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Abstract: There is a global need to create an environmentally low-impact and socially fair international
food and agriculture system. Specifically, in the case of chocolate, since it is difficult to produce locally
in consumer countries, the socio-economic impact and benefits of its production have long been
unfairly distributed. This research analyses the differences between the global environmental impacts
of Fairtrade-certified and organically produced cocoa (from Peru), sold in the form of a chocolate bar
purchased in the Basque Country (Europe), and the respective average conventional product made
with non-organic cocoa beans (from Ivory Coast). Life-cycle assessment (LCA) methodology was
used to calculate five impact categories, while ReCiPe 2016 Midpoint Hierarchist was used to analyse
the global warming potential (GWP), terrestrial ecotoxicity (TE), and environmental footprint (ENVE,
for land use); AWARE was used to measure the water footprint (WF); and cumulative energy demand
(CED) assessed energy footprint (EF). The selected functional unit (FU) is 1 kg of final chocolate bar
(72% cocoa), extrapolating the characteristics of a 150 g bar. The system boundaries take into account
a cradle-to-gate LCA covering the following phases: the production of ingredients, the processing
of cocoa paste, transportation and packaging, the manufacture of the chocolate, and its final retail
distribution. The results show that certified Organic Agriculture and Fairtrade (OA&FT) chocolate
had an average global warming potential (GWP) of 3.37 kg CO,-eq per kilogram, 57.3% lower than
Conventional Agriculture (CA)-based chocolate, with the greatest reduction associated with the
production of ingredients, at —71.8%. The OA&FT chocolate studied had an 87.4% lower impact
in the category of terrestrial ecotoxicity (TE) than that of the CA-based chocolate, yielding 13.7
and 108.6 kg 1,4-DCB per kilogram, respectively. The greatest reduction in the TE impact category
also occurred for the OA&FT chocolate in the ingredient production phase, at 93%. Reductions in
energy footprint (EF) and water footprint (WF) were also observed in the OA&FT product (21%
and 5%). In contrast, although OA&FT processing drastically reduced the associated environmental
loads, an increase in packaging and transport phase impacts was observed in the GWP and TE
categories (95% and 107%, respectively). Similarly, an increase of 18.7% was observed in the land use
footprint for the OA&FT chocolate. The greater need for cropland is compensated by the reduction
of 449.02 kg 1,4-DCB-person—! year~! in the TE category. This research shows that replacing the
current consumption of CA cocoa with OA&FT cocoa has the potential to reduce the GWP by 21.95 kg
CO,-eq-person™!-year—!, reducing the current Basque average emission range of 8.4 tCO,-eq-year !
by 0.26%. As a future subject to study, it was also found that the impact of long-distance maritime
transportation and packaging could still have the potential to be reduced, it currently being the cause
of up to 11% of the GWP from OA&FT cocoa.
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1. Introduction

In the current globalized international market, economic abuse occurs in international
trade among countries. The ethical limits of mutual care and, therefore, of justice, are
limited to the practices that take place within national borders. Differences in the produc-
tion costs of similar products or services lead to global international goods flowing from
impoverished to enriched countries [1]. Against this backdrop, Fairtrade (FT) certification
tries to ensure global social welfare and address the environmental responsibilities of
consumers. Fairtrade (FT)-certified products emerged in the international market at the end
of the 1960s, as an alternative to products exchanged through traditional trade [2]. FT isa
certificate designed to enhance global economic, social and environmental justice through
the regulated production and distribution of goods. The concept of FT has given rise to a
business model that protects human rights and the environment. Although FT does not
set specific minimum wages for workers, it does push for a living wage, which means that
workers must earn enough money to afford a decent standard of living for their household.
In addition, FT commits to paying 40-50% of the price upfront for producers to purchase
the feedstock or raw materials needed to complete an order without incurring debt [3,4].

The international cocoa market has been defined as a sector with high differences
in income among the actors participating in cocoa production and supply chains, with
farmers being especially affected [5]. Furthermore, there is a clear lack of responsibility
regarding the reduction in the environmental impacts of the cocoa production systems of
upstream-phase cocoa producers [6]. The existence of colonial control strategies has been
detected, even between smallholders or cash-crop production areas [7,8]. Moreover, cocoa
production has been implicated as one of the areas with the worst forms of international
child labour in which international big brands, such as Hershey’s and Mars, have been
involved [9]. Thus, there is an evident need to shift towards a socially and environmentally
fair international cocoa production certified system. In recent studies, researchers have
already established the benefits of FT certifications for education expenditure among
farmers and cooperative workers [10]. Nevertheless, an increase in pesticide use has also
been detected in FT-certified fields, although in a more safe and controlled way [11].

Chocolate consumption in the Spanish market is 3.63 kg-cap~!-year~!. Specifically,
the Basque Country is an autonomous community with the highest consumption per
capita in Spain, with a consumption of 4.73 kg-cap~!-year~!, an amount 30.3% higher
than the national average in 2021 [12]. In parallel, in the Basque consumption market, a
consumer study conducted by Medicusmundi shows growing concern from the consumer
side regarding the impacts of conventional non-organic and non-Fairtrade products in
producer regions. There has been an increase in FT products, 91.9% of which corresponds
to food products, with chocolate being one of the most demanded items [13].

As with FT products, the use of Organic Agriculture (OA) has increased in current
food markets. By 2017, around 20% of agriculture land had already been made organic [14].
OA consists of a system of agricultural practices based on standards through which it is
possible to ensure the production of food without the use of certain chemical products that
are harmful to the soil, air, and water while simultaneously respecting the health of farmers
and biodiversity [15]. It is a production method whose objective is to obtain food using
additives that are regulated by the corresponding regional organic certification laws, which
have previously analysed the noxious impacts of such additives and their organic origin.
OA has a controlled low environmental impact and promotes the responsible use of natural
resources [16].

In the same vein, the emerging circular economy (CE) concept is based on eliminating
waste and contamination from the initial design stage, keeping products and materials
in use for new purposes, and regenerating natural systems, thus using closed material
circuits (or closed loops). Seeking a transition to renewable energy and material sources
and a model that creates economic, environmental, and social capital [17], FT, OA, and
CE are philosophically linked in their aim to produce responsible and conscious products
for the sake of the environment and humanity. However, CE does not have standardized
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certification and difficulties have been shown when it comes to having the same impact
as FT and OA, which are well defined and certified [18]. FT is regulated by the standard
ISO 17 065 “Conformity assessment—Requirements for bodies certifying products, pro-
cesses and services” [19], and OA is certified with the family standards of the ISO 14 020
“Environmental labels and declarations—General principles” [20].

Table 1 shows the requirements for the OA and FT certifications, where many similari-
ties can be seen, although OA certification is not strictly necessary to obtain FT [21]. What
Makita [22] does observe is that double certification is better value in various ways and
that FT certification together with OA certification could support farmers, who could not
only expect short-term financial benefits, but also progress in terms of developing a holistic
view of agricultural production and socio-environmental concerns.

Hamilton provides the 10 Fairtrade standards as follows [23], where the tenth stan-
dard is the environmental aspect: Creating Opportunities for Economically Disadvantaged
Producers; Transparency and Accountability; Fair Trading Practices; Fair Payment; Ensur-
ing No Child Labour and Forced Labour; Commitment to Non-Discrimination, Gender
Equity and Women’s Economic Empowerment and Freedom of Association; Ensuring
Good Working Conditions; Providing Capacity-Building; Promoting FT; and Respect for
the Environment. FT standards play a crucial role for the planet by boosting sustainable
and fair practices. These standards ensure decent working conditions (1), fair wages (2),
environmental protection (3) and encourage the development of local communities (4).
By supporting FT, social and economic equity is promoted, poverty is combated, and
environmentally sustainable production is boosted. It also encourages responsible con-
sumption, the preservation of natural resources and the reduction in negative impacts on
the environment [4]. This shows a link between the FT and OA, whereby OA is included in
FT and not vice versa.

