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1. Introduction

The FAO technical guide, Measuring carbon and water footprints in pineapple value chains,
was developed to support resilient and sustainable businesses. It aims to develop the capacity of users
and empower them to make their own carbon and water footprint calculations independently. The
guide has two main objectives:

1. introduce companies in pineapple value chains to a methodology to estimate the carbon footprint
of their operations, including production, packing, processing and transportation to port; and

2. introduce companies in pineapple values chain to a methodology to estimate the footprint of
their direct water use, from production to transportation to the port.

There is growing demand for this type of information, and thus a growing need for new or enhanced
capacities to develop, analyse and plan based on this type of information. The body of work described
below builds on FAO’s experience in supporting climate change mitigation, including measuring
carbon and water footprints in banana supply chains and other tropical fruit value chains. FAO may
update this training guide from time to time based on experience, or as technology or knowledge
evolves. Feedback and suggestions to improve these learning materials are welcome from any user at
any time by writing to responsible-fruits@fao.org.

2. Objective

This training guide is a companion to the technical guide and other materials prepared by the
Responsible Fruits Project.

The objective of the training guide is to support trainers and other users to identify the different
materials and tools available to develop capacities to quantify greenhouse gas emissions and water
use and pollution. By measuring carbon and water footprints, producers and companies in pineapple
value chains will have information to become more efficient, reduce costs, enhance the resilience of
their operations, contribute to the mitigation of climate change and better manage water resources.



https://doi.org/10.4060/cd1688en
https://www.fao.org/world-banana-forum/projects/carbon-and-water-footprint-cwf-initiative/en/
mailto:responsible-fruits%40fao.org?subject=

Measuring carbon and water footprints in pineapple value chains

3. Target users

This guide is a resource to orient trainers and others involved in capacity development to the materials
that are currently available.

Given the technical complexity of calculating carbon and water footprints, these materials are primarily
for technical trainers, environmental engineers and other professionals who are responsible for
developing capacities for the quantification of carbon footprints and/or water footprints in pineapple
growers’ associations and pineapple producing and packing companies. Ideally, users should have
some knowledge of emissions inventories, carbon neutrality and water management.
Otherwise, trainers could work in teams with one learning expert and one expert in the technical
matters related to measuring carbon and/or water footprints.

Learners and users without advanced technical knowledge may still benefit by referring to the
introductory videos, selected content from the technical guide and training material from the Annexes.
These resources are described further in the next section.

4. Documentation and tools

There are several resources available to support understanding and measuring carbon and water
footprints in pineapple value chains.

Training guide

This training guide is a companion to the technical guide and provides a starter kit for trainers and
others who are developing capacities for better carbon and water footprint measurement. The guide
includes links to documentation and tools available to achieve that goal. It is available in English,
French and Spanish.
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Technical guide

The technical guide, Measuring carbon and water footprints in
pineapple value chains, provides detailed information on these
processes at the stages of pineapple production, packing, processing
and transportation to the port. The guide includes extensive step-
by-step calculations and formulae as well was many additional
resources for better understanding key issues and references to find
information that is needed for accurate calculations. The technical
guide is available in English, French and Spanish.

Two videos are available to
introduce the concepts of carbon
footprints and water footprints,
and how measuring these can be
valuable to pineapple producers,
packers and exporters.

These videos can be used alone or
as part of a learning programme.

“Measuring carbon footprints in pineapple value chains”, a video of 5 minutes and 26 seconds,
can be found at https:/youtu.be/APdrly9YyVs. It is available in English and Spanish.

“Measuring water footprints in pineapple value chains”, a video of 4 minutes and 44 seconds,
can be found at https://youtu.be/F1xH69V0q2s. It is available in English and Spanish.
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Slide decks

There are three slide decks available
for trainers, facilitators and others to
customize and use.
Measurmg cc:rbon _

"and water footprlnts ! The first side deck (Annex 1) introduces
|n p!neapple VOIue ChQIﬂS - carbonandwaterfootprintmeasurement.

. : !ntroductur} sessmn e This includes the context in which these
' " s measurements are important for the
tropical fruit sector and how these
measurements can benefit value chain
actors; basic concepts related to the two
measurements; a high-level introduction to the FAO tool and how it works; information on other
useful tools for measuring carbon; and examples of how the measurement results can be used to
reduce GHG emissions and water impacts in tropical fruit value chains. This slide deck can be adapted
for use with any audience, from beginners to more advanced participants. While the examples are
specific to pineapple production, it is broadly relevant to the tropical fruit sector and the examples
could be substituted depending on the audience.

The other two slide decks include focused technical guidance to prepare participants from the
pineapple sector to conduct these measurements, one for carbon footprints (Annex 2) and one
for water footprints (Annex 3). Each of these two slide decks provides an overview of the relevant
content in the technical guide, including technical concepts, data preparation, reference factors and
calculations. These slide decks were designed to be used in a capacity development event with
technical experts on hand and participants who have or will have a direct role in making our using
these measurements. The content in these slides has been developed by the expert team at Gestarse
S.A. in Costa Rica, the same team that developed the FAO methodology in the technical quide.

You will find all these slides in the Annexes of this training guide. To obtain an editable version of
the slide decks, write to responsible-fruits@fao.org. The slide decks are available in English, French
and Spanish.
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5. Related FAO resources

The Responsible Fruits Project’s website has many useful resources, in particular the section on
how businesses and other actors in the tropical fruit sector can take action on climate change.

The World Banana Forum has developed a guide and online tool, and conducts capacity development
on reducing carbon and water footprints in banana plantations.

