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Glossary

LCA = Life Cycle Assessment

LCI = Life Cycle Inventory

LCIA = Life Cycle Impact Assessment
SoA = State of the Art

CO; = Carbon dioxide

CO,e = Carbon dioxide equivalent

HVAC = Heating Ventilation Air-Conditioning
RER = Rest of Europe

IT = ltaly

FR = France

RoW = Rest of the World

GLO = Global

GWP = Global Warming Potential

GWPT = Global Warming Potential Total
LULUC = Land Use and Land Use Change
PCR = Product Category Rule

SB = Shea Butter

WFLCDB = World Food LCA DataBase
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1 General introduction

The present report describes the comparative Life Cycle Assessment (LCA) study
committed by Foreverland Food to EcoLoop Srl SB, aiming at evaluating the environmental
potential impacts of a set of chocolate-alternative recipes, called “Foreverland Alternative
Chocolate” (AltChoc in this report), and proposed by Foreverland as substitutes of the
cocoa-based chocolate, called "Chocolate” in the food sector. A first set of chocolate-
alternative recipes has been evaluated in a previous study entitled “"Report of comparative
LCA of carob-based chocolate alternative (Choruba) and conventional chocolate”
(Ecoloop, 2025), critically reviewed by a panel of experts.

1.1 Customer general information

Foreverland is an Italian food-tech startup and benefit corporation on a mission to create
a better future. The company is based in Milano (Italy) with a production site in Bari (Italy).
Specifically, they work to deliver a set of chocolate alternatives, exploiting possible
substitutions from other value-chains, such as the carob-derivates, flours from food by-
products (e.g. grape seed flour and pumpkin seeds flours) and from legumes (e.g.
chickpeas).

1.2 LCA structure

The Life Cycle Assessment (LCA) methodology allows for a quantitative assessment of the
environmental impacts of an anthropic system throughout its life cycle. An LCA study
consists of the four phases, namely (i) definition of the objective and scope, (ii) Inventory
analysis (LCI — Life cycle inventory), (iii) Evaluation of impacts (LCIA — Life Cycle Impact
Assessment) and (iv) Interpretation of life cycle results.

1.3 Reference standards

The LCA study reported in this document is based on the two following standards that
define principles and application guidelines for the LCA method.

e [SO 14040:2021, Environmental management - Life cycle assessment - Principles
and framework: provides a clear overview of the practice, applications and
limitations of LCA to a wide range of potential users and stakeholders, including
those with limited knowledge of LCA.

e [SO 14044:2021, Environmental management - Life cycle assessment -
Requirements and guidelines: is a standard that goes into detail on the preparation,
development and critical review of the life cycle inventory analysis. It also provides
guidance on the impact assessment phase of LCA and the interpretation of LCA
results, as well as the nature and quality of the data collected.

The study has been developed considering as reference some parts of the PCR (Product
Category Rule), Food and beverage products (main PCR 1.0.1) published in 2025-03 by
Environdec’, valid until 2030-07-14. Specifically, the PCR has been used for integrating
specific rules for mass allocation and biogenic carbon sequestration for perennial species.

1 www.environdec.com/pcr-library
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2 Goal and scope

2.1 Goal
2.1.1 Study motivation

The execution of this LCA study has been requested by Foreverland to evaluate, with more
awareness and based on robust methodology, the potential environmental impacts of a
set of new recipes of products, under a life cycle perspective, and comparing them against
the ones derived from value-chain of the production of conventional chocolate. This set
of recipes contains three peculiar ingredients manufactured from three different
agricultural value chains: grapeseed, pumpkin seeds and chickpeas flours. The ultimate
motivation is the public disclosure of the potential environmental performances of
Choruba in comparison to the conventional chocolate made by cocoa with a focus on the
GWP, water use and land use indicators, as it has been requested by the client.

Given the motivation, the study has been setup as comparative LCA with a critical review
process aiming at verifying and validating the methodology, the results and their
interpretation.

A critical review panel has been involved in a critical review process, as described in the
dedicated paragraph. The present report, including all annexes, has been hence verified
and validated by a critical review panel made of independent experts with the goal to
assure the validity the reported comparative claims.

2.1.2 Study foreseen applications

The study applications are twofold: on the one side, the public disclosure of the potential
environmental impacts in the B2B and B2C sectors. On the other hand, Foreverland can
use the study results to setup an eco-design path based on quantitative data.

2.1.3 Target users

The final target audience of the results’ study are the Foreverland investors and customers
(B2B). The general public (in the sense of the public consumer) is potentially targeted in
the Foreverland communication as well.

2.2 Scope

Given the stated goal, this paragraph describes the product systems and the analysis
boundaries.

2.2.1 Products description and functions

The study focuses on the cradle-to-gate value chain for the manufacturing of Foreverland
Alternative Chocolate products and the traditional chocolate, both to be used in the food
sector as ingredient in the B2B. Moreover, the kind of final products considered in this
report are Foreverland Alternative Chocolate and chocolate drops, fully equivalent as
ingredients in the food market. In fact, they share the same functions in terms of mass
dosing, hedonistic value, similar taste, and the same processing methods as ingredient in
the final food preparations.
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The two product systems (Foreverland Alternative Chocolate and chocolate) have been
assessed and compared in four recipes variants (the dark, milk and white).

Foreverland Choruba (chocolate alternative). It is a taste- and look- similar
chocolate mainly characterised by the carob powder I sc<d flours (e.g.,
grape seed flour and pumpkin seeds flours) or from chickpeas flours. Such core
ingredients are mixed and used as a substitute for cocoa powder. Further
ingredients in the recipe are the fat, the sugar, natural flavours, and eventually milk.
Different final products can be manufactured based on peculiar recipes, all
following the same industrial process.

Specifically, the following commercial products have been considered in this study
each one in the version with palm & shea butter (Palm version) or shea butter only
(Palm Free version) as vegetable fat:

o Foreverland Alternative Chocolate Milk Palm (Alt Choc Milk Palm) drops
used as a substitute for milk chocolate drops. With pumpkin seed flour,
grape seed flour and carob powder.

o Foreverland Alternative Chocolate Vegan Milk Palm (Alt Choc Vegan Milk
Palm) drops used as a vegan substitute for milk chocolate drops. With
pumpkin seed flour, grape seed flour and carob powder.

o Foreverland Alternative Chocolate White Palm (Alt Choc White Palm) drops
used as a substitute for white chocolate. With chickpea flour.

o Foreverland Alternative Chocolate Semi-Dark Palm (Alt Choc Semi-dark
Palm) drops used as a substitute for semi-sweet (also called dark)
chocolate drops. With grape seed flour, chickpea flour and carob powder.

o Foreverland Alternative Chocolate Milk Palm Free (Alt Choc Milk Palm
Free) drops used as a substitute for milk chocolate drops. With pumpkin
seed flour, grape seed flour and carob powder.

o Foreverland Alternative Chocolate Vegan Milk Palm Free (Alt Choc Vegan
Milk Palm Free) drops used as a vegan substitute for milk chocolate drops.
With pumpkin seed flour, grape seed flour and carob powder.

o Foreverland Alternative Chocolate White Palm Free (Alt Choc White Palm
Free) drops used as a substitute for white chocolate. With chickpea flour.

o Foreverland Alternative Chocolate Semi-Dark Palm Free (Alt Choc Semi-
dark Palm Free), drops used as a substitute for semi-sweet (also called
dark) chocolate drops. With grape seed flour, chickpea flour and carob
powder.

o Foreverland Alternative Chocolate Bake Stable (Alt Choc Bake Stable),
drops used as a substitute for semi-sweet (also called dark) chocolate drops
specifically intended for baked products. With pumpkin seed flour, grape
seed flour and carob powder.

Traditional cocoa-based chocolate. This is the well-known chocolate drops
currently available on the market, based on the production and transport of cocoa
beans, their treatment to manufacture the cocoa derivates, -liquor, -butter and
cocoa-powder, finally mixed with further ingredients to obtain different chocolate
variants. In this study, three specific reference recipes have been considered,
described in more details in the following paragraphs.
o Dark chocolate. The definition of this product follows the Directive
2000/36/EC, for which the total cocoa-based dry mass has to be at least
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35% of the total, of which the cocoa-butter and the dry non-fat cocoa parts
have to be above 18% and 14%, respectively. In the current practice, such
limits are respected mixing the -powder and the cocoa-butter with the so-
called cocoa-liquor (mix of butter and powder). Other ingredients are sugar,
and lecithin.

o Milk chocolate. For this product, the Directive 2000/36/EC defines the
following requirements: at least 25% of the total dry cocoa-based mass and
0.14% of milk dry part. The first rate is achieved mixing the cocoa liquor and
butter, while the second using milk powder. Other ingredients are sugar, and
lecithin.

o White chocolate. As per the previous two chocolate products, the same EU
directive specifies the requirements in terms of minimum coca butter and
milk solids concentrations (respectively 20 % and 14 %), which have been
used to verify the product recipe.

2.2.2 Functional unit

In LCA the functional unit serves to encapsulate the primary function of the product under
evaluation, thereby facilitating the precise quantification and subsequent normalization of
all system inputs and outputs for comparative analysis. The drops under examination,
enhances flavour complexity and contributes the texture in many different sweet
preparations such as, for example, baked products.

Notwithstanding chocolate's fundamental role in sweet preparation, the specific chocolate
products examined herein function as business-to-business (B2B) ingredients, acquired
by mass (drops), for subsequent incorporation into manufactured chocolate-based foods
intended for end-consumers.

In this sense, the functional unit for this LCA study is defined as providing 1kg of good
taste, coloured, meltable, sweet drops for the food preparation, without packaging,
manufactured starting from two different ingredients value-chains, the Foreverland carob-
and the traditional cocoa-based.

Foreverland Alternative Chocolate drops Traditional chocolate drops

Figure I: Alternative Chocolate and Traditional Chocolate drops representative pictures.

All the products considered in this study are fully equivalent in terms of their hedonistic
function for the preparation of sweet products/pastries. In a recipe of a pastry the Choruba
and the traditional chocolate drops are weighted with the same rate independently from
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the variants: in other words, the traditional chocolate drops can be substituted with a mass
ration 1.1 with Foreverland Alternative Chocolate drops.

This is coherent with the goal and scope previously defined.

2.2.3 System boundaries

The LCA study system boundaries have been defined as “cradle to gate”. This means that
the following value-chain stages have been included. Such phases are coherent between
the two compared product systems and have been grouped in macro-stages for sake of
clarity.

e Raw materials
o Cultivation, collection and transport to the raw material manufacturing
centre
o Manufacturing of the ingredients
e Upstream transport of ingredients to the chocolate and Choruba production
e Chocolate and Choruba drops manufacturing

Given the chosen technical boundaries of the life cycle product systems, the stages not
considered are described below.

e Final product packaging: Foreverland packaging is not the key to their products
value proposition, and it is very similar to the traditional chocolate one. For this
reason, it has been excluded from this analysis. Considering an LDPE sack of
100 g for 25 kg of finished products, the excluded impacts for 1 kg of drops are:
0.015 kgCO2 (GWPT), 0.072 pt (land use) and 0.008 m2 (water use), referring
to the main impact categories, as discussed in the report (par. 2.4).

e Distribution to the customer, use stage and end-of-life. These stages have not
been considered because the same scenarios could be reasonably applied to
both kinds of chocolate products.

Under these assumptions, the two product systems'’ life-cycle stages are fully comparable
and are depicted in Figure 2 and Figure 3.



ECOLO0P

Figure 2 Flowcharts of the Foreverland Alternative Chocolate drops stages considered in this studly.

Figure 3 Flowcharts of the Foreverland and traditional chocolate products stages considered in this study.

2.2.4 Exclusions and cut-off

The following processes have been excluded because they are not peculiar for the
production and not relevant for the comparison.

e Research and development activities, not included in the scope of the study.
e Office energy uses and general consumables, not included in the scope of the
study.

Moreover, a cut-off of 1% on the mass percentage for the Choruba and chocolate inventory
has been applied, as described in the following.
e Natural flavours, which account ||} 3 - the recipes;
e Raw materials packaging, which account maximum 1% in the total weight of final
products;
e Use of detergents for cleaning activities in production plants, which account
maximum 0.1% of the total weight of final products (0.001 kg of soap/kg).
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The treatment of cardboard and plastic waste has been excluded in the Choruba and in
the chocolate system because they are generated from raw material packaging which is
under the cutoff threshold.

Chimney emissions were excluded from the analysis because the production of both
Choruba and traditional chocolate generates no pollutants; the process involves only the
transformation of plant- and animal-based ingredients.

2.3 Data quality and assumptions

The main critical aspect in comparing the two product systems described is the difference
in data quality related to their nature: Choruba is a brand of a specific products’ family,
while the definition of a generic product for the “traditional chocolate drops” is extremely
broad in terms of geographical distribution along the value-chain, recipes of the final
products (still respecting the product directive requirements) and suppliers (especially for
the cocoa-beans cultivation). Nevertheless, the chocolate value-chain is quite similar in
terms of main steps and features: cocoa beans cultivation, its transport, first
transformation of the beans and final chocolate manufacturing with the other ingredients.
The scientific literature is quite abundant of LCA study, even though there are differences
in study boundaries and recipes. The calculated potential impacts are quite clearly defined
in their variability ranges, as reported in (Wang, Dong, 2024), highlighting the main
hotspots. Moreover, the technical database, such as Ecoinvent and Agribalyse, contains
the potential environmental impacts for the core processes and ingredients and, for the
core ones, the indication of the uncertainties. This data availability has triggered the
possibility to setup a model of a generic chocolate product.

To perform the comparative analysis, the two product systems’ data evaluation (both for
the inventory and for the emission factors) has been structured to show at best the
comparability level of the two product systems, also in terms of data quality. When data
quality of inventory items was different for the two product systems, data with the best
data quality available has been selected. Moreover, a set of scenarios has been evaluated
per each product system, besides a sensitivity and an uncertainty analysis. Specifically, the
cocoa-based chocolate model has been defined based on a Monte Carlo analysis on the
cocoa-beans impacts, as described in the following.

The Foreverland carob-based Choruba model has been evaluated with an uncertainty and
a scenario analysis only, given the availability of more primary and reliable data.

Finally, the data quality considered in the LCA study has been assessed following the ISO
14044:2021 standard.

2.3.1 Foreverland

2.3.11 LCI

Data derive from primary sources for 83% of the LCl items, having been extrapolated from
the company's management software and/or provided by competent employees.
Furthermore, the data used in this study derive from an in-depth review between the
parties (EcoLoop and Foreverland) carried out in several steps, to verify the accuracy and
quality of the data. Regarding supply chains of pumpkin seed flour, chickpea flour and

1l
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grape seed flour, the quality of LCl data depends on estimations from literature supported
by direct interviews with suppliers.

The time frame representative of the LCI refers to the data available from January 2025
up to May 2025, related to a period with the factory full operatives and aligned with the
dataset used in the previous study (EcoLoop, 2025). Considering the start-up phase of
Foreverland production lines, target values have been used for production and energy
consumption.

Regarding the geographical representativeness, for each input a representative dataset
from the technical databases has been assigned (mainly Agribalyse 3.2 and Ecoinvent
3.10).

Data derive from operational activities (industrial accounting, bills, delivery notes, MUD,
etc.) of the processes included in the system boundaries of the LCA.

2.3.1.2 Emissions’ factors

When available primary environmental declarations have been used. Specifically, for some
ingredients the Carbon Footprint of Products (CFP) provided by suppliers have been used.
The other impact categories emissions factors have been taken from literature (see 3.2.1)
and from the database Ecoinvent 3.10, considering the "most similar” process (i.e. the palm
oil production process for the shea butter production).

2.3.2 Traditional chocolate

Given the goal of a comparative assessment, the approach to inventory (LCI) and
emissions’ factors for traditional chocolate environmental assessment has been based on
the definition of a “low impact” case, to challenge the Foreverland products with a
reasonably well performing generic chocolate products’ set.

2.3.2.1 LCI

The inventory data in the case of the traditional chocolate value chain are mainly proxy
data, collected from databases (such as Agribalyse 3.2 and Ecoinvent 3.10) and scientific
literature available in peer reviewed journals. Moreover, some LCIl data of traditional
chocolate have been taken from the LCA study of (Sphera, 2023), as indicated in Table
15, used by Voyage Foods as basis for public comparative assertions of the potential
impacts of their products and the traditional chocolate value-chain.

The time frame of the LCI dataset used spans over the last decades in terms of scientific
paper and technical reports. Sphera reports has been issued on 12/04/2023.

The geographical specificity has been evaluated, so that each input has been assigned to
a database entry, even if the cocoa-beans sourcing is global, while the traditional
chocolate production European. In particular, the production has been chosen to be in Italy
as the Foreverland one to obtain a higher comparability between the two production
processes.

The data are precise in referring to specific source and are complete, since all the main
processes within the system boundaries have been included and analysed in this LCA
study, based on the hotspots emerging from the scientific literature.

12



ECOLO0P

2.3.2.2 Emissions’ factors

For the evaluation of chocolate product system database and literature data has been
used. Primary data for specific chocolate products were not available and however would
not fit the study goal. The two main databases mainly used in this study are Ecoinvent 3.10
and Agribalyse 3.2. An analysis of the variability of the main chocolate-related processes
impacts is reported in the following chapters.

2.4Impact assessment method

The analysis has been done using the EF3.1 impact assessment method.

The comparative evaluation between the two product systems focuses on the following
indicators:

e Global Warming Potential

o Total

o Fossil

o Biogenic

o Land use and land use change (LULUC)
e Landuse
e Water use

These specific indicators were selected because they target the environmental hot-spots
most relevant to the food sector, consistently with LCA literature (e.g. Sphera 2023) and
industry practices. Furthermore, this selection aligns with the B2B communication goals
of the study and directly addresses the primary requirements of the client (Foreverland).

Moreover, the results for all EF3.1 indicators are provided in the Annex.

2.5 Type and format of the report

This document, prepared in adherence to ISO 14044 requirements (ISO 14044:2021), aims
to a comprehensive, precise, and impartial presentation of the LCA's findings and
conclusions for its target audience. All results, underlying data, methodologies,
assumptions, and inherent limitations are disclosed. This ensures readers grasp the
complexities, constraints, and trade-offs of the LCA, enabling them to interpret and apply
the outcomes consistently with the study's stated objectives.

2.6 Critical review

When LCA study findings are intended to support comparative claims for public
disclosure, the international standard ISO 14044: 2021 mandates a critical review. The core
objectives of such a review are twofold: to offer an impartial assessment of the LCA study,
mainly in terms of compliance to the international standards, and to provide constructive
feedback to its authors for enhancing the study's overall quality and transparency.