Table 1 lists the requirements stated by the European Commission [24] for OA and
by the Fairtrade Association [25,26] for FT environmental certification, which converge
with each other. Additionally, shown are those fertilizers and pesticides from the list of
hazardous materials in FT [25] containing substances restricted or monitored by the OA.
This makes it possible to verify OA&FT cocoa production.

According to Wielechowski and Roman [27], the FT movement is valuable and its
popularization is necessary. However, critics have said that it is not severe enough to ensure
a fully fair goods exchange, or that it could harm uncertified companies. For now, the
products most involved with TF are coffee, cocoa, bananas and cane sugar. In 2021, 30% of
the world’s coffee was FT, as well as 20% of bananas and 10% of cocoa [28-31].

Conventional cocoa cultivation can have significant environmental impacts. According
to Renier et al. [32] and FAO [33], some of these impacts include deforestation, soil erosion,
and a loss of biodiversity, occurring due to the excessive use of pesticides and fertilizers
and the effects of monoculture agriculture.

Table 1. Environmental convergence between Organic Agriculture (OA) and Fairtrade (FT) certifica-
tion for agriculture according legislation [24], forbidden substances [25] and conceptual patterns [26].
The table shows in red, prohibited substances and in orange monitored substances.

Organic Agriculture (OA)

Convergence for Forbidden Hazardous

Substances Fairtrade (FT)

European Commission [24] Fairtrade [25] Fairtrade [26]

(Part I:1.9.8) Prohibition of use of mineral

nitrogen fertilizers.
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Table 1. Cont.

Convergence for Forbidden Hazardous

Substances Fairtrade (FT)

Organic Agriculture (OA)

(Points: 23, 32, 40) (Article 6. d,e,f) (Part
1:1.8.4) To reduce the impact of weeds
and pests, organic farmers choose
resistant varieties (not genetically
modified) and breeds and techniques
encouraging natural pest control.

(Points: 24, 70) (Part I:1.1) Limiting the Minimized and safe use of agrochemicals.

use of artificial fertilizers, herbicides, and
pesticides.

Monitored Substances:

Carbosulfan
Leptophos
OMPA (octamethylpyrophosphoramide)
Phosalone
Pyrazophos
2,4,5-TCP (potassium 2,4,5-
Trichlorophenate)

Proper and safe management of waste.

(Point: 34) (Article 6. d) Crop rotation. Maintenance of soil fertility and water
(PartI: 1.9.2 & 1.9.4) Cultivation of
nitrogen-fixing plants and other green
manure crops to restore the fertility of the

soil.
(Point: 23) (Article 5: f.iii) Prohibition of No use of genetically modified organisms
the use of GMOs. (GMOs).

(Point: 23) Forbidding the use of ionizing
radiation.
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The most widely used tool to carry out a quantifiable analysis of the impacts resulting
from the production and distribution of highly manufactured products, such as cocoa for
chocolate, is life-cycle assessment (LCA) [34]. In this respect, some of the differences in the
environmental performance and impacts of FT, OA and conventional products have already
been evaluated. In the case of cocoa, in Ucayali (Peru), a study was carried out on the
global warming potential (GWP) of a kilogram of fermented and toasted dry cocoa beans
according to the type of production, which was found to be 0.17 kg CO;-eq in CA local
traditional production systems (700 kg/ha and with no technology use); 0.93 kg CO,-eq in
OA cocoa with organic production systems (800 kg/ha and medium- to high-technology
use); and 2.26 kg CO,-eq in high-tech production systems (1500 kg/ha and high-technology
use). Thus, controversial results were found, affirming that modern Organic Agriculture
has a GWP 447% higher than that of local hand-processed traditional methods, while high-
tech production has 1230% greater GWP impacts than the local, traditional approaches. The
increase in GWP impacts in organic and high-tech production systems has been attributed
to yield per hectare and input use intensity, the production per 1 hectare in traditional cocoa
bean production being 700 kg, while it is 800 kg in the organic method 1500 kg in the high-
tech intensive system [34]. These are controversial results, since Organic Agriculture has
been combined with higher production technologies than traditional ones; thus, impacts
derived from either parameter (technology or organic procedures) are not clear. The same
controversial problems are present when modelling the traditional cocoa growing systems,
specifically regarding how the integration of technology use ought to be performed. In
this research, both organic and traditional farming have been modelled to reflect average
industrialized growing methods.

Nevertheless, while some authors show how OA could show an increased impact
when compared with traditional planting systems, Table 2 shows how current analyses
generally attribute lower GWP and terrestrial ecotoxicity (TE) to the organic production of
dry cocoa beans and dark chocolate, with a respective average GWP of 36% and 59% less
than non-organic traditional systems. Organic dry beans have 1.12 kg CO,-eq emissions
(standard deviation of 34.1%) on average, whereas conventional cocoa beans 1.74 kg CO,-eq
(a standard deviation of 103.4%).

Table 2. Literature review on the Global Warming Potential (GWP) and Terrestrial Ecotoxicity (TE) of
Organic Agriculture and Conventional cocoa and chocolate production.

GWP Impacts for 1 kg of Cocoa in Different Stages

. Dif. TE
Source Region Cog‘tiirtlilglal Format Kk Cé‘gl’-e GWP kg14
8 -2med (%) DCB-eq
Conventional 0.17
Ivanova et al. [34] Peru - Dry beans +82%
Organic 0.93
Nguyen-Duy et al. [35] Indonesia Conventional Dry beans 4.79
Conventional 0.19
Romero et al. [36] Peru - Dry beans +78%
Organic 0.87
Dry beans 1.7-3.9
Boeckx et al. [37] World Conventional Chocolate
(40%) 0.7-1.6
Recanati et al. [38] World Organic LI GBS 2.62

chocolate
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Table 2. Cont.
GWP Impacts for 1 kg of Cocoa in Different Stages
. Dif. TE
Source Region Co(r?‘l;iirtlil;:\al Format K C(%:VOVP-e GWP kg 1,4
& ~-P2meq (%) DCB-eq
Chocolates in 415 0.03
bag
Moulded
Konstantas et al. [39] UK Conventional chocolate 3.39 0.03
Chocolate 291 0.02
countlines
Schroth et al. [40] Brazil Conventional Dry beans 0.25
Ortiz-Rodriguez et al. [41] Colombia Conventional Dry beans 0.8
Pérez Neira, [42] Ecuador Conventional L Ch(zcolate 2.49
(100%)
Neale [43] World Conventional Chfé(iate 0.36 0.00638
Ecoinvent v39.1 [44,45] World Conventional Dry beans 1.184 0.01524
Extra-dark 1.61 0.00035
) chocolate
Boakye-Yiadom et al. [46] Ghana Conventional .
Flavoured milk 491 0.00027
chocolate
Conventional Dark chocolate 4.66 0.0215
Pérez-Neira et al. [47 > —56% @
érez-Neira et al. [47] Ecuador Organic (100%) 2.04 0.0045
Conventional 3.740 0.0314
Armengot et al. [48] World Dry beans —58%
Organic 1.560 0.0075
. Conventional 6.76
Miah et al. [49] World - Dark chocolate —68%
Organic 2.16
AVERAGE Conventional 1.741 0.023
Drv b - -36% ———
(Dry beans) Organic 1.12 0.008
AVERAGE Conventional 3.88 0.009
- -59% ——
(Dark chocolate) Organic 2.273 0.005 (—44%)
. 1.801
C t 1 0.011
TYPICAL DEVIATION onventiona (103.4%)
(Dry beans) o . 0.382
reamc (34.1%) i
. 2.308
Conventional o -
TYPICAL DEVIATION (59.5%)
(Dark chocolate) o . 0.306
reanic (13.5%) i

Table 3 shows that Pérez-Neira et al. [47] reported a land use footprint of 22.10 m?a
crop-eq for OA chocolate and 63 m?a crop-eq for CA, the latter being 65% greater than the
former, contrary to the 10-30% increase claimed for OA by other authors. Miah et al. [49]
reported sustainable dark chocolate production with 4.09 m?a crop-eq, 85% lower than
average. Parra-Paitan & Verburg (2022) measured for 1 kg of dry cocoa beans calculated
with the 3.51 kg cocoa needed to make 1 kg of chocolate, and reported 49.14 m?a crop-eq
for traditional methods with a fertilizer and pesticide, and a 59.67 m?a crop-eq land use
footprint for an organic production method, reporting in this case OA needs 21.4% greater
than CA.
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Table 3. Literature review in Environmental Footprint of Land Use (ENVF Land Use) for the Organic
and Conventional chocolate production.

