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1 EXECUTIVE SUMMARY 

Deliverable 3.6, ‘Updated LCA and EEMRIO data (B)’, is the second output of Task 3.3 ‘, Impact of Material/Product 

Value Chains’ (M01-M25), led by ETH. The overall objective of this task is to enhance versions of state-of-the-art 

Environmentally Extended Multi-Regional Input-Output (EEMRIO) and Life Cycle Assessment (LCA) databases for 

the key sectors of interest in climate change and impacts on biodiversity to improve process-based assessment 

supply chain information. 

 

This deliverable is intended to integrate insights from prospective LCA studies, scenario assessments, and systems 

dynamic model to enhance EEMRIO and LCA data for future assessments. This deliverable aimed to further 

develop the first deliverable through improved, more resolved EEMRIO databases and develop the LCAs for the 

case studies to inform decisions for biodiversity-relevant transformative change. The EEMRIO databases were 

updated for the gold and handicrafts sectors, which allowed for an assessment of upstream and downstream 

supply chain relationships based on economic data and then for evaluating the connection between sectors and 

countries regarding environmental emissions and resources. LCAs were developed and evaluated for the cocoa, 

gold, and fishery and aquaculture sectors for detailed insights into emissions, environmental impacts, and resource 

consumption in each relevant value chain aspect, and identified the environmental hotspots along the supply 

chain and in the life cycle of a product.  

 

Highly resolved EEMRIO databases, prospective LCAs and scenario analyses evaluated the potential for reducing 

environmental impacts through the implementation of lower impact possibilities. In the case of cocoa, this 

included changes in fertilizer use, eliminating or optimising irrigation systems, improving plantation waste 

management, and sustainably improving yield to reduce land use. In the fishery and aquaculture sector, 

improvements could be seen by optimising land-based feed source countries in aquaculture systems and from 

reducing/transforming energy use at the aquaculture farms. For fisheries, the chosen fishing method and time 

could be optimised to improve yields and reduce fuel use. In the case of aquaculture, there were large differences 

in the impacts of different fish because of the varying feed requirements, and in fisheries, the biodiversity loss 

varied widely depending on the fish species and type of fishing being done. In both cases, consumer preferences 

for lower impact fish would offer large environmental benefits. In the gold sector, two methodologies measuring 

land-use based biodiversity loss were evaluated using an updated EEMRIO database (REX). In both cases, 

biodiversity loss was evaluated depending on the location of the mine at different resolutions, and in this case 

mine locations could be chosen in locations to minimise the environmental impacts associated with them. LCA 

impacts revealed that the major contributor to gold impacts was the mining phase, with potential impact 

reductions coming through lower-impact electricity (or on-site renewable energy sources), elimination of fuel-

based mining equipment, and seeking mines with high ore grades. Avoided impacts associated with the Brazilian 

handicrafts sector were evaluated using an EEMRIO database. This provided an economic-based impact 

assessment of other sectors that would potentially be competing for land used by the handicraft sector. By 

protecting this sector, and essentially the indigenous tribes’ control of their land, land could remain in its natural 

state rather than be transformed into lower quality land (and thus higher biodiversity impact land) associated with 

other sectors that would potentially be competing for rights to this land. 

 

Between the initial deliverable D3.5 ‘Updated LCA and EEMRIO data (A)’ and this final version, D3.6 ‘Updated LCA 

and EEMRIO data (B)’, we cover both the highly aggregated aspects of the supply chain for each case study sector 

to determine the far-reaching upstream and downstream environmental consequences of goods production, as 

well as a detailed assessment through LCA of ways of achieving transformative change on a more local, operational 

level. 
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2 INTRODUCTION 

2.1 MAPPING BIOTRAILS OUTPUTS 

This section presents the BIOTRAIL’s Grant Agreement (GA) commitments, as extracted from the formal 

deliverable and task description, in respect to their outputs and work to be carried out.  

 

Table 1: Adherence to BIOTRAILS’s GA Deliverable & Task Descriptions 

BIOTRAILS GA 

Component Title 

BIOTRAILS GA Component 

Outline 

Respective 

Document 

Chapter(s) 

Justification 

DELIVERABLE 

D3.6 Updated LCA and EEMRIO data (B)  

 

This deliverable refers to task 3.3.  The final version (B) contains versions for prospective assessments. Insights from 

prospective LCA studies, scenarios assessments and the systems dynamic model initial results (Task 3.5) will be integrated 

to enhance EEMRIO and LCA data for future assessments. 

TASK(S) 

T3.3 Impact of 

Material/Product  

Value Chains  

Task 3.3 will provide enhanced versions 

of state-of-the-art EEMRIO and LCA 

databases for the key sectors of interest 

in climate change and impacts on 

biodiversity and ecosystem services. 

Building upon previous research on 

integrating spatially explicit 

assessments in agricultural production, 

mining and power production, key 

industries for sustainable development 

in detail will be covered. Additionally, 

EEMRIO and LCA data will be coupled 

to improve process-based assessment’s 

supply chain information using EEMRIO 

and to enhance the EEMRIO with 

emission and resource consumption 

data and impact assessment using LCA 

data for key sectors. This was used to 

identify impact hotspots in current 

supply chains and to inform the 

systems dynamic models. In the second 

part of the task, insights from 

prospective LCA studies, scenarios 

assessments and the systems dynamic 

model initial results (Task 3.5) will be 

integrated to enhance EEMRIO and LCA 

data for future assessments. These final 

databases will be used to assess the 

case studies and to update the systems 

dynamic models.  

Chapters 3, 4, 

5, 6, Annex 

Chapter 3 describes the 

methodologies, data 

sources, and environmental 

impacts/stressors 

investigated for each case 

study. 

