

emissions related to fertilizer use have a significant impact on the total
carbon footprint  of bananas .
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Allocation

Carbon Credit

Carbon Footprint

Carbon label

Carbon neutral

CH,
COse
Co-products

Functional Unit

GHG
GWP

Input

IPPC

ISO 14044

Kyoto Protocol

Life Cycle Assessment

Life cycle

N,O

Soil & More International

Partitioning the input or output flows of a pro cess or a
product system between the product system under study
and one more other product system

Certificate that represents 1 ton of CO,e that is
generated by emission reduction projects

Sum of all GHG emis sions producedb y t he prhifduct 6s
cycle (within the defined boundary)

Quantitative or qualitative label on a product that
displays the carbon footprint of a product

Emissions related to a product that have been
compensated by the purchase of carbon credits

Methane Gas which has a GWP of 25 CO ,e
Carbon Dioxide Equivalent
Products that originate from the same raw material

Quantified performance of a product system for use as a
reference unit

Greenhouse G as
Global Warming Potential

Products, material or energy flow that enters a unit
process

Intergovernmental panel on climate change

International standard for life cycle assessments,
developed by ISO in 2006

Internati onal treaty with the goal of achieving

istabilization of greenhouse gas <conc
atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate sys t emo

Compilation and evaluation of the inputs, outputs and
the potential environmental impacts of a product system
throughout its life cycle

Consecutive and interlinked stages of a product system,
from raw materials acquisi  tion to final disposal

Nitrous Oxide which has a GWP of 298 CO ,e
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Output

PAS 2050

Product system

Scope 1

Scope 2

Scope 3

System boundary

UNFCCC

VER
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Product, material or energy flow that leaves a unit
process

First international standard for carbon footprint
assessments, developed by Carbon Trust in 2008

Collection of all processes which model the life cycle of a
product

Direct GHG emissions that occur on the company itself

Indirect emissions that occur elsewhere due to the
generation of purchased electricity consumed by the
company

All other indirect emissions (e.g. due to production of
purchased inputs and transport) that are related to the
product

Set of criteria specifying which unit processes are part of
a product system

United Nations Framework Conventio n on Climate
Change

Voluntary Emission Reduction or Verified Emission
Reduction, also called  Carbon Credit
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Over the past few years, interest in global warming and climate change has

grown exponentially. Pe ople have realized that it is time to act. T he Kyoto
Protocol * - initially adopted for use on 11 December 1997 in Kyoto , Japan and
entering into force on 16 February 2005 T requires specific countries (developed
nations) to meet reduction targets of GHG emissions relative to their 1990 levels

during the period of 2008 to 2012. Thus, many governments are developing
initiatives to reduce GHG emis sions through national policies , such as emissions
trading programs, carbon or energy taxes, regulations and standards on energy

efficiency and emissions. Global warming an d climate change are viewed as part
of any sustainable development strategy . It is therefore crucial for companies to

be able to identify, analyze and under stand their GHG risks  in order to develop a
sustainable risk management strategy . Only then can companies be successful in
a competitive business environment for the long run

Besides politicians, g overnmental authorities and organizations , another powerful
group - whi ch s the ficons ume increagsinglytpays attertiondoe t 0
issues related to climate change and sustainability. The ¢ 0 n s u mexpectations
have change d. Consumers will give preference to products which offer more than

just a single quality claim. Recently published studies around the globe clearly

show the consumers changing behavior and its willingness to pay more for

sustainable foods. Inastudyont he fAnewo | ifestyle of heal

(LOHAS) carried out by Ernst & Young, the authors conclude that i onsumers are
not only more demanding about their product choices for their own benefit, but

also realize the direct and indirect impact of the ir consumption on the
environment. Attributes | i ke fAorganic farmingo, ifair
are becoming incre asingly anchored inthe con  sumers mind (LOHAS, 2004)

To meet t hese changing consumer expectations and to help mitig ate climate
change, many initiatives related to carb on footprinting and carbon labe ling were,
and are still being developed worldwide . Involved stakeholders are mainly retail
chains and labeling organi zations that are  driven by global warming and climate
change on the on e hand, and by above mentioned consumer expectations on the

other hand . Nearly one out of two consumers are willing to pay more for
sustainable products  (GfK, 2008) , and carbon label ing is part of sustainabili ty in
this regard

The initiator  of carbon foo tprinting and labe ling schemes related to cli  mate
friendliness of products was the British retail chain Tesco. Meanwhile, a number
of other initiativ  es have been developed (figure 1 ).

In reaction to this , Soil & More International developed a climate neut ral product
label for products of which the GHG emission s related to their life cycle were
determined, calculated and offset (figure 2) . The calculated carbon footprint of
such products was  certifie d by TUV -Nord CERT GmbH and launched at Deko and
BioMarch é in the Benelux countries in 2007 . All these different initiatives cl early
indicate that carbon labe ling already is a unique selling point, which buyers and
consumers will acknowledge when making their purchase decision.