Engaging in a critical review ensures the following fundamentals aspects, needed in case
of comparative claims.

e The LCA methodologies align with ISO 14040 and 14044 standards.

13
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The applied methods possess scientific and technical validity.

The utilized data is pertinent and justifiable given the study's objectives.
Interpretations accurately reflect identified limitations and the study's ultimate goal.
The study report exhibits transparency and internal consistency.

Moreover, the critical review panel may, if appropriate, offer recommendations on
potential areas for improvement, prioritizing them for the authors.

Foreverland and EcolLoop have therefore setup a critical review process with three experts
from the CNR (Consiglio Nazionale delle Ricerche, National Research Council). The critical
review process has followed the ISO 140731:2024 specifications. The panel is hence
composed by:

e Carlo Brondi, chair (National Research Council, Institute of Intelligent Industrial
Technologies, and Systems for Advanced Manufacturing, CNR STIIMA)

e Francesco Caraceni, CNR STIIMA

e Matteo Cordara, CNR STIIMA

The critical review has been structured as consequential.

14
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3 Life Cycle Inventory (LCI)

3.1 General data

3.11

Procedure for data collection

The inventory data has been collected mainly via two paths.

Primary data, or data from technological scenarios, have been discussed with
Foreverland, and their suppliers, via a series of data exchanges and direct online
interviews. Such data are hence based on their knowledges of the value-chain
processes and industry performances.

Literature data, mainly related to the traditional chocolate value-chain, to the field
part of the carob and of the new value chains (chickpeas, grapeseed and pumpkin
seed) , have been collected from a set of scientific peer reviewed papers, category
associations reports and sectorial global market analysis reports. Specifically, for
the new ingredients, the suppliers’ interviews have been mainly qualitative and
allowed to evaluate the best matching between the literature available data and the
new ingredients manufacturing processes.

3.1.2 Summary of allocation

For generic data (databases), the existing allocations were maintained.

For specific data, only mass allocations have been followed.

For Choruba, the mass allocation criterion was used to allocate the production
organic waste to the manufactured products, based on the data available up to May
2025. For the carob cultivation, the 1kg of carob-related impacts have been
allocated by mass on the carob powder (obtained from the pulp) with a ratio of
Q0 %. The remaining 10 % has been allocated to the seeds. For the chickpea flour,
the 1kg of chickpea-related impacts have been allocated by mass to the seed with
a ratio of 93%. The remaining 7% has been allocated to the seed hull (Wood, J. A,,
& Grusak, M. A., 2007).

For the Chocolate: the mass allocation criterion was used for the cocoa-derivates
manufacturing, with a 31.9 % for the cocoa liquor, 23.1 % for the cocoa-butter,
28.6 % for the cocoa-powder and 9.8 % for the cocoa-shells, as already set by the
database Agribalyse 3.2.

For both processes. A mass allocation of 73 % to the skimmed milk powder has
been applied (for a rest of 27 % to the cream production) in the skimmed milk
pasteurisation process, as defined in Agribalyse 3.2.

3.2 LC inventory, Foreverland Choruba

This paragraph reports the data collected per each LC stage considered in the study,
including the description of the processes, the sources of the literature used, the
calculation procedures, the data quality and the treatment of missing data, the eventual
allocations.
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3.2.1 Raw materials

The LCI has been based on the base recipes of nine Foreverland Alternative Chocolate
drops’ variants assessed in this study, as reported in the following table.

Table 1 Recipes of the Foreverland Alternative Chocolate products under assessment in this study.

The input-output flows needed for the raw materials supply are listed and quantified in
Table 3 together with the reference process used to model the environmental impacts
associated (Table 4).

The LCI has been built focussing on the contributors grouping described as follows.

3.2.11 Carob

The carob production value-chain has been explored quite in depth in this study because
neither database nor scientific or technical literature was available. Moreover, the carob-
derivates suppliers, have been available to provide primary data related
to the carob cultivation, collection, and co-products manufacturing. Such primary data
have been collected with interviews with different technical experts of the suppliers.

The carob-cultivation LCl has been calculated per carob-tree, with considering an average

000000
. The existing

carob trees are mainly growing without specific agronomic and botanic practices. Hence,

16
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a set of general agriculture actions have been estimated based on the interviews with the
Foreverland suppliers.

Once the carobs are manually collected, they are transported with general agriculture- or
private-means to the supplier manufacturing plants. The main flows related to the carob-
derivates productions have been mapped via interviews: energies for the industry, for the
internal movement, wastes, water.

I < process of carob pulp powder has been modelled with primary data
provided by suppliers. | EEEEEIEGgGgGgNEEEE c:2bon footprint was available and

Table 2 Inventory for 1 kg carob pulp powder.

Flow UOM Carob pulp powder Data Source?

Irrigation Kg 0.4107 Measured

Diesel consumption of ploughing, MJ 0.803 Literature (Sanchez Segado S., et al.,

harping and transport in the field ) 2010)

Land use m2 1.283 Measured

Pruning h 0.01 Literature (Correia et al., 2017)

CO, absorption - tree Kg 0.31 Literature (Palacios-Rodriguez et al.,

2022)

CO, absorption - soll Kg 0.41 Literature (Palacios-Rodriguez et al.,

2022)

Upstream carob transportation [t*km] 0.07 Estimated

Powder packaging transport [t*km] 0.01495 Measured

Water consumption kg 0.03 Measured

Electricity consumption (grinding) from KWh 0.005 Measured
photovoltaic

Electricity consumption (grmc.llng) KWh 0.004 Measured
residual

Electricity consumption (mlcronlzatlorj) KWh 0.04 Measured
from photovoltaic

Electricity consumption (mlcronlzat(lon) KWh 0.03 Measured
residual

Measured (total quantity)

Plastic waste — incineration kg 0.0001 Literature: Sustainability Report

COREPLA 2023

Measured (total quantity)

Plastic waste - landfill kg 0.00004 Literature: Sustainability Report

COREPLA 2023

Measured (total quantity)

Plastic waste — treatment pre-recycling kg 0.00001 Literature: Sustainability Report

COREPLA 2023

2 Data Source: measured = primary data (from management system, physically measured quantities); literature = secondary
data from literature analysis; estimated = secondary data from company internal analysis

17
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LPG based roasting‘ MJ| 0.00004 | Measured

Table 3 Flows and processes modelled for the quantification of the environmental profile. In the geographic

u_ u

coverage, means elementary flow.
Data
Flow Name of the process ) UOM Geo coverage
provider
Irrigation Ecoinvent Kg Europe without
9 310.1 Switzerland
Diesel consumption of . MJ GLO
. ) Ecoinvent
ploughing, harping and 3101
transport in the field o
Ecoinvent m? -
Land use 3101
. Agribalyse h FR
Pruning 39
. Ecoinvent Kg -
CO2 absorption - tree 3101
. . Ecoinvent Kg -
COs- absorption - soil 3101
*
Upstream carob Ecoinvent [t*km] RER
transportation 3.10.1
. [t*km] RER
. Ecoinvent
Powder packaging transport
3.10.1
. Ecoinvent kg Europe without
Water consumption 3101 Switzerland
Electricity consumption Ecoinvent kWh RoW
(grinding) from photovoltaic 3.10.1
Electricity consumption Ecoinvent kWh IT
(grinding) residual 3.10.1
Electricity consumption Ecoinvent kWh RoW
(micronization) from 3.10.1
photovoltaic
Electricity consumption Ecoinvent kWh IT
(micronization) residual 3.10.1
Plastic waste — incineration Ecoinvent kg il
3.10.1
Plastic waste - landfill Ecoinvent kg RowW
3.10.1
Plastic waste — treatment Ecoinvent K Europe without
pre-recycling 3.10.1 9 Switzerland
LPG roastin Ecoinvent MJ Row
9 3.10.]

3.2.1.2 Chickpea flour

The chickpea value chain is based on an | \hich produces high-quality
ingredients from highly controlled upstream stakeholders. Even if defining with the
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supplier a set of primary data for the inventory has not been possible, an in-depth
qualitative interview has been held. The inventory definition has been hence set matching
the technical description of the flour production processes with the literature data and
already existing datasets. The main production phases are listed and described in the
following.

Chickpea cultivation. The agricultural phase has been treated based on the
inventory proposed in the Agribalyse 3.2 database, which have been weighted to
consider the mass loss due to the dehulling and moisture change as described in
literature (Wood, J. A., & Grusak, M. A. 2007) and (NIKOOBIN, M. et al 2009). The
production of 1 kg of chickpea flour needs 1.34 kg of harvested chickpea.

The chickpea transport from the field to the supplier manufacturing site has been

accounted for |

Once in the flour production site, chickpeas are dehulled. This step inventory has
been modelled based on the Agribalyse 3.2 dataset.

After dehulling, the chickpea core is milled with a state-of-the technic process and
undergo a thermal treatment similar to the roasting of nuts. These two processes
have been modelled with an inventory based on electricity (milling) and heat
delivery (roasting). The inventory quantities have been derived from the scientific
literature, while the dataset have been taken from Ecoinvent 3.12.

Table 4 Inventory for 1 kg of chickpea flour.

Flow UM Chickpea flour Data Source
Literature (Wood, J. A., & Grusak, M.
Chickpea seed cultivation kg 1.34 A. 2007) and (NIKOOBIN, M. et al
2009)

Chickpea transport from field |

Database (This inventory quantity

Chickpea dehulling kWh 0.004 has been extracted from Agribalyse
3.2)
Electricity kWh 0.258 Literature (Cappelli, A. 2023)
Heat treatment MJ 0.81 Measured (see Carob pulp powder)

Table 5 Flows and processes modelled for the quantification of the environmental profile.

Data

Name of the process .
provider

Geo coverage

Chickpea seed cultivation Ecc3)|]nov]ent
Chickpea transport from Ecoinvent "
field 3,01 tkm RER
Chickpea dehulling Ecgllnov?nt kwh T
. Ecoinvent kWh IT
Electricity 3101
Heat treatment Ecgllnov?nt MJ RoW

19



ECOLO0P

3.2.1.3 Grape seed flour/flakes and pumpkin seed/flakes flour

The two further value chains considered in this study are related to the production of
grapeseed and pumpkin flours. The two value-chains are synthetically described in the
following and they are treated as a similar process. In fact, the grapeseed and pumpkin
flours are produced by a milling process of the so called “residual cake” obtained as
“production waste or by-product” after the seed'’s oils production. Applying the normative
definition of waste and by-product defined respectively by the D.Lgs 152/2006, art. 183
and 184, such cakes can be considered by-products of the seed oils production, based on
the following discussion.

e The cakes are not waste (the manufacturer does not want, is not obliged to dispose
them)
e The four by-products’ criteria are all satisfied, as discussed in the following.

o Criteria 1, Production process origin. Both cakes are produced within a
production process of which they are part, but they are not the expected
results. For the grapeseed the goal is firstly the wine, secondly the oil seeds.

o Criteria 2, Certain use. It is certain that the cakes are used during the same
or subsequent processes.

o Criteria 3, Direct use. The cakes can be directly processed once collected.

o Criteria 4, Legal use. The use of the cake processing output is legal.

Given the “by-product” state of the seeds cake, the upstream processes have not been
accounted for in the pumpkin and grape seeds’ flours inventories. The flour pricing applied
has been considered to be related only to the cake milling and to the final flour transport
to the customer, not to the cake production, which is a by-product, as reported above.

In the case of the purchased flour the seeds’ cakes are milled with a state-of-the-art

process, |

operates as a smaller, artisanal facility.

Two different electricity residual mixes have been therefore adopted.

The overall mass loss has been estimated by the supplier as 1 % for both value-chains.
Table 6 Inventory for 1 kg of grapeseed flour and pumpkin flour

Flow UM Grape seed Pumpkin seed
flour flour

I | <\Wh 0.025 0.025 Measured
Electricity for milling || | } N <\Vh 0.337 0.337 Measured

Table 7 Flows and processes modelled for the quantification of the environmental profile.

Data Source

Data

Name of the process Geo coverage

provider
electricity, medium voltage, residual mix | Ecoinvent
electricity, medium voltage 3.10.1

kWh HU

Electricity for milling
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Data

Name of the process UOM Geo coverage

provider
electricity, medium voltage, residual mix | Ecoinvent
electricity, medium voltage 3.10.1

Electricity for milling

kWh IT

3.2.1.4 Other ingredients

Two kinds of fats have been considered as possible options: the Palm versions contain a
mix of 50% palm kernel stearin and 50% of shea butter while the Palm Free versions
contain shea butter.

The palm kernel stearin environmental profile has been taken from the Ecoinvent database,
given the presence of detailed studies on the value chain over the last decades. For the
shea-butter, a carbon footprint declaration has been used, after an intense literature
review, for which clear data could not be extrapolated. The shea butter is a quite recent
ingredients used mainly in cosmetic for which detailed analyses on the environmental
profile are available neither in database nor in scientific literature. Moreover, for the land
use and the water use indicator, the relative impacts have been retrieved from literature
(Bockel et al., 2020 and Yonas et al., 2016 for land use and Gbabo et al., 2020 for water
use). For the remaining indicators of the EF 3.1 method the process used for the palm
kernel stearin production (from Ecoinvent 3.10) has been used.

The milk Choruba has been considered in two variants: the vegan milk and the cow-
derivates milk. The dataset for this latter has been taken from Agribalyse 3.2.

The electricity consumption was calculated from the sum of the hourly absorption rates of
the machineries installed at Foreverland’s production site. The total absorption rate has
been then combined with productivity values, that however differ between palm-based
products and shea butter-based products.

Table 8 LCI Inventory for 1 kg of Foreverland Alternative Chocolate recipes. The final dosing of the core
ingredients per each recipe for the Alternative Chocolate drops products are listed in the Table 1.
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Table 9 Flows and processes modelled for the quantification of the environmental profile.
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3.2.2 Upstream transport

For each ingredient the weight and the distance from Foreverland production site have
been considered. A generic truck (market for transport, freight, lorry, unspecified |

transport, freight, lorry, diesel, unspecified | EN15804GD, U ) has been assumed as a mean
of transportation.

Table 10 LCI for upstream transportation

Table 11 Flows inventory and quantification of upstream transportation of raw materials

ALT ALT ALT

CHOC CHOC CHOC Data
SEMI- BAKE MILK Source
DARK STABL PALM 3
PALM 3 FREE
Upstrea
M| [tkm] | 1244 | 0550 | 1089 | 1036 | 0962 | 1244 | 1223 | 1089 | 1036 | Me3sUr
transpor ed
tation

3 DQI: measured = primary data (from management system, physically measured quantities); literature = secondary data
from literature analysis; Estimated = secondary data from company internal analysis
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Table 12 Flows and processes modelled for the quantification of the environmental profile.

Name of the process Data provider
Upstream market for transport, freight, lorry, Ecoinvent 3.10.1 [t*kmn] RER
transportation unspecified Cutoff

3.2.3 Manufacturing

This stage includes waste flows generated from manufacturing processes in the
Foreverland production site in Bari (IT), and their treatment scenario to final disposal that
comes from literature analysis. The stage includes the water consumption for cleaning
activities.

Table 13 Flows inventory and quantification of manufacturing.

No reported gas leakages, polluting emissions, or natural gas usage occur at the
Foreverland manufacturing facility.

3.3 LC inventory, traditional cocoa-based chocolate

This paragraph reports the data collected and used per each LC stage considered in the
study, including the description of the processes, the sources of the literature used, the
calculation procedures, the data quality and the treatment of missing data.

As reported before, the traditional chocolate considered in this study is a generic product,
representative of a chocolate production located in Italy as fair benchmark for the
Foreverland products. The definition of a clear unique representative LCl in terms of flow's
types, their amount and the emissions factors is very challenging. Because of this, the
approach proposed in the current study has been to evaluate the best performing
chocolate LCA model, as result of the assessment of the different variants and their impact
on the GWPT.

Based on the database and the scientific papers in the scientific literature, the following
main variants on the traditional chocolate production have been mapped.
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e Chocolate recipe.

e Cocoa-beans sourcing (locations and quantities) and chocolate manufacturing
energies flows.

e Kind of database to be used for the cocoa-beans and the milk powder production.
Energies for chocolate manufacturing.

e Electricity provider.

These variants and the final LCl used are discussed in the Interpretation section. The
transport distances and modes have not been considered in the chocolate scenarios
assessment because less impacting, as emerging from the literature review.

3.3.1 Raw materials

The traditional chocolate is made of the following ingredients, depending on the chocolate
type. In literature and in the database, there is a good agreement in terms of the kind of
ingredients used, while the quantities might change. The final recipe layout has been
defined as reported in the Sphera study, for the dark chocolate and in (Bianchi, 2021) for
the milk and white chocolate. The whole procedure to setup the benchmark inventory and
data sources is based on the goal to define the best performing traditional chocolate
production scenario. This is to challenge Foreverland products with the best chocolate
cases and allow safe-side comparative sentences. This said, the recipes have been chosen
to result in the less impacting environmental profile (in terms of GWPT).

Table 15 Final recipe used in the calculation of the traditional chocolate potential impacts.

Inaredients Dark Source Milk Source White Source
9 Chocolate Chocolate Chocolate

Cocoa butter| kg 0.05 Sphera, 0.15 Bianchi, 0.35 Bianchi,
2023 2021 2021

Cocoa liquor| kg 0.6 Sphera, 0.25 Bianchi, 0.0 Bianchi,
2023 2021 2021

Cocoa| kg 0.0 Sphera, 0.0 Bianchi, 0.0 Bianchi,
powder 2023 2021 2021

Milk powder| kg 0.0 Sphera, 0.2 Bianchi, 0.2 Bianchi,
2023 2021 2021

Sugar| kg 0.34 Sphera, 0.4 Bianchi, 0.45 Bianchi,
2023 2021 2021

Lecithin| kg 0.01 Sphera, 0.0 Bianchi, 0.0 Bianchi,
2023 2021 2021

The recipes’ quantities have been accounted for as gross quantities given that the
materials losses are included in the database provider LCI.

The cocoa-derivates value chain inventories and emissions factors have been defined
using the Agribalyse 3.2 LCI data and the market for cocoa-beans from Ecoinvent 3.10.
The first database has been defined by experts in the sector. The mix of cocoa beans used
for the cocoa processing in Europe is considered, and it is based on WFLDB (World Food
LCA DataBase) industrial partners expertise.
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terials dataset.

Name of the process

Cocoa
butter

Cocoa liquor

Other
ingredients

Milk powder

Sugar

Lecithin

Data provider UoM LD
coverage
kg RER
Agribalyse 3.2 +
Ecoinvent 3.10.1
kg RER
Agribalyse 3.2 +
Ecoinvent 3.10.1
kg FR
Agribalyse 3.2
Agribalyse 3.2 kg FR
Agribalyse 3.2 kg GLO

3.3.2 Upstream transport

The different raw materials transports have been clustered in a unique product system.
Different distances have been considered depending on the raw materials, because of the
use of market activities with transport already included.