Measuring carbon and water footprints is closely related to the Responsible Fruits Project’s work on
climate change adaptation and reducing loss and waste in pineapple value chains:

e Adapting to climate change in the tropical fruit industry: a technical guide for pineapple
producers and exporters

e Reducing food loss and valorizing fruits and residues to boost pineapple industry
sustainability and profitability

And in other value chains:

e Adapting to climate change in the tropical fruit industry: a technical guide for avocado
producers and exporters

e Reducing food loss and valorizing fruits and residues to boost avocado industry
sustainability and profitability
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6. Developing a training plan

The slide decks on carbon footprints and water footprints are structured documents that will support
facilitators and trainers who are guiding participants to:

e understand the concepts of carbon or water footprint measurement, and ultimately to
independently make their own calculations;

e identify and prepare the data needed to make these calculations; and

e evaluating options to reduce either footprint and to improve the efficiency of their business

operations.

The slide decks can and should be adapted to fit the context in which the capacity development exercise
is carried out. Learning outcomes are more impactful if the slides and content are contextualized to
an organization, business(es) or target audience.

Things to consider when customizing the learning content:

e |dentify and focus on parts of the measurements for which data are known to exist.

e Create example scenarios and data sets for practical exercises when it is not possible to use real
data due to low availability or confidentiality concerns.

e Fine-tune the content relative to the scale of the participants’ or businesses’ operations (e.g.
small, medium or large).
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Annex 1.

Measuring carbon and water
footprints in pineapple
value chains

(introductory slide deck)

Please contact the Responsible Fruits Project team at responsible-fruits@fao.org to access an
editable version of the slide deck.

Meosurlng ccrbon
S candwkdter footpnnts

0 plneopple value: chcuns |

Introductory sess‘non = 2
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Content

1. Challenges and opportunities in the pineapple
sector

2. What carbon and water footprint measurements
are and why these are important

3. Measuring carbon and water footprints in the
pineapple sector

4. Reducing greenhouse gas (GHG) emissions and
water impacts in pineapple value chains

Food and Agriculture Organization
5/ of the United Nations

L.
Current

challenges in the
pineapple sector
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Current challenges in the pineapple sector

@

Important source of
economic growth,
livelihoods, food and
nutrition security for
producing countries.

.. Cultivation is climatically vulnerable in
‘**/ tropical regions.

Gl Fast growing international demand for
A pineapple.

Ej Rising requirements from export markets
—/ toreport on environmental impacts and

GHG emissions.

\&/0) Food and Agriculture Organization l

of the United Nations

Current challenges in the tropical fruit sector

Council of the EU | Press release| 24 May 2024 10:20

Corporate sustainabi lity due COP26: Supermarkets promise to halve
diligence: Council gives its environmental impact by 2030 L
final approval

13 August 2024

Two in three (66%) UK shoppers
prefer to buy products that have a
more positive environmental
impact, but are unsure how to
identify them
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2.

What are carbon
and water
footprint
measurements
and why are these
important?

v,
\8/0) Food and Agriculture Organization
of the United Nations

What is carbon footprint measurement?

Refers to the total amount of
greenhouse gases (GHG) that are m= (A ) 9 ( Epssion warmin,
generated by human activity.

factor potentia

Potential to warm the planet once

released into the atmosphere ata
@ @ specific time.

OGHG® ']
e, & rrc aremmincheoys

10
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What is water footprint measurement?

It measures the = Types of water use

potential § 3
environmental Consumption or consumptive use Degradation or degradative use
impacts related corresponds to corresponds to

to water. Water that was used by the organization,
and as a result did not return to the same
watershed from which it was extracted.

for example: for example:

Activities that can potentially affect or

worsen the water quality.

Water that is lost through evaporation,
evapotranspiration or discharge to a

Application of products to soil and air that may reach
water sources, or application of these products directly

different watershed. to water that may affect water quality

Impact category: Impact category:

Shortage Eutrophication in fresh & salt water

Ecotoxicity and Human toxicity

@

Food and Agriculture Organization
of the United Nations

Why is it important to calculate these footprints?

@ Meet the demands from international markets and consumers

1™  Opportunity to enhance input management and reduce operational costs

Reducing environmental impact of operations and increasing compliance
with environmental requirements (1.5 °C target)

Enhanced brand image and reputation (product differentiation and business
opportunities)

’_

QOO

Robust information for decision-making
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What other benefits do
you see in measuring
the carbon and water
footprints?

Food and Agriculture Organization
of the United Nations

Verify the
inventory
declaration

Verify the
) fa:]e:f - inve'xtory
activity data Y declarations
and
Establish feclioaons
the projects
for reduction

Inventory
absorptions
and
compensation

Verify the
carbon
neutrality
declaration

12
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What does a verifiable carbon footprint study look like? (continued)

Define Define the
organization’s limits of the
limits report
1 2 3
Define the physical Define direct and Compile information
areas that delimit indirect emissions on each
the company and set a baseline emission-generating
year activity

Food and Agriculture Organization |

of the United Nations

What does a verifiable carbon footprint study look like? (continued)

Source Sub-source (examples) GHG
Electricity consumption Electnicity consumption from the power grid COe
Use of engine lubricants in vehicles, tractors, or
Use of lubricating oils trucks CO,,CH,NO
Use of mixed lubricants in weed whackers

Use of CO, fire extinguishers

r Use of fire extinguishers Use of clean agent fire extinguishers CO,, HFC, halons
Quantlfy the Use of halon fire extinguishers
emissions Gas consumption for welding and Use of acetylene for welding CO.CH NGO
oxyfuel (acetylene, propane) Use of propane for oxyacetylene cutting Lidis

Leaks of refrigerant gas from air conditioners
Refrigerant gas leaks Leaks of refrigerant gas from refrigerators HFC, HCFC
Leaks of refrigerant gas from cold storage rooms

Diesel consumption in field tractors
Fossil fuel consumption (mobile and Gasoline consumption in vehicles

stationary sources) Diesel consumption In emergency power CO,, CH, N.O
generator
Usa of nitrogen fertilizers Use of granular fertilizers N,O

Use of fertigation
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Oth
Envission | GO, CH, N,O HFCs | HCFCs %' Total
souce  (tCO6) (CO6 (COE (CO@  COQ SOBE (COQ)

) ) A ; ) (coe :

Category

Prepare the Direct
inventory

- Indirect by

statement imported energy | Source 3
Indirect by | Source 4.
transport Source 5
Indirect by | Source 6 »
products used by |

Verify the the company | Source 7

inventory
declaration company products | Source 9

Indirect by use of | Source 8

Indirect from other | Source 10 |
WRNOES | Source 11 |

e eoreeltoRs |

Food and Agriculture Organization
of the United Nations

What does a verifiable water footprint study look like?

