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Independent non-profit institute with the purpose of:

®

 Providing a globally accessible, evolving animal feed
ingredient Life Cycle Analysis (LCA) database;

&
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Global Metrics for Sustainable Feed

 Supporting compliant, credible, and transparent
environmental assessment of animal feed ingredients
and their role in the environmental footprint of animal
derived products; and

 Fostering continuous improvement of the
environmental performance of animal derived
products.
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Methodology 5

Partnerships



2020 onwards

Publication of the
database, member-based
institute, data licensing

2019

GFLI founded as non-
profit institute

2016-2018
GFLI methodology created
according to FAO-LEAP &

EU PEFCR Feed

GFLI timeline

While the Institute was
established in 2019, a long road
came before...
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GFLI established as
a coalition project
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2010-2015

Start of feed LCA
research
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Join the GFLI!

Interested in membership, providing or accessing data, or
becoming a strategic partner? Let us help you meet your
sustainability goals! Contact the GFLI Secretariat for more
information at: info@globalfeedlca.org

Check out our website!


mailto:info@globalfeedlca.org

What is the GFLI database?

High-quality, comprehensive database of emissions using
LCA metrics for more than 1,830 feed ingredients.

Methodology aligned with FAO-LEAP & EU PEF Feed
System-boundary: cradle-to-gate of feed mill

Full environmental footprint with 16+ impact categories
according to EF3.1 & ReCiPe Midpoint (H)

Ingredient outputs are presented per 1ton (1000 kg) of fresh
weight

Datasets are based on statistics & secondary data sources,
or aggregated primary data

Data quality rating (DQR) metrics aligned with EU PEFCR Feed
Three allocation methods: mass, economic, energy

a
Three formats to accommodate different users: LCIA, system A

processes, unit Process
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Database users - feed companies
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Benchmark, deliver
sustainability reports
(Scope 3), coms &
marketing
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Database users - LCA practitioners
research institutes, food companies
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Integrate GFLI data os Assessment | n |

in LCA studies or
software tools

Define footprint of
food production (both
animal and plant-
based products)
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Database users - LCA practitioners
research institutes, food companies
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DATA COLLECTION
REQUIREMENTS
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» Nutritional
Analysis
» List of Feed
Ingredients part of
the feed composition
Red Meat PEFCR? Egg PEFCR?

Use of secondary data allowed Company Specific Data Required [Poultry Meat PEFCRY | Marine Fish PEFCR?




GFLI serves as a catalyst for
the feed sector, and beyond...

Vielfeleieon 6f arvirem @mE] Compliant with national regulatory /
developments, voluntary schemes 7

footprints of companies o . 7
(branded data) and certifications

[ o [
High-quality database Recognition lechln and Forms the basis
beyond the animal for full supply

of secondary data . .
feed sector chain alignment
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The GFLI database is accessible via the purchase of a license agreement. Other license
types to respond to additional use cases will be available soon.

Commercial license Doveloper liconse
- Benchmarking  Data integration in any tool

« Environmental parameters for
compound feed production
- Improve internal processes

« Marketing and communication
®

Research license
« Academic and other research

and studies
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Validate environmental
footprints of companies

GFLI's ‘Branded Data’ methodology was developed to respond to the growing
demand for primary data and many companies’ interest in showcasing their own
environmental footprint.
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GFLI branded data

« Gives insight into a company’'s emissions in order to track sustainability over
multiple years

« Allows for sustainability reporting through a recognized methodology

« Allows for comparison of a company-specific ingredient with the averages
in the GFLI database

 Gives a company insights into its own supply chain so it can drive sustainability

 Marketing and communication purposes
®

Methodology & Procedures
for a Data-in Project

Version 1 (October, 2023)




Recognition within and beyond
the animal feed sector
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feed associations and research institutes.
" The GFLI database is utilized by more than 500 users through commercial licenses
and developer license integration of the data into third-party tools.
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Voluntary schemes,

reporting and certifications

Latest developments:

SBTI-FLAG compliant version of the GFLI database for corporate
targets to reduce emissions

Guidance for accepting higher tier approaches (yielding more
precise data) in National Inventory Reports

Involved in the OECD's development of a framework for
measuring cadrbon footprints of Agri-Food Products

Listed on the PACT website for compliant data exchange

PACT
Methodology

Methodology for €aleulating and Exchanging
Cradle-to-Gate Product Carbon Footprints (PCFs)

B




Forms the basis for full supply
chain alighment

¢ ng.’

@‘ With all previous steps, we've aimed to provide high quality data calculated in a

transparent manner, and compliant with relevant methodologies in order to meet the
needs for environmental footprints of feed (and food) ingredients calculated up to the
feed company gate. But the data’s value extends far beyond this point in the chain.

@L‘ GFLI continues to strengthen partnerships with relevant organizations to ensure that the
GFLI methodology and database are used as the basis for calculating feed (and food) -
related emissions throughout the full supply chain (including plant-based foods and pet
food).

Help GFLI become the global standard for feed LCA emissions data and bring us in
contact with downstream partners and relevant organizations to further align

%
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5
DATA GENERATION )=

How is data added to the GFLI database?

Data Data
« LCA data from various sources contributed by data collection modelling

providers

- Data providers: research institutes, universities,
associations, companies, a consortium of entities

« Goal: collect and model data per GFLI Methodology
to fill gaps, improve existing datasets, or improve
methodology (i.e. regionalized modelling)

Internal External
review review

 Branded data: product-specific data

- Internal and external reviews ensure high quality and

transparency Dataq
* Process description: transparency re: data sources integration

and details about data collection and modelling.