Cocoa in Different Stages (1 kg)

Organic/ ENVF Dif
Source Region gan Format Land Use o\
Conventional 2 (%)
m-a Crop-eq
. Conventional Dry beans needed for 49.14
Parra-Paitan & Verburg [50] Ghana Organic 1 kg of chocolate 59.67 +21%
Miah et al. [49] World Organic Dark chocolate 4.09
; ) Conventional 63.10
Pérez-Neira et al. [47] Ecuador - Dark chocolate —65%
Organic 22.10
AVERAGE Conventional 56.12 19
(1 kg chocolate) Organic 28.62 P
Conventional 9-87
TYPICAL DEVIATION (17.59%)
(1 kg chocolate) ] 28.36
Organic (99.09%)

Table 4 shows great variability in water footprints: Miah et al. [49] reported that sus-
tainable dark chocolate production has a water footprint (WF) of 1.02 m3; Ortiz-Rodriguez
et al. [51] extrapolated 0.6 m3 for 1 kg of CA chocolate; Mekonnen & Hoekstra [52] reported
17.19 m3 for CA chocolate; Van Oel et al. [53] studied CA cocoa beans, estimating 10.45 m3
for 1 kg of chocolate; and Bulsink et al. (2010) estimated 28.24 m3. Regarding FT, Miglietta
et al. [54] studied the WF of several products imported to Italy carrying the FT label, in-
cluding cocoa in general, approximating 78.18 m? for FT chocolate. Meanwhile, Armengot
et al. [48] reported 76.90 m® for CA cocoa, 93.14 m? for OA cocoa (using a multiplication
factor of 3.51), 271.46 m3 for CA chocolate, and 328.78 m3 for OA chocolate. In addition,
Félix Olegario et al. [55] carried out a study comparing cocoa-producing areas in Bahia
(Brazil) by WF, these ranging from 0.28 m? to 646.5 m for 1 kg of cocoa, with the average
estimated for 1 kg of CA chocolate being 1135.09 m3. The method they used to classify
their WF was the same as that used in this research, namely, AWARE. Therefore, it can be
assumed that there is great variability in results depending on regional factors, which is
also demonstrated by the fact that the typical deviations are higher than the average in
both agriculture types (126 to 184%).

Table 4. Literature review in environmental Water Footprint (WF) for the Organic Agriculture and

Conventional chocolate production.

Cocoa in Different Stages (1 kg)

. Organic/ WF Dif.
Source Region Conventional Format m3 (%)
Félix Olegario et al. [55] Brazil Conventional Dry beans needed for 1 kg 1135.09
of chocolate
Conventional 271.46
Armengot et al. [48] World Dry beans needed for1kg __ ~'-0 +17%
Organic of chocolate 328.78
. . Dry beans needed for 1 kg
Miglietta et al. [54] Italy Organic of chocolate 78.18
Bulsink et al. [56] Indonesia Conventional Dry beans needed for 1 kg 28.24
of chocolate
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Table 4. Cont.
Cocoa in Different Stages (1 kg)
. Organic/ WEF Dif.
Source Region Conventional Format m3 (%)
Van Oel et al. [53] Netherlands Conventional Dry beans needed for 1 kg 10.45
of chocolate
Mekonnen & Hoekstra, 2011 [52] World Conventional Chocolate 17.19
Ortiz-Rodriguez et al. [51] World Conventional Chocolate 0.6
Miah et al. [49] World Organic Dark chocolate 1.02
AVERAGE Conventional 243.83
——  —44%
(1 kg chocolate) Organic 135.99
) 448.68
Conventional Y
TYPICAL DEVIATION (184%)
(1 kg chocolate) ] 171.38
Organic (126%)

Table 5 shows the following findings: Recanati et al. [38] reported 33.71 MJ-eq for 1 kg
of dark chocolate, while Pérez-Neira et al. [47] found 14.40 MJ-eq for 1 kg of OA dark choco-
late and 11.20 MJ-eq for CA dark chocolate. Meanwhile, Boakye-Yiadom et al. [46] reported
144 MJ-eq for CA; the results of Armengot et al. [48] say that OA cocoa is 15.90 MJ-eq and
that CA cocoa is 48.30 MJ-eq, so 1 kg of chocolate can be estimated at 55.80 MJ for OA
and 169.53 for CA; and, finally, Dianawati et al. [57] reported 323.67 MJ-eq for CA dark
chocolate.

Table 5. Literature review on environmental Energy Footprint (EF) for Organic Agriculture and
Conventional chocolate production.

Cocoa in Different Stages (1 kg)

. Organic/ EF Dif.
Source Region Conventional Format MJ-eq (%)
Recanati et al. [38] World Conventional Dark chocolate 33.71
) ) Conventional 11.20
Pérez-Neira et al. [47] Ecuador - Dark chocolate ————— +22%
Organic 14.40
Boakye-Yiadom et al., [46] Ghana Conventional Extra-dark chocolate 144
Conventional 169.53
Armengot et al. [48] World Dry beans needed for 1 kg —67%
Organic of chocolate 55.80
Dianawati et al. [57] Indonesia Conventional Dark chocolate 323.67
AVERAGE Conventional 89.61 y
—61%
(1 kg chocolate) Organic 35.1
Conventional 78.78
TYPICAL DEVIATION (87.9%)
(1 kg chocolate) . 29.27
Organic (83.4%)

Tables 1-5 show that current studies find reductions when shifting from CA to OA
production systems of 59% (GWP), 44% (TE), 49% (ENVF), 44% (WF), and 61% (EF); on
average, they show a reduction of 51% across the 5 impact categories analysed. Meanwhile,
high discrepancies have been detected when defining the environmental impacts of CA or
OA&FT chocolate, with typical deviations ranging from 18% (ENVF) to 184% (WF) in CA,
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and from 14% (GWP) to 126% (WF) in OA. Increases in OA impacts with respect to CA ones
have been also detected: 17% in WF [48], 22% in EF [47] and 78% and 82% in GWP [34,36].

To avoid this uncertainty, scientist need to be able to offer clear insights to policymakers
(and ultimately also to citizens) about the benefits (or lack thereof) of shifting to OA&FT-
certified chocolate. Thus, the goal of this study is, firstly, to assess the environmental
impacts of the production and distribution of organic and Fairtrade, versus the impacts
of Conventional Agriculture chocolate sold on the Basque Country’s chocolate market.
The authors have the hypothesis that the use of OA&FT cocoa could be environmentally
beneficial, despite it having maritime transportation-related environmental loads. Two real
products have been compared, a 150 g bar of OA&FT chocolate (72% cocoa from the
cooperative brand Norandino, Peru), manufactured at the Ethiquable factory, France and
sold in the Medicusmundi store; and a 150 g bar of chocolate made with Conventional
Agriculture (CA) cocoa from Ivory Coast, manufactured in Catalonia and sold in a large
shopping centre. This research aims to quantify the capability of consumers in the Basque
Country region to reduce the environmental impacts associated with chocolate production
by shifting to an OA&FT-certified product.