 

Chapter 4 explains the 

deliverable's results, 

identifies impact hotspots 

product’s life cycles, 

provides insights from 

prospective LCA studies and 

scenario assessments, and 

includes the approaches 

that can be used to deliver 

transformative change.  

 

Chapter 5 summarises the 

core conclusions and 

limitations of the analysis. 

 

A listing of all references 

which supported the 

development of the LCAs 

and inputs is included in 

Chapter 6. 

 

Detailed input and output 

data used in the analyses 

are available in the Annex. 

This data can be used to 

inform the future system 

dynamics models.  
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2.2 DELIVERABLE OVERVIEW AND REPORT STRUCTURE 

Deliverable 3.6 consists of five (5) chapters, along with literature references (chapter 6) and an Annex.  

 

Chapter 1 is the executive summary of the document.  

 

Chapter 2 outlines the interlinks with the rest of the Project as outlined in the Grant Agreement.  

 

Chapter 3 describes methodologies and data sources used in producing the data, as well as the environmental 

impacts/stressors evaluated for each case study sector. 

 

Chapter 4 outlines the results of the analysis to include biodiversity impacts for each case study, climate change 

impacts based on LCAs evaluated and built for each case study, and other environmental stressors that may be 

relevant to biodiversity loss.  

 

Chapter 5 summarises the core conclusions and limitations of the deliverable.  

 

Chapter 6 includes the references used to support and calculate the data. 

 

The Annex includes links to the life cycle inventories used to calculate impacts, relevant codes, as well as other 

datasets used. 

 

This deliverable corresponds to Task 3.3 ‘Impact of Material/Product Value Chains’ of the project. It is the second 

version of the database that will be delivered in D3.6 Updated LCA and EEMRIO data (B) in Month 25 of the 

project. These will feed into Task 3.5 in which the System Dynamics Models will be developed and help define 

together with the outcomes of the rest of the models, the leverage points for transformative change for 

biodiversity. This work is also linked to Work Package (WP) 5, which ensures that all model outputs are relevant 

for the case studies. 

 

The final version (B) contains versions for prospective assessments. Insights from prospective LCA studies, 

scenarios assessments and the inputs required for the systems dynamic model (Task 3.5) are provided in the 

report text and in annex databases.  
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3 METHODS AND DATA SOURCES 

In the previous deliverable, environmentally extended multi-regional input-output (EEMRIO) databases, in 

particular Food and Agriculture Biomass Input-Output (FABIO) [1] and EXIOBASE [2], were used to trace supply 

chains of the four product sectors being evaluated. Environmental data on land and water use, greenhouse gas 

(GHG) emissions, nitrogen oxides emissions (NOx), sulphur oxides emissions (SOx), particulate matter (PM) and 

heavy metal emissions, land-use change (LUC), biodiversity loss, and fertilizer application were integrated into 

the analysis for an in-depth environmental assessment for sectors in which these were relevant environmental 

stressors. While this offered a highly aggregated overview of the magnitude of environmental data associated 

with each sector and where they occurred along the supply chain (i.e. in which country and/or sector), it could 

not provide ways to transform operations to mitigate these impacts. As an example, in the fisheries sector, it was 

determined that the climate change impact of fish from Greece was responsible for 9.0*108 kgCO2eq in 2016, with 

Greece being responsible for 89% of these impacts, Russia for 2.5%, Spain for 0.35%, and all other countries 

making up the remaining sum.  

 

This updated deliverable focuses on improving the previous deliverable in four ways: 1) Detailed prospective and 

scenario-based Life Cycle Assessments (LCAs) were conducted to measure both biodiversity and climate change 

impacts to enhance the level of detail in the foreground processes and complement the original EEMRIO analysis 

to allow for transformative change on a more operational, rather than global level. The LCAs allowed for a scenario 

based in-depth assessment of resources necessary to produce the products evaluated in each sector and provide 

insights to reduce biodiversity and climate change impacts that can be implemented by stakeholders themselves. 

2) Update the initial results with a state-of-the-art highly resolved MRIO database (Resolved EXIOBASE or REX)[3], 

which measured biodiversity loss impacts directly, in the gold sector analysis. 3) Fisheries and aquaculture were 

previously aggregated. In this deliverable they were separated to be able to identify the transformative potentials 

of each sector more closely. 4) An analysis of the handicrafts sector was added using EEMRIO data. 

3.1 CASE STUDIES 

The four project case studies focus on the following value chains of materials and products:  

 

o Cocoa produced in Peru,  

o Fishery and aquaculture products supplied by Greece,  

o Gold mined in Ghana,  

o Forest-based cultural products created by indigenous communities in the Brazilian Amazon (i.e. 

Handicrafts in Brazil) 

 

For each case study, Task 3.3 provides analyses of up- and downstream supply chains, resource inputs and 

environmental impacts (including biodiversity loss, climate change, and other environmental stressors). This 

deliverable describes the second version (B) of an updated LCA and EEMRIO database, which is the amended and 

updated version of deliverable 3.5 (A).  

3.2 ANALYTICAL FRAMEWORK 

3.2.1 Integrated LCA and EEMRIO database 

The overall objective of Task 3.3 is to enhance versions of state-of-the-art EEMRIO and LCA databases for the 

analysis of climate change and biodiversity impacts and the assessment of the supply chains of the case study 
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sectors. In the first deliverable (3.5A), the analysis focused on the use of EEMRIO databases and included an 

extensive description of the methodology used to analyse these databases. This deliverable both improved this 

first assessment by using a includes a more highly resolved EEMRIO database (i.e. more disaggregated than the 

EEMRIO database used in the initial analysis) that includes biodiversity loss for the gold sector analysis. This 

deliverable also included the incorporation of prospective LCAs and scenario assessments of these analysed value 

chains, an evaluation of where the major drivers of impacts are in the value chain, and how to reduce these 

impacts. These LCA assessments were conducted to quantify climate change and biodiversity loss for each of the 

main life cycle stages of the case study sectors. By identifying necessary inputs, and quantifying impacts for each 

life cycle stage (e.g. the cocoa LCA includes cultivation, transport, processing, packaging, and waste end-of-life as 

the main life cycle stages), one can identify what are the main drivers of impacts, and how can these drivers be 

transformed to minimize the resulting impacts. In the LCAs, both climate change and biodiversity loss were 

calculated, and the relationship between the two was evaluated using different scenarios. For details as to what 

an EEMRIO database or LCA is, please refer to the original deliverable. 