: Stages of a water footprint study

Water footprint inventory assessment
1. Define the objective and e
scope of the study e
T
L
2. Develop and analyse the 9 Interpret results
inventory e (iterative)
b
P o7
-~ ~ l
3. Assess water footprint (
impacts \ /
b >

14
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What does a verifiable water footprint study look like? (continued)
Step 1. Define the objective and scope of the study

Function of
the
organization

Facilities Study system
included and limits

amd  Years of study

Impact
category
selected

Assumptions Data and data M Geographical
and decisions quality location

Exclusions,
Expression of M limitations, cut-
results @l off criteria and
uncertainties

Impact
estimation and
methodology

.-“#
i':."?_’.-""l" Food and Agriculture Organization
Y of the United Nations

What does a verifiable water footprint study look like? (continued)

Step 2. Develop and analyze the inventory

Data needed to estimate [ SRS | Water footprint
impacts (inventory) P e .-.(Imp‘act-prdﬂlé)_

—;-[Froshwmor outrophieulim]

+[ Saltwater -mphiouﬁon]

Kilograms of phosphorus |

Phosphorus applied to soil or
equivalent (kg Pe)

discharged into freshwater

I .

Nitrogen applied to soil or

Kilograms of nitrogen
discharged into salt water

equivalent (kg Ne)

‘Quantity of active amount

Comparative toxic ecotoxicity .
applied

units (CTUe)

II

> i Ecotoxicity ]

~

-

= Human toxicity J

=

Quantity of active ingredient
appli

Comparative toxic units of |
human toxicity (CTUth)

I
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What does a verifiable water footprint study look like?

(continued)

Step 3. Assess water footprint impacts

Methodologies:
AWARE .& = Shortage
- Freshwater

ReCiPe |.|.. eutrophication
-
] - Saltwater

eutrophication

USEtox > Ecotoxicity

- Human toxicity

MNoun Project

Food and Agriculture Organization
of the United Nations

3.
Measuring carbon

and water
footprints in the
pineapple sector

=

Water footprint profile

Impact

Field

Packing
house

Total

Shortage (m?e)

Freshwater eutrophication
(kg Pe)

Saltwater eutrophication
(kg Ne)

Ecotoxicity (CTUe)

Human toxicity (CTUh)

The ‘severity’ of the impacts are context

specific as it depends on the water
availability, types of soils and climatic
characteristics of the area
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Measuring the carbon and water footprint in the pineapple
sector

Taod and Ageheulturs

T * Guide developed by the FAO Responsible Fruits Project

Why?
* Respond to the need for measurement of footprints (prioritized by
the industry) and market demand

* Provide a quantitative framework for measuring carbon and
water footprints

* Enable users to measure footprints autonomously

* Support the reduction of environmental impacts of pineapple
production and trade

* Optimization of processes, efficiency and cost savings

* Contribute to risk mitigation and prevention (aligned with
responsible business conduct)

MEASURING
CARBON
AND WATER
FOOTPRINTS
IN PINEAPPLE
VALUE CHAINS

5/0) Food and Agriculture Organization . l

of the United Nations

Development of the guide

* Building on the experience of measuring carbon | CALCULATING
and water footprints in banana value chains CARBON
(world Banana Forum) and adapting this to the o POSTERY

pineapple industry.

* Based on internationally recognized —

methodologies (ISO 14064 for carbon and ISO 1 9. FOOTPRINT OF
14046 for water). DIRECT WATER

USE

* Validation with six export-oriented pineapple
producing and packing companies and
cooperatives in Costa Rica.
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Scope of carbon and water footprint measurement:

Cult‘:\::lﬂon Packing Transport Internationa " Final
harvesting plant to port I shipping F V' consumer
+ Land = Fruit « Transportation I
- preparation reception from the
E £ | - Bedding * Fruit washing packing plant |
3 E- preparation + Ssorting and to the port
= + Sowing packaging 5
g D | + Application of « Refrigeration Processes outside the
technological * Container ]
|| loading scope of the guide
* lrigation = Fruit washing = Vehicle
* Rain for crop » Fungicide cleaning
I hydration spraying
» & | = Waterusein + Facility
[T fumigation cleaning
B o mixtures and . fS:"!:Jlt?fY
-3 ;’;P,’“"“t ¢ Beaninmen
SR (footbath)
-
= m?uw + Faucets
facilities sARling ored

Processes included

Food and Agriculture Organization l

of the United Nations

Contents: Carbon footprint measurement guide

| Carbon footprint calculation overview

Z Scope of an emissions inventory

Carbon PO ol
o 2 Identification of emission sources
footprint of
the 4 Consolidation of carbon footprint results
company:

= Emissions reduction opportunity
(measures)

& Inventory uncertainty

18
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Example: guidance to identify and calculate GHG emissions

2.6.1 Electricity consumption 2.6.1.A Calculation method

Indirect from imported energy

Equation 2.6.1a

jpastehia e sl v Electricity emissions (t CO,e): AD x EFE x CF

Electricity v Where:

tCO,e: emissions from electricity in tonnes of
carbon dioxide equivalent.

AD: activity data (kWh or MWh).

EF.: electricity emission factor (kg CO, e/kWh
or MWh).

CF: unit conversion factor (g.g. conversion from
kg to tonnes).