! The Kyoto P rotocol is a protocol to the United Nations Framework Convention on Climate Change

tradeo,

(UNFCCC or FCCC), an international environmental treaty wi t h t he goal of achieving

greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous
ant hropogenic interference (wwwuhfcce.dore) cl i mate systemo
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A list of worldwide initiatives re lated to carbo n footprinting and carbon label ing is
displayed below (www.climatechangecorp.com ):

1 BSI Standards Solutions led development of PAS 2050 (Publicly Available
Specification) at the request of Defr a (Department for Environment, Food
and Rural Affairs) and the Carbon Trust. PAS 2050 is a standard for carbon
footprint assessment of goods and services and to date , it is the most
comprehensive standard that provides guidelines on how to assess carbon
footprint of a product and services. Tesco, the British retail chain, was the
largest test of the PAS 2050 draft product carbon footprinting method and
the Carbon Trust Carbon Reduction Label.

1 The French supermarket chain Casino was the first supermarket in Europe
that initiated carbonlabe ling. The | abel is call ed ahdl ndi ae Ca
guantit ative | abel for their own products . The methodology was developed

by the Bio Intelli gence Service (Bio IS). The supermarket chain E. Leclerc
was also one the firs t French companies to i ntroduce voluntary carbon
label ing . Both these F rench labels were developed in cooperation with the
French Environment and Energy Agency ( Ademe).
1 Migros, a Swiss supermark et chain, introduced its own product labeling
program . Migros | ab el ACli matopo i s di spl ayed on t h
product s i f t he p r oateu 20% Aawer ¢hami s shose rofs its
counterparts within the same product category
1 The European Eco label also aims to indicate the am ount of emissions on
its label . However , the label will not be quantitative but qualitative.
T I'n the US, Carbon Fund created a | abel call ed n
was done in cooperation with Carbon Trust and the calc ulated c arbon
footprint of the product was off set.
1 The Californian Clim ate Conservancy, a spin off from Stanford University,
devel oped the ACI i maabel ra@imgn spoductu saad the GHG
emissions due to their production, thus classifying products into gold,
silver or bronze products.
1 KRAV (organic standards  associatio n) in Swed en is currently developing a

carbon footprint label for locally produced food products.

1 In Germany , WWF (World Wide Fund for Nature) , the Oko-Institut , PIK
(the Potsdam Institute for Climate Impact Research) and THEMA 1
coordina ted a pilot projec t for alabel ing scheme for carbon labels.

1 The Californian Carbon Label aims to standardize the carbon footprint of
companies and oblige companies to give their input and output data.

I The Canadian organiz ation CarbonCounted developed a Carbon Counted
logo for companies.

9 Other countries that are assessing carbon labe ling are China, Japan,

South -Korea, Australia and Finland.

* X %
; * *
INDICE 2 * *
CLIMATE CARBONE g CARBON NEUTRALITY
CONSCIOUS 4509 X X XXX o x
de €03 s /H‘ www.sgs.com/climatechange
SILVER %. =
voir au dos \ Y P

Figure 1. Different carbon labe ling initiatives that have been launched recently.
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The Soil & More label differentiates from other labels, as the of fsetting takes place

within the agricultural sector. Soi | & Morebs em
composting projects in developing countries, where green waste is composted to

ensure soi.l fertility. I'n Soil & Mor e 6wo rvlidcd son, so
most important environmental and agricultural problems and composting of

organic materials enhances soil fertility, reduces climate change effect , water use

and amount of waste.

Figure 2. If the CO , emissions which occur within the supply chai n of a product are compensated by
the purchase of an equal amount of carbon credits (verified by TUV -Nord), products can be labeled
with the Climate Neutral logo displayed above.
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2.1 Introduction

This carbon footprint calculation wa s carried out by Soil & More International B.V.
and its representative  , Boki Luske , upon request of Dole Food Company .

This study aims to layout and calculate a comprehensive CO »e (carbon dioxide
equivalent) footprint of bananas. The term ficar bon stamtdprifmr the to
sum of all greenhouse gas emissions caused by a prod uctds | ife cycle. The s

boundaries of the footprint are defined in section 3.2

The term greenhouse gas emissions stands for compressi ble fluids that were
attributed a coefficient for their global warming potential by the
Intergovernmental Panel on Climate Change (IPCC). This study inc ludes different

greenhouse gases that are emitted during differen
cycle: carbon dioxide (CO ,), methane (CH ), nitro us oxide (N ,0), CFCs and

HCFCs. In the following footprint, all identified greenhouse gases are converted

into CO2 . by multiplying them with the GWP value.