 

EEMRIO databases are useful in mapping the impacts along the supply chain and examining interdependencies 

in the global market (i.e. as explained above, Greek aquaculture & fisheries induce impacts not only in Greece, 

but also globally, and not just in the fishery sectors, but in transport, services, and energy sectors as well). LCA 

offers a level of detail to evaluate what is driving these impacts to produce the product, and when this level of 

detail is known specific processes can be adjusted (i.e. changing to organic fertilizer from inorganic fertilizer in 

cocoa cultivation would result in a certain percentage of both climate change and biodiversity loss impact 

reduction). These LCA analyses were built on published literature values, existing inventory databases, and sector-

provided inputs to build product specific LCIs, which were supported by the LCI database ecoinvent v3.9.1 and 

v3.10 [4] to assess details of the foreground processes on individual processes contributing to the final impact 

for each product. The results were analysed to show where processes could be changed to minimize 

environmental impacts in each case study. The Activity Browser software [5] and Brightway [6] were used to model 

the results of the LCAs.  

3.2.2 Environmental Impacts 

LCA and EEMRIO are both methods of measuring the environmental impacts of a product, activity, or sector, 

including supply chains. In the past analysis, the EEMRIO impacts included a combination of land and water use, 

GHG emissions, fertilizer application, NOx, SOx, PM, and heavy metals emission data, and biodiversity loss data 

(depending on the sector being analysed) based on economic indicators. This current analysis includes these same 

indicators; however, the focus was to conduct LCAs specific to each product due to specific activities along the 

value chains, rather than on an aggregated sector level. The details of what environmental impacts and/or 

stressors were considered in each LCA are described below. 

3.2.2.1 Biodiversity Loss 

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystems (IPBES) has found that there are 

five primary drivers of biodiversity loss, including: 1) Changes in land and sea use, 2) Exploitation of Organisms, 3) 

Climate Change, 4) Pollution, and 5) Invasive Alien Species. In two case studies (gold mining and cocoa 

production), biodiversity loss due to land use was estimated using state-of-the-art methodology based on highly 

resolved EEMRIO databases.  

 

To supplement this land-use based analysis (and evaluate the fisheries and aquaculture sector, which doesn’t have 

an equivalent highly resolved EEMRIO database), biodiversity loss due to land use as well as other factors, such as 

pollution generated from various life cycle stages, was evaluated using LCA. This included the following steps for 

each case study: 

1) Collect data for each life cycle stage along the value chain (such as amounts of input materials or other 
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resources consumed) using published studies, existing inventory databases, and sector supplied data. 

2) Conduct a life cycle inventory (LCI) analysis using the previously collected data. This quantifies the 

environmental exchanges (inputs and outputs) across all life cycle stages using ecoinvent inventory data 

[4], accessed through Activity Browser [5]. 

3) Conduct a LCA to translate the life cycle inventory flows into potential environmental impacts using the 

ReCiPe 2016 v1.03 (H) methodology [7]. This provides final impacts per product (and along the value 

chain) for several indicators. 

 

The ReCiPe method uses 17 midpoint impact categories, which are aggregated into three endpoint areas of 

protection (damage to human health, damage to ecosystems, and damage to resource availability). The damage 

to ecosystems endpoint indicator (measured as species.year) was used as a proxy for biodiversity loss. Species.year 

represents the number of species (on land and in water) expected to disappear over one year due to the assessed 

activities in each case study. The following potential drivers of nature change are shown under the Midpoint 

Impact Category, which are then aggregated into various damage pathways and then to a final value (species-

year) for the endpoint value. This is shown in detail in Figure 1. It should be noted that although climate change 

is reported separately (as described in Section 3.4.1.2), it is also considered in the calculation of the biodiversity 

loss calculation in ReCiPe, as it contributes to the damage pathways of both freshwater species and terrestrial 

species. Please note, that this methodology is currently lacking in the contribution of climate change to marine 

species, however research currently points to this as a major contributor to their detriment. 

 
Figure 1: ReCiPe 2016 midpoint, damage pathways, and endpoint indicators used to calculate biodiversity loss as species. 

year for each case study. 

3.2.2.2 Climate Change 

Climate change is one of the main factors that can influence the biodiversity loss associated with an activity or 

product. As such, this method aims to assess the contribution of the value chain on each case study’s product’s 

climate change impact. An LCA, with identical inputs (LCI) as were used for the biodiversity impact assessment 

was conducted for each case study, to calculate the climate change impacts for each life cycle stage (e.g. cocoa 

cultivation, distribution, packaging, end-of-life, and processing in the cocoa case study scenario). The methods 

for analysing climate change for each case study, as well as the value chain boundaries considered, are described 

in detail in the case study’s respective section below. Climate change impacts for the LCI for each case study were 

evaluated using IPCC 2021 methodology.[8] 
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3.2.2.3 Other Environmental Stressors 

The quantity of other life cycle inventory flows were also calculated. These were analysed using the LCI 

methodology available in the Activity Browser [5], as well as through data collected through literature review. The 

methodology quantifies the flows of pollutants into air, water, or soil, or the resources necessary to produce the 

item being evaluated. This assessment was conducted to remain consistent with the results provided in the original 

deliverable for NOx, SOx, particulate matter, and heavy metals for each of the case studies, and to evaluate the 

effect on these flows under various scenarios. Table 2 summarises the following flows that were calculated for 

each case study.  