Additional purchasable data

Type e

Feed ingredient  AFPES 2022
Feed ingredient  AFP6.3 2022 ton
Feed ingrecient AFP6.3 2022 o0
Feed ingredient AFP6.3 2022
Feed ingredient AFPE3 2022 ton
Feed ingredient  AFP63 2022 ton
Feed ingrecient AFP63 2022 won
Feed ingredient AFP6.3 2022 100
Feed ingredient AFPE3 2022 ton

Inclusion of New Primary Data!
Inclusion and update of marine

ingredient data based on new
primary data derived values.

@IFFO

THE MARINE INGREDIENTS ORGANISATION

Y’ Recipe C’ W Economicalloca » Y SBTI-FLAG

? EF3.1 () ? Mass allocation () Y Nutritional values (link to third-party
Y Nutritional values (DM, etc.) W Energy allocation » Y Nutritional values (DM, etc.)

7 CF only

5,193588211 3734665936 (
4968411771 343212621 (
7,788407899 5216432837 (
1191991512 359,9265748

1891624424 3342173375 (
10,70959802 466,3750352 ¢
10,63239223 450,0166471 (
4,638385322 525,3899553 (
1397047612 457,0760432 (

2027 il
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Launching our IT-framework

Charting New Waters: Building the First PEF-
Compliant Generator for Fisheries and Feed
ingredients

POSTED ON 20. MAY 2025 BY TRINE SIRNES

In amajor leap forward for environmental transparency in the seafood sector, a new collaboration is underway between GFLI
(Global Feed LCA Institute), Sigmat Norgze, and LCA.no, Their joint project, funded by FHF (The Norwegian Seafood Research
Fund), aims to deliver a cutting-edge, cloud-based tool for environmental data generation — the first of its kind to comply with both
GFLIstandards and the EU's Product Environmental Footprint (PEF) methodology.

Publication of Marine data generator tool!
Automated data modelling for PEF

(Marine Fish PEFCR) and GFLI-compliant
marine-based data creation.

Extension of generator tool!
Expanding the tool for cultivated &

processed ingredients, as well as
multiple additional features.



You Can Only Manage What You Measure

met-ric (me-trik)
. a standard of measurement

. of or relating to (such) an art, process, or science of measuring

“no metric exists that can be applied directly to happiness”
—Scientific Monthly

REVIEWS IN FISHERIES SCIENCE & AQUACULTURE @ Taylor & Francis
https://doi.org/10.1080/23308249_2024.2337426

Tavlor & Francis Grougs

3 OPEN ACCESS | /M) Sheck for updates

The Evolution of Sustainability Metrics for the Marine Ingredient Sector:
Moving Towards Holistic Assessments of Aquaculture Feed

Brett D. Glencross®t ®, Enrico Bachis?, David Robbc and Richard Newtont

IFFO — the Marine Ingredients Organisation, London, United Kingdom; Plnstitute of Aquaculture, University of Stirling, Stirling, United
Kingdom; “Cargill Animal Health and Nutrition, London, United Kingdom

“ We need to move toward a more transparent assessment process as this will better support

aquaculture to move forward by being able to assess the sustainability of the use of all feed ingredient
resources on an equivalent basis.”

THE MARINE INGREDIENTS ORGANISATION



Life Cycle Assessment

TRANSPORTATION

MANUFACTURING |

RESOURCES RESOURCE INPUT g) , / 1 @ DISPOSAL | EMISSIONS
>R y NN

-

A
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DESIGN |
,." 0
(4

12 RESPONSIBLE.
CONSUMPTION
NOLSTRY, VAT AND PRODUCTION

AND INFRASTRUCTURE

O Eé

1 CLIMATE 1 LIFE
ACTION BELOW WATER

GOOD HEALTH CLEAN WATER
AND WELL BEING AND SANITATION

Human Toxicity Freshwater Ecotoxicity Global Warming Potential Marine Eutrophication Terrestrial Acidification
lonising Radiation Water Resource Depletion Ozone Potential Marine Ecotoxicity Terrestrial Ecotoxicity
Photochemical Oxidant Formation Freshwater Eutrophication Fossil Resource Depletion Freshwater Eutrophication Agricultural Land Use
Particulate Matter Formation Urban Land Use

Natural Land Transformation

IMPACT CATEGORIES




Something HIGH in one Impact Category...

Climate Change (kg CO2 eq/ tonne product)  Land Use (Pt/tonne product) Water Use (m* / tonne product) Ecotoxicity (CTUe/ tonne product)

0 1000 2000 3000 4000 5000 6000 O0.E+00 2E+05 4.E+05 6.E+05 8.E+05 1E+06 0 1000 2000 3000 4000 5000 O0.E+00 3.E+05 5.E+05 8.E+05 1E+06 1.E+06 2.E+06

Total minerals, additives, vitamins

Crude rapeseed oil (solvent)

Wheat flour

Rapeseed meal (solvent extract)

o

Pea protein-concentrate

Wheat gluten meal
Maize gluten meal

Soybean protein-concentrate

Soybean meal (solvent extract)

Sunflower seed expeller dehulled
Broad bean meal
Fish oil - Anchoveta

Fish meal - Anchoveta

& ofli
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Fish oil - Atlantic Herring

""I'DI'I”'H

Fish meal - Atlantic Herring

All data based on GFLI (v.2.0) EF3.1
Economic allocation to products based
on RER (European Sourcing)

Fish oil - Atlantic Herring by-...

...‘Hlllu_.ml

uJ.lIIII ||I Im
______IIHIII

Fish meal - Atlantic Herring by-...



Percent of Formulation

Using LCA Data as a Formulation Constraint

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Increasing Impact Decreasing Impact

100%

— W Sunflower Meal
B Wheat Gluten

STD

1800 1600 1400 1200 1000
Carbon Footprint (kg CO2-equivalent/tonne)

®m Corn Gluten

Soy PC

Rapeseed oil

Faba Bean Meal
m Wheat

Fish oil - Herring BP
M Fishmeal - Herring BP
W Fish oil - Herring
B Fishmeal - Herring

W Vits-Mins-Pig-cAA

800

LCA data can be used in formulation
databases like any other parameter.