From the chocolate scientific literature, the transport contribution to the impacts in terms
of GWP is however quite low.

In 2024, the average distance travelled per tonne in total road freight transport in the EU
was 143.5 km, as per the Eurostat data®. This distance has been used for the calculation of
the transport impacts for the sugar and milk supply, whereas the upstream distances for
the cocoa-beans supply are from the Agribalyse database

4 https://ec.europ

a.eu/eurostat/statistics-

explained/index.php?title=Road_freight transport by journey characteristics
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Table 17 Inventory of upstream transport

DATA SOURCE: measured = primary data (from management system, physically measured quantities),
literature = secondary data from literature analysis, estimated = secondary data from company internal analysis

Dark Milk
Ao o Chocolate Chocolate DEIE) S EO

Cocoa-based

Transport, freight, lorry, 16-32| kg*km/kg 0.65*500 0.4*500 Database
metric ton

Transport, freight, lorry, 3.5-7.5| kg*km/kg 0.65*200 0.4*200 Database
metric ton

Transport, freight, sea|Kg*km/kg 0.65*7670 0.4*7670 Database

Other ingredients

Sugar transport| t*km/kg 0.34*143.5 0.4*143.5 Literature (Eurostat,
2024)

Milk transport| t*km/kg 0 0.2*143.5 Literature (Eurostat,
2024)

Table 18 Flows and processes modelled for the quantification of the environmental profile.

Flow Name of the process Da.ta UOM e
provider coverage
Transport, freight, RoW
lorry, 16-32 metric Agribalyse "
ton 3.2 tkm/kg
Transport, freight, t*km/kg RoW
lorry, 3.5-7.5 Agribalyse
metric ton 3.2
H *
Transport, freight, Agribalyse t*km/kg GLO
sea
3.2
Sugar and milk t*km/kg RER
transport Agribalyse
3.2

3.3.3 Manufacturing

The definition of a general production-related quantities of waste, energies, emissions and
ancillaries is very challenging. On the other hands, from different scientific LCA studies
available in literature (Recanati 2018, Darmawan 2024, Bianchi 2021) related to the
chocolate production, the chocolate manufacturing process has been quite studied in
terms of energy consumption and improvement scenarios. It emerges that the impact in
terms of GWP due to the manufacturing of the chocolate, occurring in Europe, is mainly
due to the electricity and natural gas consumption to satisfy the needs of electricity,
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heating and cooling. Some studies, elaborated before the 2020, refer to the switching to
a trigeneration system to cover such energy demand. Hence, given the large variety of
energy generation system, energy supply and the need to adopt a general energy
efficiency value for the chocolate manufacturing, in terms of kWh/kg of electricity, a value
equal to the target value for the Foreverland production has been adopted. This choice is
supported also by the facts that (i) the environmental benefits of the Foreverland products
are expected to be in the cocoa-based raw materials substitution (not in the
manufacturing) and (ii) that the Foreverland production lines are quite similar to the one
of the traditional chocolate productions.

Table 19 LCI quantities for the manufacturing stage.

DATA SOURCE: measured = primary data (from management system, physically measured quantities),
literature = secondary data from literature analysis, estimated = secondary data from company internal analysis

Dark Milk White Data Source

Chocolate Chocolate Chocolate

Energy |kWh/kg 0.251 0.251 0.251 Estimated
consumption

Table 20 Dataset used for the manufacturing stage.

Data Geo
Name of the process )
provider coverage
Electricity consumption, | electricity, medium voltage, residual mix Ecoinvent IT
medium voltage| | electricity, medium voltage | Cutoff, U - 310 kWh/kg
IT )
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4life Cycle Impact Assessment
(LCIA)

4.1 Impacts modelling

The calculation of the potential environmental impacts of the product under study was
carried out according to the following setup.

The LCA (Life Cycle Assessment) methodology applied complies with the ISO
14040:2006, 1ISO 14044:2021 + AMD 2017 standards.

The software used for the calculation is: OpenLCA v2.6.1
Calculation method: EF3.1

4.2 Potential impacts categories

The environmental impact indicators included in the EF 3.1 method have been assessed
for one kilogram of product (of chocolate and of Alternative Chocolate). The results report
the GWP and its different contributions: climate change without biogenic, climate change
without biogenic and LULUC (land use and land use change); climate change, total.
Moreover, the results of Water use and Land use have been reported.
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4.3 Results

4.3.1 Foreverland Alternative Chocolate drops results

GWPT [kgCO2e]
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Figure 4 GWP total (GWPT) for Foreverland Alternative Chocolate versions

The GWP total (GWPT) has been assessed for nine recipes, the first five ones with palm
oil and the last four ones with shea butter (Palm Free) as fats, considering the functional
unit of 1 kg of sweet drops. The GWPT for the Milk Palm version is 3.78 kgCO.e/kg when
using palm kernel oil and 3.15 when using shea butter (Palm Free). The Vegan Milk version
presents a GWPT equal to 1.91 kgCO.e/kg in the case of Palm version and equal to 1.46 in
the case of the shea butter (Palm Free). The worst GWPT corresponds to the White Milk
versions: the White Palm one has a GWPT of 4.07 kgCO.,e/kg and the White Palm Free of
3.44 KgCO,e/kg. The Semi-Dark version presents the following values: 2.15 kgCO.e/kg
with Palm version and 1.49 kgCO.e/kg in the Palm Free version. The bake stable version,
which is available in the Palm version presents a GWPT of 1.77 kgCO.e/kg

For the Semi-Dark, the Vegan Milk and Bake Stable versions the highest contribution is
attributable to the fat in the recipe corresponding to an average of 57% of the total GWP.
For the Milk and White versions, the most impactful process is the milk production
included in other ingredients category that weights on average 35% of GWPT.
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The contribution of the Carob Powder is negative for the GWPT because absorption of
biogenic CO; by the carob tree has been considered, specifically absorption of CO; by the
biomass of the tree (i.e., leaves, branches, trunk and roots) and by soil (see the dedicated
paragraph “Biogenic carbon balance for carob tree”).

GWPT without biogenic [kgCO2e]
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Figure 5 GWPT without biogenic results for Foreverland Alternative Chocolate

Deducting biogenic CO, from the GWP total, for the Semi-Dark and the Vegan Milk version
the GWP value increases in a range from 0% to 2% because the absorption of biogenic
CO; by the carob tree and the soil is not considered anymore. For the Milk and White Milk
versions, the GWPT without biogenic CO, in relation to the GWP total vary from -35% to
-29% because of the subtraction of biogenic emissions related to milk production.
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GWPT without biogenic and LULUC [kgCO2e]
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Figure 6 GWPT without biogenic and LULUC

Deducting both biogenic CO, and Land Use and Land Use Change emissions (LULUC)
from the total GWP (GWPT) all the versions present a better result in terms of GWP.

The graph shows the impact of the LULUC emissions contained inside the palm oil, shea
butter and the milk productions, hence due to the need to transform the land into
cultivation and cow farms. The Palm versions decrease on average -56%, while the shea
butter versions -46%. This kind of indicator finally lets emerging the impacts due to the
energy flows in the different stages, mainly.
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Alternative Chocolate Milk Palm | Alternative Chocolate Vegan Milk Palm
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Figure 7 Contribution of the different processes for the Alternative Chocolate products to the GWPT without
biogenic.

Maintaining the Palm & Shea butter as fat is possible to assess the differences among the
four main different versions of Foreverland Alternative Chocolate. For the Milk Palm
version, the fat is responsible for most of the impacts in terms of GWP (51%), followed by
the milk included in the other ingredient category (30%). The remaining flows count less
than 7% each one.
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For the Vegan Milk Palm version, the fat is responsible for most of the impacts in terms of
GWP 64%, followed by the category of other ingredient that contains the dehydrated rice
extract (8%), the electricity (8%), the sugar (8%), carob fibre (5%) and upstream transport
(4%). All the other flows count for the remaining 3% of the GWPT without biogenic.

For the White Palm version, the fat is responsible for most of the impacts in terms of GWP
(49%), followed by the milk included in the other ingredient category fat (31%). The
remaining flows count less than 6% each one.

For the Semi-Dark Palm version, the fat is responsible for most of the impacts in terms of
GWP 66%, followed by the chickpea flour (9%) and the sugar (9%), the electricity (7%) and
upstream transport (7%). All the other flows count for the remaining 2% of the GWPT
without biogenic.
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Water Use [m3]
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Figure 8 Water use impact for the different Foreverland Alternative Chocolate products.

Analysing the water use indicator, as calculated with the EF3.1impact assessment method,
the Alternative Chocolate White milk versions have the highest water use, 1.95 m® when
using Palm & Shea butter and 1.58 m? in the Palm Free version. These results derive from
the use of milk included in the other ingredient category that weights 28% of the indicator
for the White Palm version and 34% for the White Palm Free version.

The Alternative Chocolate Vegan Milk Palm version have the second highest water use
among Choruba variants, the sugar accounts for the 35% of the water use, followed by the
other ingredient category which includes the dehydrated rice extract accounts for 34%
and by fats (29%). Similarly, the water use of Alternative Chocolate Vegan Milk Palm Free
version is mainly due to the sugar (43%), followed by the other ingredient category which
includes the dehydrated rice extract (42%) and the fat (shea butter) accounts the 13% of
the water use of such version.

In the Alternative Chocolate Milk versions 1.68m? when using Palm & Shea butter and 1.45
m?® with shea butter (Palm Free).
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For Alternative Chocolate Semi-Dark Palm most of the impacts come from the sugar
(57%) and from Palm & Shea butter (60%) and sugar (41%); while for Alternative Chocolate
Semi-Dark from sugar (77%) and shea butter (20%). The Alternative Chocolate Bake
Stable presents very similar performances to the Semi-Dark Palm version in terms of Water

use.
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Figure 9 Land use for Foreverland Alternative Chocolate versions
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Regarding the land use indicator, the White versions present the poorest performances:
292 Pt in the Palm Free version and 408 Pt when using Palm & Shea butter. Similar results
have been obtained by the Milk versions: 260 Pt when using shea butter and 375 Pt when
using Palm & Shea butter. These results come from the usage of milk that include land use

from cow farming.
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For Alternative Chocolate Semi-Dark and Vegan Milk versions the land use indicator
presents better performances. when using Palm & Shea butter, the land use is between
164 Pt and 240 Pt, while when using Shea Butter between 269 Pt and 361 Pt.

The Alternative Chocolate Bake Stable presents a land use indicator of 157 Pt.

4.3.2 Traditional chocolate results

The GWP total (GWPT), represented in Figure 8, for traditional dark chocolate is 11.78
kgCO.e/kg, while for the traditional milk chocolate is 9.21 kgCO.e/kg and 8.37 kgCO.e/kg
for the white chocolate. The main impact contributor in terms of GWPT is linked to the
cocoa-based ingredients, which account for the 96% of total GWPT for the dark chocolate
and around 73% for the milk and white ones. Regarding traditional milk and white
chocolates another significant quota of the total GWPT is derived from the cow milk
(included in the “other ingredient” category) which account for the 23% of the total GWPT.

Considering the GWPT without biogenic emissions (Figure 9), the total values slightly
decrease in relation to the GWP total, around -1% and -12% respectively for the dark, milk
and white chocolates). These values can be explained from the fact that cocoa-based
ingredients and the milk processes have respectively little and higher amounts of biogenic
emissions.

Finally, subtracting the Land Use Change emissions from the GWPT without biogenic, the
resulting GWP of traditional chocolate significantly decreases, -84 % for dark chocolate
and around -78% for milk and white chocolates. This is due to the crucial role of LULUC
emissions associated to cocoa-based ingredients. This fact is very debated among the
scientific and technical communities, in relation to the increased sensibility of the public
on the preservation of the natural lands and the fight to the climate change, for which the
GWHP is the most recognised indicator. However, different scientific papers which focus
on the chocolate manufacturing process potential improvements, reports the results in
terms of GWP without LULUC to let better emerging the effects of variables other from
the LULUC.
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GWPT [kgCO2e]
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Figure 10 GWPT of the traditional chocolates.

GWPT without biogenic [kgCO2e]
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Figure 11 GWPT w/o biogenic for the chocolate recipes.
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GWPT without biogenic and LULUC [kgCO2e]
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Figure 12 GWPT w/o biogenic and w/o LULUC for the chocolate recipes.

Traditional dark, milk and white chocolates present a water use indicator (Figure 11) equal
to respectively 18.3 m3, 12.14 m® and 10.89 m?®. Cocoa based ingredients require a higher
water use (on average 91% of the total water use) than the other ingredients (on average
9% of the total water use) and the dark chocolate has a higher quantity of cocoa-based
ingredients (65 %) than the milk and white ones (40 % and 35 %).

39



ECOLO0P

Water use [m3]
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Figure 13 Water use indicator values for the two chocolate recipes.

Regarding the land use indicator (Figure 12), the white traditional chocolate presents
better performances (487 Pt) than the milk and dark ones (542 Pt and 731 Pt). For the
dark chocolate the 98% of the indicator is due to cocoa-based ingredients, while for the
milk and white chocolates the same percentage respectively is 82% and 79%. The
manufacturing and the upstream transportation processes have negligible impacts (less
than 0.2%).
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Land use [Pt]
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Figure 14 Land use indicator values for the two chocolate recipes.
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bInterpretation

5.1 Results discussion

The results presented in the previous chapter are here further discussed.

5.1.1 Biogenic carbon balance for carob tree

Regarding the cultivation process of carob trees, biogenic carbon sequestration and GHG
emissions have been calculated. CO, absorption has been considered because the carob
tree is characterised by lifetime of 100 years and the considered GWP is the GWP100, with
a time horizon of 100 years, as suggested by the PCR nuts and fruits (now expired). The
table below summarizes primary and literature data used to compute the net balance per
carob tree of absorbed biogenic CO, every year.

Table 21 Detail of the calculation of the CO2 absorption and release for the carob cultivation.

Sources Assumptions Estimate

Average value assumed

Calculated from | from literature on modern | Overestimated compared
. DEFRA (2025). | plantations  (carob-only, |to real cases, where

Emissions from s . . ' . ! !
rocessin _4.43 Methodology®, DEFRA | high-density, source: | operations involve mixed
avpera o valgzes : (2025).  Conversion | Sanchez Segado S., et al., | crops (tree crops, tree +
9 Factors®, Sanchez | 20108) and real-world data | herbaceous, or silvo-

Segado S., et al.,, 20107 | including  plowing and | pastoral systems)
harrowing

Emissions from

. Derived from Correia, | A high value was assumed
pruning,

Overestimated compared

assuming 100% -0.44 |P.J et al 2017° | based on costs (source: to real cases
carbongloss ° processing from | Sanchez Segado S., 2010™)

5 DEFRA (2025). Methodology: https://assets.publishing.service.gov.uk/media/6846b0870392ed9b784c0187/2025-GHG-
CF-methodology-paper.pdf

6 DEFRA (2025). Conversion Factors: https://www.gov.uk/government/publications/greenhouse-gas-reporting-
conversion-factors-2025

7 Sanchez Segado S., Lozano L., de Juan Garcia D., Godinez Seoane C., de los Rios A., Hernandez Fernandez F., (2010), Life
Cycle Assessment Analysis of Ethanol Production from Carob Pod., Chemical Engineering Transactions, 21, 613-618.
https://www.aidic.it/cet/10/21/103.pdf

8 Sanchez Segado S., Lozano L., de Juan Garcia D., Godinez Seoane C., de los Rios A., Hernandez Fernandez F., (2010), Life
Cycle Assessment Analysis of Ethanol Production from Carob Pod., Chemical Engineering Transactions, 21, 613-618.
https://www.aidic.it/cet/10/21/103.pdf

9 Correia, P.J.; Guerreiro, J.F.; Pestana, M.; Martins-Lougdo, M.A. (2017) Management of carob tree orchards in
Mediterranean ecosystems: Strategies for a carbon economy implementation. Agrofor. Syst., 91, 295-306.
https://doi.org/10.1007/s10457-016-9929-8

11 sanchez Segado S., Lozano L., de Juan Garcia D., Godinez Seoane C., de los Rios A., Hernandez Fernandez F., (2010), Life

Cycle Assessment Analysis of Ethanol Production from Carob Pod., Chemical Engineering Transactions, 21, 613-618.
https://www.aidic.it/cet/10/21/103.pdf
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Fernandez-Lobato L et
al., 2021°
. Underestimated
A conservative value .
. . compared to real cases;
. Derived from | assumed from literature for P
Absorption per - - : . . source Rodriguez, G et al,,
21.28 | Palacios-Rodriguez et | high-density  plantations
tree 12 ~12022)  found  lower
al., 2022 (293 trees/ha, source: biomass in_ high-densit
Rodriguez, G et al., 2022) . 9 Y
plantations
Value assumed from
. literature for a similar
. Source: Palacios- | . . . .
Soil carbon - climate region — | Consistent  with  real-
) 63.81 |Rodriguez, G et al. . .
absorption 13 Andalusia, Spain (293 | world cases
(2022) .
trees/ha, source:
Rodriguez, G et al., 2022)
Net balance per
tree: CO,
absorbed 80.22
(kg/tree/year)

The detailed CO, balance at carob-tree level, as proposed above, has been accounted for
in the biogenic contribution in the GWP total. Based on this, the calculation of the GWP
per kg of carob-powder has been done, which results as depicted in Figure 13. It is
interesting to note that the biogenic contribution is relevant portion in the overall GWP
total, contributing -0.68 kgCO»e/kg.

10 Fernandez-Lobato L, Garcia-Ruiz R, Jurado F, Vera D. Life cycle assessment, C footprint and carbon balance of virgin
olive oils production from traditional and intensive olive groves in southern Spain. J Environ Manage. 2021 Sep 1;293:112951.
doi: 10.1016/j.jenvman.2021.112951.

12 Palacios-Rodriguez, G., Quinto, L., Lara-Gémez, M. A., Pérez-Romero, J., Recio, J. M., Alvarez-Romero, M., Cachinero-
Vivar, A. M., Hernandez-Navarro, S., & Navarro-Cerrillo, R. M. (2022). Carbon Sequestration in Carob (Ceratonia siliqua L.)
Plantations under the EU Afforestation Program in Southern Spain Using Low-Density Aerial Laser Scanning (ALS) Data.
Forests, 13(2), 285. https://doi.org/10.3390/f13020285

13 palacios-Rodriguez, G., Quinto, L., Lara-Gomez, M. A., Pérez-Romero, J., Recio, J. M., Alvarez-Romero, M., Cachinero-
Vivar, A. M., Hernandez-Navarro, S., & Navarro-Cerrillo, R. M. (2022). Carbon Sequestration in Carob (Ceratonia siliqua L.)
Plantations under the EU Afforestation Program in Southern Spain Using Low-Density Aerial Laser Scanning (ALS) Data.
Forests, 13(2), 285. https://doi.org/10.3390/f13020285

43



ECOLO0P

GWPT of carob pulp powder [kgCO,e]
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Figure 15 Detail of the CO: balance as calculated from the field stage detailed assessment.
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5.1.2 Comparison between traditional chocolate and Foreverland
Alternative Chocolate
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Figure 16 Comparison among the different Alternative Chocolate products and the considered traditional
chocolate recipes in terms of GWPT without biogenic.