This research analysed the environmental impacts of cocoa produced in Peru, using
a case study on the Norandino cooperative. The cocoa paste is later processed in France
under the Ethiquable brand [58,59]. The chocolate with FT and OA labels is finally sold
on the Basque Country market by Medicusmundi Araba NGO in the Vitoria-Gasteiz store,
and the chocolate bar “NOIR DESSERT CORSE 72% DE CACAQ” is used as a case study
for this research [58]. In the production of the OA&FT chocolate analysed, the most used
cocoa variety is Gran Blanco, a local ancient variety [58,59], and this is collected in the Piura
region. Meanwhile, in the case of the CA chocolate from Ivory Coast, the specific regional
origin has not been defined, this being secondary data absorbed and modified from the
Ecoinvent database. For CA, it has also been assumed that Forastero and Criollo species
could have greater shares of production [60]. The OA standard that the analysed chocolate
carries is the “AB label” that fulfils the EU regulations for organic food and is offered by
the L’ Agence Bio of France. In the case of FT certification, the analysed chocolate has been
certified by “International Fairtrade” and “SPP Global Fair Trade”.

The method used for this research is described in the next section, followed by the
results, including GWP and TE impacts. The Section 4 compares the findings of this research
with those reviewed, and, finally, the Section 5 shows how OA&FT agriculture displays, on
average, 57.32% lower GWP impacts and 87.38% lower TE impacts than CA agriculture for
1 kg of chocolate (72% cocoa), with reductions in these impacts in the Basque Country’s
chocolate consumer market. In the Basque Country, 8.4 tCO,-eq GWP emissions per capita
per year have been estimated for 2019, from which 4.6 are non-ETS (Emissions Trading
System) emissions [61].

2. Methods
2.1. Methodology, Scope and Boundaries

The life-cycle assessment (LCA) methodology has been used in order to compare the
environmental behaviour of Conventional Agriculture (CA) chocolate (72% cocoa) with its
equivalent obtained from Organic Agriculture and Fairtrade (OA&FT)-certified production.
These have been named Scenario 1 and Scenario 2 respectively. LCA is a tool used to assess
the environmental impacts and resources used throughout a product’s life cycle, from
raw material acquisition, through production and transport phases, to final delivery to
the seller [62]. LCA allows us to model both OA&FT and CA chocolate, from the various
agricultural needs of land, water or fertilizers to the need for transportation to carry the
product to the end consumer shop.

Previous uses of life-cycle assessment (LCA) have aided in the creation of eco-design
products, with researchers designing new scenarios and measuring them to understand how
sustainable they could be, taking into account the whole life cycle. In the case of enzymatic
cleaners, a GWP reduction of 26.1% was achieved [63], as well as a further reduction of
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40% in a wooden bunk that had already been designed in the wooden furniture sector [64].
In the construction sector, reductions of up to 61.7% [65] and 80.9% were seen in Spanish
single-family homes, examining an average Spanish apartment made with local and low-
processed materials [66]. Meanwhile, in the transportation sector, there were reductions of
up to 64.28% in urban passenger transport [67]. The use of other methodologies for footprint
assessment, such as global multiregional input-output, could be too imprecise since only
the footprints associated with production and consumption could be evaluated [68].

Using LCA methodology, the present study aims to offer a precise account of the
potential for organically produced Fairtrade products to reduce environmental impacts.
The study has been approached considering a “cradle-to-gate” perspective, meaning that
the impacts generated have been analysed from the extraction of the raw material to the
production process of the products, including their transport and distribution to the point
of sale (Figure 1). The waste from the different processes and the final waste of packaging
have also been taken into account, the latter shown in the Packaging and Transportation
section.

PERU § FRANCE i BASQUE
IVORY COAST ; SPAIN i COUNTRY
———{ UPSTREAM J=mer DOWNSTREAM

é’lefﬁ ol

Ingredlents Cocoa paste Packaglng Chocolate bar Transport for
production production and transport fabrication retail distribution

CORE

Figure 1. The system boundaries of the LCA of 1 kg of chocolate bar considered in this research and
respective Upstream, Core and Downstream division and regional distribution.

To identify the scope of the LCA, PCRs (Product Category Rules) are normally used as
guidelines for the organization of the processes. In this case, as no specific PCRs exist for
chocolate, it was decided by taking the EPDs 2012:06 Bakery products PCR 2012:06 (3.0)
as a reference, which was designed following the ISO 14 025 [69]. As shown in Figure 1,
the scope of the LCA of cocoa products, whether of conventional or, is determined by
Upstream (ingredient production, packaging, auxiliary material and transport), Core (main
fabrication) and Downstream (transport for retail distribution) methods (Figure 1). LCAs
are divided into four methodological stages: objective and scope, life-cycle inventory
(LCI), life-cycle impact assessment (LCIA) and interpretation following ISO 14040:2006 and
ISO 14044:2006 [70,71]. The main difficulty has been to identify the inputs and outputs of
each process in order to model scenarios using the selected OpenLCA 11.1 software and
Ecoinvent 3.9 database (Supporting Information Tables S1 and 52).

In LCA, the functional unit must be precise and clearly defined in order to be able
to compare different OA&FT and CA products [72]. In this case, the functional unit that
has been selected is 1 kg of chocolate bar consumed by the final consumer, extrapolating
the 150 g product available on the market. This includes the respective packaging and
retail distribution transport impacts. The boundaries of the system are defined through the
different stages of the life cycle of the products, and the limits specify the unitary processes
that are taken into account in the analysis.

The software that has been selected to carry out the digital modelling of impacts
is OpenLCA [73]. The database chosen for the materials and processes is Ecoinvent
v3.9.1 [44,45]. Regarding the method established for the calculation, this is the step where
the results of the inventory are transformed into information on the damage caused to
the environment. The choice of impact categories must be made in accordance with the
boundaries and scope of the study. In this regard, the detected PCRs show the impact
categories that must be considered in order to compare the results with those of other
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organizations that have published verified EPDs (Environmental Product Declarations).
In this analysis, the OpenLCA impact methods that have been selected are as follows: on
the one hand, ReCiPe 2016 Midpoint Hierarchist (H) is used for three general indicators
(global warming potential, terrestrial ecotoxicity and land use), where Midpoint methods
measure an effect before damage occurs to one of the areas of protection. That is to say,
Midpoint indicators allow the chemical components released to be measured without
converting them to their final damaged state. The Hierarchist perspective is based on the
most common policy principles with regard to timeframe and other issues and is often
considered to be the default model. On the other hand, AWARE is the method used to
measure water footprint (WF) and cumulative energy demand (CED) for energy footprint
(EF). ISO standards are a set of provisions that are used in organizations to ensure that
the products and/or services offered by said organizations meet the customer’s quality
requirements and the intended objectives [19].

2.2. Designed Scenarios

The basis of the two scenarios, CA (Scenario 1) and OA&FT (Scenario 2), was modelled
according to the Ecoinvent v3.9.1 database. The main reference for modelling the CA was
the “growing of beverage crops”, with an average yield of 613 kg/ha per year, from
2009-2012. These were produced under irrigated conditions in 985 m3/ha of Ivory Coast
used for the export market (Ecoinvent v3.9.1.). To calculate the whole LCA, the following
were taken into account: bibliographic data, primary data from the companies Ethiquable
and Norandino for OA&FT cocoa, and a combination of secondary data for CA from the
database (Ecoinvent v3.9.1). The combination of all the datasets made it possible to model
the two cocoa realities that consumers could choose from on the Basque Country market.