A standard (STD) North Atlantic salmon feed
(DP36%:DE20kJ/g) has a Carbon Footprint
(CF) of about 1978 kg CO2.eq / tonne feed.

Formulating on CF has some clear effects on
ingredient preference.

Primary data from ingredient suppliers is
increasingly being sought by the feed
producers as values can vary markedly.

THE MARINE INGREDIENTS ORGANISATION



3000

7000

6000

5000

4000

3000

2000

1000

Existing GFLI Data on Marine Ingredients

Sprat /NO

FISHMEALS and FISHOILS - Climate Change Potential (kg CO2 eq / tonne product)

Krill /NO

Sand Eel
/NO

Blue
whiting /NO

All data based on GFLI (v.2.0) EF3.1 Economic allocation to products

Lots of variability in FOOTPRINT data across resources.

B oiLs
Il MEALS

* GFLI Data includes most major sources of marine ingredients.

* All data is from secondary sources; need primary data...

European
pilchard
(sardine)
/NO

South
American
pilchard
(sardine)
JUS

GLOBAL
WEIGHTED
MEAN

Atlantic

Atlantic Capelin /NO

Herring menhaden

(NO)

JUS

Gulf
menhaden
J/MX

Anchoveta
/PE

Atlantic

Mackerel

Alaska

Herring by- by-products pollock /NO

products
/NO

/NO

THE MARINE INGREDIENTS ORGANISATION



Assessing Marine Ingredient Impacts...

* Environmental impacts do not
just occur on the production unit  crapLE GATE GRAVE

* Raw material extraction (capture) INPUTS INPUTS INPUTS

INPUTS INPUTS

* Processing

e Distribution

* Consum pt lon / Use Raw Material Materials Product
Extraction |- Processing " Manufacture

* Waste disposal

* Defining the extent (boundaries) @ iL @

of your system is critical. ; WASTE WASTE WASTE

Rec ycle

* We are focussing on a CRADLE- §

tO-GATE analySiS Of Marine Ecological Loop (Cradle-to-Cradle)
Ingredient Production.



Step 1- Mapping the System Boundaries and Flows

EMISSIONS EMISSIONS EMISSIONS EMISSIONS EMISSIONS EMISSIONS
Resources Energ‘?r
Production l I l
Fish R
IS Fish Fish : ) -
Sourcing : Transfer | Material Rendering Drying Dry Milling
__________ " v,
l r )
Storage
Resources MG | CCE Centrifuging L Polishing ]—
L A

%
Fish DHC

Fish
ByProduct

FISH SUPPLY

\J

Consumption

System Boundary

Resou rtes—[

Antioxidant ]

d

Production J

RENDERING

System Boundary

B3 Agri-footprint €C#%

Material Loss

Y \ J
Water Loss

'

Water Loss

-
<
®
-
ﬁ
@
Q

Global Metrics for Sustainable Feed



Step 1.x - Mapping the System Boundaries and Flows

e m
4 B
m b v E %-
3 ® - ] o =] o
1 W [i:] = = m b v m m
z S 2] @ Sl 2 o o Sl = c & c a g = @,
5 - 2 S Hl B 3 2 A B 3 H B a o = H E
g g 4 E g g 4 E D B - 2 > H E
= -
2 2 2 2 = Operating =
3 2 2 2 o o
6 Operating 2 2
Resources
— LTy . )
ST P Mlanufacture | Fish Infrastructure Materials Infrastructure
|| s — Material Production Production Production
Resources Engi
— ngine I
Emissions Manu:‘:ture y . Steam
is .
) Generation
Resources Net Processing Operating
c - 'S
TR Manufacture i
. Dperating FISh meal Material Flows (%) Vehicles
; v,
Resou"ﬁ| Boat - I B PI:rI;Zuct Vehicles P':OCESS
Emissions  |\EICHEIES d Y Yields )
Vehicles or Processing yields (% ) (%) . Operating
Chatta o Mass . Onsite
Resources _  Energy Packaglng St y
—_-' Operating LooEs
Emissions
L . IBC Storage
CHIWE | | re=r g
FISHING TRANSFER 1 PROCESSING TRANSFER 2
Fishoil carbon
. Processing yields (%) Filtration
Human Consumption - "Mass
- Energy _ r..—-\j
Processes Material Flows Energy Use InputUse Functional Units Lifespan -
— m Fishoil N RENDERING STORAGE |H