The Global Warming Potential (GWPT) without biogenic CO; for the Alternative Chocolate
Milk version, in comparison to traditional milk chocolate, shows a reduction of -67% when
using the Palm version and -74% when using the Palm Free version.

Regarding the vegan options, the Alternative Chocolate Vegan Milk shows even more
significant results, with a reduction of -76% for the Palm version and -82% for the Palm
Free version compared to traditional milk chocolate.

For Alternative Chocolate White, the GWPT without biogenic is -61% (Palm) and -69%
(Palm Free) compared to traditional white chocolate, resulting in an average reduction of
-65%.

Finally, the most substantial savings are observed in the dark chocolate alternatives: the
Alternative Chocolate Semi-Dark versions show a reduction of -81% (Palm) and -87%
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(Palm Free) relative to traditional dark chocolate, while the Alternative Chocolate Bake
Stable achieves a -85% reduction compared to the dark chocolate benchmark.
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Figure 17 GWPT w/o biogenic and w/o LULUC comparing the different Foreverland Alternative Chocolate
products and the considered chocolate recipes.

The Global Warming Potential (GWPT) without biogenic CO, and LULUC for the
Alternative Chocolate Milk version, in comparison to traditional milk chocolate, shows a
reduction of -23% when using the Palm version and -28% when using the Palm Free
version.

Regarding the vegan options, the Alternative Chocolate Vegan Milk demonstrates a much
higher impact reduction, with a decrease of -50% for the Palm version and -49% for the
Palm Free version compared to traditional milk chocolate.

For Alternative Chocolate White, the GWPT without biogenic and LULUC is -10% (Palm)
and -14% (Palm Free) compared to traditional white chocolate, resulting in an average
reduction of -12%.

Finally, significant savings are observed in the dark chocolate alternatives: the Alternative
Chocolate Semi-Dark versions show a reduction of -46% (Palm) and -51% (Palm Free)
relative to traditional dark chocolate. Similarly, the Alternative Chocolate Bake Stable
achieves a -53% reduction compared to the traditional dark chocolate benchmark.
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Such quantitative comparisons can be made, but the following remarks have to be stated
and considered when looking at the differences and drawing a comparative assertion.

e The chocolate-related potential impacts, dark, milk and white, have been
calculated based on a set of assumptions, which suffer of a high variability in terms
of inventories quantities and emission factors used.

e To achieve the goal of comparing Choruba and chocolate value chains, an
approach on safe side has been taken, considering the best modelled chocolate
profile, in the sense of the lower part of the statistical distribution of the inventory.
This is particularly true for the energies needed for the chocolate manufacturing
and for the cocoa-beans cultivation impacts.

e The most of the GWPT contribution for the chocolate value chain is related to the
LULUC. The use of a carob-based product to manufacture “chocolate-like” foods
is targeted to reduce such GWP part, especially.
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Figure 18 Comparison among the different Alternative Chocolate products and the considered traditional
chocolate recipes in terms of water use
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The Water Use for the Alternative Chocolate Milk version, in comparison to traditional milk
chocolate, shows a reduction of -86% when using the Palm version and -89% when using

the Palm Free version.

Regarding the vegan options, the Alternative Chocolate Vegan Milk displays even higher
savings, with a reduction of -85% for the Palm version and -88% for the Palm Free version

compared to traditional milk chocolate.

For Alternative Chocolate White, the Water Use is -82% (Palm) and -85% (Palm Free)

lower than traditional white chocolate.

Finally, the most significant results are observed in the dark chocolate alternatives: the
Alternative Chocolate Semi-Dark versions show a reduction of -92% (Palm) and -94%
(Palm Free) relative to traditional dark chocolate, while the Alternative Chocolate Bake

Stable also achieves a -92% reduction compared to the dark chocolate benchmark.
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Figure 19 Comparison among the different Foreverland Alternative Chocolate products and the considered

traditional chocolate recipes in terms of land use
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The Land Use for the Alternative Chocolate Milk version, in comparison to traditional milk
chocolate, shows a reduction of -52% when using the Palm version and -31% when using
the Palm Free version.

Regarding the vegan options, the Alternative Chocolate Vegan Milk demonstrates a much
more pronounced benefit, with a reduction of -70% for the Palm version and -50% for the
Palm Free version compared to traditional milk chocolate.

For Alternative Chocolate White, the impact on land use is slightly lower than traditional
white chocolate, with a reduction of -40% for the Palm version. However, the Alternative
Chocolate White Palm Free version shows an increase of -16% in land use compared to
the traditional benchmark.

Finally, significant savings are confirmed for the dark chocolate alternatives: the
Alternative Chocolate Semi-Dark versions show a reduction of -67% (Palm) and -51%
(Palm Free) relative to traditional dark chocolate, while the Alternative Chocolate Bake
Stable achieves a -78% reduction compared to the dark chocolate benchmark.

5.2 Data quality

All data, methods and assumptions are consistent with the objective of the LCA study for
the functional unit. To meet the requirements set out in ISO 14044:2021 and
EN15804:2012+A2:2019: the differences in the quality of the data used to reconstruct and
analyse the life cycle of the products are consistent with the objective and scope of the
study; regional and temporal differences were applied consistently; the allocation rules
and the definition of system boundaries were applied consistently to the analysed
products; the elements for assessing potential environmental impacts have been applied
consistently.

5.2.1 Choruba dataset quality

The data quality of Choruba product systems’ datasets have been synthetically compared
in the following table according to the Pedigree data quality matrix™, where quality is
assessed from 1 (highest quality) to 5 (lowest quality).

Inventory data quality has been judged by its precision (measured, literature, estimated)
in the LCI paragraphs. In the table below have been assessed also the data temporal
representativeness, the geographical representativeness, the technological
representativeness, the completeness and the reliability.

Table 22 Data quality for Choruba products inventory.

DATA SOURCE: measured = primary data (from management system, physically measured quantities),
literature = secondary data from literature analysis, estimated = secondary data from company internal analysis

Represent  Represent

R ativeness:  ativeness: n Complete

Data ) )
ativeness:

Reliability

Source geographi  technologi ness

temporal
P cal cal

14 Quality check - Pedigree data quality: https://www.greendelta.com/wp-
content/uploads/2017/03/DF_pedigree.pdf;
https://www.sciencedirect.com/science/article/pii/S1359836824008345
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Data
Source

Measured

Represent
ativeness:
temporal

Represent

ativeness:

geographi
cal

Represent

ativeness:

technologi
cal

Complete
ness

Reliability

MJ

Literature
(Sanchez
Segado S,
et al,
2010)

m?2

Measured

Literature:
(Correia
etal,
2017)

kg

Literature

(Palacios-

Rodriguez
etal,
2022)

kg

Literature:

(Palacios-

Rodriguez
etal,
2022)

[t*km]

Estimated

[t*km]

Measured

kg

Measured

kWh

Measured

kWh

Measured

kWh

Measured

kWh

Measured

kg

Measured
(total
quantity)
Literature:
Sustainabil
ity Report
COREPLA
2023

kg

Measured
(total
quantity)
Literature:
Sustainabil
ity Report
COREPLA
2023

kg

Measured
(total
quantity)
Literature:
Sustainabil
ity Report
COREPLA
2023
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Represent  Represent

Represent . ) o )
UM Data ativeness: atlveness: atlveness.. Complete Reliability
Source geographi  technologi ness
temporal
cal cal
MJ Measured 2 1 1 2 2
Literature
(Wood, J.
A, &
Grusak, M.
kg A.2007) 3 3 3 3 3
and
(NIKOOBI
N, M. et al
2009)
Database
kWh (Agribalys 3 3 3 3 3
e)
kWh Literature
(Cappelli, 3 3 3 3 3
A.2023)
MJ Measured
(see
Carob 2 1 3 2 3
pulp
powder)
kWh Measured ] 1 ] 1 1
Kg Measured ] 1 ] 1 1
Kg Measured 1 1 1 1 1
Measured
kg 1 1 1 1 1
Measured
kg 1 1 1 1 1
Measured
kg 1 1 1 1 1
Measured
kg 1 1 1 1 1
Measured
kg 1 1 1 1 1
Measured
kg 1 1 1 1 1
Measured
kg 1 1 1 1 1
Measured
kg 1 1 1 1 1
Measured
kWh 1 1 1 1 1
Measured
[t*km] 1 1 1 1 1
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Represent  Represent
Data . . | ativeness: ativeness:  Complete
ativeness:

Source tempatal geographi  technologi ness
cal cal

Represent

Reliability

Measured

kg 2 1 1 1 1

LCI data quality assessment has been driven by the following considerations:

Temporal representativeness:

- Data from literature that refer to a period of more than 6 years of difference to the
period of the data set (point = 3)

- Data from carob tree cultivation and related to waste scenarios refer to a period of
less than 6 years of difference to the time of the data set (point = 2)

- Data from Foreverland management system refers to a period of less than 3 years
of difference to the time period of the data set (point = 1)

Geographical representativeness:

- Data from literature that comes from other geographies with similarities to the

dataset or data from |

- Data from Foreverland management system and from carob supplier are
geographically specific (point =1)

Technological representativeness:

- Data from other technological process which are similar to the process
of the dataset (point = 3)

- data comes from enterprises, processes and materials under study
(point =1)

Completeness:

- Data from literature of similar processes (point = 3)

- Data from Foreverland management system are specific (point = 1)
Reliability:

- Data from other similar processes or data from carob tree cultivation have been
provided by carob suppliers compared with literature (point = 3)

- Data from carob supplier comes from measurements performed by the supplier
(point = 2)

- Data from Foreverland management system comes from measured and verified
measurements (point = 1)
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Flows quality has been judged by its temporal representativeness, the geographical
representativeness and the technological representativeness.

Table 23 Data quality for Choruba flows

Reptessntativen Representativen Representativen

Flow Data provider UoM ) ess: ess:
ess: temporal . q
geographical technological

Ecoinvent 3.10.1 kg 4 2 2
Ecoinvent 3.10.1 MJ 5 3 2
Ecoinvent 3.10.1 m? 1 1 1
Agribalyse 3.2 h 4 3 2
Ecoinvent 3.10.1 Kg 1 1 1
Ecoinvent 3.10.1 Kg 1 1 1
Ecoinvent 3.10.1 [t*km] 4 2 2
Ecoinvent 3.10.1 [t*km] 4 2 2
Ecoinvent 3.10.1 kg 4 2 2
Ecoinvent 3.10.1 KWh 5 3 9
Ecoinvent 3.10.1 KWh 1 1 1
Ecoinvent 3.10.1

kWh 5 3 2
Ecoinvent 3.10.1 KWh 1 1 1
Ecoinvent 3.10.1 kg 5 1 2
Ecoinvent 3.10.1 kg 5 3 2
Ecoinvent 3.10.1 kg 4 2 2
Ecoinvent 3.10.1 MJ 4 3 2
Literature (Wood,
J.A, & Grusak, M.| K9 5 3 2
A.  2007) and
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UOM

Representativen
ess: temporal

Representativen
ess:
geographical

Representativen
ess:
technological

(NIKOOBIN, M. et

al 2009)

Database

(Agribalyse) Kg 5 3 2
Literature

(Cappelli, A kWh 1 3 3
2023)

Measured  (see

Carob pulp MJ 1 1 3
powder)

Measured 1 1 1
CFP from supplier

and carob pulp Kg 1 1 1
powder process

Ecoinvent 3.10.1 kg 1 3 4
Agribalyse 3.2 kg N/A 3 2
Ecoinvent 3.10.1 kg 5 2 2
CFP from

supplier, literature

(see 321, X9 ] ] 2
Ecoinvent 3.10

CFP from

supplier, literature

(see 321, X9 ] ] 2
Ecoinvent 3.10

Agribalyse 3.2 kg 4 3 2
Agribalyse 3.2 kg 3 1 2
Agribalyse 3.2 kg N/A 3 4
Ecoinvent 3.10.1 kWh 5 3 2
Ecoinvent 3.10.1 [t*km] 4 2 2
Ecoinvent 3.10.1 kg 5 3 2
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Flow data quality assessment has been driven by the following assessment rules.

e Temporal representativeness:

flows representative of the time period 2022-2025 and elementary flow point
equal to 1

flows representative of the time period 2019-2022 point equal to 2

flows representative of the time period 2015-2019 point equal to 3

flows representative of the time period 2010-2015 point equal to 4

flows representative of the time period up to 2010 point equal to 5

e Geographical representativeness:

e Technology:

5.2.2 Traditional chocolate dataset quality

As previously mentioned, the chocolate used dataset is characterized by a high rate of
proxy data sourced from database and technical literature.

Table 24 Data quality for Chocolate flows
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Repr. Repr.
geograph technologic
ical al

Data Repr. Completene Reliabilit

ss y

provider temporal

Cocoa-based
ingredients
Agribalyse
Cocoa butter| kg 3'.2+ 2 2 2 5 4
Ecoinvent
3.10.1
Agribalyse
. 3.2+
Cocoa liquor| kg Ecoinvent 2 2 2 5 4
3.10.1
Other
ingredients
. Agribalyse
Milk powder| kg 39 2 2 2 5 4
Sugar| kg Agrlzlgozlyse 2 2 2 5 4
Lecithin| kg Ag”sb";'yse 2 2 2 5 4
Upstream
transport
Freight truck *km Agribalyse o 4 5 5 4
cocoa 3.2
Freight truck| _, Agribalyse
others tkm 3.2 ] 4 2 5 4
Freight ship| t*km Agrlzlgozlyse 2 4 2 5 4
Manufacturin
g .
Electricity| kWh Ag”Sb;'yse 1 1 2 5 4

LCI data quality assessment has been driven by the following considerations.
e Temporal representativeness:

o Raw materials: Chocolate recipe inventory has been taken from the Sphera
report (2023) for the dark recipe and (Bianchi, 2021) for the milk and white
chocolates. A score of 2 is assigned.

o Upstream transport: The freight truck average distance has been estimated
based on the 2024 Eurostat data, score 1. For the cocoa supply chain, the data
are reported in the Agribalyse 3.2 database, based on 2019 for the cocoa, score
2.

o Manufacturing: The electricity consumption has been taken from the
Foreverland current best case (2025), score 1

e Geographical representativeness:

o Raw materials: The recipes considered are representative of the European area
(score 2)

o Upstream transport: data taken from the database are considered from area
with slightly similar production conditions (score 4)
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o Manufacturing: the electricity is considered in ltaly as per the Foreverland
manufacturing site (score 1)

e Technological representativeness:

o Raw materials: data has the ambition to be representative of the same
technologies, but different companies, still under the European directive for the
chocolate products (score 2)

o Upstream transport: data taken from the database are considered with an
average among different companies (score 2)

o Manufacturing: the electricity is considered in ltaly as per the Foreverland
manufacturing site (score 1)

e Completeness:

o Raw materials: the inventory data for the raw materials has a score of 5 because
the representativeness is impossible to be estimated among the different
chocolate manufacturers.

o Upstream transport: the inventory data for the raw materials has a score of 5
because the representativeness is impossible to be estimated among the
different chocolate manufacturers.

o Manufacturing: the inventory data for the raw materials has a score of 5 because
the representativeness is impossible to be estimated among the different
chocolate manufacturers.

e Reliability: all data has been assessed with a score of 4 because they come from the
work of experts in the specific fields

5.3 Uncertainty analysis

As reported in paragraph 2.3 the main critical aspect in comparing the Choruba product
systems with the traditional chocolate one is the difference in data quality. For Choruba
system primary data were available, while for the traditional chocolate literature data and
data from databases (Ecoinvent 3.10 and Agribalyse 3.2) were used.

To enrich the two systems comparability, the uncertainty analyses for Choruba and
traditional chocolate products have been performed as described in the following
paragraphs.

5.3.1 Choruba dataset uncertainty

The uncertainties of the Choruba flows have been evaluated based on the methodology
proposed by (Balcioglu et al., 2025). Hence, a normal distribution for the whole input data
inventory has been assumed, given the lack of a proper dedicated statistical analysis of
such flows. The inventory data calculated has been set as mean value of the distribution.
For each input flow, its standard deviation has been calculated from a basic uncertainty
factor (assumed equal to g, = 0.04 as per the Balcioglu et al., 2025 approach) and a
specific uncertainty factor. The specific uncertainty factors have been retrieved assigning
a score to each data quality level of input flows (see values reported in paragraph 5.2).
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The final standard deviation per each input has been calculated as in the following formula,
where Ui are the five uncertainty factors reported in Table 17.

Table 25 Specific uncertainty factors (variances) of a normal distribution in relation to data quality scores
(Balcioglu et al. 2025)

1 0 0 0 0 0
2 0.0006 0.0001 0.0002 0.000025 0.0006
3 0.002 0.0006 0.002 0.0001 0.008
4 0.008 0.002 0.008 0.0006 0.04
5 0.04 0.008 0.04 0.002 0.12

With the obtained standard deviation, given the known mean value and the kind of
statistical distribution (normal), for each input data the worst 95" percentile has been
calculated as worst-case reference value.

Finally, this 95" percentile approach has been applied to the entire LCl and a new LCIA
evaluation has been run. However, the obtained 95" percentile LCI does not comply with
the mass-balance principle of the recipe, but it could represent further potential losses
along the value chain.

5.3.2 Traditional chocolate uncertainty

The whole approach for the chocolate impacts evaluation has been grounded on the idea
to calculate a best-performing value within the uncertainty given by the statistical
distribution of the available data. Given that (i) the GWP is the indicator with more
relevance for the type of communication of the present study and (ii) is the indicator with
the highest difference between the Choruba and the traditional chocolate value chain, an
uncertainty analysis with the Montecarlo method has been carried out on the chocolate
model to identify the best performing environmental impacts for the cocoa-derivates
process.

In fact, the data from the Agribalyse 3.2 database related to the cocoa-derivates
manufacturing carries the information about the uncertainty, modelled with a logarithmic
normal distribution (with a geometric mean equal to the inventory value and a standard
deviation varying from 1.03 min to 1.22 max).

Based on this data, the Montecarlo simulation has been run with 500 iterations, and the
5% percentile have been extrapolated from the results, as reported in the following graphs
(Figure 18). A cocoa-derivate custom environmental profile has been then built and used
in the model for the calculation of the final results of the traditional chocolate potential
impacts.