Food and Agriculture Organization
of the United Nations

Contents: Water footprint measurement guide

Overview of water footprint calculation

2 Scope of the water footprint

Water
footprint of i 3 Water balance identification and product
the usage

company: 4 Assessing water footprint impacts
5 Water footprint report

6 Water footprint reduction measures

25
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3.5.21.A2 Calculation method for saltwater

eutrophication

The value of the impact indicator is estimated
with the ReCiPe methodology, which assumes
that the main factor causing eutrophication in
saltwater is nitrogen. The results are given in
units of kilograms of nitrogen equivalent (kg Nej,
as shown in the following equation (Goedkoop

et al., 2013).

Food and Agriculture Organization
of the United Nations

How do you think
this tool can be
used in your
company?

Measuring carbon and water footprints in pineapple value chains

Example: guidance to identify and calculate the impacts on water

Equation 3.5.2.1b
WF m,,, x CF

eutrof-S —

Where:

WF_ . ..s: Vvalue of impact on saltwater
eutrophication (kg Ne).

m, : amount of total nitrogen used or discharged
in soil or water (kg total NJ.

CF: characterization factor given by ReCiPe (kg
Ne/kg total N).
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5.
Reducing GHG
emissions and water
impactsin
pineapple value
chains

Food and Agriculture Organization
of the United Nations

water consumption optimization,

separation & recycling.

Stubble management and tillage:
tillage practices with lower emissions,
reincorporation of organic matter in
the soil.

Energy: Clean and well-
functioning energy systems

Fuels: Efficient vehicles, fri fi
optimization of routes, fuel-saving /i Refrigerant gases and fire
&

extinguishers: Maintenance,
monitoring and replacement

devices

& oun Project
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% Food and Agriculture Organization ' .

m
)
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Recommendations to reduce the water footprint

Shortage Degradation (quality)
L] : .
Water treatment, recirculation o8 Rational use of agrochemicals
@) andl rense H (integrated pest management,
nutrient management)

‘?—?' o L ; ' em— %

s Z Efficient irrigation technologies @ Integrated solid waste management

""**  painwater harvesting Integrated liquid waste management

Reforestation and forest L. Soil and biodiversity protection
protection

al
ki

% AN -
Food'and Agriculfure Or\;aﬁization
of the United Nations - A% o S

>

22
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Annex 2.

Learning about carbon footprint
measurements in pineapple
value chains

(practical training slide deck)

Please contact the Responsible Fruits Project team at responsible-fruits@fao.org to access an editable

version of the slide deck.

@ Food and Agriculture Organization ™%, 4
of the United Nations ~ak

Carboh fatprint
measurement.in
~ pinedpple value chains
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ATA™ Food and Agriculture
&9 organization of the

Objective:

To introduce the pineapple sector companies to the use of
the carbon footprint measurement guide for pineapple
value chains.

Reference:

This guide used references such as the international (@
voluntary standard 1SO 14064 "Greenhouse gases-part I !
specification with guidance, at the organization level, for
the quantification and reporting of greenhouse gas

emissions and removals”, the GHG :Protocol guidelines, MEASURING
and the Intergovernmental panel on Climate Change e B
(Ipcc) Guidelines. FOOTPRINTS

IN PINEAPPLE

VALUE CHAINS

Food and Agriculture Organization l

of the United Nations

Who is the target audience
of this guide:

Due to the high degree of technical difficulty,
the guide is aimed at:

+ technical personnel;

* environmental engineers;

* personnel responsible for preparing the
quantification of the carbon footprint
within companies; or

+ professionals in related areas.

24
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Contents of this course: How is a carbon footprint
calculated?

Carbon footprint calculation overview
Scope of an emissions inventory

Identification of emission sources

2
Consolidation of carbon footprint results

Emissions reduction opportunity

(measures)

Inventory uncertainty 3

TAD
i':."?_.’-""l" Food and Agriculture Organization
Y of the United Nations

Processes considered within the scope of the carbon footprint measurement guide:

Packaging Transport Internaitonal g
plant to Port shipping .

|
pl_arﬂ to the
G Processes outside the
scope of the guide

|
Processes included
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Recommended steps towards carbon footprint quantification and reporting:

Define
organization’s
limits
Define the
limits of the
report

Food and Agriculture Organization
of the United Nations

Basic concepts

Natural process:

Collect
activity data

Quantify the
emissions

The Greenhouse Effect

Some s on
i cted by the
Earth and the

‘ 4 atmosphere.

J s molecules. The effect of this

war

the Earth’s surface

< nd the lower atmosphere,

Most radiation is ab:
by the Earth’s surfag
and warms ity

Infrared radiation
is emitted by the

Prepare the
Inventory
statement

Establish
the projects
for reduction

Inventory
absorptions
and
compensation
Verify the
carbon
neutrality
declaration

Climate change:

\Z‘i
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Basic concepts

Greenhouse gas (GHG): GHG emission source: GHG emission:
¢ @1 ®

0sH® Gaa OOOO
“ _

Gaseous components in the Any activity or process that It refers to the total amount of
atmosphere, both naturally releases GHG emissions into the one or more GHGs that have been
occurring and human-made, that ~ atmosphere (INTECO, 2019). released into the atmosphere at a
can absorb and emit radiation. specific time.

Food and Agriculture Organization . l

of the United Nations

Basic concepts

Activity Emission w%lr%!l)iilg
data

factor potential

$

Specific quantitative measure of the activity (source)
generating the emissions; which will allow accounting
of the impact on emissions.