Collecting Primary Data

LY== T = I B

MO NN NNN R i
BN R ERNRREBEBERIRGRER RS

29
30
21

27

File Home Insert Draw Page Layout Formulas Data Review View Automate Help Acrobat SimaPro |l:‘ Comments I 12 Share v
R32 v Jx v v
A B C D E G H | ] K L M N Q Q 5 T U v W X Y Z AL AB AC AD AE AF A A
" Marine Ingredients Life Cycle Inventory (LCl) data template - Version 1.0
| 17 I I I o Introduction
THE MARINE INGREDIENTS ORGANISATION Guidance regarding the marine ingredients template for GFLI:
- This template should be used by both the company's representative (company) and the IFFO project coordinator (IFFO) to collate data required for the
GFLI 'data-in' project. The template serves as a guide on what data needs to be collected and works in combination with the data collection part decribed
Q "a“ in the GFLI methodolgy handbook. “The different systems being considered for the development of a life cycle inventory
m § # (LCl) mean that a single one-size-fits-all approach is not appropriate for the marine ingredients sector. Therefore we have developed a systems boundary
m =
3 E = & E - ﬁ ] e . . map (diagram left) to identify which systems need to be considered for any particualr company/factory process. The analysis is based around the systems
.E g_ E :-d: g g %" § § ﬁ E 5 “E’ ) “ g 3 g rg" .':;: 5 g and processes underpinning a single factory, or even individual products within a factory if required. "- The systems boundary map is at
g el E g E 8 g ﬁ a g E & T £ & £ & T E = its simplest level design to include the 'Fishing ', 'Transfer1' and 'Rendering ' systems as mandatory units/pages in the LCI. For products originating from by
T - 3 2 ?ﬂ g - g -] 5 E} § ?c: E g 2: sz products, additional systems of 'Processing ' and 'Transfer2' may be required. For marine ingredient producers storing product off-site at different
s §_ §. _ 3 ] 2 location, the 'Storage ' system is required. "- Data is designed be collected on an absolute mass basis for each year of data collation. A minimum of
§ 3 5 % a o three years of data is required. From this data IFFO, in conjunction with the company with calculate the mas-flow units of each parameter. This is done to
= Operating 3 3 standardise the units of each input and output relative to the prescribed 'flow unit', which for our case is one (metric) tonne of fish. This flow unit is then
Resources Boat used to link all relevant systems together so that the relevant allocations of any inputs and outputs can be standardised.
_— "- Once the standardised inputs and outputs have been collated and agreed between IFFO and the company, IFFO will input those values into the relevant
" Manufacture i i P P £ pany. P
- ” FISh_ Infrastructure Matena.ls Infrastructure life cycle assessment (LCA) software to provide emissions modelling and an LCA footprint from the data. IFFO will the report this data back to the
h Material Flows (%) Material Production Production Production
= company and retain data for consclidation as part the GFLI 'data-in' project. - Only add parameters in consultation with IFFO. The more detail we can
Resources Engine add, the better or higher tier modelling will be able to be performed. We can only model emissions based on the information supplied relevant to each
Manufacture specific case.
s . Steam
“ . Generation
Resources Processing Operating
Net
Emissions Manufacture .
BN Operating Fishmeal Nasburisi Fiows (8 CONTACT
Resources Fish . Process E: tec:h.ni_ al@iffo.com
— ByProduct e i T:  +44(0 39195
St reee M aintenance Yields s . ~ S
\ % Data ownership and use A IFFO - Unit C, Printworks,
h Vehicles or Pracne“ssingyields (%) (%) Operating The data provided through this template will be treated as described in any articles or agreements 22 Amel reet,
RasoiNcal Chatta - va e concerning confidentiality between the company and IFFO. The data may be shared under a Non-Disclosure- [yl el g vs
| || Operating — MereY Agreement (NDA), for the sole purpose of independent validation as part of the GFLI requirements. This may JELTE RAGT-6 6T
Emissions Matarial Flows (%) mean that the completed template will be viewed by the contracted reviewer (under previsouly mentioned
NDA arrangements). The data will not be distributed to any party not involved in this project and will not be
Tz [ | shared with other participating companies.
Ly '5-%
FISHING TRANSFER 1 PROCESSING TRANSFER 2 The contributing company remains the owner of data, but IFFO as the 'data in' provider retains rights to use
Fishoil ; the data and remains the owner of any data derived from this data. This includes ensuring that no company
i Processing ylelds (%) Filtration specific data is visable to any third-party.
Human Consumptlon B uMa‘TEZ E» ; : This template is meant only for the use of the data collection process as part of a GFLI 'data in' project and
- Energy A IFFO remains the owner of this template.
m Material Flows Energy Use Input Use Functional Units Lifespan amm Global Metrics for Sustainable Feed
~ RENDERING STORAGE
1 O
v

>

INTRODUCTION

Fishing




Data Collection: EXAMPLE - Rendering

B . C . o E . F L | M N O P Q R 5 T U v w X ¥
1 Data that is critical for the LCI to work <-— PRIORITIES OM THE DATA REQUIRED
2 LIFECYCLE INVENTORY - RENDERING Data that would allow a more thorough analysis .
3| Data that would allow us 1o expand the assessment Processes MaterialFlows  EnergyFlows  InputFlows  Infrastructure Use
4 1 I L} |
5 INPUTS 2018 2019 2020 2021 2022 MEAN Data Source ID (drop down) Comments
]
7| FISH MATERIAL - INFUT * MATERIAL Y per ANNUM
8| 1 tonnes m
9| 2 tonnes [ #owjor 4 B
10| 3 tonnes m E E
11| 4 tonnes [ #Dvjoi o o
12] s s @ d K B g T
13 tonnes 0 0 0 0 0 0 = 2z E 73
il 3 H E 8 S
15|  OUTPUTS ) S - i “H"° = =
16 | Fishmeal 1 tonnes =4 perating
17 Fishmeal 2 tonmes 3
18 | Fishmeal 3 tOnMEs
19 Fishmeal 4 tonnes
20| Fishmeal 5 P—— Fish Infrastructure Materials
21 as linked to input materials TOTAL 0 1] 1] 0 1] 1] Material Production Production
22
23: Fish oil 1 Y tonnes |
24 | Fish oil 2 tonnes Steam
25 | Fish oil 3 tonnes Generation
26 | Fish oil 4 tOnMnEs
27 | Fish oil 5 tonnes
28 as linked to input materials TOTAL 1] 0 0 1] 0 0 -
201 Fishmeal
30 | DISCHARGES per ANNUM Process
3 Waste Water Discharge Ym3 #DI /0! Yields
32 Total Mitrogen Discharge b kg #DIVf0!
33: Total Phosphorus Discharge b kg #DIV/f0! (%)
34|  BOD/COD Discharge Ykg #DIV/0! Packagin Onsite
35 | Mineral 0il Waste h kg #DIVf0! gmng Storage
36 | Other Hazardous Waste b kg #DIvjo!
37 | other #DI /0!
35 .
39 | OPERATIONAL INPUTS per ANNUM IBC Storage
40 | Freshwater “m3 m
41 Heawy fuel oil (burned in furnace) 1UNrTS‘-dmpdownn'sr m . . Carbon
42: Gas (burned in furnace) Y UNITS - drop down list m Fishoil Filtration
43 | Diesel (generators) ‘UNfTS-dmpdﬂwnﬂst m .
44| Electricity use Y MWh [ #Dv/jol B,
45 | - electricity source 1 pETCEnt m i
46 | - electricity source 2 percent m i
47 | - electricity source 3 percent m RENDERING
45 .
49 | CHEMICAL USE ™ per ANNUM
50|  Sodium hydroxide kg [ #Dvjoi
51 Sodium chioride kg ! 1 | | [ o
52|  Nitricacid kg [ #Dvjoi
53|  Sulphuric acid kg [ #Dv/jol