The variables with an uncertainty profile are described below. For the cocoa-beans flows,
a mass balance check has been set.
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Cocoa-beans from Ivory Coast [kgl: gmean 0.31, gsigma 1.22
Cocoa-beans from Indonesia [kg]: gmean 0.174, gsigma 1.22

Cocoa-beans from Ghana [kg]: gmean 0.164, gsigma 1.22

Cocoa-beans from RoW (Rest-of-the-World) [kg]: gmean 0.352, gsigma 1.22

Cocoa-beans from Glo (Global) [kgl: gmean 0.12, gsigma 1.22

Electricity [kWh]: gmean 0.22, gsigma 1.086
Heat from natural gas [kWh]: gmean 0.37, gsigma .086.

Results: 500 Mean: 6.647 Standard deviation: 0.734 5% percentile: 5.564 95% percentile: 8.015 Median: 6.596
19

H

1 I I T T I T T T T
1l

I I 1 I i f 1 I T I
I I I ]

1 1 1 1 1

1 1 1 1 I 1
I 1 I T ]

ma I'I'FI'HH

4699

Results: 500 Mean: 5.732 Standard deviation: 0.650 5% percentile: 4.782 95% percentile: 6.981 Median: 5.674

]

]
1 E] [ [ e e
T (S (|

I
) ) U |

I
|
I
T

1T 11
| e ) e e
]

8953

=

i HI][I[H[II

o

{II] fl Iﬂﬂ i

3977

7812

59



ECOLO0P

Its: 500 Mean: 0.068 Standard deviation: 0.013 5% percentile: 0.050 95% percentile: 0.090 Median: 0.066

0039 0118

Results: 500 Mean: 4.220E2 Standard deviation: 46.072 5% ile: 3.542€2 95% ile: 5.060E2 Median: 4.193E2

0

2949E2 5823E

Figure 20 Results of the Montecarlo simulation on the Agribalyse + Ecoinvent process for the manufacturing
of the cocoa-derivates. From the top: GWPT, GWP-LULUC, GWP-biogenic, Land use

5.3.3 Uncertainty results

The following Figures (represents the Foreverland products’ results based on the inventory
calculated at the 95 percentile with the red rods in relation to the mean results shown in
the paragraphs above.
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GWPT without biogenic [kgCO2e]
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Figure 21 Comparative results of the GWPT for the mean and 95" percentile inventory of the Alternative
Chocolate products and the traditional chocolate 5% percentile.

The Global Warming Potential (GWPT) without biogenic CO; increases in a range from
+11% (for the Alternative Chocolate Semi-Dark Palm Free version) to +27% (for the
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Alternative Chocolate White Palm Free version) when comparing the mean results to the
worst-case 95th percentile values.

In comparison with traditional chocolate results, Choruba products consistently present
better performances, even in the worst-case scenario:

Dark Chocolate Alternatives: The Alternative Chocolate Semi-Dark palm and Palm
Free versions show, respectively, -79% and -82% in comparison with traditional
Dark Chocolate. The Alternative Chocolate Bake Stable achieves a reduction of -
86% relative to the same benchmark.

Milk Chocolate Alternatives: The Alternative Chocolate Milk palm and Palm Free
versions present reductions of -59% and -68%, respectively, compared to
traditional Milk Chocolate.

Vegan Milk Alternatives: The Alternative Chocolate Vegan Milk versions show
even more significant results, with -71% (Palm) and -78% (Palm Free) in
comparison with traditional Milk Chocolate.

White Chocolate Alternatives: The Alternative Chocolate White versions, on
average between the two fat formulations, present a GWPT without biogenic that
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is —47% lower than traditional White Chocolate (-50% for the Palm version and -
61% for the Palm Free version).
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Figure 22 Comparative results of the “Water use” for the mean and 95 percentile inventory of the Alternative
Chocolate products and the traditional chocolate 5% percentile.

The Water Use indicator increases in a range from +16% (for the Alternative Chocolate
Semi-Dark Palm Free version) to +49% (for the Alternative Chocolate White Palm Free
version) when considering the mean results compared to the worst-case 95th percentile
ones.
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In comparison with traditional chocolate results, Alternative Chocolate products present
significantly better performances even in this conservative scenario:

e Dark Chocolate Alternatives: The Alternative Chocolate Semi-Dark palm and Palm
Free versions show, respectively, -91% and -93% in comparison with traditional
Dark chocolate. The Alternative Chocolate Bake Stable achieves a -90% reduction
compared to the same dark chocolate benchmark.

e Milk Chocolate Alternatives: The Alternative Chocolate Milk palm and Palm Free
versions present reductions of -83% and -86%, respectively, in comparison with
traditional Milk chocolate.

e Vegan Milk Alternatives: The Alternative Chocolate Vegan Milk versions show
substantial savings, with a reduction of -81% (Palm) and -84% (Palm Free)
compared to the traditional Milk chocolate results.

¢ White Chocolate Alternatives: The Alternative Chocolate White versions, for both
the palm and Palm Free formulations, present a Water Use reduction of -78% in
comparison with traditional White chocolate.
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Figure 23 Comparative results of the “Land use” for the mean and 95" percentile inventory of the Alternative
Chocolate products and the traditional chocolate 5% percentile.
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The impact for Land Use increases in a range from +16% (for the Alternative Chocolate
Semi-Dark versions) to +31% (for the Alternative Chocolate Milk Palm version) when
comparing the mean results to the worst-case 95th percentile values.

In comparison with traditional chocolate results, Choruba products present varied
performances in this conservative scenario:

e Dark Chocolate Alternatives: The Alternative Chocolate Semi-Dark versions show
a reduction of -62% (Palm) and -43% (Palm Free) relative to traditional Dark
chocolate. The Alternative Chocolate Bake Stable achieves a -73% reduction
compared to the same benchmark.

e Vegan Milk Alternatives: These versions present the strongest performance, with a
reduction of -61% for the Palm version and -38% for the Palm Free version
compared to the traditional Milk chocolate benchmark.

¢ Milk and White Chocolate Alternatives: In this specific 95th percentile scenario, the
Alternative Chocolate Milk versions show an increase in land use of -37% (Palm)
and -12% (Palm Free) compared to the reference. Similarly, the Alternative
Chocolate White versions present an increase of -25% (Palm) compared to
traditional White chocolate, while +3% in Palm Free formulations.

5.4 Sensitivity and scenario analysis

5.4.1 Alternative chocolate scenario analysis for electricity

A scenario analysis has been conducted to evaluate how the LCIA results respond to
variations in the underlying model parameters. The Foreverland products variabilities and
hotspots emerging from the results analysis are recipes, suppliers (upstream transport)
and energy supply. The recipes variability is already assessed considering the six different
products variants inside the study scope. The second variability (suppliers) is not an actual
product variable, because the supply chain is still very narrow and the kind of raw materials
are a niche. Hence, the scenario analysis has focussed on the energy supply and its main
factors (productivity and provider).

The scenarios variation has been assumed related to the target productivity, which leads
to a higher specific electricity consumption, and to the increase of the photovoltaic energy
share in the company electricity mix. Both parameters’ variations increase or decrease the
potential impacts proportionally to the specific energy consumption, defined per unit of
output mass produced. The new ingredients and recipes do not influence the final mass
production.

Following figure present the results of the sensitivity analysis for Alternative Chocolate
White Palm and Alternative Chocolate Vegan Milk Palm Free with different electricity
consumption values in the manufacturing phase. The two products have been selected as
they are respectively the ones with the poorest results and the best results.

The as-is situation refers to Alternative Chocolate manufactured through a production
process characterized by a target productivity and the electricity purchased from the
national grid.

When productivity is reduced by 25%, the GWPT excluding biogenic CO, increases by 2%
for the White Palm version and by 5% for the Vegan Milk Palm Free version. This outcome
reflects the fact that Foreverland's productivity using palm kernel stearin is 50% higher
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compared to shea butter, resulting in a lower electricity-related impact for the Palm Free
versions

Alternative Chocolate sensitivity analysis for electricity - GWPT without
350 biogenic [kgCO,e]

3.00
2.50
2.00
1.50
1.00
0.50
White Palm AS IS White Palm -25% Vegan Milk Palm Vegan Milk Palm
productivity Free AS IS Free -25%
productivity
® RawMaterial_CarobFiber RawMaterial_CarobPowder M ChickpeaFlour_LC
B GrapeseedFlour_LC PumpkingFlour_LC B RawMaterial_Fat
B RawMaterial_Sugar B RawMaterial_OtherIngredients B Upstream_Transport
W Electricity B Manufacturing Total

Figure 24 Sensitivity analysis with decreased productivity

When 25% of the purchased electricity is replaced with self-generated electricity from a
photovoltaic system, the GWPT excluding biogenic CO, decreases by 1% for the White
Palm variant and by 4% in the Vegan Milk Palm Free version. With a substitution rate of
50%, the GWPT excluding biogenic CO, decreases respectively by -2% and by -7%.
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Alternative Chocolate sensitivity analysis for electricity - GWPT without biogenic
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Figure 25 Sensitivity analysis with scenario with photovoltaic panels

5.4.2 Traditional chocolate
The main variants mapped in this study are the following.

e Chocolate recipe, Energy for chocolate manufacturing and Electricity
provider.

e Kind of database to be used for the cocoa-beans and the milk powder
production.

The LCA model has generated in different results in terms of GWPT when varying the
recipe, acting on the percentages of cocoa-derivates (cocoa-butter, -liquor and -
powder) and milk. This trend is in line with the fact that the cocoa-value chain GWPT is
very dependent on from the GWP-LULUC.
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Energy consumption data related to the chocolate manufacturing process are also quite
impacting when changing of 1 order of magnitude the values, i.e. from Foreverland target
value (0.25 kWh/kg) to the Sphera LCI data of 5.68 kWh/kg (Sphera, 2023). When the
energy consumption change becomes so relevant, the energy mix change is also
influencing a lot the results. On the other hand, if the electricity consumption is set equal
to the Foreverland target value (0.25 kWh/kg), the influence of the energy provider is not
relevant. Such discussions emerge from the graph of Figure 24. The energy consumption
variation is statistically represented by (Wang and Dong, 2024): a variation of around
0.5 kWh/kg can be considered with a median value around 0.45 for the electricity.

Such discussions are based on the trends emerging from Figure 24, related to the dark
chocolate. Similar behaviours occur for the milk and white chocolates, given the same
energy intensity used in the model.

Cooca-based Chocolate, Dark, kgCO,e
18.0
16.0
14.0
12.0
10.0

GWPT

8.0
6.0
4.0
2.0

0.0

m Climate change, total m Climate change w/o biogenic

m Climate change w/o biogenic W/o LUC

Figure 24: Sensitivity analysis on the traditional chocolate model, changing recipe, energy consumption and
energy supply. Rec. = Recipe, En. = Energy, Prov. = Energy provider.
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When focussing on the different database in terms GWPT impacts, the values can be quite
different. Also, because of this, the “best case” approach has been taken to consider the
less impacting chocolate versus the Choruba different products.

Focussing on the cocoa-derivates processes (per a rate of output flows of 0.319 kg,
0.231, 0.286 and 0.098 of respectively liquor, butter, powder and shells), different
databases determine impacts values with differences of 19 % - 24 % for the GWPT and
GWP-LULUC respectively.
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Figure 25: Scenario analysis of different dataset for the cocoa-derivates. Values calculated for 0.319 kg of
cocoa liquor.

The same kind of variations can be achieved for the different database considering the
cow milk production, changing the provider of the cow milk from Agribalyse 3.2 to
Ecoinvent 3.10.

Milk powder, GWP impacts

14

GWP [kg_CO,e]
o]

Milk powder, Agribalyse + Ecoinvent Milk powder, Agribalise pure

M Climate change M Climate change (biogenic)

Climate change (fossil) Climate change (land use)

Figure 26: Scenario analysis of different dataset for the milk powder. Values calculated for 1 kg of milk powder.
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5.5 Limitations and assumptions

5.5.]1 Limitations

In relation to the goals and scopes defined, to the methodology used and the results
achieved, the following limitation of the study can be summarised.

In terms of comparability of the two product systems, the following considerations apply.

The traditional chocolate-related potential impacts, dark, milk and white, have
been calculated based on a set of assumptions, which suffer of a high variability in
terms of inventories quantities and emission factors used. For example, the final
recipe LCI has been defined as reported in the Sphera study (Bianchi, 2021) and
the adopted dataset for cocoa beans is the market for cocoa-beans from Ecoinvent
3.10.

To achieve the goal of comparing Alternative chocolate and traditional chocolate
value chains, an approach on safe side has been taken, considering the “less
impacting” chocolate assumption, in the sense of the lower part of the statistical
distribution of the inventory. This is particularly true for the energies needed for the
chocolate manufacturing and for the cocoa-beans cultivation impacts.

The study analyses the two product systems’ potential environmental impacts
without a regional approach because of the lack of a structured dataset in this
sense. This is a limitation for the traditional chocolate value chain, for which many
relevant processes occur in other continents rather than Europe (Africa, South-East
Asia, South America).

As far as the Alternative Chocolate products are concerned, the following aspects shall be
mentioned, to highlight the study current limitations.

Primary data have been obtained through client self-declaration.

The Alternative Chocolate products considered have two fats (Palm & Shea butter
and shea butter) with different data sources (database and CFP) for the GWP
calculation.

The energy consumption data and production waste of Foreverland site are
available only since January 2025 (not a whole year). Because of this the energy
consumption used in the calculation is a target value for a stable production and
machinery use, based on the company technician’s internal analysis.

For the Foreverland ingredients for which only a CFP was available, the impacts of
land use and water use were retrieved from databases (Ecoinvent or Agribalyse) or
from literature analysis, using the environmental profile of similar ingredients or
single literature data.

Carbon sequestration has been considered for carob-based products because the
plant presents a lifetime of 100 years, while it has not been considered for cocoa-
based products as cocoa plants have a lifetime lower than 100 years, as indicated
in the reference PCR.

The three new ingredients value chains are considered with an inventory data
quality which is not as good as the carob one, because of the unavailability of the
suppliers to share their primary data.
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5.5.2 Assumptions

In terms of comparability of the two product systems, the following assumptions have been
applied.

e The chocolate production has been assumed in Italy to ensure comparability with
the Alternative Chocolate production

e Considering as a referenced unit 1 kg of sweet drops serving as hedonistic
ingredient for sweet products (e.g., baked products), the differences in the
nutritional facts between Alternative chocolate drops and Chocolate drops are not
taken into consideration.

e The recipe and the manufacturing process of cocoa-based chocolate has been
taken as representative of chocolate drops available on the market, but it could not
represent the totality of such products. The statistical cloud of data reporting the
environmental profile of the chocolate is nowadays not clear, because quite
disperse in terms of source types, goals, methodology, results.

e The cow milk powder value chain has been assessed in relation to the geographical
variability of the dataset related to the raw milk production (see par 5.4.2). The use
of the French dataset results in lower values of GWPT, water and land uses in
comparison with the global dataset for the milk-dependent receipt of both
alternative and traditional chocolates. The LCA modelling choice has been based
on the French dataset (Agribalyse 3.2 - Cow milk, conventional, national average,
at farm gate {FR} U) against the global (Ecoinvent 3.10- market for cow milk | cow
milk | Cutoff, U — GLO), because of a more adequate representativeness of the
European milk market, as explained in the following.

o The drops recipe relies on cow's milk only, which is therefore the focus of
the dataset to be used

o French cow raw milk is produced based on different dairy systems, spanning
intensive lowland farms — which account for roughly 45% of national output
— and extensive mountain farms, which account for about 23% (the
remaining farms - 32% - adopt a mixed approach) (Sénat, 2022). The
Agribalyse 3.2 national-average dataset combines both intensive-lowland
(around 87 %) and extensive-highland systems (around 13 %), which are
present across the European dairy market as well.

o France is the second-largest milk producer in the European Union,
accounting for about 16% of EU-27 collection (FranceAgriMer, 2024;
Eurostat).

o Based on the following, the Agribalyse 3.2 dataset has been chosen to be
more adherent at the European geographical boundaries of the drops
production.

As far as the Alternative Chocolate products are concerned, the following aspects shall be
mentioned, to highlight the study current assumptions:

71



ECOLO0P

e The chickpea dehulling process has been assumed to be similar to the soybean
dehulling process for which a dataset in Ecoinvent is present.
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6 Conclusions

A comparative cradle-to-gate Life Cycle Assessment (LCA) study was conducted on
behalf of Foreverland Food S.r.l. to evaluate the potential environmental impacts of a set
of new chocolate alternatives (Alternative Chocolate products) from a life cycle
perspective. The main difference of the second set of recipes, in comparison with the first
one, is the addition of a mix of three different flours (grape seed flour, pumpkin seeds
flours and chickpeas flour). The LCA study aim was to provide greater awareness and
compare the impacts against those associated with the value chain of conventional
chocolate production.

The study applications are twofold: on the one side, the public disclosure of the potential
environmental impacts in the B2B and B2C sectors. On the other hand, Foreverland can
use the study results to setup an eco-design path based on quantitative data.

Four Choruba variants—Semi-Dark, Milk, Vegan Milk and White—were assessed, each one
formulated with either palm & shea butter or shea butter only. For comparison, traditional
chocolate was evaluated in dark, milk and white formulations. A cradle-to-gate LCA has
been setup comparing two value chains with the same boundaries and functional unit (1
kg of sweet Foreverland Alternative Chocolate - Choruba drops and 1 kg of chocolate
drops for the use in the food sector as hedonistic ingredient).

The environmental performance of each product model was quantified using the
Environmental Footprint (EF) 3.1 method, with particular focus on the following impact
categories.

e Global Warming Potential

o Total

o Fossil

o Biogenic

o Land use and Land Use Change (LULULUC)
e Water Use
e Land Use

The most of the GWPT contribution for the chocolate value chain is related to the LULUC.
The use of a carob-based product to manufacture “chocolate-like” foods is targeted to
reduce such GWP part, especially.

Based on the results of the analysis, the potential environmental performances of
Alternative Chocolate products’ set (related only to the analysed indicators) shows lower
values than that of the generic traditional chocolates. Future updates should seek to
reduce data gaps by incorporating primary data sources for the shea butter and chocolate
value-chains.

This LCA study offers to Foreverland a reviewed assessment of the potential
environmental impacts of selected key products. The findings are expected to support
Foreverland in making informed, environmentally responsible strategic decisions, thereby
facilitating the market positioning of its innovative product portfolio.