The modelled two scenarios were compared in terms of the results of five impact cate-
gories, taking into account the most relevant indicators used in similar product category
EPDs where up to 13 indicators are shown [74] and comparing them with those previously
analysed in the latest cocoa studies. We factored in (i) global warming potential (GWP),
which is defined as the cumulative radiative force, exerting both direct and indirect effects
and acting over a specified time horizon due to the emission of a unit mass of gas related to
a given reference gas [75]. It is a widely used and studied indicator due to its versatility
and public understanding, being measured in kg of CO;-equivalent emissions. We mea-
sured (ii) TE in kg of 1,4 DCB —equivalent, which is a category for indicators that denotes
the influence of toxic substances on terrestrial ecosystems [76]. We analysed (iii) ENVF,
measured with “Land Use” data, in m?a crop-equivalent, which is a unit process that
reflects indicators related to crop occupation. This cannot be ignored in environmental
analysis as it is a pathway to biodiversity loss [77]. We assessed (iv) WF in m?3, which is
an indicator of freshwater use that refers to both the direct and indirect use needed to
produce goods or services [78]. Finally, we analysed (v) EF in MJ —equivalent, which is
the assessment of energy consumption related to a product [79], measuring cradle-to-gate
system boundaries of the scenarios using the cumulative energy demand (CED) method.
The used scenarios involved two type of chocolates (72% cocoa) with different origins and
agricultural production methods:

e  Scenario 1—CA Chocolate (72%): this chocolate has been modelled to represent a
standard supermarket chocolate bar (original bar of 150 g, adjusting to the FU of
1 kg), originating from Conventional Agriculture (CA) in Ivory Coast, this being
the origin of most of the cocoa on the market as [80] shows. The other ingredients
(sugar and additives) are also of CA origin. The transport has been hypothesized
as progressing from the cocoa crop area of the Ivory Coast to a chocolate factory in
Barcelona (Catalonia) and its subsequent distribution to the Basque Country (See
Supporting Information).

e  Scenario 2—OA&FT Chocolate (72%): specifically, “Noir dessert corsé 72% de cacao
équitable and bio” chocolate bar (original bar of 150 g, adjusting to the FU of 1 kg)
from the brand Ethiquable. This chocolate has been modelled following the Organic
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Agriculture and Fairtrade (OA&FT) certificates for the cultivation of the ingredients
(cocoa and raw cane sugar) from Peru, and its transformation processes and transport
(from the cultivation and processing of cocoa paste in Peru, to the chocolate factory in
France and the subsequent distribution to the Basque Country market) (See Supporting
Information).

2.3. Life Cycle Assumptions and Inventory

The LCA studies were performed using OpenLCA v11.1.0 software. First, to generate
the data for the cultivation and production of the cocoa ingredients in Scenario 1 (CA),
Ecoinvent v3.9.1 was used for ingredient modelling; in this case, pesticides and fertilizers
were maintained in the original proportions. The resources and auxiliary materials used
have been obtained and modelled from Ramos-Ramos et al. [81], from whom the energy
(kWh), water (m?) and gas (kg) consumption data necessary for the manufacture of 1 kg
of cocoa paste have also been computed (Table 6). The same data for the main chocolate
manufacturing process is computed (Table 6) according to Lacasa [82]. The origin of the
electricity has been considered the same as that of the national mix. The packaging of
the conventional chocolate for a 150 g bar is 20 g of polypropylene. Transport has been
estimated by taking into account the transport between the crops, the collection centres
and the cocoa paste manufacturing plant in Ivory Coast via truck (299 km), and then the
maritime transport (5645.62 km) of the cocoa paste to the chocolate factory in Barcelona,
Spain; and finally, the transport of the chocolate from the factory to a point of sale in the
Basque Country market via truck (432.58 km).

For Scenario 1, it was estimated, as an average recipe of the chocolate on the market,
that 13.05 kg of raw cocoa is needed to make 0.73 kg of cocoa paste, where 0.02 kg is needed
to extract 0.01 kg of cocoa butter and where 0.71 kg is kept for the manufacture of 1 kg of
chocolate (72% chocolate mass, of which 71% is cocoa paste and 1% cocoa butter; 27.8% CA
cane sugar and 0.2% vegetable lecithin, Table 7).

For Scenario 2 (OA&FT), Ecoinvent v3.9.1 was used, combined with regulations from
OA&FT (Table 1) for the selection of additives to the crop, such as the amount of compost
for organic cultivation that is extracted per produced kilogram of cocoa [83], which is 2.7 kg
and taken from the work from Rofner et al., or the 1 g of Entomopathogenic Virus used
as an organic pesticide per produced cocoa kilogram [84]. The resource consumption to
produce 1 kg of chocolate remains the same as in Scenario 1, although with renewable
electricity. The modelled origin of the energy in Ethiquable’s chocolate factory is from
renewable resources, 25% of which is self-generated by photovoltaic panels, and 75% of
which is obtained from a mix of renewable resources from the Enercoop electric cooperative.
Cardboard and aluminium foil packaging is estimated for OA&FT from the research of
Boakye-Yiadom et al. [46]. Transport has been estimated considering the transport of the
crops to the collection centres and to the cocoa paste manufacturing plant in Peru via truck
(759 km), then the maritime transport (10,002.35 km) of the cocoa paste to the chocolate
factory in Gers, France, and finally the transport of the chocolate from the factory to the
Medicusmundi point of sale in the Basque Country via truck (369 km).

In order to model the efficiency of inputs and outputs with their units and correspond-
ing amounts of ingredients for 1 kg of chocolate with a high cocoa content (72%), data
from [81,85], as seen in Table 7, and the informants from the companies in collaboration
have been used, also using the percentages for a dark chocolate recipe by Stuart [86] for
Scenario 2. It has been estimated that 13.05 kg of raw cocoa is needed to make 0.73 kg of
cocoa paste, where 0.02 kg of cocoa paste is needed to extract 0.01 kg of cocoa butter and
keep 0.71 kg as cocoa paste, for the manufacture of 1 kg of chocolate (72% chocolate mass,
of which 71% is cocoa paste and 1% cocoa butter; and 28% OA&FT raw cane sugar, Table 7).
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Table 6. Primary needs of Cocoa and Chocolate manufacturing processes.

1 kg Cocoa Paste Manufacturing Energy Consumption

Indicator Unit Amount
Electricity kWh 0.269
Water m? 0.008
Gas (LPG) kg 0.063
Waste (solids) kg 13.766

1 kg Chocolate Manufacturing Energy Consumption
Indicator Unit Amount
Electricity kWh 0.6497
Water m3 0.01397
Gas (LPG) kg 0.528

It must be stated as a limitation that having only 2 scenarios to simplify the CA or
OA&FT cocoas could be considered a further scientific research aim to be developed on.
This research could be a general reference for the design of more detailed future scenarios.
In the same way, future studies could have the possibility of generating more primary data
than currently used in this study, reducing the amount of secondary data taken from the
Ecoinvent database.

Table 7. Processes in the manufacture of chocolate (Supporting Information Tables S3-S5).

Efficiency

Production Phase Description

13.05 kg

Cocoa trees require special care to produce
high-quality beans. Farmers must select the right
varieties, keep the soil in good condition, and
protect the trees from diseases and pests.

Cocoa cultivation

3.51 kg

After harvest, the cocoa beans are fermented and
dried to develop their characteristic flavour.

Fermentation and drying During this process, farmers must carefully control
the temperature and humidity to prevent the
growth of mould or bacteria.

0.73 kg

The cocoa beans are roasted to develop their
Roasting and grinding flavour and aroma, and then ground to produce
cocoa paste.

0.01 kg

Pressing The cocoa paste is pressed to extract cocoa butter.

1 kg chocolate

(72% cocoa) = 0.71 kg cocoa paste +
0.01 kg cocoa butter + 0.28 kg raw cane

sugar (optional lecithin 0.2%)

Afterwards, the cocoa paste, cocoa butter and raw
brown sugar are conched and blended to produce
a silky-smooth chocolate. Then, it is tempered so
that it has a suitable texture and shine.

Conched and tempered

1kg

The chocolate is packaged in bars (150 g) and

Packaging and distribution distributed to stores, supermarkets and so on.

3. Results
3.1. Life-Cycle Impact Assessment (LCIA)

The LCIA results are displayed (Tables 8 and 9) and analysed. This is performed first
from a general percentage point of view of the joint Upstream, Core and Downstream
processes. A general trend of a 30% reduction in the five impact categories analysed has
been obtained from CA to OA&FT. It has been detected that the Upstream phase has a least
48% of weight in OA&FT in all impact categories and 58% at least in CA, reaching 99.9% in
both scenarios in certain impact categories (especially TE, ENVF and WEF). The Core phase
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reaches 47% in OA&FT and 39% in CA, while the Downstream phase impacts reach 15% in
OA&FT and only 3% in CA.