Table 1. Greenhouse gasses included in this study with their GWP value

Type of gas Chemical formula GWP 100
Carbon dioxide CO, 1

Methane CH, 25

Nitrous oxide N,O 298

Hydro chloro fluor ocarbons HCFCs 124 -14,800°2
Chlorofluorcarbons CFCs 4,750 -14,400

2.2 Company Profile

Dol e i s one of latgbse fresto rféod O6psoducing and distributing
companies. The company consists of three main businesses : fresh fruits ,
packaged foods and fresh vegetables. The headqu a roffieeriss &n California,
USA. In Costa Rica, the company operates through a subsidiary called Standard
Fruit de C osta Rica S.A., which produces and sources mainly bananas and
pineapples (conventional and organ ic) and employs approximately 7 ,000 people.

2.3 Background information

This assessment covers the carbon footprint of bananas that are produced on

banana plan tations of Dole in Costa Rica and are exported to Germany. For the
assessment it was assumed that the bananas were sold in a supermarket chainin
Germany .

In Costa Rica, Dole has approximately 7,000 hectares of banana plantations . The
company owns six banana farms and sources bananas fro m approximately 20
independent growers representing an additional 6 ,500 hectares . Approximately
65% of the bananas are  shipped to the US, with most of the remaining exported

to the Europe an market

The bananas are harv ested when they are green . After washing they are packed
in carton boxes and transported in containers to the port for export .

2 Depends on the spe cific type of gas.
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After arrival in the terminal in Puerto Moin, the refrigeration units on the
containers are connect ed to an electric power source . Refrigeration delays the
banana ripening process. When the European vessel arrives in the port, it is
loaded with bananas that have been stored at the terminal yard and also by
containers that arrive directly from the farm to the vessel. Virtually all the
bananas travelling to Europe are loaded on pallets into the refrigerated holds of

the ship. After arrival in  Europe (Antwerp or Hamburg) the bananas are
discharged and stored in refrigerated warehouses. They are subsequently
dispatched to different ripeni ng facilities in Hamburg and Roisdorf . After ripening,

the bananas are then transported to  several distribution  centers in Germany and
then on to supermarkets.

2.4 Goal s of a carbon footprint

This assessment results in the carbon footprint for bananas. The goal is to
identify sources of greenhouse gas emissions and to calculate the amount of such

gases emitted due to the assessed banana life cycle. The carbon footprint  serves
to identify the environmental performance of a specific product as to greenhouse
gas emissions, thus assessing its impact on climate change.

Further goals of this  carbon footprint  are:
to collect information for the company inorder tor educe GHG emissions
to iden tify cost saving opportunities for the company
to demonstrate environme ntal and responsible leadership  of the company
to receive recognition for an early voluntary action
to respond to changing consume  r expectations (see chapter 1)

The comprehensive  carbon footprint has been verified and certified by an
independent third par  ty, TUV -NORD CERT GmbH . TUV-NORD is accredited by the
UNFCCC (United Nations Framework Convention on Climate Change) % to carry out
audits of emission reduction projects and therefore has the technical knowledge

on climate issues to carry out certifications

Upon certification of the assessment by an accredited third party, the emissions
related to the product ds | i f ethecpyrchase of manyiss ibne
rights or carbon credits

2.5 Functional Unit

A functio nal unit is the quantified perfo rmance of a product for use as a reference

unit in a given assessment *. For this comprehensive carbon footprint assessment,

the functional unit was identified to be 1 ton of final product . The
producto refers to tshpecedon o dhauretail shelh i cehdy to sell
Therefore, all greenhouse gas emissions  caused by the primary production  stage,
the processing stage, and the retail and transportation stage of bananas are
broken down to a quantif  ied unitof 1 ton final product.

8 Signed in 1992 at the Rio Earth Summit, the UNFCCC is a milestone Convention on Climate Change
Treaty that provides an overall framework for international efforts to mitigate climate change. The
Kyoto Protocol is a protocol of the UNFC CC.

4 Guide to PAS 2050, how to assess the carbon footprint of goods and services, page 57
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3.1 General methodology

The methodology used  for this assessment was developed by Soil & More and is
based upon the ISO 14044 standard and the PAS 2050

3.2 System boundar y and scope s

In this chapter, the system boundary, as well as the scopes of the assessed

bananas will be described. The term boundary refers to the set of criteria

speci fying which unit processes are part of a produ
accounted for in the carbon footprint of a specific product. Once the system

bounda ry has been defined, the greenhouse gas emissions arising during the

di fferent stages of the productods | ife thrgecl e wi | | |
different scopes, as introduced by the WRI (W orld Resource | nstitute) and the

WBCSD (World B usiness C ouncil for Sustainable Development) in the Greenhouse
Gas Protocol.

System boundaries

The carbon footprint includes the greenhouse gas emissions that are released

during different stage s of the life cycle of bananas. The inputs and outputs  are
analyzed for every production stage, and emissions related to production and
transport ation are calculated.