This LCA study has intrinsic limitations, due to the nature of life cycle analysis:

e The results represent an indication of potential environmental impacts associated
with the life cycle of the products and not of certain and absolute impacts.
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e The results of the study are valid within the boundary of the system analysed:
therefore, by adding further phases of the life cycle (e.g., downstream transport or
product packaging), in possible future studies of the products, it will be possible to
witness a variation of the potential environmental loads obtained in this study. The
same goes for subtractions/eliminations of phases.

e The results of the study are potential environmental impacts of the products
analysed. They could vary with the variation of the primary data (following possible
updates), of the database used for the reconstruction of the upstream and
downstream processes, of the energy mix used in the production and use phases;
of the characterization methods selected.

Finally, the process of critical review and a positive critical statement on a comparative
LCA study assure the ISO 14044 and 14071 compliances for the public declaration of the
comparative results.
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/ Critical review

/.1 Overview

STIIMA CNR was commissioned by EcoLoop Srl SB (through Foreverland Food) to conduct
a life cycle assessment critical review as an external independent expert for an LCA study.

According to §7.1 of ISO 14040, the critical review is a process to verify whether an LCA
has met the requirements for methodology, data, interpretation and reporting and whether
it is consistent with the principles. A critical review can neither verify nor validate the goals
that are chosen for an LCA by the study commissioner, nor the ways in which the LCA
results are used.

As stated in 86.1 of ISO 14044, the critical review process is aimed ensuring that:

e the methods used to carry out the LCA are consistent with this International
Standard.

e the methods used to carry out the LCA are scientifically and technically valid.

e the data used are appropriate and reasonable in relation to the goal of the study.

e the interpretations reflect the limitations identified and the goal of the study; and

e the study report is transparent and consistent.

This critical review was based on the following reference standards:

e [SO 14040:2006+AMDI:2020, Environmental Management - Life Cycle
Assessment — Principle and framework.
o |ISO 14044:2006+AMD2:2020, Environmental Management - Life Cycle

Assessment —Requirements and guideline.

e ISO/TS 14071:2014, Environmental Management — Life Cycle Assessment — Critical
Review process and review competencies: Additional requirements and guidelines
to 1ISO 14044:2006.

Moreover, the present critical review was performed according to as follow:

e Based on expert review.

e Conducted at the end of the study.

e Included an assessment of the life cycle inventory (LCI) model.
e Included an assessment of individual datasets.

/.2 Scope of the critical review

LCA study report covered by this critical review: “Report of the comparative LCA of
Foreverland alternative chocolate and conventional chocolate” V1.1

Commissioner of the study: Foreverland Food.
Practitioner of the study: EcoLoop Srl SB.
Use of the study: Internal eco-design and B2B and B2C communication

Products assessed: Carob and cocoa based products to be used in the food sector
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Panel Members (Independent experts selected by the practitioner and the commissioner
of the study):

Carlo Brondi — Researcher, LCA expert (independent external expert CNR STIIMA)
Matteo Cordara — Research Fellow, LCA expert (independent external expert CNR
STIIMA)

Francesco Caraceni — Research Fellow, LCA expert (independent external expert
CNR STIIMA)

/.3 Critical review process

The critical review process was performed from May 2026 through a document analysis
of the LCA study and a discussion with the practitioners of the LCA study to deeply
investigate methodological and technical topics. The following people were involved:

Stefano Avesani — Eng. PhD. Co-owner and founder, LCA specialist, EcoLoop Srl
SB.

Laura Zampini — Eng. Sustainability and Social Impact, LCA specialist, EcoLoop Srl
SB.

Mattia Avesani — MS. Agrifood Tech, Co-owner and founder, LCA specialist,
Ecoloop Srl SB.

Carlo Brondi — LCA expert, CNR STIIMA

Matteo Cordara — LCA expert, CNR STIIMA

Francesco Caraceni — LCA expert, CNR STIIMA

The main stages of the performed critical review are below listed:

In

EcolLoop provided the first draft of the confidential LCA study report on May 1lth,
2026 “Report of the comparative LCA analysis of a chocolate alternative (Choruba)
and conventional chocolate” v1.0.

The plan for the critical review activities was shared on May 13th, 2026.

The panel evaluated and sent to the client the submitted document identifying
general, technical, and editorial comments on May 26th, 2026. The document is
referred to as “Non conformity report - Foreverland 05-26.xlsx”".

EcolLoop drafted a revised version of the confidential LCA report (rev.) on June
Ist, 2026.

The panel discussed the findings with the client during a web call meeting on June
3rd, 2026.

EcolLoop provided the final confidential LCA report (rev.2) on June 3rd, 2026,
called “Report of the comparative LCA of Foreverland alternative chocolate and
conventional chocolate” v0.3.

A final check was performed by the panel. All findings have been addressed.

response to Foreverland’s request, the choice of LCA modelling for raw milk

production dataset has been updated and a new step of the critical review has been
performed as follow:

EcolLoop submitted the revised draft of the confidential LCA study report, "Report
of the Comparative LCA Analysis of a Chocolate Alternative and Conventional
Chocolate" (v1.1), on June 29th, 2026.

The critical review plan was shared with the review panel on June 30th, 2026.
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« The review panel discussed the proposed revisions with the practitioner during a
web meeting held on July 8th, 2026. During the meeting, the panel requested a
more comprehensive justification for the substitution of the selected datasets.
Following verification of the representativeness of the substituted datasets, no
further comments were considered necessary.

* Ecoloop submitted the final confidential LCA study report, "Report of the
Comparative LCA of Foreverland Alternative Chocolate and Conventional
Chocolate" (v1.1), on July 9th, 2026.

+ The review panel carried out a final verification of the revised report and
confirmed that all findings and comments had been adequately addressed.

All the main comments on the confidential LCA report are described and reported in this
critical review report drafted by the reviewers.

/.4 Critical review statements and disclaimers

The critical review report is only valid for the following LCA study report: “Report of the
comparative LCA of Foreverland alternative chocolate and conventional chocolate” vl.],
Revision of 09/07/2026.

STIIMA CNR and the reviewers are not responsible of any partial content extracted from
the LCA study report and their use for misleading communication purposes.

It is also highlighted that the environmental claims and the requirements for their
communication (out of the scope of the present critical review process) are regulated by
ISO 14021:2016/Amd1:2021 and ISO 14063:2020 under the responsibility of the
commissioner.

While the panel confirms that the study complies with the ISO 14040 and ISO 14044
standards and that the comparative results are scientifically robust and transparently
reported, it is recommended that the use of the study outcomes are carefully aligned with
the EU Green Claims Directive and related implementing acts, particularly for external
communication and marketing purposes.

In accordance with ISO 14044:2021, any public disclosure or environmental claim based
on this study should explicitly clarify:

e the goal and scope of the analysis (cradle-to-gate, functional unit, and specific
products considered),

e the comparative nature of the study and its boundary conditions, and

e the limitations of the results, which refer to potential rather than absolute impacts
and are valid only within the modelled context and datasets.

01
V2
14.07.2026

Francesco Caraceni, Matteo Cordara, Carlo Brondi

Foreverland Food

Riccardo Bottiroli
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Ecoloop Srl SB

Stefano Avesani

ISO 14040:2006/Amd1:2020
ISO 14044:2006/Amd2:2020
ISO 14071:2024

12 products:

 Alt Choc Milk Palm

* Alt Choc Vegan Milk Palm

» Alt Choc White Palm

 Alt Choc Semi-dark Palm

« Alt Choc Milk Palm Free

* Alt Choc Vegan Milk Palm Free
 Alt Choc White Palm Free

» Alt Choc Semidark Palm Free
« Alt Choc Bake Stable

» Dark Chocolate

* Milk Chocolate

* White Chocolate

Carlo Brondi (Chair) — CNR STIIMA

Matteo Cordara, Francesco Caraceni (reviewers) —
CNR STIIMA

From May to July 2026

78




ECOLO0P

References

Standard and other normative references

Agribalyse 3.2, https://doc.agribalyse.fr/documentation-en/agribalyse-data/data-access

DEFRA (2025). Conversion Factors:
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-
factors-2025

DEFRA (2025). Methodology:
https://assets.publishing.service.gov.uk/media/6846b0870392ed9b784c0187/2025-
GHG-CF-methodology-paper.pdf

Directive 2000/36/EC, http://data.europa.eu/eli/dir/2000/36/0j
Ecoinvent 3.10.1, https://Ecoinvent.org/Ecoinvent-v3-10/

EN ISO 14044:2021 + AMD 1:2017 - Environmental management - Life cycle assessment
- Requirements and guidelines.

Environdec PCR repository, www.environdec.com/pcr-library

ISO 14040:2006 Environmental management - Life cycle assessment - Principles and
framework.

ISO 140731:2024 Environmental management — Life cycle assessment — Critical review
processes and reviewer competencies.

OpenLCA 2.4, www.openlca.org/download/
PCR 2025:03, Food and Beverages Products, version 1.0.1, valid until 2030-07-14

Wang, S., & Dong, Y. (2024). Applications of life cycle assessment in the chocolate
industry: a state-of-the-art analysis based on systematic review. Foods, 13(6), 915.

WFLDB (World Food LCA Database) https://quantis.com/services-solutions/consortium-
building-and-management/wfldb/

LCl data references

Balcioglu et al. 2025. Gulizar Balcioglu, Amy M. Fitzgerald, Ffion A.M. Rodes, Stephen R.
Allen, (2025) Data quality and uncertainty assessment of life cycle inventory data for
composites, Composites Part B: Engineering, Volume 292, 2025, 112021, ISSN 1359-
8368, https://doi.org/10.1016/j.compositesb.2024.112021.

Bianchi, et al., 2021. Bianchi, F. R., Moreschi, L., Gallo, M., Vesce, E., & Del Borghi, A.
(2021). Environmental analysis along the supply chain of dark, milk and white chocolate:
a life cycle comparison. The International Journal of Life Cycle Assessment, 26, 807-821.

Bockel et al. 2020. Bockel, L., Veyrier, M., Gopal, P., Adu, A. and Ouedraogo,
A. 2020. Shea value chain as a key pro-poor carbon-fixing engine in West Africa. Accra.
FAO and Global Shea Alliance.

Cappelli, A.; Zaninelli, M.; Cividino, S.; Fiscella, M.; Cini, E.; Parenti, A.; Masella, P.
Optimization of Drying Kinetics and Stone Milling of Chickpea (Cicer arietinum): An

79



ECOLO0P

Investigation of Moisture Content and Milling Speed Effects on Mill Operative
Parameters, Particle Size Distribution, and Flour Composition. Appl. Sci. 2023, 13, 11084.
https://doi.org/10.3390/app131911084

Correia, et al. 2017. Correia, P.J.; Guerreiro, J.F.; Pestana, M.; Martins-Loucé&o, M.A.
(2017) Management of carob tree orchards in Mediterranean ecosystems: Strategies for
a carbon economy implementation. Agrofor. Syst., 91, 295-306.
https://doi.org/10.1007/s10457-016-9929-8.

Darmawan & Mutalib, 2024. Darmawan, D., & Mutalib, A. (2024). Evaluation of
environmental impact on cocoa production and processing under life cycle assessment
method: From beans to liquor. Environmental Advances, 15, 100481.

EcolLoop 2025, Report of comparative LCA of carob-based chocolate alternative
(Choruba) and conventional chocolate, https://foreverland.it/wp-
content/uploads/2025/11/Foreverland-LCA.pdf, visited 07/05/2026

Eurostat 2024, Road freight transport by journey characteristics,
https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Road_freight_transport_by_journey_characteristics accessed
01/07/2025

Fernandez-Lobato et al. 2021. Fernandez-Lobato L, Garcia-Ruiz R, Jurado F, Vera D.
(2021) Life cycle assessment, C footprint and carbon balance of virgin olive oils

production from traditional and intensive olive groves in southern Spain. J Environ
Manage. 2021 Sep 1;293:112951. doi: 10.1016/j.jenvman.2021.112951.

FranceAgriMer (2024). Produits laitiers de lait de vache — Rapport au Parlement 2024
https://observatoire-
prixmarges.franceagrimer.fr/sites/default/files/pictures/10_2024 section_b_lait_de_vache

v7.docx_.pdf

Gbabo et al., 2020. Gbabo, Agidi & Liberty, J & Fakayode, T & Olanrele, G. (2020).
Design, Fabrication and Performance Evaluation of a Shea Butter (Vitellaria Paradoxa)
Clarifying System. 3. 977-982.

Institut de I'Elevage (IDELE) & Eliance (2023). Constats d'alimentation des vaches
laitiéres frangaises 2017-2021. https://www.plm-magazine.com/a-telecharger/quelle-est-
|-alimentation-d-une-vache-en-france

NIKOOBIN, M., MIRDAVARDOOST, F., KASHANINEJAD, M. and SOLTANI, A. (2009),
MOISTURE-DEPENDENT PHYSICAL PROPERTIES OF CHICKPEA SEEDS. Journal of Food
Process Engineering, 32: 544-564. https://doi.org/10.1111/j.1745-4530.2007.00231.x

Ntiamoah & Afrane 2008. Ntiamoah A, Afrane G, 2008. Environmental impacts of cocoa
production and processing in Ghana: life cycle assessment approach. Journal of Cleaner
Production 16, 1735-1740.

Recanati et al. 2018. Recanati, F., Marveggio, D., & Dotelli, G. (2018). From beans to bar:
A life cycle assessment towards sustainable chocolate supply chain. Science of the Total
Environment, 613, 1013-1023.

Sanchez Segado et al., 2010. Sanchez Segado S., Lozano L., de Juan Garcia D., Godinez
Seoane C., de los Rios A., Hernandez Fernandez F., (2010), Life Cycle Assessment
Analysis of Ethanol Production from Carob Pod., Chemical Engineering Transactions, 21,
613-618. https://www.aidic.it/cet/10/21/103.pdf

80



ECOLO0P

Sénat (2022). Compétitivité de la « ferme France ». Rapport d'information n° 905 (2021-
2022), https://www.senat.fr/rap/r21-905/r21-90513.html

Sphera, 2023. Karim, R., Pacheco, D., Comparative Life Cycle Assessment of Cocoa and
Cocoa-free Chocolate Products, (12/04/2023)

Yonas et al., 2016. G.A. Yonas, E.A. Shimelis, A.F. Sisay, Effect of processing factors on
Shea (Vitellaria paradoxa) butter extraction, LWT - Food Science and Technology,
Volume 66, 2016, Pages 172-178, ISSN 0023-6438,
https://doi.org/10.1016/.Iwt.2015.10.036.

Wood, Jennifer & Grusak, Michael. (2007). Nutritional Value of Chickpea.
10.1079/9781845932138.005.

81



ECOLO0P

Annex 1 Cocoa powder extender

Beyond Choruba drops, Foreverland offers the Choruba Cocoa powder extender, a mix of
I (< ossessment of the environmental impacts of
Choruba powder has the same goal and scope of Choruba drops, except for what concern
the functional unit. In the case of the Choruba powder environmental impacts calculation,
the declared unit is 1 kg of powder without packaging is adopted. The Choruba powder
has the following recipe.

Table 26 Recipe of Choruba Cocoa powder extender

Figure 26 GWPT, GWP without biogenic, GWP without biogenic and LULUC

GWPT, GWPT without biogenic, GWPT without biogenic and

LULUC [kgCO,e]
0.80
0.60
0.40
0.20
(0.20)
Climate change w/o biogenic Climate change w/o biogenic W/o Climate change, total
LUC
(0.40)
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Water Use [m3] Land use [Pt]
35.00
0.12
0.11 29.92
30.00
0.10
—
25.00
0.08
20.00
0.06
15.00
0.04
10.00
0.02
5.00
COCOA_POWDER_EXTENDER COCOA_POWDER_EXTENDER
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Annex 2 Detailed LCA results

The result for environmental impacts indicators of EF 3.1 method related to 1 kg of
Foreverland Alternative Chocolate are shown in the tables below divided in three sections:

- raw material, agriculture, livestock farming and transformation to produce the
ingredients

- upstream transportation, transportation from the supplier to Foreverland
manufacturing plant

- manufacturing, transformation of the ingredients to Choruba drops.