It has been seen that the use of Organic Agriculture and Fairtrade has the potential to
reduce 4 of the 5 analysed impact categories: GWP, TE, WF and EF (Figure 2). Increases of
19% in Environmental Footprint Land Use in OA&FT cocoa have been detected, but these
increases need to be considered with the fact that the used land has lower contamination
levels (Figure 3).

Organic Agriculture and Fairtrade (OA&FT) ¢ Conventioal Agriculture (CA)
i Origin: Peru - Transformation: France i Origin: Ivory Coast - Transformation: Spain
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Figure 2. Environmental impact categories in each phase have been shown in chronological phases of
chocolate production: GWP, TE, ENVF, WF and EF.
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Figure 3. Summary of reduction in impact values during the whole life cycle when shifting from CA
(Scenariol) to OA&EFT (Scenario 2) in the five impact categories analysed, for all the production and
distribution phases.

3.2. Overall Process

Tables 8 and 9 show (and Figure 2) the impacts caused by the overall process. They are
disaggregated into Upstream, Core and Downstream phases for the five impact categories
selected for this research, as they bring out comparative aspects between the two scenarios.
As a general result, in the case of current Conventional Agriculture, the impact of ingredient
production is relevant at 4.41 kg CO,-eq per chocolate kilogram (55.8% of total impacts).
On the other hand, in OA&FT agriculture, even though the Upstream phase still contributes
47.8% to the whole LCA, the emissions from ingredient production are reduced by 3.17 kg
CO,-eq per FU. Reductions from CA to OA&FT are obtained by reducing irrigation quanti-
ties, as well as avoiding chemical inorganic fertilizers and chemical pesticides, obtaining
reductions of up to 72% in GWP, 93% in TE, 27% in EF and 3% in WF.

In contrast, the packaging and transportation (even though it chronologically occurs
after the cocoa paste production) located in the Upstream phase (Tables 8 and 9), has an
average increase of 96% in all five impact categories (Figure 2). This phase, which involves
the impacts of marine transportation phase from Peru (OA&FT) or Ivory Coast (CA), has
an impact of between 2.37% and 10.85%, respectively (between 0.19 and 0.37 kg CO»-eq).
This shows that transportation in general has a low GWP impact contribution to the whole
life cycle. This is 95% greater in OA&FT, and the benefits generated by OA&FT in the
whole life cycle are striking. Within this phase, the impacts of marine transport represent
31% in CA (0.06 kg CO,-eq) and 28% in OA&FT (0.10 kg CO,-eq) (Supporting Information
Table S6).

In the Core phase, the GWP reductions are also noteworthy for OA&FT processes,
these being on average 57% in cocoa paste production and 20% in chocolate bar fabrication.
Finally, in retail transport distribution, reductions of 15% have been observed due to the
reduction in the distance to final consumer.
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Table 8. Global Warming Potential, Terrestrial Ecotoxicity, Environmental Footprint (Land Use), Water Footprint and Energy Footprint of Conventional Agriculture
(CA, Scenario 1) Chocolate (72%) in Upstream, Core and Downstream phases.

UPSTREAM CORE DOWNSTREAM
Con.ventional Ing.redient Packaging and Coc9a Paste Chocolate bar Transport for Retail ANALYSED
Agriculture Production IVORY Transport Production IVORY Fabrication (SPAIN) Distribution TOTAL AVERAGE
(CA) Chocolate (72%) COAST) COAST)
Global Warming
Potential (GWP) kg 4.41 0.19 2.38 0.71 0.22 7.90 3.88
COyz-eq
55.82% 2.37% 30.08% 8.94% 2.79% 100.0% —50.91%
4.60 3.08 0.22 7.90
58.19% 39.02% 2.79% 100.0%
Terrestrial Ecotoxicity
(TE) 102.83 1.50 1.09 0.83 2.39 108.64 0.009
kg 1,4-DCB
94.66% 1.38% 1.00% 0.76% 2.20% 100.0% —99.99%
104.33 1.92 2.39 108.64
96.03% 1.77% 2.20% 100.0%

Environmental Footprint
(ENVF) 47.05 0.01 0.03 0.01 0.00 47.10 56.12
Land Use (m?a crop-eq)

99.88% 0.01% 0.07% 0.03% 0.01% 100.0% 19.15%
47.05 0.04 0.00 47.10
99.89% 0.10% 0.01% 100.0%
X‘lf?ter Footprint (WF) 116.22 0.03 0.67 2.36 0.01 119.30 243.83
97.42% 0.03% 0.56% 1.98% 0.01% 100.0% 104.39%
116.25 3.03 0.01 119.30
97.44% 2.54% 0.01% 100.0%
Energy Footprint (EF) 155.24 3.69 9.74 37.82 2.97 209.46 89.61
MJ-eq
7411% 1.76% 1.65% 18.06% 1.42% 100.0% —57.22%
158.93 47.56 2.97 20.46

75.88% 22.70% 1.42% 100.0%
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Table 9. Global Warming Potential, Terrestrial Ecotoxicity, Environmental footprint (Land Use), Water footprint and Energy footprint of Organic Agriculture and

Fairtrade (OA&FT, Scenario 2) Chocolate (72%) in Upstream, Core and Downstream phase.

UPSTREAM CORE DOWNSTREAM
Falr.trade Organic Ingredl?nt Packaging and Cocoa Pe_lste Choa).late. Bar Transpo'rt for ANALYSED Reduction from
Agriculture Production Transport Production Fabrication Retail TOTAL AVERAGE CA
(OA&TF) Chocolate (72%) (PERU) P (PERU) (FRANCE) Distribution (Scenario 1)
Global Warming Potential o
(GWP) kg CO,-eq 1.24 0.37 1.01 0.56 0.19 3.37 2.273 —57.32%
36.85% 10.85% 30.00% 16.73% 5.58% 100.0% —32.61%
1.61 1.58 0.19 3.37
47.69% 46.73% 5.58% 100.0%
Terrestrial Ecotoxicity (TE) _ o
kg 14-DCB 7.24 3.10 0.54 0.79 2.04 13.71 0.005 87.38%
52.80% 22.64% 3.93% 5.76% 14.87% 100.0% —99.96%
10.34 1.33 2.04 13.71
75.44% 9.69% 14.87% 100.0%
Environmental Footprint
(ENVF) 55.87 0.01 0.02 0.01 0.00 55.92 28.62 18.72%
Land Use (m?a crop-eq)
99.91% 0.02% 0.04% 0.02% 0.01% 100.0% —48.82%
55.88 0.03 0.00 55.92
99.94% 0.05% 0.01% 100.0%
jnvgfef Footprint (WF) 112.23 0.05 0.66 0.14 0.01 113.09 135.99 —5.20%
99.24% 0.05% 0.58% 0.12% 0.01% 100.0% 20.25%
112.28 0.80 0.01 113.09
99.28% 0.71% 0.01% 100.0%
E/Eiiy Footprint (EF) 114.09 5.32 6.86 36.19 253 164.99 35.1 —21.23%
69.15% 3.22% 4.16% 21.94% 1.54% 100.0% —78.73%
119.41 43.05 2.53 164.99
72.37% 26.09% 1.54% 100.0%
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Taking the whole life-cycle into account, a reduction of 57.3% has been observed in the
GWP impact category for OA&FT chocolate in comparison with its equivalent CA product
(Table 8). In this respect, Figure 3 provides a sensitivity analysis between all the life-cycle
phases of reduction capability. It has been observed that the greater increase occurs in
transportation, due to the increase in the maritime transport of OA&FT, reaching 169% for
the Environmental Footprint of Land Use. In the ingredient production phase, the greatest
GWP reductions take place in the TE impact, at 93%, and in Cocoa paste production, at up
to 57%.