Table 2: Life Cycle Inventory Flows evaluated for each case study 

Medium of Flow Inventory Flow 

Air 

Nitrogen dioxide (N2O) 

Carbon monoxide 

Lead 

Methane 

Particulate matter (<2.5, >10) 

Zinc 

Carbon dioxide (fossil and land u9se) 

Carbon dioxide (non-fossil, fixed 

NMVOC 

Nitrogen oxides (NOx) 

Sulphur oxides (SOx) 

Hazardous Air Pollutants (HAPs) 

Ammonia 

Photochemical Oxidants 

Resource 

Biogenic carbon (fixed) 

Freshwater extraction (groundwater) 

Freshwater extraction (surface water) 

Saltwater extraction 

Land occupation (by flooding) 

Land occupation 

Seabed occupation 

Soil Cadmium 

Water Biological Oxygen Demand 

3.3 COCOA PRODUCTION IN PERU 

The aim of the analysis carried out for cocoa production in Peru was to first determine the biodiversity loss due 

to land use using highly resolved EEMRIO data using two methods. This allowed for a detailed analysis of the 

effects of cocoa crop location on biodiversity loss, and offered locations where cocoa production would have 

relatively lower biodiversity loss impacts. Second, an LCI was developed to quantify the inputs for cocoa 

production in Peru, as well as the other value chain aspects considered. This LCI was evaluated to measure both 

climate change and biodiversity loss due to land use as well as other factors such as pollution, climate change, 

and water use (detailed in Figure 1), and quantities of other environmental stressor flows (as outlined in Table 2). 

The cocoa LCA included the necessary inputs and associated impacts from five value chain activities (or life cycle 

stages): cultivation, distribution, processing, packaging, and end-of-life for waste treatment. A baseline LCA was 

conducted for the average inputs in the Peruvian cocoa value chain. Then various scenarios were evaluated to 

observe the effect on the impacts from changing input conditions. These results showed which changes could 
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offer benefits in biodiversity loss and/or climate change reduction (and the magnitude of reduction). 

 

This section explains the main methodologies, data sources, environmental stressors and associated impacts used 

in the analyses of cocoa production. The initial analysis completed in Deliverable 3.5 included the use of EEMRIO 

databases (in particular FABIO), which allowed for an assessment of the GHG emissions, NOx, SOx, PM10, and 

PM2.5, heavy metal emissions, fertilizer applications, and land use due to cocoa production in Peru along the 

supply chain based on economic indicators, with details of the methodology provided in Deliverable 3.5A. This 

deliverable builds on this earlier analysis to model a more detailed LCA of cocoa production based not on 

economic indicators, but rather on measured inputs into the production system. This allows for an assessment of 

how certain changes in production methods and other factors can alter cocoa production's environmental impacts 

and stressors. The original deliverable also included a land-based biodiversity loss assessment using a newly 

developed methodology. The results of this assessment have been updated and are included in this deliverable. 

3.3.1 Environmental Impacts 

Biodiversity loss can be linked to many different factors, the primary of which are shown in 

 

Table 3. Table 3 summarises the drivers of nature change, the indicators used to measure these drivers, and the 

value chains considered, to measure biodiversity loss in the cocoa case study across the cocoa value chain. While 

these drivers were considered separately in the following sections, a new methodology to measure biodiversity 

loss based on land use and land use change, specific to Peru, was also evaluated in Section 3.3.1.1. 

 

Table 3: Indicators and value chains considered relevant to measuring biodiversity loss in cocoa production 

Driver of nature 

change 
Indicator (unit) 

Value Chain Stages 

Considered 

Climate Change GHG Emissions (kgCO2eq) 
Cultivation, Processing, Distribution, 

Waste End-of-Life Treatment 

Land Use Terrestrial ecosystem use (ha*year) Cultivation 

Land Use Change Terrestrial ecosystem use (ha) Cultivation 

Pollution 

Soil Pollutants (kg N, P, Pesticides) 

Wastewater discharged  

(concentrations and volume) 

Waste generation/disposal (tonnes) 

Plastic footprint (tonnes) 

Non-GHG air pollutants (kg) 

Cultivation 

Processing 

 

Cultivation, Processing 

Cultivation, Processing 

Cultivation, Processing 

Resource Exploitation Water consumption (m3) Cultivation, Processing 

3.3.1.1 Biodiversity Loss 

Biodiversity Loss due to Land Use Change 

The methodology will be summarised here but is available in detail in the first deliverable. Biodiversity loss due to 

cocoa cultivation in Peru was analysed using two different methodologies, the one recommended by UNEP-SETAC 

[9] (Method 1) and a recently developed methodology [10], [11] using the Biodiversity Impact Metric (BIM) 

approach that captures much more detailed spatial resolution (Method 2). This assessment was initially completed 

in Deliverable 3.5. However, results have been updated based on expanded data. The methodology remains the 

same and can be viewed in detail in the first deliverable. 

 

In Method 1, the land use biodiversity impact assessment approach recommended by UNEP-SETAC Life Cycle 

Initiative is used. This allows for a biodiversity loss comparison among cocoa cultivating regions. This provides a 

macroscopic view of impacts at an ecoregion level but tends to oversimplify biodiversity within this scale. Method 

2 addresses the shortcomings of Method 1 and incorporates the Biodiversity Impact Metric (BIM) approach [10], 
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which was implemented in this newly developed methodology [11]. The BIM approach dives into high spatial 

detail, assessing at the grid cell scale and highlighting specific areas in Peru's cocoa cultivation regions that are 

rich in endemic, threatened species. BIM assessment is critical for developing targeted conservation plans and 

shaping policies to reduce the negative impacts of cocoa farming on Peru's biodiversity. The methodology of 

Method 2 is outlined in Figure 2. 