The emissions that are directly emitted during one stage as well as the indirect
emissions are taken into account. For instance , the combustion of fossil fue Is
causes a direct emission in a production or transport phase but the production of

fossil fuels is also related to greenhouse gas emissions. The latter one is called an

indirect emission.

For every production stage the inputs and outputs are inventoried . This means
that the yield (of main and co -products) is inventoried, just like the amount of
discarded products.

The following stages in the life cycle of bananas are included:

1 Stage 1: Farming
o Energy consumption: electricity and diesel/petrol for tract ors and
other equipment
o Soil emissions (see annex 2 for the calculation method of direct and
indirect soil emissions related to fertilizer use)
o Transport to next stage
A Indirect emissions due to the manufacturing and
transport ation of agricultural inputs
A Indirect emission due to the generation of used energy
A Indirect emission due to the production and transport of
used fossil fuels

1 Stage 2: Packing
o Energy consumption: electricity and diesel/petrol use
A Indirect emissions due to the manufacturing and
transpor tation of packing inputs (e.g. packaging materials)
A Indirect emission due to the generation of used energy
A Indirect emission due to the production and transport ation
of used fossil fuels

Soil & More International Page 12 of 45



1 Stage 3: Export, Ripening and Distribution
o0 Refrigerants use duringt ransportation
o Energy consumption: electricity and diesel/petrol use

A Indirect emission due to the generation of used energy

A Indirect emission due to the production and transport ation
of used fossil fuels

A Indirect emission due to the production of ethylene

Local transport Local transport Shipping

A N
transport
transport

transport

1. transport

Figure 3. System boundaries used in this assessment.

F——=——-—-=-=-=--

Scopes:

In line with the approach Greenhouse Gas Protocol, the emissions identified
within the system boundary and the different stages are assigned to three
different scopes as follows:

A Scope 1: Scope 1 emissions include the direct GHG emissions of a
company. These emissions arise from sources that are owned or controlled
by the company.

A Scope 2: Scope 2 emissions include indirect GHG emissions of the product.

These are emissions from the generat ion of purchased electricity
consumed by the  company. Purchased electricity is defined as electricity
that is purchased or otherwise brought into the organizational boundary of

the company. Scope 2 emissions physically occur at the facility where
electrici ty is generated.

A Scope 3: Scope 3 emissions include other indirect GHG emissions of the

company. These emissions are consequences of the activities of the
company but occur  at sources owned or controlled by another company.
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3.3 Datasour ces

Different forms of data may be taken to carry out a comprehensive carbon
footprint. The most commonly used types of data are:

data taken from documents or computer systems
(financial accounting) that are directly linked to the specific assessment ,
such as electricity invoices to calculate emissions caused by electricity.
such as databases, studies, and reports.
assumptions made based on internationally recognized
standards and studies.

Wherever pos sible, primary data was used to carry out this carbon footprint. In
case such primary data wasnét wasvuseédl lababesthe secondary
sources of this secondary data proved to be unreliable, assumptions  were made.

The analysis of data was carr  ied out on the basis of the following criteria:
a comprehensive carbon footprint assessment must be
based on complete data, as too many assumptions might distort the final

result.
data must be taken from reliable sources. |t should be
transparent and traceable.
data must be as accurate as possible, including data related to
the specific process, product or company.
data must be taken from one particular, clearly defined
period in time (which is usually a pe riod of 12 months).

specific data for the assessed region or country
must be taken for the assessment.

In the case of uncertainty or several different data sources , the most
conservative approach was chosen. That means the value causing the highest
amount of emissions was taken for the calculation.

In general, it is  advisable to use as much primary data as possible so that the
actual emissions can be quantified in a more understandable way and
opportunities to improve efficien cy can be easily identified.

For this assessment all primary activity data was collected from the year 2008 3
Dole has a comprehensive accounting system that registers the costs of all the
products that are used and produced within the company. Apart fro m this system,

Dole has been working on the determination of their greenhouse gas emissions.

The calculations are connected to the accounting system and the same computer

system has been used to derive the data for this assessment. In some cases,

such as the use of plastic on the farm, not all information was available and
estimations were done.

The analyzed plantations , packing facilities, the terminal in Puerto Moin, the port
and the aerial spraying facilities were visited by the author of this study in 2009.

The secondary data, such as emission factors related to the production of input
materials were derived from different databases and studies. The year, accuracy
and age of this data  are also mentioned in the assessment.

5 Unless stated otherwise
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3.4 Allocation with co -pro duction

In general, during different p rocessing steps , one raw material is used to produce

many different products (co -products)a nd t he fiupstreamossesthatssi ons ( g:
are emitted in  earlier processing steps) have to be assigned to the different
product s. This division of upstream environmental effects is called fiallocation o

and can be done in several ways.