In terms of data consistency, it must also be noted that, on average, the total GWP
impact of the other studies analysed is 33% lower for OA&FT (2.27 kg CO;-eq) and 51%
lower for CA (2.27 kg CO,-eq) than the values obtained in our study (Tables 7 and 8). In the
case of CA, the value is lower than standard deviations of 59.5% from the analysed studies.
Conversely, in the case of OA&FT, our study impact surpasses the standard deviation of
13.5%. This increase has been seen to occur, especially in the ingredient production phase,
due to the use of organic compost, since other studies have avoided even the use of natural
and organic fertilizers or pesticides [38].

In the case of the TE impact category, CA shows 108.64 kg 1,4-DCB, while OA&FT
cocoa shows 11.77 kg 1,4-DCB, meaning —87% lower impacts. Most of the reduction
from CA occurs in the ingredient production phase (—93%); the use of copper oxide as a
fungicide in CA makes a significant contribution. The use of copper is still contradictory,
however, with some research supporting its use in certain applications [87]. It must be
stated that the results of the rest of the studies analysed are 99% lower in both CA and
OA&FT.

In the Land Use impact category, OA&FT on average shows 18.7% greater impacts
than CA due to lower production ratios. Both show 99.9% of the impacts in the ingredient
production phase under the Upstream category. As regards WE, OA&FT shows 5.20%
lower impacts than CA, 99% and 97% of which occur in the ingredient production stage.

Finally, with regard to the energy footprint impact category, OA&FT on average
shows 21.2% lower consumption with 164.99 MJ per kilogram of chocolate bar produced.
Similar to other impact categories, larger impact amounts are occurring in the ingredient
production phase (69.15% in OA&FT and 74.11% in CA), but with more distributed values
than in other stages.

Thus, in this research, the most remarkable results show that the greatest impact in CA
chocolate production occurs in the cultivation of raw materials: up to 56% in GWP and 95%
in TE. This is due to the widespread use of hazardous chemicals found in pesticides and
inorganic fertilizers in CA, which OA&FT certificates forbid or highly regulate, as shown in
Table 1. The research shows that OA&FT has the capability to reduce the impacts occurring
by up to —72% in GWP and 93% in TE.

3.3. Introduction of Organic and Fairtrade Chocolate in the Basque Country

As a hypothetical future scenario with 100% OA&FT chocolate integration, it has been
suggested that for the coming years, in view of the evolution observed by Fernandez Ferrin
et al. [13] where, according to the testimonies gathered, consumers in the Basque Country
are willing to pay up to 10% more for FT products and choose them over others because of
this differential value, Table 10 shows how impacts could be reduced for GWP by 21.95 kg
CO,-eq per capita per year, and for TE by 449.02 kg 1,4-DCB per capita per year. Thus,
replacing OA&FT chocolate could reduce the yearly total emissions (8.4 t COz-eq) of an
average person in the Basque country by —0.26%.
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Table 10. Global Warming Potential (GWP) and Terrestrial Ecotoxicity (TE) for the 4.73 kg of CA or
OA&FT chocolate consumed by an inhabitant of the Basque Country annually.

Chocolate Consumption in the Basque Country

4.73 kg-Person—1-Year—1

GWP TE
kg CO;z-eq kg 1,4-DCB

CA Chocolate (72% cocoa) 37.90 513.87

OA&FT Chocolate 72% (72% cocoa) 15.95 64.85

Avoided emissions 21.95 449.02

Reductions —57.32% —87.38%

Total impacts in the Basque Country 8.4 x 10°
Relative decrease from national emissions per capita and year —0.26%

4. Discussion

The present research provided clear insights when comparing CA chocolate and its
respective OA&FT-certificated equivalent. For the market of the Basque Country, it has
been shown that shifting to OA&FT certification chocolate would be environmentally
beneficial, with reductions in 4 of the 5 impact categories analysed.

4.1. Global Warming Potential

This research has shown that a GWP reduction of 57.32% is possible to obtain with
OA&FT, while, the average taken from the analysed research has shown a reduction of 59%.
The total life-cycle impact for a 1 kg FU of OA&FT Chocolate (72% cocoa) in the Basque
Country has been calculated at 3.37 kg CO;-eq, which is 48.4% greater than the average
2.27 kg CO,-eq (a standard deviation of 13.5%).

Similar whole-life GWP values are obtained by Miah et al. [49], whose reported data
for dark chocolate confectionery from a big company using CA was 6.76 kg CO,-eq. Miah
et al. [49] also reported 2.16 kg CO,-eq. emissions for “cleaner” cocoa production using
more sustainable raw materials, and alternative energy resources, but wihout holding
an OA certificate. Additionally, Recanati et al. [38] reported 2.62 kg CO,-eq for OA dark
chocolate, in line with the present study. In contrast, some authors have also shown low
GWP impacts for CA dark chocolate Pérez-Neira [42], namely 2.49 kg CO;-eq, which differs
from our study. Nevertheless, a more recent study by Pérez-Neira et al. [47] found 4.66 kg
CO,-eq for CA chocolate (100% cocoa) and 2.04 kg CO,-eq for OA, displaying a greater
similarity to this study.

Regarding life-cycle phases, other authors, such as Recanati et al. [38], also give
segregated data that coincide in the study of two indicators, GWP and EF, for 1 kg of
OA dark chocolate. In the Upstream stage, they obtained 1.55 kg CO,-eq and 16.7 MJ
—eq, while, in our research, the result for OA&FT was 2.25 kg CO,-eq and 120.95 MJ -eq,
which was 45.16% greater for GWP and 724.25% greater for EF. The lower data obtained by
Recanati et al. [38] can be attributed to the type of cultivation, in which natural fertilizers or
pesticides are not used since the soil is nourished by the leaves and pods of the cocoa trees
themselves, nor is any type of electrical machinery used, not even for the drying of the
beans. This can be safely controlled with small or private plantations. As the study shows,
in FT, cocoa is generally obtained from small and diverse plantations, in which organic
processes can vary. Thus, in our study, the standard of medium-sized organic cultivation
with natural additives and minimal machinery has been taken, giving a higher energy
consumption in comparison. The same author generated the Core phase in accordance
with the same processes and for the same indicators, obtaining 1.30 kg CO;-eq and 16.6 M]
-eq, showing greater similarity in GWP with the 0.93 kg CO,-eq from our research, which is
28.46% lower. However, this is not the case for EF: 41.51 MJ-eq, which is 45.85% greater.
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The comparison shows that even though Ethiquable uses a greater amount or energy, due
to its renewable mix (25% from photovoltaics, and 75% from wind energy, hydraulic and
solar energy), the GWP emissions are lower. The Downstream has 0.046 kg CO,-eq and
0.46 MJ-eq in the Recanati et al. [38] study versus 0.16 kg CO;-eq and 2.53 MJ -eq in ours,
showing differences in the final distribution distances, and respective effects.

4.2. Terrestrial Ecotoxicity

The TE for this research is 13.71 kg 1.4 DCB -eq for OA&FT chocolate and 108.64 kg
1.4 DCB -eq for CA chocolate. Most of the impacts are attributed to the cultivation of the
ingredients and then (with far lower values) to transportation. The process first moves the
shipping of the raw material to the factory, and then from retail distribution to the store.
There is a decrease of 87.38% between CA chocolate and OA&FT. This is undoubtedly
due to the fact that CA uses inorganic fertilizers and pesticides, in particular copper
oxide (fungistatic and bacteriostatic), which stands out among all the others. Regarding
transportation, the increase from 1.5 to 3.10 kg 1.4 DCB -eq between CA and OA&TF
chocolate is due to the increase in boat transportation distance. Boakye-Yiadom et al. [46],
Neale [43] and Pérez-Neira et al. [47] reported results about TE. The average for OA dark
chocolate was 0.005, which was 99.96% lower than that of the OA&FT dark chocolate in
our study; and the average for CA dark chocolate was 0.009, which was 99.99% lower than
the CA of the present study.