 
Figure 2: Methodological framework of the landscape-scale biodiversity impacts of cocoa cultivation using the Biodiversity 

Impact Metric (BIM) methodology (Method 2). Mean Species Abundance (MSA) biodiversity intactness maps are linked to 

biodiversity importance maps, BIM maps, and cocoa maps, from which the biodiversity impacts are derived from a 

combined Cocoa BIM map and a Biodiversity Factor map (BF, units of ha*year*ton-1). Figure adapted from Wang et al. [11]. 

Biodiversity Loss due to Additional Factors 

Land use change is only one of the factors affecting biodiversity loss. To capture other potential factors, such as 

pollution and resource use, the ReCiPe method described above was applied to the developed LCI (included in 

the Annex) for the cocoa case study. The LCI considered all stages relevant to the cocoa value chain described 

above and was populated using a literature review, for all relevant stages, including cultivation, processing, 

packaging, distribution, and end-of-life waste treatment. The LCI was evaluated with Activity Browser [5] and 

supported by the ecoinvent database [4], and considered several cultivation scenarios to determine the potential 

for biodiversity loss reduction on an operational farm level. Cultivation included the inputs associated with land 

use, fertilizer and pesticides applied as well as associated packaging, machinery and fuel use, water use, orchard 

operation, and waste produced, based on ecoinvent [4] inventory data for cocoa bean production. Processing was 

based on published LCAs documenting typical quantitative inputs required for processing cocoa beans into cocoa 

liquor, cocoa powder, and cocoa butter, as well as the transformation of these cocoa products into one kilogram 

of a 100% chocolate product. Other ingredients typically found in chocolate were excluded, given that ingredients 

and ratios can vary considerably depending on the chocolate type [12], and as such affect the resulting impacts. 

Packaging weights and types required were estimated based on published values per chocolate bar [12]. Transport 

was based on published distances required for local farm transport to ports, overseas transport of the dry beans 
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by cargo ship, and local truck transport from the arrival port to a chocolate processing plant [12], [13]. Distribution 

from the plant to the consumer was not considered. Impacts due to packaging disposal methods (e.g. incineration 

or landfilling) were also evaluated. 

3.3.1.2 Climate Change 

Limiting climate change is considered a crucial aspect to limiting biodiversity loss. As such, the climate change 

impacts of the LCI used to evaluate biodiversity loss were evaluated using the IPCC 2021 methodology. [8] 

Similarly, a cultivation scenario assessment was also evaluated under changing input conditions. 

3.3.1.3 Other Environmental Stressors 

The methodology used to determine the other drivers of nature change (outlined in  

 

Table 3) are detailed in this section. Land use change was determined from FAO data [14] comparing hectare total 

expansion per kilogram of cocoa bean produced in Peru between the years 1990 and 2010. 

 

Pollution considered soil pollutants due to cultivation, wastewater and key pollutants from processing, waste 

generated during both cultivation and processing, and non-greenhouse gas air pollutants generated during 

cultivation and processing.  

o Soil pollution was derived based on typical application rates of nitrogen and phosphorus fertilizers 

and measured losses to air, water, and soil from both life cycle inventory databases [4] and published 

emissions values [12]. Application and emission rates can vary considerably depending on the type 

and location of farm, as can be seen in [12] and [4], so averages were used given the lack of Peru 

specific data. 

o Wastewater volume [15] and key pollutants from processing were based on life cycle inventory data 

provided by Darmawan et al. [16]. 

o Waste generated during cultivation was based on life cycle inventory databases [4] for plastic waste 

(sacks holding pesticides and fertilizers) and organic waste (cocoa pods and wood waste) [12] 

o Non-greenhouse gas air pollutants (Non-methane Volatile Organic Compounds (NMVOC), NOx, PM, 

SOx, and ammonia) during cultivation were taken from inventory emissions in ecoinvent database [4] 

based on an average cocoa bean production. Emissions due to processing were calculated based on 

the inventories in the ecoinvent database for average processing needs for heat and electricity [4]. 

 

Resource exploitation considered water use in both cultivation and processing. Water use in cultivation was 

estimated based on country and crop specific water consumption including both blue water (irrigation and 

groundwater) and green water (rainwater and soil moisture) [17], as cocoa crop water sources and needs can vary 

considerably between countries [17], and among different cultivation methods [18]. Water use in processing was 

considered based on published values in literature from various sources [12], [13]. 

3.3.2 Value Chain 

FABIO was used to analyse the cocoa value chain. By balancing production, trade, processing, and consumption, 

FABIO provides precise physical data on global biomass flows. In this case, the biodiversity footprint was used to 

trace the supply chain. Our analysis of Peruvian cocoa production's biodiversity footprint follows a two-step 

analytical process. Initially, we calculated the biodiversity loss factor per unit of cocoa production by dividing the 

total annual biodiversity loss by the annual cocoa production volume, yielding a metric that represents biodiversity 

impact per tonne of cocoa produced. Subsequently, we employed the Leontief inverse matrix equation to trace 

biodiversity impacts from production to consumption regions (see previous deliverable for details), enabling the 

tracking of both direct and indirect biodiversity impacts through the supply chain and the identification of final 

consumption points globally. The study spans a 20-year period (2000-2020), facilitating the analysis of temporal 
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trends in biodiversity impact intensity, assessment of shifts in consumption patterns, and evaluation of changes 

in global cocoa supply chain structures.  