Rationalising

Things to the Key Data Elements

KEY DATA ELEMENTS BY SYSTEM

Fish Landed at Port

Includes:

- Diesel burned in vessel

- Lubircating oil

- Vessel construction (steel)
- Vessel maintenance (steel)

Rendering

7N
0/.10 v Stored at Site w

External
Storage
Meal at Storage

Includes:
- Transport, freight, lorry small
- Transport, freight, lorry large

Fish at Processing

Includes:
- Electrcicity from grid

Meal and Oil at Plant

Includes:
- Tap water

- Heavy fuel oil
- Heat from natural gas
- Electrcicity high voltage

- Sodium hydroxide

- Nitric acid

- Hydrochloric acid

- Acetic acid

- Formaldehyde

- Formic acid

- Sodium hypochlorite

- Sulfuric acid
- Activated carbon

- Textile non woven polypropylene

Emissions

- Nitrogen, total

- Phosphorus, total
-BOD

- Water



Calculating MASS, ECONOMIC and ENERGY Allocations
Xg S kI

MASS ALLOCATION ECONOMIC ALLOCATION ENERGY ALLOCATION

100% - 100% - 100%

3

i} - " i 6

= FISH = FISH = FIsH
PROCESSING PROCESSING PROCESSING

FISH By- FISH By- FISH By-
Products Products Products

Increased minimum prices for Mackerel from Monday,
September 22, 2025

The prices will be as follows:

19.09.2025 11:43 minstepris ([T
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Rendering Rendering Rendering

Syrlagging values
$643 Yield per tonne of fish MEAL oIL
$1,652 Prime Meal (USD/tonne) 539 ~ 47%

$3,128 Aquagrade Oil (USD/tonne)

MEAL OIL MEAL OIL
37% W 63% Ja% 650

7.6 energy densities
3.7 19 meal (kl/g)
3.9 39 oil (kJ/g)




Standardising DATA to a FLOW UNIT (1 tonne of fish)

ATLANTIC MACKEREL CASE EXAMPLE

LIFECYCLE INVENTORY - FISHING
FISH MATERIAL - CATCH

Atlantic mackerel (Purse seine)

HAHARHR MEAN
~ MATERIAL Y per ANNUM

whole fish tonnes

100,000

TOTAL 100,000

Atlantic mackerel

Fuel Use Intensity L/ tonne I 100

Atlantic mackerel

Fuel Use Intensity Ml/tonne l 3,800

HEHESRH MEAN
™ vaive (NOK) per Torne 17000
tonnes per ANNUM 100,000
Electricity use K 216

PROCESSING INPUTS
FISH - INPUTS

-

FISH BY-PRODUCT OUTPUTS

Atlantic mackerel Ionines
MASS allocation of by-product %h 40,00
ECOMOMIC allecation of by-product Oh 6.3%%:
BPValue per Tonne [ MIOK) A0
Fillet Value per Tonne [ NOE) S
Total Value per Tonne of Fish [ NOE) 25600
RENDERING INPUTS HEAERHA MEAN

FISH MATERIAL - INPUT ™ MATERIAL h per ANNUM

Atlantic mackerel By-Products tonmnes 60,000

TOTAL tannes
-
ouUTPUTS
Fishmeal 1 onnes
as linked to input materials TOTAL
Fish il 1 ™ tonnes 6,000
as linked to input materials TOTAL 6,000
TOTAL OUTPUTS Y tonnes

kg

MASS ALLOCATION

— 100%
pod], . F )

= FISH
PROCESSING

Rendering

53% V' 47%

5yr lagging values
$643 Yield per tonne of fish
$1,652 Prime Meal (USD/tonne)
$3,128 Aquagrade Oil (USD/tonne)

7.6 energy densities
3.7 19 meal (kJ/g)
3.9 39 oil (kJ/g)

105

RENDERING INPUTS
FISH MATERIAL - INPUT
Atlantic mackerel

Y MATERIAL ™ per ANNUM
By-Products tonnes

TOTAL tonnes
OUTPUTS A

Fishmeal 1 tonnes

as linked to input materials TOTAL

Fish oil 1 Ytonnes

as linked to input materials TOTAL
TOTAL OUTPUTS Ytonnes
DISCHARGES per ANNUM
Waste Water Discharge Ym3

Total Nitrogen Discharge ‘kg

Total Phosphorus Discharge ‘kg
BOD/COD Discharge kg
OPERATIONAL INPUTS per ANNUM
Freshwater Ym3

Heavy fuel oil (burned in furnace) N

Gas (burned in furnace) My

Diesel (generators) Y UNITS - drop down List
Electricity use T MWh
CHEMICAL USE Y per ANNUM
Sodium hydroxide kg

Mitric acid kg
Hydrochloric acid kg

Acetic acid kg
Formalin kg
Bactericide (Virkon/Formic Acid) kg

Sodium Hypochlorite ‘kg
Antioxidant Product ‘kg

Antioxidant Type drop down list -->

ODOURAND CONTAMINANT MANAGEMENT

Activated carbon (cleaning) ‘kg
Sulphuric acid ‘kg
PACKAGING per ANNUM
Bags (amount) ‘kg