Table 27 Foreverland Alternative Chocolate Milk Palm (Alt Choc Dark Palm)

. Raw Upstream | Manufact
Impact category Reference unit . "
material transport uring
Acidification mol H+-Eq 3.18E-02 8.55E-04 | 4.52E-04| 3.31E-02
Climate change kg CO2-Eq 3.42E+00 1.90E-01 1.66E-01| 3.78E+00
Climate change: biogenic kg CO2-Eq 1.07E+00 3.56E-05 3.86E-03 | 1.08E+00
Climate change: fossil kg CO2-Eq 112E+00 1.90E-01 1.62E-01| 1.47E+00
Climate change: land use and land use 1.22E+00 6.71E-05 1.65E-05 | 1.22E+00
change | kg CO2-Eq
Ecotoxicity: freshwater CTUe 3.93E+01 3.55E-01 3.03E-01| 3.99E+01
Ecotoxicity: freshwater, inorganics CTUe 9.38E+00 3.25E-01| 2.64E-01| 9.97E+00
Ecotoxicity: freshwater, organics CTUe 2.96E+01 3.05E-02 | 3.90E-02| 2.97E+01
MJ, net 3.89E+00 2.72E+00| 2.38E+00| 8.99E+00
Energy resources: non-renewable o
calorific value
Eutrophication: freshwater kg P-Eq 2.58E-04 1.31E-05| 2.20E-05| 2.93E-04
Eutrophication: marine kg N-Eq 1.29E-02 3.36E-04 9.27E-05| 1.34E-02
Eutrophication: terrestrial mol N-Eq 1.36E-01 3.66E-03 | 9.99E-04| 14IE-01
Human toxicity: carcinogenic CTUh 6.69E-10 4.85E-11 1.93E-11| 7.36E-10
Human toxicity: carcinogenic, CTUR 1.10E-10 1.40E-T1 8.97E-12 | 133E-10
inorganics
Human toxicity: carcinogenic, organics CTUh 5.60E-10 3.45E-11 1.04E-11| 6.05E-10
Human toxicity: non-carcinogenic CTUh 2.18E-08 1.91E-09 7.5E-10 | 2.45E-08
Human toxicity: non-carcinogenic, CTUR 1.50E-08 1.60E-09 6.68E-10 | 1.72E-08
inorganics
Human toxicity: non-carcinogenic, CTUR 6.85E-09 3.05E-10 477E-11| 7.21E-09
organics
lonising radiation: human health | kBg U235-Eq 117E-01 3.60E-03| 6.22E-03| 1.27E-0I
Land use | dimensionless 2.58E+02 2.04E+00 1.79E-01| 2.60E+02
Material resources: metals/minerals kg Sb-Eq 6.71E-06 6.06E-07| 1.78E-07| 7.50E-06
Ozone depletion | kg CFC-11-Eq 5.76E-08 3.82E-09 3.45E-09 | 6.49E-08
. . disease 4 51E+00 1.85E-08 2.14E-09 | 4.51E+00
Particulate matter formation L
incidence
Photochemical oxidant formation: kg NMVOC-Eq 6.20E-03 1.31E-03 412E-04 | 7.93E-03
human health
m3 world Eq 1.66E+00 1.36E-02 1.28E-02 | 1.68E+00
Water use .
deprived
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Table 28 Foreverland Alternative Chocolate Vegan Milk Palm (Alt Choc Vegan Milk Palm)

Impact category Reference unit Raw material ] b T T Total
transport ng
Acidification mol H+-Eq 1.01E-02 3.78E-04 4.52E-04 1.09E-02
Climate change kg CO2-Eq 1.66E+00 8.42E-02 1.66E-01 1.91IE+00
Climate change: biogenic kg CO2-Eq -1.06E-02 1.58E-05 3.86E-03 -6.73E-03
Climate change: fossil kg CO2-Eq 7.07E-01 8.41E-02 1.62E-01 9.53E-01
Climate change: land use and 9.64E-01 2.97E-05 1.65E-05 9.64E-01
land use change kg CO2-Eq
Ecotoxicity: freshwater CTUe 2.03E+01 1.57E-01 3.03E-01 2.07E+01
Ecotoxicity: freshwater, 5.65E+00 1.44E-01 2.64E-01 6.06E+00
inorganics CTUe
Ecotoxicity: freshwater, 1.46E+01 1.35E-02 3.90E-02 1.47E+01
organics CTUe
Energy resources: non- | MJ, net 5.32E+00 1.20E+00 2.38E+00 8.91E+00
renewable calorific value
Eutrophication: freshwater kg P-Eq 1-88E-04 5.77E-06 220E-05 2/15E-04
Eutrophication: marine kg N-Eq 7.00E-03 1.48E-04 9.27E-05 7.24E-03
Eutrophication: terrestrial mol N-Eq 4.05E-02 1.62E-03 ?2.998-04 4.31E-02
Human toxicity: carcinogenic | CTUh 8.88E-10 21480 19381 4.298-10
Human toxicity: carcinogenic, 5.32E-T 6.18E-12 8.97E-12 6.83E-1
inorganics CTUh
Human toxicity: carcinogenic, 3.36E-10 1.63E-1 1.04E-1 3.61E-10
organics CTUh
Human toxicity: non- 2.39E-09 8.42E-10 7.15E-10 3.95E-09
carcinogenic CTUh
Human toxicity: non- 9.03E-10 7.07E-10 6.68E-10 2.28E-09
carcinogenic, inorganics CTUh
Human toxicity: non- 1.47E-09 1.35E-10 4.77E-11 1.66E-09
carcinogenic, organics CTUh
lonising radiation: human 2.32E-02 1.59E-03 6.22E-03 3.10E-02
health kBq U235-Eq
Land use dimensionless 1.63E+02 9.00E-01 1.79E-01 1.64E+02
Material resources: 7.76E-06 2.68E-07 1.78E-07 8.20E-06
metals/minerals kg Sb-Eq
Ozone depletion kg CFC-T1-Eq 7.89E-09 1.69E-09 3.45E-09 1.30E-08
disease 1.25E-07 8.16E-09 2.14E-09 1.35E-07
Particulate matter formation incidence
Photochemical oxidant 3.43E-03 5.81E-04 4.12E-04 4.42E-03
formation: human health kg NMVOC-Eq
m3 world Eq 1.75E+00 6.03E-03 1.28E-02 1.77E+00
Water use deprived
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Table 29 Foreverland Alternative Chocolate White Palm (Alt Choc White Palm)

Impact category Reference unit Raw. SR LG LT Total
material transport ng
Acidification mol H+-Eq 358E-02|  7.49E-04|  452E-04 3.70E-02
Climate change kg CO2-Eq 3.74E+00 1.67E-01 1.66E-01 4.07E+00
Climate change: fossil kg CO2-Eq 1.25E+00 1.67E-01 1.62E-01 1.58E+00
Climate change: land use and
1.28E+00 5.88E-05 1.55E-05 1.28E+00
land use change kg CO2-Eq
Ecotoxicity: freshwater CTUe 4.25E+01 3.NE-O1 3.03E-01 4.31E+01
Ecotoxicity: freshwater, 1.03E+01 2.85E-01 2.64E-01 1.09E+01
inorganics CTUe
Ecotoxicity: freshwater, 3.19E+01 2.67E-02 3.90E-02 3.20E+01
organics CTUe
Energy resources: non- | MJ, net calorific 4.26E400 2 38E400 2 38E400 9 02E+00
renewable value
Eutrophication: freshwater | kg P-Eq 2.86E-04 114E-05 220E-05|  3.20E-04
Eutrophication: marine kg N-Eq 159E-02|  294E-04|  9.27E-05 1.63E-02
Eutrophication: terrestrial mol N-Eq 1.53E-01 3.21E-03 9.99E-04 1.58E-01
Human toxicity: carcinogenic | CTUh 7.04E-10 4.25E-11 1.93E-T1 7.66E-10
Human toxicity: 1.08E-10 1.22E-11 8.97E-12 1.29E-10
carcinogenic, inorganics CTUh
Human toxicity: 5.97E-10 3.02E-T1 1.04E-T1 6.37E-10
carcinogenic, organics CTUh
Human  toxicity:  non- 2.24E-08 1.67E-09 7.15E-10 2.48E-08
carcinogenic CTUh
Human  toxicity: ~ non- 1.49E-08 1.40E-09 6.68E-10 1.69E-08
carcinogenic, inorganics CTUh
Human  toxicity:  non- 7.50E-09 2.67E-10 4.77E-11 7.82E-09
carcinogenic, organics CTUh
Ir?ena:lstlr?g radiation: human KBq U235-Eq 1.29E-01 3.15E-03 6.22E-03 1.38E-01
mzzzlr;‘?r'mnerals resources. ko Sb-Eq 7.21E-06 5.31E-07 1.78E-07 7.92E-06
Ozone depletion kg CFC-TI-Eq 6.35E-08|  3.35E-09|  3.45E-09|  7.03E-08
Particulate matter formation | disease incidence 4.97E+00 1.62E-08 214E-09 4.97E+00
Photochemical oxidant
. 6.77E-03 1.15E-03 4.12E-04 8.33E-03
formation: human health kg NMVOC-Eq
m3 world Eq 1.93E+00 119E-02 1.28E-02 1.95E+00

Water use

deprived
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Table 30 Foreverland Alternative Chocolate Semi-Dark Palm (Alt Choc Semi-dark Palm)

Impact category Reference unit Raw. SR LG LT Total
material transport ng
Acidification mol H+-Eq 110E-02 7.02E-04 4.52E-04 1.22E-02
Climate change kg CO2-Eq 1.83E+00 1.59E-01 1.66E-01 2.15E+00
Climate change: biogenic kg CO2-Eq -3.20E-02 2.97E-05 3.86E-03 -2.81E-02
Climate change: fossil kg CO2-Eq 6.84E-01 1.58E-01 1.62E-01 1.00E+00
Climate change: land use and
1.18E+00 5.59E-05 1.55E-05 1.18E+00
land use change kg CO2-Eq
Ecotoxicity: freshwater CTUe 1.83E+01 2.96E-01 3.03E-01 1.89E+01
Ecotoxicity: freshwater, 6.33E+00 2.71E-01 2.64E-01|  6.86E+00
inorganics CTUe
Ecotoxicity: freshwater, 1.20E+01 2.54E-02 3.90E-02 1.21E+01
organics CTUe
Energy resources: non-|MJ, net -calorific 5 59E400 2 97E+00 2 38E400 102E+0]
renewable value
Eutrophication: freshwater kg P-Eq 1.69E-04 1.09E-05 2.20E-05 2.02E-04
Eutrophication: marine kg N-Eq 1.29E-02 2.80E-04 9.27E-05 1.33E-02
Eutrophication: terrestrial mol N-Eq 4.53E-02 3.05E-03 9.99E-04 4.94E-02
Human toxicity: carcinogenic | CTUh 4.04E-10 4.04E-1 1.93E-11 4.64E-10
Human = toxicity: 4.50E-1 116E-TI 8.97E-12 6.57E-1
carcinogenic, inorganics CTUh
Human toxicity: 3.60E-10 2.88E-11 1.04E-11 3.99E-10
carcinogenic, organics CTUh
Human — toxicity:  non- 7.31E-10 1.59E-09 7.15E-10 3.03E-09
carcinogenic CTUh
Human — toxicity:  non- -4.97E-10 1.33E-09 6.68E-10 1.50E-09
carcinogenic, inorganics CTUh
Human — toxicity: non- 1.21E-09 2.54E-10 4.77E-1 1.51E-09
carcinogenic, organics CTUh
lonising radiation: human
2.34E-02 3.00E-03 6.22E-03 3.27E-02
health kBq U235-Eq
Land use dimensionless 2.38E+02 1.70E+00 1.79E-01 2.40E+02
Material resources. 7.63E-06 5.05E-07 1.78E-07 8.31E-06
metals/minerals kg Sb-Eq
Ozone depletion kg CFC-11-Eq 8.48E-09 3.18E-09 3.45E-09 1.51E-08
Particulate matter formation | disease incidence 1.40E-07 1.54E-08 2.14E-09 1.57E-07
Photochemical oxidant
. 3.78E-03 1.09E-03 4.12E-04 5.28E-03
formation: human health kg NMVOC-Eq
m3 world  Eq 1.46E+00 114E-02 1.28E-02 1.48E+00

Water use

deprived
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Table 31 Foreverland Alternative Chocolate Milk Palm Free (Alt Choc Milk Palm Free)

Impact category Reference unit Raw material l:r’;j::z: Mant:\f;cturl Total
Acidification mol H+-Eq 3.18E-02 8.55E-04 6.64E-04 3.34E-02
Climate change kg CO2-Eq 2.72E+00 1.90E-01 2.46E-01 3.15E+00
Climate change: biogenic kg CO2-Eq 1.07E+00 3.56E-05 3.92E-03 1.08E+00
Climate change: fossil kg CO2-Eq 9.57E-01 1.90E-01 2.42E-01 1.39E+00
Climate change: land use and
6.86E-01 6.71E-05 2.23E-05 6.86E-01
land use change kg CO2-Eq
Ecotoxicity: freshwater CTUe 3.93E+01 3.55E-01 3.91E-01 4.00E+0]
Ecotoxicity: freshwater, 9.38E+00 3.25E-01 3.33E-01 1.00E+01
inorganics CTUe
Ecotoxicity: freshwater, 2.96E+01 3.05E-02 5.77E-02 2.97E+01
organics CTUe
Energy resources: non- MJ, - net 3.89E+00 2.72E+00 3.57E+00 1.02E+01
renewable calorific value
Eutrophication: freshwater kg P-Eq 2.58E-04 1.31E-05 3.24E-05 3.04E-04
Eutrophication: marine kg N-Eq 1.29E-02 3.36E-04 1.34E-04 1.34E-02
Eutrophication: terrestrial mol N-Eq 1.36E-01 3.66E-03 1.44E-03 1.41E-01
Human toxicity: carcinogenic | cTuh 6.69E-10 4.85E-11 2.85E-11 7.46E-10
Human toxicity: carcinogenic, L10E-10 LA0E-TI 131E-T] 137E-10
inorganics CTUh ) ) ) )
Human toxicity: carcinogenic, 5 60E-10 3.45E-1] L54E-T1 6.10E-10
organics CTUh ) ) ) )
Human toxicity: non- 218E-08 1.91E-09 1.05E-09 2.48E-08
carcinogenic CTUh
Human toxicity: non- 1.50E-08 1.60E-09 9.81E-10 1.75E-08
carcinogenic, inorganics CTUh
Human toxicity: non- 6.85E-09 3.05E-10 6.77E-11 7.23E-09
carcinogenic, organics CTUh
lonising radiation: human
117E-01 3.60E-03 9.31E-03 1.30E-01
health kBq U235-Eq
Land use dimensionless 3.72E+02 2.04E+00 2.59E-01 3.75E+02
Material resources: 6.71E-06 6.06E-07 2.65E-07 7.58E-06
metals/minerals kg Sb-Eq
Ozone depletion kg CFC-11-Eq 5.76E-08 3.82E-09 5.17E-09 6.66E-08
Particulate matter formation | 9158356 4.51E+00 1.85E-08 3.7E-09 4 51E+00
incidence
Photochemical oxidant
. 6.20E-03 1.31E-03 6.13E-04 8.13E-03
formation: human health kg NMVOC-Eq
Water use m3 world Eq 1.29E+00 1.36E-02 1.89E-02 1.32E+00
deprived
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Table 32 Foreverland Alternative Chocolate Vegan Milk Palm Free (Alt Choc Vegan Milk Palm Free)

Impact category Reference unit Raw. e i ad et Total
material transport ng
Acidification mol H+-Eq 1.01E-02 8.41E-04 6.64E-04 116E-02
Climate change kg CO2-Eq 1.02E+00 1.87E-01 2.46E-01 1.46E+00
Climate change: biogenic kg CO2-Eq -1.20E-02 3.50E-05 3.92E-03 -8.09E-03
Climate change: fossil kg CO2-Eq 5.59E-01 1.87E-01 2.42E-01 9.89E-01
Climate change: land use and | | -5 _gq 4.78E-01 6.60E-05 2.23E-05 4.78E-01
land use change
Ecotoxicity: freshwater CTUe 2.03E+01 3.49E-01 3.91E-01 2.10E+01
Ecotoxicity: freshwater, | ;o 5.65E+00 3.20E-01 3.33E-01 6.30E+00
Inorganics
Ecotoxicity: freshwater, | ;o 1.46E+01 2.99E-02 5.77E-02 1.47E+01
organics
Energy  resources:  non- | MJ, net calorific 5 32E400 2 68E+00 3.57E400 LI6E401
renewable value
Eutrophication: freshwater kg P-Eq 1.88E-04 1.28E-05 3.24E-05 2.33E-04
Eutrophication: marine kg N-Eq 7.00E-03 3.30E-04 1.34E-04 7.46E-03
Eutrophication: terrestrial mol N-Eq 4.05E-02 3.60E-03 1.44E-03 4.55E-02
Human toxicity: carcinogenic CTUh 3.88E-10 4.77E-11 2.85E-1 4.64E-10
Human toxicity: carcinogenic, | o, 5.32E-11 1.37E-T1 1.31E-T1 8.00E-T1
Inorganics
Human toxicity: carcinogenic, | o, 3.36E-10 3.40E-T1 1.54E-11 3.85E-10
organics
Human — toxicity:  non-| . 2.39E-09 1.87E-09 1.05E-09 5.31E-09
carcinogenic
Human — toxicity: — non-| . 9.03E-10 1.57E-09 9.81E-10 3.46E-09
carcinogenic, Inorganics
Human — toxicity: — non-| ;. 1.47E-09 3.00E-10 6.77E-1 1.84E-09
carcinogenic, organics
'r?e”;t'r:‘g radiation: human | 5 o35 _gq 2.32E-02 3.54E-03 9.31E-03 3.61E-02
Land use dimensionless 2.67E+02 2.00E+00 2.59E-01 2.69E+02
Material resources: | 14 sb-Eq 7.76E-06 5.96E-07 2.65E-07 8.62E-06
metals/minerals
Ozone depletion kg CFC-1I-Eq 7.89E-09 3.76E-09 5.17E-09 1.68E-08
disease

‘ . o 1.25E-07 1.82E-08 3.1E-09 1.46E-07
Particulate matter formation |incidence
Photochemical oxidant | | - N\MVOC-Eq 3.43E-03 1.29E-03 6.13E-04 5.34E-03
formation: human health

m3 world Eq 1.41E+00 1.34E-02 1.89E-02 1.45E+00

Water use deprived

89




ECOLO0P

Table 33 Foreverland Alternative Chocolate White Palm Free (Alt Choc White Palm Free)

Impact category Reference unit Raw. SR LG LT Total
material transport ng

Acidification mol H+-Eq 3.58E-02 7.49E-04 6.64E-04 3.72E-02
Climate change kg CO2-Eq 3.03E+00 1.67E-01 2.46E-01 3.44E+00
Climate change: biogenic kg CO2-Eq 1.21E+00 3.12E-05 3.92E-03 1.21E+00
Climate change: fossil kg CO2-Eq 1.08E+00 1.67E-01 2.42E-01 1.A9E+00
Climate change: land use

7.33E-01 5.88E-05 2.23E-05 7.33E-01
and land use change kg CO2-Eq
Ecotoxicity: freshwater CTUe 4.25E+01 3.1E-01 3.91E-01 4.32E+01
Ecotoxicity: freshwater, 1.03E+01 2.85E-01 3.33E-01 1.09E+01
inorganics CTUe
Ecotoxicity: freshwater, 3.19E+01 2.67E-02 5.77E-02 3.20E+01
organics CTUe
Energy resources: non- MJ, net calorific 4.26E+00 9 38E400 3.57E400 102E+0]
renewable value ' ' ) )
Eutrophication: freshwater | kg P-Eq 2.86E-04 114E-05 3.24E-05 3.30E-04
Eutrophication: marine kg N-Eq 1.59E-02 2.94E-04 1.34E-04 1.63E-02
Eutrophication: terrestrial mol N-Eq 1.53E-01 3.21E-03 1.44E-03 1.58E-01
Human toxicity: 7.04E-10 4.25E-T1 2.85E-11 7.75E-10
carcinogenic CTUh
Human toxicity: . 1.08E-10 12261 1.31E-T1 1.34E-10
carcinogenic, inorganics CTUh
Human toxicity: 5.97E-10 3.02E-1 1.54E-11 6.42E-10
carcinogenic, organics CTUh
Human toxicity: non- 2.24E-08 1.67E-09 1.05E-09 2 51E-08
carcinogenic CTUh
Human toxicity: non- 1.49E-08 1.40E-09 9.81E-10 1.73E-08
carcinogenic, inorganics CTUh
Human toxicity: non- 7.50E-09 2.67E-10 6.77E-11 7.84E-09
carcinogenic, organics CTUh
lonising radiation: human

1.29E-01 3.15E-03 9.31E-03 1.41E-01
health kBq U235-Eq
Land use dimensionless 4.06E+02 1.78E+00 2.59E-01 4,08E+02
Material resources: 7.21E-06 5.31E-07 2.65E-07 8.00E-06
metals/minerals kg Sb-Eq
Ozone depletion kg CFC-11-Eq 6.35E-08 3.35E-09 5.17E-09 7.20E-08
Particulate matter formation | dgisease incidence 4.97E+00 1.62E-08 3.11E-09 4.97E+00
Photochemical oxidant