In this study , economic allocation is used for situations where the absolute or
relative price and the mass balance are known. A combination of the two
determines the allocation factors as shown in the table below. Mass allocation is
used in the situation where prices are unknown, or in situations where economic

allocation is not applicable (for instance, transport of different products in one
truck o r packaging of many different products in one pack house). | n this
document the used allocation method and allocation factors are mentioned f or

each process phase.

Mass balance of Relative economic Mass* price Economic
co-products and value of co - allocation factor
mass  allocation prod ucts
factor

Co-product 1 60% 1 60 43%

Co-product 2 40% 2 80 57%

Total 100% 140 100%

3.5 Exclusions

In general the following sources of emissions are not included in the carbon

footprint:

The user phase of products is not included in the carbon footprint , as it

has a high level of uncertainty and the estimated emissions during the

user phase on the eventual carbon footprint is only minor.

The waste/recycling phase of the product is excluded because of high
uncertainty.

Land use change is a major worldwide  source of greenhouse gas
emissions, but the methodology on how to allocate it to different products
is still under development and is therefore excluded in this assessment
Emissions from the production of capital go ods ( such as trucks, airplanes
and buildings)

Travelling of employees to and from their place of work

Human energy requirements

Animals providing transport services

Transport of consumers to and from retail

6

6 According to the PAS2050, land use changes from less than 20 years are taken in to account. The
last banana plantation developed by Dole was Bananito farm in 1990. The banana plantations  La
Estrella and Rio Frio date back from 1955 and 1968 (annex 3).
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4.1 Farmings tage

Location of the banana plantations

The banana plantations of Dole in Costa Rica are all situated on the Eastern side
of the country near the Atlantic Coast. Bananas that are of export quality are
packed at the plantations and transported by rail or by truck s to Puerto Moin.
From here the productis shipped to different continents. Some of the yield is  not

suitable for export and is sold to a local company that makes processed banana
products.

For this study, data from two banana plantations was inven toried and used to
calculate the average. Valle de la Estrella and Rio Frio are banana plantations of
Dole covering 1 ,384 and 1 ,479 hectares respectively. The plantations are situated

in the south eastern and central eastern region of Costa Rica.
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Figure 4. Geographical location of the banana plantations in Costa Rica.

Process description
The banana plantations of Dole are monocultures of the Cavendish species.

Because the plants are triploid, they donodt

offshoots . After the first planting of banana shoots, it takes 9 months until the
first bunch of bananas can be harvested. When a mother plant is harvested the
plant is cut and the offshoot or Afsuckero that is already
and starts to grow and develop fruit . The offshoot can be harvested 14 weeks
later. This system can go on for many years. At a banana plantation only one
sucker is allowed to grow at one time from a mother plant, so if more suckers
develop they are removed. The banana bunches are harvested by hand. The
banana stems are attached to steel cables and special pulleys which are hauled

by mules from the plantation towards the packing facility that is located on the

farm itself.
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Figure 5. Picture of a banana plantation where a mothe r plant and a sucker are visible (left photo ). At
the packing facility banana bunches are quality checked, washed, cut into consumer units and packed
(right photo ).

Yields
In 2008 Valle de la Estrella and Rio Frio together yielded in average 45 .78 tons
per hectare. Furthermore, a  portion of the harvested bananas di dnét me et t he
export quality specifications and were sold to a company specialized in the
production and distributi  on of processed banana products . The economic
allocation factor was calculated based on volume and relati ve prices of export
quality bananas and the one sold to an independent company (table 2).
Table 2. Averagey ields per hectare and allocation factors of the plantation s Valle de la Estrella and
Rio Frio in the year 2008.
Yield (ton/ha) Price ratio Allocation factor
Exported bananas 45.78 37.48 99.7%
Bananas sold to an 5.39 1 0.3%
independent
company
Total 51.17 100%
According to the FAQO, the average banana yield in Costa Rica amounted to 46.3

tons /ha in 2006 and 47 .5 tons /hain 2007 (www.faostat.fao.org)

Nutrient requirements

Bananas have high requirements for both nitrogen and potassium. According to
literature (Soh, 1997) bananas have the highest fertilization rate per hectare of

all food crops. Most of the fertilizers at the banana plantations of Dole are applied

by hand. Just a small amount of the fertilizers are foliar fertilizers which are

applied by aerial sprayings by the company AFCA ( Aerofumigacién
Centroamericana S.A., see below).

Most of the Nitrogen ( N) applied is in the form of urea (57% ) and the rest as
ammonium nitrates . These fertilizers are important because they are related to
nitrous oxide emissions from the soil and the production of chemical nitrogen
fertilizers whic h are very energy intensive. In relation to emissions of greenhouse
gasses, the application of calcium carbonates is also important because the
carbonates react in the soil and cause s CO, emissions (IPCC, 2006) .
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Pest and disease control

Especially in h umid countries such as Costa Rica, banana plantations use
relatively high amounts of  fungicides to protect the plants for the Black Sigatoka
fungus which causes significant loss of leaf area and vyield reductions. The
company that performs the sprayings for Dole is called AFCA. AFCA uses a GPS
system to optimize the spraying activities that automatically open and close the

spray valves of the plane during flight . On average, the applications are done
every 4 to 7 days depending upon the incidence of the dise ase.