Bags " material type
IBCs (oil) Y number

H#A### MEAN

60,000

Per Tonne Fish
12,000
12,000 200 kg
6,000
6,000 100 kg
18,000 300 kg

20.0% Yield - Meal

10.0% Yield - Qil
67% Mass balance - meal
33% Mass balance - Oil
51% Econ balance - Meal
49% Econ balance - Oil
49% Energy balance - Meal
51% Energy balance - Qil

1,200,000 20.000 m3
30,000 0.500 kg
1,500 0.025 kg
60,000 1.000 kg
0.333 m3
20,000,000 333.333 M)
60,000,000 1000.000 MJ
3,000,000 50.000 MWh
percent
60,000 1.000 kg
30,000 0.500 kg
30,000 0.500 kg
15,000 0.250 kg
30,000 0.500 kg
1,800 0.030 kg
24,000 0.400 kg
m 6,000 0.100 kg
3,000 0.050 kg
30,000 0.5000 kg
12,000 0.200 kg
PP
240 0.004 number




Interfacing with SimaPro

s C:\Users\Public\Documents\SimaPro\Database\Professional; SKAGEN 2024 - i
File Edit Calculate Tools Window Help
OB ITRES <O R AN N
BLca Explorer EI|_§3
Wizards ‘ s View material process 'Atlantic Herring by-products, at processing {NO} Economic, U' EI@ New
Wizards Documentation Input/output | Parameters System description Edit |
Goal and scope ‘ ~
Description ‘ Products
Libraries Qutputs to technosphere: Products and co-products Amaount Unit Quantity Allocation Waste type  Category Comment Copy |
Inventory ‘ Atlantic mackerel BP meal - Prime - at plant (DK) 212 kg Mass | 496% | notdefined | A.\Capture fisheries Delete |
P Atlantic mackerel BP oil - Aquagrade - at plant (DK) 114 kg Mass | 504 % | notdefined | A.\Capture fisheries Used b
Product stages : Addline ) S _ 4”
System descriptions QOutputs to technosphere. Avmdez;‘;c::jritts Amount Unit Distribution SD2 or 25D Min Max Comment ™ Show as list
Waste types s Professional; SVN 2025 - [Analyse Atlantic mackerel BP meal - Prime - at plant (DK]] - X
Parameters ‘ s s File Edit Calculate Toels Window Help e
Impact assessment ‘ Network | Tree Impact assessment | Inventory Process contribution Setup Checks (541) Product overview
Methods Inputs from nature Subcompartment  Amount Unit Distribution SD2 or 25D Min Damage Assessment Normalisation  Weiahtin Sinale score .
Calculation setups ‘ Fish, atlantic mackerel, scomber scombrus, in otean‘ | 1000 ‘ kg | Undefined ‘ ‘ 9 ghting 9 I™ Default units o
Interpretaton ‘ Add line Skip categories INever j @ [|I:I[| 019 ; (S_Standard ; %)(cl.ude Iotng—;[erm emissions
Inputs from technosphere; materials/fuels aroup &r impact category
I[[J];ir:]r;e;:?fi:ks :’p water {EL_“Ope w'th_OUt S_W|tzerland}| fap water production, conve"t'_o"al t'eatf“e"t_l Cut-off, U Se | Impact category /| Unit Total Atlantic Tapwater | Heavy fuel | Heat, district | Sodium Nitric acid, | Hydrochloric | Aceticacid, | Formaldefyd | Formicacid | Sodium | Sulfuricacid | Activated | Textile Polyet
eavy fuel ofl, buned in refinery furnace {GLO}| market for heavy fuel oil, bumed in refinery furace | Cut-off, U mackerel BP | {Europe oil, burned in | orindustrial, | hydroxide, [ without acid, without | without {RER}| {RER}| hypochlorite, | {RER}| carbon, nonwoven | highd
General data ‘ Heat, district or industrial, natural gas {Europe without Switzerland}| market for heat, district or industrial, natural gas | Cut-off, U ¥ | Acidification mol H+ eq 485 X 0.0011 1.14 010 0.00965 0.0106 0.00544 0.00762 0.00325 0.000828 0.00684 00156 0.0027 000776 2.42E-
Literature references Sodium hydroxide, without water, in 50% solution state {RER}| market for sodium hydroxide, without water, in 50% solution state | Cut{ ¥ | Climate change kg CO2 eq a7 X 017 857 112 208 121 0.755 193 143 0.194 148 0.145 0.391 2 0.006¢
Substances Nitric acid, without water, in 50% solution state {RER w/o RUj| market for nitric acid, without water, in 50% solution state | Cut-of, U | ¥ | Climate change - Biogenic | kg CO2 eq 0.182 X 0.000502 0.00372 00102 0.00512 000032 0.0012 0.0009 0.000573 0.000169 0.00364 0.000407 7.25E-5 0.00101 0.0002
Uniits Hydrochloric acid, without water, in 30% salution state {RER}| market for hydrochloric acid, without water, in 30% solution state | Cut-df ™ | Climate change - Fossil kg CO2 eg 370 X 0.169 85.7 132 2.08 121 0753 193 143 0193 147 0,144 0.391 2 0.0067