. 6.77E-03 115E-03 6.13E-04 8.54E-03

formation: human health kg NMVOC-Eq
Water use m3 world  Eq 1.55E+00 119E-02 1.89E-02 1.58E+00

deprived
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Table 34 Foreverland Alternative Chocolate Semi-Dark Palm Free (Alt Choc Semi-dark Palm Free)

Impact category Reference unit Raw. SR LG LT Total
material transport ng
Acidification mol H+-Eq 1.10E-02 7.12E-04 6.64E-04 1.24E-02
Climate change kg CO2-Eq 1.08E+00 1.59E-01 2.46E-01 1.49E+00
Climate change: biogenic kg CO2-Eq -3.37E-02 2.97E-05 3.92E-03 -2.97E-02
Climate change: fossil kg CO2-Eq 5.11E-01 1.58E-01 2.42E-01 9.1E-01
Climate change: land use and
6.09E-01 5.59E-05 2.23E-05 6.09E-01
land use change kg CO2-Eq
Ecotoxicity: freshwater CTUe 1.83E+01 2.96E-01 3.91E-01 1.90E+01
Ecotoxicity: freshwater, 6.33E+00 2.71E-01 3.33E-01|  6.93E+00
inorganics CTUe
Ecotoxicity: freshwater, 1.20E+01 2.54E-02 5.77E-02 1.21E+01
organics CTUe
Energy  resources:  non-|MJ, net calorific 5.59E+00 2.27E+00 3.57E+00 114E+01
renewable value
Eutrophication: freshwater kg P-Eq 1.69E-04 1.09E-05 3.24E-05 2.12E-04
Eutrophication: marine kg N-Eq 1.29E-02 2.80E-04 1.34E-04 1.33E-02
Eutrophication: terrestrial mol N-Eq 4.53E-02 3.05E-03 1.44E-03 4.98E-02
Human toxicity: carcinogenic | CTUh 4.04E-10 4.04E-1 2.85E-11 4.73E-10
Human = toxicity: 4.50E-1 116E-TI 1.31E- 6.98E-T1
carcinogenic, inorganics CTUh
Human toxicity: 3.60E-10 2.88E-11 1.54E-T1 4.04E-10
carcinogenic, organics CTUh
Human — toxicity:  non- 7.31E-10 1.59E-09 1.05E-09 3.37E-09
carcinogenic CTUh
Human — toxicity:  non- -4.97E-10 1.33E-09 9.81E-10 1.82E-09
carcinogenic, inorganics CTUh
Human — toxicity: non- 1.21E-09 2.54E-10 6.77E-1 1.53E-09
carcinogenic, organics CTUh
lonising radiation: human
2.34E-02 3.00E-03 9.31E-03 3.57E-02
health kBq U235-Eq
Land use dimensionless 3.59E+02 1.70E+00 2.59E-01 3.61E+02
Material resources. 7.63E-06 5.05E-07 2.65E-07 8.40E-06
metals/minerals kg Sb-Eq
Ozone depletion kg CFC-11-Eq 8.48E-09 3.18E-09 5.17E-09 1.68E-08
Particulate matter formation | disease incidence 1.40E-07 1.54E-08 3.1IE-09 1.58E-07
Photochemical oxidant
. 3.78E-03 1.09E-03 6.13E-04 5.49E-03
formation: human health kg NMVOC-Eq
m3 world  Eq 1.07E+00 114E-02 1.89E-02 110E+00
Water use deprived
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Table 35 Foreverland Alternative Chocolate Bake Stable (Alt Choc Bake Stable)

Impact category Reference unit Raw. SR LG LT Total
material transport ng
Acidification mol H+-Eq 1.10E-02 6.62E-04 4.52E-04 1.22E-02
Climate change kg CO2-Eq 1.46E+00 1.47E-01 1.66E-01 1.77E+00
Climate change: biogenic kg CO2-Eq -3.23E-02 2.76E-05 3.86E-03 -2.84E-02
Climate change: fossil kg CO2-Eq 5.58E-01 1.47E-01 1.62E-01 8.67E-01
Climate change: land use and
9.33E-01 5.19E-05 1.55E-05 9.33E-01
land use change kg CO2-Eq
Ecotoxicity: freshwater CTUe 1.61E+01 2.75E-01 3.03E-01 1.66E+01
Ecotoxicity: freshwater, 5.65E+00 2.51E-01 2.64E-01 6.16E+00
inorganics CTUe
Ecotoxicity: freshwater, 1.04E+01 2.36E-02 3.90E-02 1.05E+01
organics CTUe
Energy  resources:  non-|MJ, net calorific 4.73E+00 210E+00 2.38E+00 9.22E+00
renewable value
Eutrophication: freshwater kg P-Eq 1.52E-04 1.01E-05 2.20E-05 1.84E-04
Eutrophication: marine kg N-Eq 7.04E-03 2.60E-04 9.27E-05 7.39E-03
Eutrophication: terrestrial mol N-Eq 4.57E-02 2.83E-03 9.99E-04 4.95E-02
Human toxicity: carcinogenic | CTUh 3.24E-10 3.75E-11 1.93E-11 3.81E-10
Human = toxicity: 2.67E-11 1.08E-11 8.97E-12 4.65E-11
carcinogenic, inorganics CTUh
Human toxicity: 2.98E-10 2.67E-11 1.04E-11 3.35E-10
carcinogenic, organics CTUh
Human — toxicity:  non- ~1.66E-09 1.47E-09 7.15E-10 5.27E-10
carcinogenic CTUh
Human — toxicity:  non- -2.71E-09 1.24E-09 6.68E-10|  -8.02E-10
carcinogenic, inorganics CTUh
Human — toxicity: non- 1.03E-09 2.36E-10 4.77E-1 1.32E-09
carcinogenic, organics CTUh
lonising radiation: human
2.11E-02 2.78E-03 6.22E-03 3.01E-02
health kBq U235-Eq
Land use dimensionless 1.56E+02 1.568E+00 1.79E-01 1.67E+02
Material resources. 6.47E-06 4.69E-07 1.78E-07 7.12E-06
metals/minerals kg Sb-Eq
Ozone depletion kg CFC-11-Eq 6.75E-09 2.96E-09 3.45E-09 1.32E-08
Particulate matter formation | disease incidence 1.30E-07 1.43E-08 2.14E-09 1.46E-07
Photochemical oxidant
. 3.20E-03 1.02E-03 4.12E-04 4.63E-03
formation: human health kg NMVOC-Eq
m3 world  Eq 1.49E+00 1.05E-02 1.28E-02 1.51E+00
Water use deprived
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Table 36 Foreverland Cocoa powder extender

Impact category Reference unit Raw. T LR Total
material transport ng
Acidification mol H+-Eq 7.78E-04 8.27E-04 6.64E-04 2.27E-03
Climate change kg CO2-Eq -6.75E-02 1.84E-01 2.46E-01 3.63E-01
Climate change: biogenic | kg CO2-Eq -2.95E-01 3.44E-05 3.92E-03 ~2.91E-01
Climate change: fossil kg CO2-Eq 2.27E-01 1.84E-01 2.42E-01 6.54E-01
Climate change: land use | '~y ¢ 227E-05|  6.48E-05 2.23E-05 110E-04
and land use change
Ecotoxicity: freshwater CTUe 2.85E-01 3.43E-01 3.91E-01 1.02E+00
Ecotoxicity: freshwater, CTUe 2.42E-01 3.14E-01 3.33E-01 8.89E-0
Inorganics
Ecotoxicity: freshwater, CTUe 4.37E-02 2.94E-02 5.77E-02 1.31E-01
organics
Energy resources: non- MJ, net calorific 3.33E400 2 63E400 3.57E400 9 53E400
renewable value
Eutrophication: freshwater kg P—Eq 2 53E-05 1.26E-05 3.24E-05 7.03E-05
Eutrophication: marine kg N-Eq 2.41E-04 3.25E-04 1.34E-04 7.00E-04
Eutrophication: terrestrial mol N—Eq 2.60E-03 3.54E-03 1.44E-03 7.58E-03
Human toxicity: CTUh 2.96E-11 4.69E-11 2.85E-11 1.05E-10
carcinogenic
Human toxicity: . CTUh 1.24E-11 1.35E-11 1.31E-11 3.90E-T1
carcinogenic, Inorganics
Human toxicity: CTUh 1.72E-11 3.34E-11 154E-11 6.59E-11
carcinogenic, organics
Human toxicity: non- CTUh 2.34E-09 1.84E-09 1.05E-09 5.23E-00
carcinogenic
Human toxicity: non- CTUh 2.27E-09 1.55E-09 9.81E-10 4.80E-09
carcinogenic, Inorganics
Human toxicity: non- CTUh 6.35E-T1 2.95E-10 6.77E-11 4.26E-10
carcinogenic, organics
'r?e”;t'r:‘g radiation: human kBq U235-Eq 116E-02|  3.48E-03 9.31E-03|  2.44E-02
Land use dimensionless 2. 68E+0] 1.97E+00 2.59E-01 2 91E+01
Material resources: kg Sb-Eq 2.58E-07 5.86E-07 2.65E-07 11E-06
metals/minerals
Ozone depletion kg CFC-1I-Eq 4.55E-09 3.69E-09 5.17E-09 1.34E-08
Particulate matter formation | disease incidence 3.39E-09 1.78E-08 3.1IE-09 2 43E-08
Photochemical oxidant kg NMVOC-Eq 1.056-03 1.27E-03 6.13E-04 2.93E-03
formation: human health
Water use m3 world Eq 1.50E-02 1.32E-02 1.89E-02 4.71E-02
deprived
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Table 37 Dark chocolate results

Acidification mol H+-Eq 3.42E-02 5.90E-04 4.24E-04 3.52E-02
Climate change kg CO2-Eq 1.15E+01 7.37E-02 1.61E-01 1.18E+01
Climate change: biogenic kg CO2-Eq 1.05E-01 2.88E-05 1.09E-04 1.05E-01
Climate change: fossil kg CO2-Eq 1.56E+00 7.36E-02 1.61E-01 1.79E+00
Climate change: land use |~~~y _pg 9.8IE+00 | 8.90E-05 | 136E-05 | 9.8IE+00
and land use change
Ecotoxicity: freshwater CTUe 6.68E+01 | 2.29E-0I 1.76E-01 6.72E+0]
Ecotoxicity: freshwater, CTUe 2.08E+01 | 160E-01 | 1.38E-0I 2 1E+01
Inorganics
Ecotoxicity: freshwater,

: CTUe 4.42E+01 | 6.84E-02 | 3.75E-02 | 4.43E+01
organics
Energy resources: non- MJ, net calorific 122E+01 9.80E-01 2 37E+00 156E+01
renewable value
Eutrophication: freshwater kg P-Eq 9.78E-04 5.75E-06 2.09E-05 1.00E-03
Eutrophication: marine kg N-Eq 4.49E-02 2.11IE-04 8.33E-05 4 .51E-02
Eutrophication: terrestrial mol N-Eq 1.26E-01 2.30E-03 8.83E-04 1.29E-01
Human toxicity: CTUh 125E-08 | 177E-N 182E-11 | 125E-08
carcinogenic
Human toxicity: : CTUh 8.98E-10 | B552E-12 | 825E-12 | 9.2E-10
carcinogenic, Inorganics
Human toxicity: CTUh 115E-08 1.22E-11 9.99E-12 | 115E-08
carcinogenic, organics
Human toxicity: non- CTUA 167E-07 | 5.39E-10 | 6.67E-10 | 168E-07
carcinogenic
Human toxicity: non- CTUA 156E-07 | 450E-10 | 6.27E-10 | 157E-07
carcinogenic, Inorganics
Human toxicity: non- CTUA 10IE-08 | 89IE-N | 400E-N | 102E-08
carcinogenic, organics
'r:’e”;ft'r:‘g radiation:human 1, g y235-£q 5.88E-02 | 103E-03 | 619E-03 | 6.60E-02
Land use dimensionless 7.31E+02 5.70E-01 1.61E-01 7.32E+02
Material resources: kg Sb-Eq 427E-05 | 2.27E-07 | 174E-07 | 43IE-05
metals/minerals
Ozone depletion kg CFC-11-Eq 2.93E-07 1.83E-09 3.44E-09 2.99E-07
Particulate matter formation | disease incidence 3.51E-07 5.58E-09 1.94E-09 3.59E-07
Photochemical oxidant kg NMVOC-Eq 169E-02 | 7.01E-04 | 4.03E-04 | 180E-02
formation: human health
Water use m3 world Eq 183E+01 | 4.34E-03 | 122E-02 | 183E+0I

deprived
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Table 38 Milk chocolate results

Acidification mol H+-Eq 4.62E-02 3.81E-04 4.24E-04 4.71E-02

Climate change kg CO2-Eq 9.00E+00 4.93E-02 1.61E-01 9.21E+00

Climate change: biogenic kg CO2-Eq 112E+00 1.89E-05 1.09E-04 1.12E+00

Climate change: fossil kg CO2-Eq 1.67E+00 4.92E-02 1.61E-01 1.88E+00

Climate change: land use

and land use change kg CO2-Eq 6.16E+00 5.67E-05 1.36E-05 6.16E+00

Ecotoxicity: freshwater CTUe 6.43E+01 1.63E-01 1.76E-01 6.46E+01

Ecotoxicity:  freshwater, 175E+01 | 120E-01 | 138E-01 | 177E+01

inorganics CTUe

Ecotoxicity: - freshwater, 455E+01 | 4.31E-02 | 3.75E-02 | 4.56E+0I

organics CTUe

Energy resources: non-|MJ, net calorific 130E+01 6.55E-01 2 37E400 160E+01

renewable value

Eutrophication: freshwater kg P-Eq 7.48E-04 3.82E-06 2.09E-05 7.73E-04

Eutrophication: marine kg N-Eq 3.44E-02 1.37E-04 8.33E-05 3.46E-02

Eutrophication: terrestrial mol N-Eq 1.87E-01 1.50E-03 8.83E-04 1.89E-01

Human toxicity: carcinogenic | CTUh 7.95E-09 1.22E-1 1.82E-11 7.99E-09

Human = toxicity: 5.99E-10 | 3.46E-12 | 825E-12 | 6TE-10

carcinogenic, inorganics CTUh

Human toxicity: 7.30E-09 | 874E-12 | 9.99E-12 | 7.32E-09

carcinogenic, organics CTUh

Human  toxicity:  non- 120E-07 | 3.46E-10 | 6.67E-10 | 121E-07

carcinogenic CTUh

Human  toxicity:  non- 107E-07 | 2.84E-10 | 6.27E-10 | 1.08E-07

carcinogenic, inorganics CTUh

Human  toxicity: ~ non- 119E-08 6.ME-T 4.00E-11 | 1.20E-08

carcinogenic, organics CTUh

lonising radiation: human

health kBq U235-Eq 1.37E-01 7.09E-04 6.19E-03 1.44E-01

Land use dimensionless 5.41E+02 3.93E-01 1.61E-01 5.42E+02

Material resources: 3.08E-05 | 14BE-07 | 174E-07 | 3.JIE-05

metals/minerals kg Sb-Eq

Ozone depletion kg CFC-11-Eq 2.32E-07 1.21E-09 3.44E-09 2.37E-07

Particulate matter formation | disease incidence 3.90E-07 3.75E-09 1.94E-09 3.96E-07

Photochemical oxidant

formation: human health kg NMVOC-Eq 1.39E-02 4.59E-04 4.03E-04 1.47E-02
m3 world EAl os01 | 2.67E-03 | 122E-02 | 121E+0I

Water use deprived

Table 39 White chocolate results
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Acidification mol H+-Eq 4.48E-02 3.44E-04 4.24E-04 4 56E-02
Climate change kg CO2-Eq 8.16E+00 4 53E-02 1.61E-01 8.37E+00
Climate change: biogenic | kg CO2-Eq 1.12E+00 1.72E-05 1.09E-04 1.12E+00
Climate change: fossil kg CO2-Eq 1.59E+00 4.52E-02 1.61E-01 1.80E+00
Climate change: land use
and land use change kg CO2-Eq 5.41E+00 | 5.06E-05 1.36E-05 5.41E+00
Ecotoxicity: freshwater CTUe 5.96E+01 1.55E-01 1.76E-01 6.00E+01
Ecotoxicity:  freshwater, 162E+01 | 117E-01 138E-01 | 165E+01
inorganics CTUe
Ecotoxicity:  freshwater, 423E+01 | 3.82E-02 | 375E-02 | 4.23E+0I
organics CTUe
Energy resources: non-|MJ, net calorific
1.25E+01 6.01E-01 2.37E+00 1.55E+01

renewable value
Eutrophication: freshwater | kg P-Eq 6.83E-04 3.49E-06 2.09E-05 7.07E-04
Eutrophication: marine kg N-Eq 3.13E-02 1.24E-04 8.33E-05 3.15E-02
Eutrophication: terrestrial | mol N-Eq 1.82E-01 1.35E-03 8.83E-04 1.84E-01
Human toxicity: 701E-09 | 114E-T 1.82E-1 | 7.04E-09
carcinogenic CTUh
Human = toxicity: 525E-10 | 3.07E-12 | 8.25E-12 | B5.36E-10
carcinogenic, inorganics CTUh
Human toxicity: 6.43E-09 | 832E-12 | 9.99E-12 | 6.45E-09
carcinogenic, organics CTUh
Human ~ toxicity:  non- 106E-07 | 310E-10 | 6.67E-10 | 1.07E-07
carcinogenic CTUh
Human _toxicity:  non- 9.42E-08 | 2.53E-10 | 6.27E-10 | 9.51E-08
carcinogenic, inorganics CTUh
Human _ toxicity: =~ non- 1NE-08 | B5.69E-N | 4.00E-N | 112E-08
carcinogenic, organics CTUh
lonising radiation: human
health kBq U235-Eq 1.35E-01 6.62E-04 6.19E-03 1.42E-01
Land use dimensionless 4.87E+02 3.67E-01 1.61E-01 4.88E+02
Material resources. 2.77E-05 | 130E-07 | 174E-07 | 2.80E-05
metals/minerals kg Sb-Eq
Ozone depletion kg CFC-11-Eq 2.11E-07 1.1E-09 3.44E-09 2.15E-07
Particulate matter 372E-07 | 3.45E-09 | 194E-09 | 3.77E-07
formation disease incidence
Photochemical oxidant
formation: hurman health kg NMVOC-Eq 1.28E-02 4.16E-04 4.03E-04 1.36E-02

m3  world  EAl 00ps01 | 2.34E-03 | 122E-02 | 1.09E+0I
Water use deprived
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Annex 3 Public claims

15 LINK TO THE LCA REPORT EVENTUALLY MODIFIED TO CUT THE CONFIDENTIAL DATA
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EcolLoop Srl SB
Viale del Lavoro, 2 37023 Grezzana
Verona, Italia
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