Jet fuel use

The jet fuel used for aerial sprayings at Estrella in 2008 amounted to 188,716.8
liters ; this means a use of 136 .4 liters /ha . In the case of Rio Frio 170 ,040 .9 liters
of jet fuel was used, which means a usage of 115 .0 liters /ha. The average jet fuel
use is displayed in table 6. According to literature , a typical spray plane uses 20 -
45 gallons of aviation gasoline per hour spraying 60 hectares per hour. That

means that on average 1 .9 x 60 = 113 .6 liters /ha of aviation gasoline is used to
spray one hectare during one growing season. So, it can be concluded that the
primary activity data is in the same order of magnitude as the literature suggests.

Figure 6. Planes for a erial sprayings runon jet fuel.

Diesel and gasoline use

Since aerial applications cannot cover the sides of the banana plantations, the
sprayings for these zones are done using ground spraying equipment . The fuel
used at Estrella in 2008 amounts to 1,167 |iters of diesel and 22 ,440 | iters of
gasoline. For Rio Frio fue | use amounted to 20,117 | iters of diesel in 2008. No
gasoline was used at Rio Frio. For commuting to and from the plantation, the two

farms used 62 ,859 and 8 ,371 | iters of gasoline respectively . The 2008 average
fuel use per hectare can be found below.

I/ha
Jet fuel 125 .66
Diesel 7.22
Gasoline 8.11
Gasoline for commuting 25.54

Electricity use
Electricity use on the farm is mostly used in the packing facility and is therefore
displayed in section 4.2
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Use of plastics

To protect the banana bunc  hes from insects during their growth they are covered

with plastic. To minimize plastic use , the plantations in Costa Rica re -use the
plastic. On average , one bag can be used 3 times before it is damaged and
needs to be renewed. In case of damage the plas tics are collected and recycled

by the company Recyplast. The use of plastic per hectare has been estimated by
multiplying the number of bunches that are harvested per hectare per year with

the weight of a plastic bag (0 .025 kg). Then are -use rate of 30%  was assumed.
The yearly amount of plastic was therefore estimated as 17.77 kg LLDPE (linear
low - density polyethylene) per halyr.

Transport to the packaging facility
Transport by mules of the banana bunches from the field to the packing facility

occurs vi a steel cables that move like a conveyer belt . As mentioned in the
methodology section, emissions due to animals are excluded from the
assessment. The packing facility is located on the farm itself. To protect the

bananas from damage, plastic is put in-between the banana clusters. This plasti o
is recycled at the plantation.
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4.2 Packing stage

Process description

The packing facilities are located at the banana plantations. Before entering the
packaging process , the banana bunches are quality checked. Bana na bunches can
be rejected if severe insect, bruising or maturity issues are observed. An
evaluation of internal ripening is performed by cutting a finger from the second
hand of all stems from the oldest age being harvested. If premature ripening is

ident ified by observing the color or softness of the flesh, the stem is rejected and

not packed. The banana bunches that pass this initial quality check are cut into
hands consisting of 5 -7 fingers (table 4 on the next page ). After that , the
bananas are washed in water basins with a minor percentage of chlorine. In many

of the packing plants, the water is recycled and reused up to six packing days

within the facility. The banana hands can be in dividually wrapped in plastic bags
(these are call ed focpotrtogatherdmnra labga lgag angd packed in
corrugated cardboard boxes. The boxes are packed together on pallets; the

standard pallet contains 48 boxes. 20 pallets are then loaded into each container
that is transported from the farm to the terminal in M oin, situated on the Atlantic
Coast of Costa Rica (table 5 on the next page ).

Figure 7. Packing facility at Valle la Estrella (rinsing, cutting, packing, palletizing).
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Table 4. Terminology regarding to banana packing.

finger cluster hand bunch
Banana (finger) 1 5-7 15-20 200
cluster 1 3 30
hand 1 8-14

Table 5. Weight per different units of bananas.

box pallet container

kg 18.14 870.72 17.414

box 1 48 960

pallet 1 20
Electricity use
In the packing facilities the bananas are transported on conveyer belts powered
by electricity . The main use of electricity is for lighting and for operating the
pumps that extract water from the wells. The electricity is taken from the national
grid.
Fuel use
Sometimes the power supply fails an d power is generated on the farm itself by
using diesel generators. Table 6 displays the average fuel use for electricity

generators for the packaging facilities of Valle la Estrella and Rio Frio in the year
2008.