Quantities Acetic acid, without water, in 98% solution state {GLO}| market for acetic acid, without water, in 98% solution state | Cut-off, U ¥ C|ima‘tl_? _change -land use kg CO2eq 0.526 X 0.000421 0.0036 0.00966 0.0034 0.000248 0.000917 0.00135 0.00057 0.000215 0.00241 0.00013 0.00016 0.0013 7.28E-
Formaldehyde {RER}| market for formaldehyde | Cut-off, U ¥ | Ecotoxicity, freshwater - pa CTUe 467 X 0372 433 80.2 21 172 6.21 414 2.51 0.283 15 16 0.79 485 0.0273
Images Formic acid {RER)| market for formic acid | Cut-off, U ¥ | Ecotoxicity, freshwater - pz| CTUe 232 X 0.336 346 31.2 518 117 4.25 13 1.59 0.241 3.69 0.998 0.148 13 0.011
Sodium hypochlorite, without water, in 15% solution state {RER}| market for sodium hypochlorite, without water, in 15% solution state W' | Ecotoxicity, freshwater - inc| CTUe 438 X 0498 386 61.2 237 217 6.96 156 262 0374 169 144 0.809 161 0.0262
Sulfuric acid {RER}| market for sulfuric acid | Cut-off, U W | Ecotoxicity, freshwater - or | CTUe 237 X 0.158 15.2 45.8 2.02 0671 0.906 1.24 1.35 0.121 143 113 0.1 146 0.0114
Activated carbon, granular {GLO}| market for activated carbon, granular | Cut-off, U ¥ | Ecotoxicity, freshwater - or | CTUe 237 X 0.0516 417 442 0.504 0.0506 2.6 0.233 0.138 00294 0.358 00172 0.0177 0.285 0.000€
} - ¥ | Particulate matter disease inc. 4.3E-5 X 6.58E-9 1.48E-5 5.76E-7 7.71E-8 533E-8 3.87E-8 9.28E-8 2.34E-8 6.11E-9 543E-8 997E-8 3.68E-8 9E-8 3.57E-
Textle, nonwoven polypropylene (GLOH] market for textle, nonwoven polypropylene | Cut-off, U F  Eutrophication, marine kg N eq 213 117 0000157 00574 00374 000205 0000851 0000629 000146 0000884 000014 000145 0000171 0000389 000162 7.65¢-
Paper sack (RER)| market for paper sack | Qt-off,U__ I : W Eutrophication, freshwater kg P eq 00903 0.0585 0000127 000079 000222 00015 0000112 0000384 000054 0000186  79E-5 000107  597E-5 0000157 0000488 | 2.08E-
Polyethylene, high density, granulate {Europe withowtt Switzerland]| polyethylene, high density, granulate recycled to generic market i ¢ v oication, terrestrial | mol N eg 105 X 000146 0625 039% 00184 00432 000626 0015 000924 00014 0013 000186 0.00401 0017 6.45E-
Atlantic mackerel by-products at processing (NO) ¥ Human toxicity, cancer | CTUh 9.56E-7 X 679E-10  7.88E-8 2.08E-7 243E-8 30259 6.01E-9 403E-9 6.64E-9 5.25E-10 1.72E-8 5.01E-9 388810  571E-9 4.99E-
) Add line ¥ | Human toxicity, cancer - in | CTUh 2.91E-8 X 237E-11 1.26E-8 1.75E-9 3.42E-10 9.96E-11 1.29E-10 146E-10 1.11E-10 1.86E-11 243E-10 457E-11 2.73E-1 1.79E-10 9.87E-
o — - ¥ | Human toxicity, cancer - or| CTUh 9.27E-7 X 6.55E-10 6.62E-8 207E-7 2.39E-8 292E-9 5.88E-9 3.89E-9 6.53E-9 507E-10 1.7E-8 497E-9 3.6E-10 554E-9 4.89E-
Slma PrO . & Electronics waste i -
> Filter on @ 3 ¥ Human toxicity, non-cance CTUh 1.98E-6 X 1.74E-9 6.12E-7 1.55E-7 2.38E-8 848E-9 1.16E-8 468E-8 9.66E-9 154E-9 2.04E-8 504E-9 2.51E-9 149E-8 7.26E-
T e : | Human toxicity, non-cance | CTUh 1.83E-6 X 1.67E-9 5.99E-7 1.27E-7 2.72E-8 783E-9 1.04E-8 1.13E-8 8.59E-9 141E-9 1.93E-8 479E-9 242E-9 137E-8 6.81E-
¥ | Human toxicity, non-cance | CTUh 148E-7 X 6.87E-11 1.39E-8 281E-8 1.62E-9 6.52E-10 1.21E-9 3.55E-8 1.06E-9 1.34E-10 1.14E-9 246E-10 9.04E-11 1.25E-9 4.55E-
I | lonising radiation kBg U-235 eq 143 X 0.0865 0.218 0.741 0.571 00264 0.151 0.132 0.0784 00422 0.406 00174 0.0155 0.103 0.0011
M | land use Pt 1.13E3 X 0.812 60 32 10 196 3.28 463 2.76 0.765 7.08 1.06 0.754 58 0.0532
¥ | Ozone depletion kg CFC11eq 9.49E-6 X 3.03E-9 1.15E-6 5.56E-6 1.21E-7 2.56E-8 1.19E-7 3.6E-8 1.27E-7 6.24E-9 8.6E-8 24E-9 2.15E-9 477E-8 9.63E-
¥ | Photochemical ozone form | kg NMVOCeq | 3.18 X 0.000496 0333 0.251 0.00591 0.00287 0.00234 000723 0.00663 0.000709 0.00416 0.00157 0.00123 0.00844 2.38E-
¥ | Resource use, fossils MJ 5.33E3 X 3.51 1.07E3 2.1E3 343 147 12.8 36.6 491 432 243 2.15 463 445 0.088¢
¥ | Resource use, minerals and | kg Sb eq 0.000847 X 1.04E-6 8.72E-6 448E-5 3.09E-5 1.19E-5 1.31E-5 8.35E-6 1.02E-5 1.07E-6 2.2E-5 507E-6 1.89E-7 1.3E-5 4.33E-
W | Water use m3 depriv. -1.96E3 -2.01E3 336 0.835 446 0.747 0527 0476 1 0.155 0.5 0.531 1.01 0.0255 0.501 0.001



Summarising the Data from SimaPro

Calculation:
Results:
Product:
Method:
Indicator:

Skip categories:

Exclude infrastructure processes:

Exclude long-term emissions:
Allocation method:

Impact category
Acidification

Climate change

Climate change - Biogenic
Climate change - Fossil

Economic Allocation method applied (value of meal/oil, and value of BP/Fillet)
Impact assessment

1000 kg Atlantic Mackerel - Prime MEAL or Aquagrade OIL- at plant (NO)
Environmental Footprint 3.1 (adapted) V1.01 / EF 3.1 normalization and weighting set
Characterisation

Never

No

No

ECONOMIC

ECONOMIC ECONOMIC
Unit

mol H+ eq
kg CO2 eq
kg CO2 eq
kg CO2eq

ECONOMIC

Fillet
1.46E+01
5.25E+02
3.27E-01
5.23E+02

1.80E+00
1.03E+03
4.25E+02
7.78E+02

Climate change - Land use and LU char kg CO2 eq
Ecotoxicity, freshwater - inorganics CTUe
Ecotoxicity, freshwater - organics - p.1CTUe
Ecotoxicity, freshwater - organics - p.2 CTUe

Ecotoxicity, freshwater - part 1 CTUe 6.37E+02
Ecotoxicity, freshwater - part 2 CTUe 4.29E+01
Eutrophication, freshwater kg P eq 1.12E-04
Eutrophication, marine kg N eq 3.55E+00
Eutrophication, terrestrial mol N eq 5.63E-02
Human toxicity, cancer CTUh 3.88E+01
Human toxicity, cancer - inorganics CTUh 2.23E-06
Human toxicity, cancer - organics CTUh 4.71E-08
Human toxicity, non-cancer CTUh 2.19E-06

Human toxicity, non-cancer - inorganiiCTUh
Human toxicity, non-cancer - organics CTUh

lonising radiation

Land use

Ozone depletion

Particulate matter
Photochemical ozone formation
Resource use, fossils

Resource use, minerals and metals

Water use

kBqg U-235 eq
Pt

kg CFC11 eq
disease inc.
kg NMVOC eq
MJ

kg Sb eq

m3 depriv.

3.54E-06
3.31E-06
2.38E-07
2.16E+01
2.06E+03
8.06E-06
1.06E+01
6.97E+03
2.40E-03
2.84E+01

Mass




Attributional Analysis of the Primary LCA Data...

Fishmeal Component Contributions

Climate Change
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Understanding Marine Ingredient Footprints

MEAL FOOTPRINT (kg CO2eq/Tonne)
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OIL FOOTPRINT (kg CO2eq/Tonne)
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Fishing Methods Have Different Impacts...

)

( Alaskan pollock

1800 kg CO2e / Tonne

'
'
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Hilborn et al 2023. ICES Journal of Marine Science. https://doi.org/10.1093/icesjms/fsad115



Progress with Primary Data: Some Examples

Climate Change Potential (EF 2.0 and 3.1 Economic Allocation)
(kg CO2.eq / tonne)

6000
*Nodata mGFLIvV1.0 mGFLIv2Z.0 ®mIFFOmin ®BIFFOmean #®IFFO max

5956

2000« LCA data can be variable across and within species.

2000 Fishing and Processing contributions can be influential.

* Regionality can be important.

3000« Offsite storage can be quite low impact. 2440
1520

2115
2000
Impact of offsite storage
1040 1213
1024 1020 1120
1000 62854
ﬁaﬂgq? 565
a64 473
I 278 3341}.9
d 11
[] *H - .

Anchoveta Herring Herring BP Atlantic Blue whiting Capelin Sprat
Mackerel BP

FSHMEAL T JTLRE J3TURR D, pe@i >t >

THE MARINE INGREDIENTS ORGANISATION

Species (Origin)



Marme Ingredlent Footprint Progress...

e We have completed LCIA on 53 different
products across the global industry...

e This comprises 13 different types of
fishmeals and fish oils.
e Reports detailing the footprint of each

product have already been delivered to all

participants who have provided data.

3 companlés e We are currently working with GFLI to

25"00°S

progress the audit stage to update the
Database in 2026.
e Need to review some of the data input

81 4 comp)

assessments (Fishery Data).

e Still always more we can do...



R esources Relevant documents

- Methodology for regional/sectoral data-in projects:
https://globalfeedlca.org/wp-content/uploads/2023/01/GFLI-
Methodology-and-Project-Guidelines.V2.pdf

- Procedures for a data-in project: https://globalfeedlca.org/wp-
content/uploads/2023/01/GFLI-Procedures-for-Data-in-
Projects.V2.pdf

- Methodology + procedures of branded data:
https://globalfeedlca.org/wp-content/uploads/2023/10/GFLI-
Branded-Data-Methodology-and-procedures.V1-20231016-1.pdf

« LCIA guidance document (how to read the GFLI database):
https://globalfeedlca.org/wp-content/uploads/2023/11/GFLI-LCIA-
Guidance-Document-version-2.1-20231127.pdf

- Overview of available datasets in V2.2 database:
https://globalfeedlca.org/wp-content/uploads/2023/10/Overview-of-
datasets-in-GFLI-database.pdf

- Fee structure for database access: https://globalfeedica.org/wp-
content/uploads/2023/12/Fee-structure-20231220.pdf

- GFLI leaflet: https://globalfeedlca.org/wp-content/uploads/2024/09/GFLI~
Leaflet.onlineversion.pdf



https://globalfeedlca.org/wp-content/uploads/2024/07/GFLI-Methodology-and-Project-Guidelines.V2.1-July-2024.pdf
https://globalfeedlca.org/wp-content/uploads/2024/07/GFLI-Methodology-and-Project-Guidelines.V2.1-July-2024.pdf
https://globalfeedlca.org/wp-content/uploads/2024/07/GFLI-Methodology-and-Project-Guidelines.V2.1-July-2024.pdf
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