4.3. Environmental Footprint (Land Use)

The results obtained for OA&FT and CA are 55.92 m?a crop-eq and 47.10 m?a crop-eq,
the majority being attributable almost entirely to the cultivation of the ingredients needed
for the chocolate. There is an increase of 18.72% when using OA&FT, which is in line
with what Seufert et al. [88] and Muller et al. [89] say, which is that OA needs more land
than CA but reduces fertilizer and pesticide use, while switching to 100% OA leads to a
16-33% increase in land use. However, OA systems produce lower yields and, for this
reason, require larger areas to produce the same yield as CA production systems. Table 3
shows the averages, where the average Land Use for the most sustainable procedures for
1 kg of chocolate is 48.82% lower than for OA&FT chocolate.

4.4. Water Footprint

The WEF data obtained for OA&FT and CA chocolate are 113.09 m? and 119.30 m?3, with
a reduction of 5.20% when using OA&TEF. This is attributed to the cultivation of ingredients,
highlighting the greater need for irrigation in CA. Since there is not much information
available for OA, the two are compared. Table 4 shows the averages, with the average WF
for CA chocolate being 243.83, which is 104.39% higher than that of CA chocolate; and the
average for OA or FT chocolate is 135.99, which is 20.25% higher than for OA&FT chocolate.

4.5. Energy Footprint

The EF calculated in this research is 164.99 for OA&FT chocolate and 209.46 for CA
chocolate, making OA&TF 21.23% lower. The processes that have the most impact in this
category are the cultivation of ingredients and, moreover, the manufacture of chocolate.
The assessment highlights the gas consumption associated with the machinery. Compared
to the literature review averages shown in Table 5, where EF for 1 kg CA chocolate is
89.61 MJ-eq, the CA in present study is 57.22% more efficient; and the average for OA
chocolate is 35.10 MJ-eq, which is 78.73% lower than for OA&FT chocolate. With regard to
the phase analysis, it has already been pointed out in Section 4.1 that greater EF values have
been obtained than those observed by other authors [38]. However, in contrast, lower GWP
has been observed due to the use of a renewable energy mix in the electricity production.
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4.6. Strategic Implications

The consumption of certified OA&FT chocolate on the Basque Country market will
imply an increase of 8.82 m?a crop-eq, per consumed kilogram of packaged and distributed
chocolate bar during its whole life cycle. At the same time, this increase in land will
have lower terrestrial ecotoxicity impacts of 449.02 kg 1,4-DCB, lower water footprint of
6210 litres, lower energy footprint of 44.5 MJ-eq and 4.53 kgCO;-eq lower GWP. Thus, even
though in maritime transportation and packaging there is an impact of 0.37 kg CO,-eq
emissions, this is justified by the total GWP reductions in the whole life cycle. Nevertheless,
for future optimizations, closer production of cocoa could provide some reductions in the
fraction of 10.85% corresponding to transportation of cocoa paste and packaging.

5. Conclusions

This research concludes that the certified Organic Agriculture and Fairtrade (OA&FT)
chocolate (with 72% of cocoa) has an average GWP of 3.37 kg CO;-eq per kilogram, 57.3%
lower than the Conventional Agriculture (CA) chocolate. The greatest reduction has been
associated with the production of ingredients, at 71.8%. The studied OA&FT chocolate
also has an 87.4% lower impact in the terrestrial ecotoxicity (TE) category than that of CA
chocolate: 13.7 and 108.6 kg 1.4-DCB per FU, respectively. The greatest reduction in the
TE impact category also occurs for OA&FT in the ingredient production phase, at 93%.
Reductions in energy footprint (EF) and water footprint (WF) have been also observed in
OA&FT (21% and 5%).

It must also be mentioned that a negative effect of the use of OA&FT, with an increase
of 18.72% in Environmental Footprint land use, has been detected as an aftereffect. In the
current context of a growing global population and lack of crop land, this could act against
support for the use of uncontaminated land, with consumers eventually choosing CA over
OA&FT, even though this has been defined as a short-term solution.

It has also been detected that—while OA&FT has the capability to reduce the asso-
ciate environmental loads of GWP, TE, WF and EF—OA&FT increases the packaging and
transport phase impacts in all the analysed impact categories (in the case of GWP and
TE categories, 95% and 107%, respectively). Leaving aside the potential improvement of
producing the chocolate closer to the market to be reached, it is clear that long transport
distances without controlled means always generate pollution; however, in the case of this
research they do not represent a significant contributor. In this case, the GWP reduction of
57.3% in the whole life cycle of chocolate production obtained under OA&FT certification
justifies the increase of emissions of 0.18 kg CO,-eq occurring in the packaging and trans-
portation phase due to the long-distance maritime transportation of 10,000 km. It must be
also mentioned that, in the Core phase (cocoa paste production and chocolate fabrication),
the use of a renewable energy mix in OA&FT certification has shown a reduction of 48.7%
(from 3.08 kg CO,-eq to 1.58 kg CO,-eq). Finally, the proximity of retail points to chocolate
factories reduced the emissions of the respective phase impacts by 15%.

In summary, this research shows that replacing the current consumption of CA
chocolate with OA&FT production has the potential to reduce GWP by 21.95 kg CO;-
eq-person!-year—!, reducing the current Basque average emission range of 8.4 t CO,-
eq-year~! by 0.26%. Furthermore, even though a greater amount of crop land is needed, a
reduction of 449.02 kg 1,4-DCB-person~!-year~! has been observed in the TE category.

The results undoubtedly show important changes with respect to the use or non-use
of existing hazardous substances from fertilizers and pesticides, and the use of renewable
energy overcomes the issue of the maritime distance involved in shipping raw OA products.
These improvements are not only achieved thanks to OA certification, but the combination
with FT is directly responsible also, beginning with it an extensive list of restrictions in
ingredient use and responsibility in sustainable actions throughout the whole life cycle.
Furthermore, not only are the environmental benefits of OA obtained, but also the social
and economic aspects that must coexist with the FT guarantee in order to achieve truly
sustainable production and consumption for the planet and the people who inhabit it. In
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this aspect, further LCA of social impacts need to be performed in future research, having
found limited bibliographical references about social LCA for FT- and OA-certified products.
In addition, following the evolution of the European analogue markets, it will be becoming
increasingly necessary to measure FT imported products in terms of both certificates, which
ensure aspects not only of environmental well-being, but also working conditions, cultural,
health and personal, as reflected in the 2030 Agenda with its 17 Sustainable Development
Goals [90].

In future research, outputs that can be measured with LCA tools could be newly
considered under the principles of circular economy. Furthermore, new scenarios could
be designed in order to amplify the strategic variables of impact reduction. The cocoa
industry generates 73% of waste in the phase up to the production of cocoa paste, and
92% in producing a chocolate bar. This residue, such as cocoa shells, seed pods, pruning
leaves, mucilage (gelatinous layer that surrounds the seeds in the fresh fruit), is currently
thrown onto the plantation soil itself as “compost”, which is not in all cases beneficial, often
causing putrefaction and the generation of harmful fungi. This is sometimes burned to
obtain biomass or to generate animal feed, although ways of upcycling are gradually being
introduced in order to generate a value equal to or greater than that of cocoa, examples
including mucilage drinks, cocoa teas, flavorings, antioxidants, soaps, jams, a source of
pectin, and even alcoholic beverages such as liquors and wine [91,92]. The creation of more
complex LCA scenarios could provide more realistic results to guide the transition towards
more sustainable policies in the cocoa industry.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/sul16020493/s1, Table S1. Inventory data for Ethiquable’s Organic
Agriculture and Fairtrade (OA&FT) Chocolate (72% cocoa). Table S2. Inventory data Conventional
Agriculture (CA) Chocolate (72% cocoa). Table S3. Inputs and outputs for 0.71 kg of cocoa paste input
needs. Table S4. Ingredients for 1 kg of Organic and Fairtrade (OA&FT) Chocolate (72%). Table S5.
Ingredients for 1 kg of Conventional Agriculture (CA) Chocolate (72%) Table S6. Breakdown of
Transport and Packaging results by GWP impact category. Figure S1. Chocolate bar (150 g) from
Ethiquable, “Noir dessert corsé 72% de cacao équitable & bio”.
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