Table 6. Average e lectric ity use and fue |use perton of product inthe year 2008.
kWh electricity from grid L diesel

input/ton banana 13.93 0.11

Packaging material

The corrugated boxes weigh 1 .286 kg and the plastic 0  .025 kg, for each unit of
18.14 kg of bananas. The boxes and plastic us ed to be produced from paper and
plastic material in a facility that was owned by Dole in 2008, but the facility was

recently sold to a third -party. The facility uses paper, plastic, electricity and
bunker fuel to produce the boxes. For this assessment def  ault emission factors for
the production of corrugated board and plastic were sourced from an online LCA
database (see annex 1).

Table 7. Use of packaging materials per ton of banana s packed.

Corrugated board Plastic (LLDPE)
kg material/ton banana 70.9 1.4

Transport to the terminal

After packing, the bananas are transported to the container terminal yard in

Moin. There are two means of transport that are used. Most of the containers with

bananas are transported by trucks (67%). However, some of the f arms have a
rail line available next to the packing facility. The railroad, owned by the National

Railroad Company (Incofer) is directly connected with the terminal yard. Although

the trains move  slower than trucks and use diesel, this form of transportati on is
more energy efficient than road transportation. Fuel use during transport in Costa
Rica is displayed in annex 3. The transport of bananas in Costa Rica does not use

refrigeration, as green bananas can easily resist going without cold storage for
over 24 hours.
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4.3 Terminal andport operations and overseas transport

Process description

After transportation by train and truck, the containers with bananas arrive at the

Dole terminal, located in Moin and very close to the port. The containers are

rinse d, taken of f the train or trucks and connected to the grid for refrigeration.
Refrigeration at (57e FGehlpmientssthe ripening process of
bananas. The container reefer units use refrigerants in their cooling systems.

After a storage rang ing from hours to several days, the containers are
transported to the dock. Sometimes the containers are directly loaded on the

ships without connection to the grid, particularly in those cases where product is
shipped to the European Union. Bananas shippe d to the US are mostly shipped in
containers, but in the case of transportation to Europe, pallets are taken out of

the containers and separately loaded below decks into reefer vessels. For Europe,
Dole uses two shipping services: Hamburg and Antwerp.

Electricity use

The electricity use in the terminal yard amounted to 21 ,695,569 kWh in 2008.
With a turnover of 63 ,075 containers that were connected to the grid in the
terminal, the average electricity use per container is approximately 344 kWh.

Table 8 displays the electricity use per ton of bananas.

Fuel use

Transportation at the terminal and in the port requires fuel use. In 2008 the total

fuel use amounted to 652.457 ,28 liters of diesel. Table 8 also displays the
average diesel use per ton of bananas

Table 8. Electricity and fuel use during terminal and port operations in 2008.
| diesel kWh
input/ton banana 0.59 19.75

Refrigerant use

With the data available it was not possible to identify the exact amount of
refrigerant that is used for stor age of bananas in the container terminal. The
reason for this is that bananas are stored for varying time periods at the terminal

and the container units travel back and forth from the tropics to the market
countries (especially the U.S.). Much of the refr igerant use is due to the
transportation of pineapples which do require low temperature conditions after
being packed . Unlike bananas, pineapples are harvested ripe and therefore need

to be refrigerated during transport. With the data that was available, a
conservative estimate has been made on refrigerant use amounting to 12 .22 kg
CO,elton banana.

Figure 8.
Storage of
containers
at the
terminal
and port
operations.
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Shipping r  outes

Approximately 50% of the bananas that are shipped to Germany are export ed
from Puerto Moin in Costa Rica to Hamburg. On the Hamburg service, the vessels

make a stopover in Lisbon, where 10 -25% of the fruit is unloaded. This stopover

is also made during the return trip to the Americas. Furthermore, the vessels

make a stopover in the port of Turbo, Colombia, before returning to Puerto Moin

(see figure 9 , left hand side).  The other 50% of the bananas which supply
Germany are shipped to the port of Antwerp.
Puerto Moin and has a stopover in San J uan, Puerto Rico. This stopover is also
made during the return trip to the Americas. After San Juan, the ves sels visit the
port of Castilla ( Honduras ), and then return to Puerto Moin (see figure 9 right

hand side).

Figure 9. Dol e 6 s Ha mb ur g ntywdrpgrfght))sernices disit different ports.

Data used

For the calculation of the shipping emissions , primary activity data on fuel use
and cargo quantities were used from Dole for the years 2007 and 2008. The data
originates from the Integrated Mariti me Operations System (IMOS), which is an
elaborate accounting and vessel tracking system used by Dole. Recently the data

from this system has been extracted to calculate the greenhouse gas emissions of
overseas transport for Dole.