3.4 FISHERY AND AQUACULTURE PRODUCTS SUPPLIED BY 

GREECE 

The aim of the analysis carried out for fishery and aquaculture production in Greece was to compile input data, 

link this data to a LCI input/output database, and perform an LCA based on this input data to measure the climate 

change, biodiversity loss (due to land use as well as other factors such as pollution, climate change, and water 

use), and to quantify other environmental stressor flows (as outlined in Table 2). Fisheries and aquaculture value 

chains were considered separately in this case study, as these systems are very different. A baseline LCA for 

aquaculture was conducted based on the inputs in the Greek aquaculture value chain. Then various scenarios were 

evaluated to observe the effect on the impacts from changing input conditions. In the aquaculture analysis, the 

value chain aspects considered were feed production, hatchery operation, growing stage operation, processing 

and packaging, and distribution. The LCA results showed the impacts of each value chain stage and offered specific 

changes that could reduce biodiversity loss, climate change impacts, or both. 

 

A similar LCI and subsequent LCA was done for the fisheries value chain based on average inputs for Greek 

fisheries (details in the Annex). For the fisheries analysis, the value chain aspects considered were fishery operation, 

processing and packaging, and distribution. Similarly, the LCA of the fisheries value chain results showed the 

impacts each of the value chain stages and offered specific changes which could reduce biodiversity loss, climate 

change impacts, or both. Table 4 shows the drivers that were considered relevant to measure biodiversity loss in 

both the aquaculture and fishery value chains. The methodologies and datasets are described below. 

 

Table 4: Indicators and value chains considered relevant to measuring biodiversity loss in aquaculture production 

Driver of 

nature change 
Indicator (unit) 

Value Chain Stages Considered 

Aquaculture Fisheries 

Climate Change GHG Emissions (kgCO2eq) 
Feed, Hatchery, Farming, 

Processing, Distribution 

Resource Use in 

Fisheries, Distribution 

Land/Water/Sea 

Use / Change 
Total spatial footprint (ha) 

Farming, Hatchery, and 

Processing 
Not Applicable 

Pollution/polluti

on removal 

Soil and Water Pollutants 

Wastewater discharge 

Waste generation/disposal 

Plastic footprint 

Farming, Hatchery 

Hatchery, Processing 

Farming, Hatchery, and Processing 

Farming, Hatchery, and Processing 

Processing 

Resource Use 

Water withdrawal (m3) 

Feed resource use 

Feed use efficiency 

Use of wild resources efficiency 

Hatchery, Farming, Processing 

Hatchery, Farming, Processing 

Hatchery, Farming, Processing 

Hatchery, Farming 

Processing 

 

3.4.1 Environmental Impacts 

3.4.1.1 Biodiversity Loss 

Aquaculture 

Biodiversity loss due to the production of 1 kg of aquaculture raised fish was based on the data provided by the 

Greece aquaculture sector (HAPO) and is included in the Annex. Biodiversity impacts were calculated using the 
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Activity Browser [5] and ecoinvent data [4], using the ReCiPe 2016 v1.03 (H) life cycle impact assessment 

methodology [7], which is described in detail above. A scenario analysis was conducted by altering certain input 

conditions and analysing the resulting changes in impacts. Currently, there is on-going research intended to 

measure the effects of aquaculture and climate change on marine-based biodiversity loss in LCA, which will push 

this research forward considerably, as ReCiPe does not currently consider marine-based biodiversity loss due to 

the presence of coastal aquaculture or the effects of climate change. It should be noted, however, that the 

production of aquaculture and fisheries can be significantly altered by changing sea temperatures as a result 

climate change. The main life cycle stages considered for calculating the biodiversity loss were: 1) aquaculture 

feed production, 2) hatchery operation, 3) growing/farming, 4) processing and packaging, and 5) distribution. 

Fisheries 

A separate LCI (included in Annex) was developed to analyse the impacts of fisheries using the ReCiPe assessment 

method. This LCI was populated using a combination of inventory datasets in ecoinvent for fishing operations. 

Two types of fishing methods were considered (long line and trawler). The value chain considered consisted of 3 

main aspects: 1) fishery operation, 2) processing and packaging, and 3) distribution. Processing and packaging 

and distribution were considered identical to the aquaculture value chain. A scenario analysis showing the 

reduction potentials from altering specific inputs was conducted.  

 

The LCA for fisheries was based on a generic fishery process, however biodiversity impacts can vary depending 

on the type of fish being acquired. Because of this, an additional biodiversity loss assessment was done to capture 

species dependent impacts due to overfishing. Overfishing is one of the key drivers of marine biodiversity loss, 

however this is not currently well represented in LCA methods. Recently, characterisation factors (CF) have been 

published based on fish species, indicating how exploited a species is (relative to itself) in a given Major Fishing 

Area (defined by FAO). [19] Looking at the severity of the CF, one can determine which species are more exploited 

than others based on biomass captured, biomass remaining in the fishing area, and reproductive capabilities, 

regionalised for FAO fishing areas. The implications on biodiversity loss, and its representation as a midpoint 

category in LCA, are still being developed. We used the regionalized global PDF-year CFs from their study 

(including the effects of discard) to evaluate the overexploitation of certain fish populations in Greek waters (FAO 

region Mediterranean and Black Sea). Through this analysis, we can identify which species should potentially be 

avoided for capture due to overexploitation.  

3.4.1.2 Climate Change 

Aquaculture 

Climate change was calculated using the same inventory data developed in Section 3.4.1.1, also using Activity 

Browser [5], supported by ecoinvent data [4], to calculate impacts using the IPCC 2021 [8] methodology. This 

included the same life cycle stages considered in biodiversity loss (aquaculture feed production, hatchery 

operation, growing/farming, processing and packaging, and distribution). 