For example: kWh, liters of fuel , kg of refrigerant gas,
kg of nitrogen fertilizer applied to the soil, among
others...
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®

Basic concepts

[ — ] Activity Emission
— data factor

¥

The factor of emission relates the activity data to the emission of a specific
GHG. There are differentiated emission factors that determine emissions
by type of GHG. For example:

Global
warming
potential

Emission source/type Reference
Electricity consumption (imported) | GO, 0.0400 kg CO,e/kWh (IMN, 2022)
Use of lubricating oil {four-stroke o 0.5184 kg CO (IMN, 2022)

e_ngine} | 2

Food and Agriculture Organization
of the United Nations

Basic concepts

Global
warming
potential

Activity Emission

[——]
— data factor

¥

It is a value that describes the greenhouse impact of a given GHG, in
relation to CO,, enabling the reporting of all emission in terms of CO, . For
example:

IPCC second report  IPCC fourth report  IPCC fifth report  IPCC sixth report)

Global warming potential (horizon: 100 years)
Carbon dioxide (CO,) 1 1 1 | 1

Methane (CH,) 21 25 28 I 279
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Basic concepts

Organizational boundaries:

s2 @

Limits of the Report

Indirect from tr

These refer to the company areas
that define its boundaries,
including physical facilities,
cultivation, proceasin%, packing
and shipping areas, along with
the chosen consolidation
approach for inventory
quantification.

Food and Agriculture Organization
of the United Nations

Identification of emission sources

Source Sub-source (examples) GHG Category
Electricity consumption Electricity consumption from the power grid Indirect from electricity
T Use of engine lubricants in vehicles, ractors, or trucks ]
.Emlss.“?n 50!."(?95 mL!St .be e o Indirect emissions from
identified within the limits Use of blending lubricant in weedwacker ik i
established bY cutegory. Use of CO; fire extinguishers Bl
USing a Checklist ﬂnd Conducﬁng Use of fire extinguishers Use of clean agent fire exinguishers Direct
facility walk-throughs to identify Use of halon fre extinguishers |
emission sources is considered s PO o7 oo —
good practice. and oxyfuel (acetylene.
propane) Use of propane for cxyacehyiene cutting m}
For OXUlTIPh: Leaks of gas from air Direct
Refrigerant gas leaks
Leaks of refrigerant gas from refrigerators Leaks of 0
gas from cold storage rooms
Diesel consumption in fisld tractors ]
Fossil fuel
| o ¥ Indirect emissions from
ms:m Y invehides = i
Diesel consumption in emergency power plant ]
Use of granular fertilizers Direct
Use of nitrogen
Use of fertigation =] Direct
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Main emissions SoUurces (continued)

The guide offers orientation for identifying GHGs. Each GHG must be quantified for its respective emission

source, using the appropriate calculation methodology.

For example:
2.6.1 Electricity consumption
Category

Sourca

Type of GHG to be svaluatad

Elactricity

Ermissions from imported electricity correspond
to those associated with the production of
electricity consumed by the company. When a
company purchases, acquies and consumes
electricity from an electrical grid, it nas associated
indirect GHG emissions that must be accounted
far.

Food and Agriculture Organization
of the United Nations

Main emissions SoUurces (continued)

The guide provides practical
examples for calculating GHG
emissions by source to guide the
user in applying the methodology.

For example:

NO HFC

HEFG

v

For the purposes of this guide, the emission
source indicated i considered only when the
company consumes electricity produced by
a third party. In Costa Rica, for example, third-
party providers include the Costa Rican Institute
of Electricity, Cooperative of Rural Elecirification
of San Carlos and National Power and

2.6.1.A Caleulation method

Equation 2.6.1a
Electricity emissions (t CO,g): AD x EFE x CF

Where:

1C0,e: emissions from electricity in fonnes of
carbon dioxide equivalent.

AD: activity data (kKWh or MWh).

EF.: electricity emission factor (kg CO, e/kWh
or. MWh).

CF: unit conversion factor (e.g. conversion from
kg 1o tonnes).

2,6.1.B Collection of information

Activity data: The origin of the activty data
depands on the characteristics of sach company.

Emission factor: The emission factor for
dectricty consumption is usualy expressed
a3 kg CO, a®Wh or kg CO, e/MWh. For the
cakculation of emissions from this source, average
emission factors of the local, regional o national
grid ean be used, depanding an the infoemation
available and the characieristics of generalion,
sale and distibution of energy in each country.
The emission factor used must correspond to
the emissions of the year being reported or to
be calculated, if availabie, otherwise, of the most
recent year

Balow i an example of an emissions calculation
for the electricity consumption, indeect category
for imported energy.

KgCOe 5
Tiwn !
Step 2. Multiply the total amount of KWh consumed by the respective emission factor to obtain the CO, \

0.0400

Example: calculation of electricity emissions
Step 1. Ata farm located in San Carlos, Gosta Rica, 15 000 kWh of electricity were consumed during the
year 2021 from the service provider's power grid. To caloulate the associated emissions from electricity
consumption, first identify the appropriate emission factor (EF) for this specific source, year and country.

Equation 2.6.1a

Specific value for Costa Rica for the year 2021

aquivalent emissions (kg CO, e) and convert to tonnes with the CF. Emission factors for this source are
usually given in GO, &, 8o it is not necessary to use the giobal warming potential (GWP).

Electricity emissions (t CO,e) = 15 000 kWh = 0.0400 kgCO, a/kWh x ié«%k}'g' =06tCOe
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Main emissions SoUrces (continued)

The guide considers three carbon

change scenarios based on land ) y
usage. Initial land use Final land use

Land use and management directly . Cropland | Forest land
influence various ecosystem '

processes that affect GHG fluxes, Eepetlanc | Croplahe
potentially leading to either GHG Forest land Forest land

emissions or their removal.

Food and Agriculture Organization
of the United Nations

Consolidation of carbon footprint results

After evaluating all emission sources
identified by the company, the
results are consolidated by source
category and GHG type.