Regarding fuel use, act ual routes and the amount of cargo on the ships, the data
originating from Dole -owned ships is more accurate than the data coming from

third parties. The third - party emissions have been computed using a model (IMO,

2008) and assumptions were made to enable these emission calculations. During
shipping by third party ships, Dole fruit is just a minor part of the total cargo and

the amount of other cargo was often unknown. Because it was estimated that

shipping has a significant impact on the total greenhouse gas emissions of
bananas, it was decided that the most accurate data (primary activity data) was

preferred over secondary data. Therefore it was decided to use the primary

activity data, originating from the IMO S system used by Dole.

The percentage of fru it shipped by Dole and by third parties differs over the

years. In the case of bananas, 98% was shipped from Puerto Moin to Hamburg by

third parties in 2008. In 2007, it was the opposite: 99% was shipped with Dole -
owned ships (table 9 on the next page ). This means that the data from the IMOS
system of the year 2008 for shipments to Hamburg was not representative. It

was therefore decided to use the weighted average of the shipment data to

Hamburg for the year 2007, which is based on 50 shipments.
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In the case of shipments to Antwerp, in 2008 around 90% of the fruit was
shipped with Dole owned vessels. Therefore it was decided to use the weighted
average of the shipment data of 2008, based on 52 shipments.

Table 9. Quantities of Dole fruit shipped from C osta Rica to Hamburg and Antwerp.
Puerto Moin -Hamburg Puerto Moin -Antwerp
Total fruit shipped in 2008 (tons) 102,103 171,134
Dole owned vessels 2% 89%
Third party vessels 98% 11%
Total fruit shipped in 2007 (tons) 110,476 183,602
Dole owned vessels 99% 91%
Third party vessels 1% 9%

Fuel use during shipping and hotelling of vessels

The IMOS system differentiates the amount of fuel used during shipping and port
calls (table 1 0). For the different years and the different services there were
some dev iations in these figures. Therefore it was decided to calculate the
weighted average of the bananas that were shipped to Germany (table 1 1).

Tablel 0. Average fuel use an & Harburggaod Antevesipd ®erviceBo | e 6

Puerto Moin -Hamburg Puerto Moin -Antwerp Average
Year 2007 2008
Heavy fuel oil use (I) 50,649.282.76 62,109,319.94 56,379,301,35
Yearly turnover (tons) 233,170.58 345,783.04 289,476,81
Heavy fuel oil (I /ton) 217.22 179.62 194.76

Cargo load during shipping
During most Dole shipments, cargo for internal operations is also transported (so

called o6proprietary cargob6), just I|ike cargo

Dole has determined the amount of pallet space that is used for different cargo
types, expressed in pallet equivalents. This data allowed for calculation of the
weighted average of the fuel use per loaded pallet equivalent per shipment. The

fuel use was only allocated to the loaded pal l et s. Emi ssions f
empty space on the vessels were therefore evenly divided over the loaded pallets,

not taking into account the type of cargo.

Allocation during shipping

In the case of bananas, one pallet consists of 48 boxes, each conta ining 18 .14 kg
of banana s. For the calculation it was assumed that all loaded pallet equivalents

were used for bananas and loaded with O .87 ton bananas . Although in reality
this was not the case, it was found to be the most straightforward and
conservati ve way of allocation . If the emissions were evenly distributed over all
pallets, including the empty cargo spaces , the emissions per ton banana
transported would be approximately 35% lower.

Refrigerant use during shipping

"In Dol eednission accounting system, another allocation method has been used which allocates

emissions from shipping to fruit, commercia | cargo, proprietary cargo and the 6ocean <carrierd.

latter means the empty space during shipping. The emissions allocated to the ocean carrier are often
a significant part. The way the emissions are allocated in this study is therefore more conservativ e.
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Data was available on refrigerant use during shipping  from 4 ships that are used
on the European services in the year 2008. The average refrigerant use per ton
banana transported is 8 .34 kg CO ,e. While these vessels are over 10 years old,
the amount of refrigerant use is rather conservati ve.

After arrival in Europe
The bananas that arrived in the port of Hamburg are transported to a ripening

facility located within the port (over a distance of 1 .5 km). The bananas arrived in

the Port of Antwerp are transported by truck to the ripening fa cility in Hamburg
(about 20%) or to a ripening facility in Roisdo rf/Bornheim ( about 30%). 24 tons
of bananas per truck are transported with a fuel use of 0 .3 liters of diesel/km.
The trucks return empty to the ports. The weighted average transport distance is
displayed in table 11. Using the weighted average distance and the fuel use, the

fuel use per ton transported is 4 .58 | iter /ton.

Table 11. Transport distances from port to the ripening facilities.

Distance of return trip (km) % of bananas
Hamburg -Hamburg 3 50%
Antwerp -Roisdorf 476 30%
Hamburg -Roisdorf 1112 20%
Weighted average 366 100%
_>

/

Figure 10. Transport from the ports to the ripening facilities.
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