 

Fisheries 

Climate change impacts due to fisheries was based on ecoinvent inventory input data for various fishing methods 

(trawling and long line). This provided an overall climate change impact due to fuel use, equipment maintenance, 

and other resource inputs in the fishing industry. It was assumed that impacts from processing and distribution 

would be the same as those for aquaculture, because following landing, the same processing and distribution 

procedures would be followed regardless of the original source of the fish. 

3.4.1.3 Other Environmental Stressors 

Aquaculture 

Other environmental stressors were determined based on published literature and data. The amount of water area 

controlled directly by the producer was not known, however data published by the Sea Around Us [20] and 
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FAOSTAT [21] provided the different inland and coastal areas in Greece used for aquaculture, as well as the total 

fish production from each area. The total coastal fishing zone (known as EEZ) was also included to account for 

yearly fishery production. Through these values, one could estimate the total water area needed (measured as 

hectares) to produce a certain volume of fish. As aquaculture has different types of farming systems with varying 

intensities (extensive, semi intensive with net enclosures, intensive with sea cages, and both extensive and semi-

intensive lagoons), the amount of water area needed to produce a kilogram of fish was also investigated with data 

from FAO [22]. 

 

Water pollutants (e.g., nitrogen and phosphorus) due to aquaculture were investigated using data provided by 

the main aquaculture producer and compared to published literature values. Wastewater discharge was estimated 

based on published values, and impacts associated with its treatment were based on ecoinvent data. 

 

Estimates of the water withdrawal used in the hatchery, farming, and processing value chains were calculated from 

input data supplied by the fish producer. Feed resource use, feed use efficiency, and use of wild resource efficiency 

was obtained from the aquaculture facility, with some data supplemented by Tacon et al. [23] and Naylor et al. 

[24].  

Fisheries 

Other environmental stressors, such as pollution (NOx, SOx, NMVOCs, ammonia, Pb, PM emissions), resource use 

like water extraction and seabed occupation, were calculated based on the LCI flows analysed during the LCA, 

based on the inputs. Details of these other stressors are summarized above in Table 2. 

3.4.2 Value Chain 

The value chain was evaluated using data available from Sea Around Us [20], which provided data not only on the 

volume of Greek fish products exported in 2023, but the condition in which they were exported as well (fresh or 

live, frozen, or otherwise preserved). This data supported the calculation of the distribution aspect of the LCA. This 

is in line with the value chain data provided in the first deliverable, however it offers more specific details for the 

type of processing, and as such the type of transport required (frozen, cooled, or unregulated temperature). This 

includes fish produced from aquaculture and fisheries. 

3.5 GOLD MINED IN GHANA 

There were two main goals of the analysis for the gold mined in Ghana case study. First, biodiversity loss due to 

land use in Ghana was analysed using a new, highly resolved EEMRIO database. This allowed to pinpoint locations 

where the impacts of biodiversity loss due to mining would be relatively higher or lower than other locations. The 

other goal of this analysis was to develop a baseline LCI of the gold value chain and calculate biodiversity loss, 

climate change, and other environmental stressors associated with each aspect of the value chain. In addition, 

several scenarios were run. In each of these scenarios, inputs that could be controlled at the mining level were 

adjusted to visualise their effect on the impacts associated with mining. The value chain included mining operation 

and gold refining as well as gold distribution. 

 

This section explains the main methodologies and data sources used in the analysis of environmental stressors 

contributing to biodiversity loss in the gold mine supply chain. The initial analysis completed in Deliverable 3.5 

included the use of a highly aggregated EEMRIO databases, which allowed for an assessment of the GHG 

emissions, NOx, SOx, PM10 and 2.5, and heavy metal emissions along the Ghanese gold supply chain based on 

economic indicators, with details of the methodology provided in Deliverable 3.5. This deliverable builds on this 

earlier economic-based analysis by using a highly resolved EEMRIO (i.e. much less aggregated) database to 

provide an updated land-use based biodiversity loss assessment due to gold mining globally and in Ghana. It also 
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provides an evaluation of the main sources of biodiversity impacts and GHG emissions in gold mining operations 

and their reduction possibilities, potential effects of mine-caused pollution, and a value chain analysis to outline 

the main consumers of the gold being mined in Ghana. 

3.5.1 Environmental Impacts 

3.5.1.1 Biodiversity Loss 

Biodiversity Loss due to Land Use 

Previous work used EEMRIO databases as an LCA method to provide insight into the environmental effects of 

mining, as highlighted in Deliverable 3.5. This assessment was limited in its regional, sectoral, and temporal 

resolution, and was unable to provide direct biodiversity loss impacts, but could rather provide rough data on 

various environmental stressors of gold mining. Improvements in this assessment were done by utilising recent 

and on-going work that quantifies mining-related biodiversity loss hotspots directly with an improved EEMRIO 

database. Two different methodologies were used to consider the biodiversity loss impacts. Methodology one 

was based on work completed in Cabernard et al. [25] and methodology two has not yet been published, but 

builds on methodology one by using species data on a more resolved level.  

o Method 1 – UNEP-SETAC recommended ecoregion analysis 

Methodology one combines several datasets to identify biodiversity loss hotpots in the gold supply chain [25]: 1) 

a highly resolved MRIO database (Resolved EXIOBASE or REX) [26], 2) the mining area dataset of Maus et al. [27], 

3) ecoregion specific global species loss factors from UNEP-SETAC [9], 4) a geographic Metals and Mining 