Other
Gases
{tCOe)

Emission Co, CH, N0 HFCs HCFCs

Grtngory source  (tCO.) (tCO,e) (tCO.el (tCO.e)  (tCO)

. Source 1
Direct
Source 2

The results are expressed in tons of ——
carbon dioxide equivalent (CO,e). ' impodedenergy | S0U°83

Indlirect by Source 4
This process will help the company transport Source 5
analyse emissions during the Indirect by Source 6
evaluation period, facilitate future podetmedly | e
- the company
comparisons, and assess | —
. Iindirect by use of
performance improvements. s ooy
. Inclirect from other  Source 10
For example: e S

Total emissions t CO.e
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Miimum content in relation 1o th report indings

Consolidation of carbon s

«  reporting period;

fo ot Pri nt res u I ts (conti nued) + documentation of the company's boundaries;

ion of reporting boundaries, ing critaria to define signifi

emissions;

»  direct emissions quantified separately by type of GHG in 1 CO_&;

= description of how biogenic and are in the inventery,
quantified separately in 1 COe;

The emissions inventory results

= whether direct remaovals are quantified in 1 CO,e:

are typically presented in a . of o otany sourcos o sinks from tho quanticatir;
FBpOI’t intended fOI' 0" *  indirect ermissions quantified separately by categary in t CO_e;
stakeholders. +  the selected historical base year and the year of the GHG inventory;
‘ + explanation of any changes to the base year or other historical GHG data, or categorization

- and any recalculation of the base year or other historical GHG inventory, and documentation
ThIS doCument mUSt meet of any limitationz 1o comparability resulting from such recalculation;
minimum content requirements s e ox of e ratiocisle or their
i i selection;
in accordance with the INTE-ISO e s
]4064_1 StCIﬁdCI rd. # toor of the GHG emis ar removal 1aclors used;

= description of the impact of uncertainties on the y of GHG emissions and

data by category;
+ desacription and results of the uncertainty assesament;
+  astatement that the GHG report has been prepared in accordance with the standard;

= disclosure describing whether the GHG inventory, report or statement has been verified,
including the type of and tha leval of and

= the GWP values used in the caleulation, as well as their source.

Food and Agriculture Organization
of the United Nations

Reduction of emissions

The reduction of GHG emissions .. it allows reducing the GHG
is fundamental of the emissions through the
management of an emission implementation of actions
inventory. planned by the company.

Determining the carbon footprint makes it possible to:
« identify potential opportunities to reduce emissions, and
« contribute to mitigating the effects of climate change.

Once the emission sources have been identified and the company's GHG emissions have
been accounted for, reduction strategies must be established to manage these sources
and reduce GHG emissions.
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Reduction of emissions (continued)
Examples of emission reduction options:

Emission source Reduction aitematives Reduction altematives
Or-site power generation from renewable sources, ¢.g. solar panels
Replacement of anifictal lghting with natural lighting
Replacement of Auorescent or sodium lighting with LED lighting

Raincorporation of organic matter into the soi and use of organic amandments.

Electricity - ot sl Fertiizaruse Utilization of fertilizers with less volatiized nitregen sources
Uitilization of ferfilizers with volatiization inhitiors
of obsok oid with ftici i for

example, air i i prinibers. elc.
Substitution of refrigerant gases with high global warming potentialy for gases
with lower wanming potential

Substitution of combustion vahicles for other technalogies, such as electric or Rafri Fks : T for laak

hybeed and use o fire

Raplacament of old or cheolate vahiclas with mare eMficiant vehiclas extinguishers l Gas recovery and destruction practices with authorized managers

Liilization of fuel-saving devices

Route optimization

Application of efficient driving techniques o habits
Replacement of combustion engines with electric motors

Evaluation of the frequency of fire extingulsher replacement or rechamging

Food and Agriculture Organization
of the United Nations

Inventory uncertainty

Uncertainty analysis is an General steps for uncertainty assessment
important element of an
inventory of emissions and

. .. 0.0

It is used as a mean to prioritize
efforts to reduce uncertainty in
future inventories and to guide
decisions on the application of
methodologies.

The guide provides a general
guidance on uncertainty
analysis.
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Why to use the carbon footprint measurement guide in
pineapple companies?

Provides detailed guidance for the elaboration of the
carbon footprint in the sector.

CALCULATING
Contains case examples for the application of the « MY COMPANY’S
calculation methodologies for each emission source. CARBON

FOOTPRINT

Addresses relevant emission sources for the sector.

Itis the first carbon footprint measurement guide
available to the pineapple value chain.

Food and Agriculture Organization
of the United Nations

Some limitations

It does not include evaluation criteria for the determination of significant
indirect sources. Instead, it allows each company to define its own criteria.

This guide is applicable to elaborate the carbon foot{arint at the company
level, it is not applicable to develop a carbon footprint for a product.
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Thank you!

https:/[bitly/respensible-fruits Responsible-Fruits@fao.org
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Measuring carbon and water footprints in pineapple value chains

Annex 3.

Learning about water footprint
measurements in pineapple
value chains

(practical training slide deck)

Please contact the Responsible Fruits Project team at responsible-fruits@fao.org to access an

editable version of the slide deck.

A /7
Q Food and Agriculture Organization
Wga

/ of the United Nations

Water footprint
medsurement in
pineapple value chains
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Objectives:

To introduce companies in the pinec:pf[e value chain to
a method for measuring water footprints based on the
FAO technical guide “Measuring carbon and water
footprints in pineapple value chains”.

a To build the capacity of individuals and organizations (&
to make their own water footprint calculations
independently.

MEASURING
CARBON
AND WATER

The technical guide is available at: el ol

https://doi.org/10.4060/cd1688en VALUE CHAINS

TAD
i':."?_.’-""l" Food and Agriculture Organization
Y of the United Nations
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Contents of this course: How is a water footprint
calculated?

1 General water footprint calculation

2 Scope of the water footprint

3 Identification of water balance and use of products
4 Assessment of water footprint impact

5 Water footprint report

6 Water footprint reduction measures

Food and Agriculture Organization I

of the United Nations

General water footprint calculation

Processes considered within the scope of the water footprint measurement guide:

Packaging Internaitonal . : Final
L J
i D |

Processes outside the
scope of the guide

Processes included

38
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General water footprint calculation (continued)

Recommended steps for the water footprint study:

Stages of a water footprint study

Water footprint inventory assessment

3. Assess water footprint
impacts

‘1. Define the objective and 9
scope of the study 6. ﬁ\;
i 51[3
2. Develop and analyse th Interpret results
sy ISR s
Ty
e 2

i

Source: Adapted from 150 (International Organization for Standardization) . 2014. International standard 1SO 14046:2014(E): Environmental management —
Water footprint — Principles, requirements and guidelines.

‘

Food and Agriculture Organization
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General water footprint calculation (continued)

Basic concepts
Water footprint: Direct water usage: Water use related to human
activities:
>
Metric(s) that quantifies the Usage that take place during Any form of withdrawal or
potential environmental day-to-day operations within release of water, or its use
impacts related to water. the company'’s facilities within the same watershed,
that affects water quantity or

quality.
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Basic concepts

== Types of water use

+

Consumption or consumptive use

corresponds to

Water that was used by the organization,
and as a result did not return to the same
watershed from which it was extracted.

for example:

Water that is lost through evaporation,
evapotranspiration or discharge to a

different watershed.
Impact category:

Shortage

Food and Agriculture Organization
of the United Nations

Basic concepts

Impact category:

This classification is given to an aspect
that represents an environmental
importance related to the usage of
water in the productive activities of the
sector.

+
Degradation or degradative use

corresponds to

Activities that can potentially affect or

worsen the water quality.

for example:

Application of products to soil and air that may reach
water sources, or application of these products directly
to water that may affect water quality

Impact category:

Eutrophication in fresh & salt water
Ecotoxicity and Human toxicity

]

—~- Water Footprint

(Impact Profile)

Il

By
0

e
————
S
eﬂ
m‘. L J
A
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Basic concepts

Impact category indicator:
Impact category indicators

This indicator corresponds to the

numerical value of each impacted v — .,
. i 5 Amount of resource Characterization
estimate. This is achieved by _ |  consumption factor (CF)
multiplying the water consumption or = Nl * B s
quantity of a substance emitted, as \_retum tothe basin) ) \ category) )
appropriate, with a value known as the
characterization factor (CF). T (st S e (" Choracterization )
Vindicator = of a substance % factor (CF)
{eiomearing tras) L (in water, soil or air) | (ﬂwimﬁsﬂpﬂd

Food and Agriculture Organization I

of the United Nations

Basic concepts Data needed to etk
estimate impacts (iww::;?ﬁo
(inventory) M reekd iadidln
The information collected should > -
correspond to the year of study \ :
defined within the scope. The data FhRu s cppied [ iogramsof | I
required will be associated with the PP LA > phosphorus i
impacts to be estimated. foshater I | ecitainie (g be) L
Nitrogen applied to _ Kilograms of Seiltaiciter
soil or discharged > nitrogen equivalent
Inwsultwuhg: I 1 g(kga;lae) Secpicatich
\ —
rtity of active Comparative toxic :
|" Wy
SHARMEL LI v | et > Human toxici
i d ty
ingredient applied | toxicity (cTuth)
| S —
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Stuly sysbern and Smita hactaras of ks and packing m
@ !
The @

arm pro-

[Pencosses covared in the suny
-productcn, productan,
e . T |
e 5 .
IIHHM

packing houa,
1t il b conchacted using 2022 s

the base year and 2023 & w0
Incat
@ .

.
Tha seudy farm i loeaind in Costa. @
oo, carton o San Carks, i e m A pintimpact appecach and

Irpdrngeipiic basin of the Frio the AWARE, ReCiPe, and USEx
Fivor, 0 methodologes ware used.
resgacvaly,

Exciusions, fimitations, cut-off
crftaris and unceriainties

Food and Agriculture Organization
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Identification of water balance and use of products

Identification of water balance and use of products at the field stage

Crop evapotranspiration
‘Water from wells, surface Evaporalion in reservoirs
SOUrces, rain Water discharged into another basin
Application of
Land preparation Sowing » Crop hy = phyt y > Fertilizer application—» Harvest
products
Runoff
System: Field fitation

[l water inflows 1o the fisld system

EC?)I Wg.la_rousﬂows that remain in the basin

@' ‘Water outflows that do not remain in the same basin.
: Usage of products that may allect water quality
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Identification of water balance and use of products

Identification of water balance and use of products at the packing stage

Waler entering the  Water from wells, surface Water from wells, surface

it sources, fain saurces, rain Sraparaton
] J 1 t
Palletizing, cold
Washing  (»f Poschanvest L, Drying B pmeames el Maeileny
shipping
@ @ JJ Sewage waler Sewage water
Sewage water Sewage water Sewage water
‘Washl
natallstions sd Acmiistraiv

U 1

Water from wedlls, surface  Water from wells, surlace
sources, rain sources, rain

T Wator inflows 16 the packing Systam

[ Water runc# that remains in th basin in ganarally

[ Outtiows of water that remain in the basin genarally
Usage of products thal may aflect water quality

Food and Agriculture Organization
of the United Nations

Assessment of water footprint impact

Data needed to it of each Units of each

impact indicator

After collecting the information
for the water footprint inventory,
we will proceed to estimate the
potential water footprint

(inventory} factor

Water coming
out in the fruit

Water footprint

{impact profile)

ImpCICtS. '

g‘ Phosphorus applied Kdograms of Kilograms of

£ tasoil ordischarged =X “UNININET LEEe phesphorus b

?l, & inte freshwater hg e | equivalent (kg Pe)
g J .

E

- @ 4 :

g s;':?‘ﬂ::_:m:a X ..“..'..7;:";«'.";:."..'.‘.- Lomm o Kilograms of nitrogen Saltwater

2 salt water ey =" equivalent (kg Ne) eutrophication
(— . »

21 -

o v taic units

2 mﬁﬁﬂx Kb O b mater oot Sont Ry, of ccoroniony (CTUR}  ——  ECOtORCItY

s g [PaF.m3 g ig) [cases or CTUR)

e o J y

£ . -

) S CQuantity of active l_ Casexper ilogramafactive | __ | -Comparakive taxic units H o

Note: Blue shows the indicator related to = ingredient applied J x> bt B p:;:-?:ntﬁn ——*  Human toxicity

= ) )

consumptive use and orange shows those

J

associated with degradative uses.
AWARE=Available WAter Remaining.
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Assessment of water footprint impact (continued)

The water footprint

measurement guide provides
guidance for assessing potential
impacts and the corresponding
calculation methodologies.

For example:

Food and Agriculture Organization
of the United Nations

An example calculation is

provided for each impact, to
guide the user in the application

of the methodology.

3.51. Impacts due to
consumptive uses of water or
water consumption

3.5.1.1. Scarcity

A potential scarcity impact is generated when
a volume of water does not retumn to the same
basin from which it was extracted due to the
company's activity, As such, other potential
users would no longer be able to consume it to
mest their nesds (UNEPR, 2012). Water is lost in
the following way (Vallgjo, 2015; Vallgjo et al,
2018):

+ field system: crop evapotranspiration,
evaporation, or discharges to a different
watarshed; and

= packing house evaparation,
discharge to a different basin, or water
incorporated into  the  fruit.

Example: water scarcity footprint

The summary worksheet for water scarcity can
be consulted in Annex 3. The calculation method
is described below,

3.511.A Caleulation method

For the estimation of the impact indicator,
the AWARE methodology (“Available WAter
REmaining”) is used. The estimation is done by
multiplying the total volume lost from the basin
by a CF according to the geographic location, as
shown in the foliowing equation. Tha result will
be given in termsa of equivalant cubic meters of
water (me) (WULCA, 2017; Vallejo et af, 2018).

Equation 3.5.1.1a
WFscarcity (m’e) = BVt » CFregional

tatal water velume [BV) was 105t by evaptranspiration from the watershed during the study year as

I
| Step 1. On a 15-hectare pineapple farm {atilude 10°35'31.50 *N and longitude B4*28°23.67 "W a |
|
I

described below.

i " Geapis
1 daruary 5250
; Fobrary s025
March 6060
i 5905
May 6000
] June 8585

Total

[ Maonth rm’?m
| January 03
Fabruary 07
1 March 10
x Aprt 1.1
Mty 06
Jung 03

A I
sl i .
July 10200 !
August 730 |

Septamber B 355
October 788 i

Hlavemize 5655
December 5130 .
84150 '

Step 2. To identity the monihly scancity charactenzation facior, find the geographic location according |
1o the Google Earth appication and use the indicated coordinates. i

o ety I
duy 02 i
August 02 .
Saptamber 02 y
October 0z |
Novemper 02 i
Decemuer 22
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Water footprint report

Once the potential water Water footprint profile
footprint impacts have been Packing
assessed, it is recommended to impact Field house Total
e rnt e 2 7 Shortage (mre)

print protie. Freshwater eutrophication

. (kg Pe)
Forexample: ' Saltwater eutrophication
(kg Ne)

Ecotoxicity (CTUe)
Human toxicity (CTUh)

Food and Agriculture Organization
of the United Nations

The results of the water footprint
inventory are generally
presented in a report, which is
recommended to contain at
least the following points:

. Water footprint inventory analysis
o Water balance
o Consumption Data Inventory
o Degradation data inventory
8. of water footp P
o Impact indicators by category
o Discussion of results and prioritization of actions
o Uncertainty analysis
o Um'rlaljonn: of the study
L s i

10. References

11. Annexes
o Evidence
o Photographs
o Calculations
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Water footprint reduction measures

The water footprint indicator,
having a life cycle analysis
approach, is expressed by a set
o “ﬁtentiul impacts on
different aspects associated
with water resources.

Water scarcity footprint management

When thinking about options for
reducing the footprint, the
company must visualize all the installation
good and best practices
available within the sector to
make a more efficient use of
water and reduce the use of
substances or activities that Kl 00/ g ek
affect water quality.

Food and Agriculture Organization
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Water footprint reduction measures (continued)

Examples of water footprint

Water footpri for

and human toxicity

reduction measures due to
human toxicity, ecotoxicity and
eutrophication.

Detailad tracking of product usage 1o understand and suggest mduction
measures

Reduce agrochemical consumption

Maintain and desmit butfer zones where products are not used
Maasure and record pasticide dnift

PRetate aciive Ingredients

Only use authonzed pesticides

Implamant product changes whan the active mgredient has & lower impact
characterzation factor

Sel toleranca theshokds fer applying of not applying agrochemicals
Incrensed afficloncy In appications thraugh new lechnelogies
Implement the usa of bictogical pest controllars

Past control with natursl products

and comective ol ap
equipment

Esxacate sol of folisr quality analysia for the fertilzation plan
Ratianal use of -
2y & Lise bin inputs 10 reduce the need for synthetc fertilzors
synthetic fertilizers P L
Plant cover Crops 10 enhance nutrient focation
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Advantages of using the water footprint measurement
guide in the pineapple value chain

Q Provides a detailed guidance for the

development of the water footprint in the sector.
2 WATER

&j « FOOTPRINT OF

0 It contains case examples for the application of A COMPANY’S
the calculation methodologies for each DIRECT WATER
potential water footprint impact. USE

0 It is the first water footprint measurement guide
oriented to the pineapple value chain.

Food and Agriculture Organization
of the United Nations

Thank you!

) https:/[bitly/responsible-fruits Responsible-Fruits@fao.org
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