Database [28], 5) and supply chain impact mapping (SCIM) [29]. This yielded a regionalized biodiversity loss impact 

assessment method allowing one to directly pinpoint the land-use related biodiversity impact due to mining, 

measured as global potentially disappeared fractions (PDFs), in a specific location of the world. This approach 

allows one to identify ecoregions with a particularly high ecosystem value, and as such at a higher risk of 

biodiversity loss due to mining activities. Details of the methodology can be found here in Cabernard et al. [25]. 

o Method 2 – Grid Cell Resolution Spatially-Explicit Species Loss Factors analysis 

Methodology two builds on the first assessment by deriving spatially explicit species loss factors at grid cell 

resolution rather than the ecoregion resolution used in methodology one. First, local biodiversity intactness loss, 

expressed in mean species abundance (MSA) change, was quantified by the GLOBIO 4 model [30]. Subsequently, 

global biodiversity importance, expressed in range rarity (RR), was calculated to scale local biodiversity intactness 

loss to global PDFs. Using the MSA, RR, and land use for mining values for each grid cell, global mining-related 

biodiversity loss for plants and animals was quantified as endemic species abundance (ESA) loss and translated to 

PDFs. 

 

The mining land use dataset from methodology two is an updated dataset from Maus et al. [27]. The updated 

version includes 44,926 polygons extending over 101,583 km2 (approximately double the mining area in 

methodology one). Additionally, the global mining production data in the two methodologies are both from the 

British Geological Survey (BGS) and the SNL Metals and Mining Database from the S&P Global Market Intelligence 

[28], with the year 2014 used for the first methodology and the year 2019 for the second methodology. Both 

methods provide an indicator for the biodiversity loss due to gold production in Ghana using different 

measurement metrics, with details of the databases used in each methodology shown in Table 5. Methodology 2 

is currently being drafted and is expected to be published in spring 2025. 
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Table 5: Databases used in Methods 1 and 2 to measure biodiversity loss in mining  

Database Purpose Methodology Reference 

Global mining land 

use area 

To provide mining land use area 

information for further biodiversity 

impact assessment 

1 and 2 
Methodology 1: [31] 

Methodology 2: [27] 

Global mining 

production 

To calculate biodiversity impacts per 

unit production of each mining 

commodity 

1 and 2 
BGS:  [32] 

SNL: [33] 

UNEP-SETAC 

Characterization 

factors 

To indicate the global potentially 

disappeared fraction (pdf) of species per 

square meter of land use 

1 UNEP-SETAC: [9] 

GLOBIO 4 model 
To quantify local biodiversity intactness 

loss 
2 GLOBIO 4 model: [30] 

IUCN range data 
To calculate global biodiversity 

importance 
2 IUCN range data: [34] 

Resolved 

EXIOBASE (REX)  

To assess global biodiversity loss 

associated with mining-related land use 

along the supply chain 

1 and 2 REX3: [3] 

 

Biodiversity Loss due to Additional Factors 

To include the biodiversity impacts associated with aspects other than land use, we built an LCI with the inputs 

required for gold mining in Ghana (included in the Annex) for each value chain stage (mining and refinery were 

considered together, and distribution was considered separately). This LCI was evaluated using the ReCiPe impact 

assessment method in the Activity Browser [5] supported by ecoinvent data [4]. A detailed review of published 

LCIs and LCIAs with regards to metal and/or gold mining was also completed [35], [36], [37], [38] to determine the 

various life cycle stages in gold production as well as the main factors impacting the biodiversity loss and GHG 

emissions associated with gold mining. Through this assessment, we could identify the major life cycle activities 

that could be influenced for transformative change regarding biodiversity and complete various scenario 

assessments that offer potential reduction potentials. 

3.5.1.2 Climate Change 

Previous work on assessing climate change was done using the methodology discussed in Deliverable 3.5 by 

utilising EXIOBASE 3.6 [2], [39]. Details of the methodology used for this assessment are included in the previous 

deliverable. Results were able to provide economic-based emission footprints for Ghana for GHG (measured as 

kgCO2eq per tonne of gold produced), as well as the countries and product groups that contributed to these 

emissions. However, as mentioned previously, value chains for gold mining are not well depicted in the currently 

available MRIO databases. To supplement this earlier assessment, the LCI input data collected for the biodiversity 

loss assessment was evaluated using IPCC 2021 for climate change impacts, where we could identify the major 

gold production input activities that could be influenced to reduce climate change impacts. Once the main drivers 

were identified, a scenario analysis was completed to calculate the reduction potentials. 

3.5.1.3 Other Environmental Stressors 

The quantity of other life cycle inventory flows for the gold value chain were also calculated, including pollutant 

emissions to air (NOx, SOx, NMVOCs, ammonia, Pb, PM), resources necessary for gold production (water 

extraction, land occupation), and waste disposal mass. Water required for mining activities was also evaluated 

from published literature [40] [41] [42]. To determine whether water use was actually a problem that should be 

considered relevant as a stressor, the water scarcity associated with various countries was taken from FAO 

AQUASTAT [43] using the Sustainable Development Goal 6.4.2 water stress indicator. This value can range from 0 

to >100% and is calculated using a function of the total freshwater drawn and the environmental flow 

requirements of each country. Any country with a value less than 25% indicates that there is no water stress and 
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is safe in any instance. Any value above 25% indicate potential water availability problems. 

3.5.2 Value Chain 

Previous work used EEMRIO databases as an LCA method to provide insight into the environmental effects of 

mining, as highlighted in Deliverable 3.5. Work completed using the Methodology 1 for the biodiversity loss 

evaluation also provided an updated assessment of the gold value chain. This method linked the country and 

sector where the biodiversity loss is induced to the region and sector of final consumption using the supply chain 

impact mapping (SCIM) method, with details available in Cabernard et al. [29]. The results of this supply chain 

analysis allow one to see the country specific quantity of gold produced and biodiversity loss associated with this 

gold, and follow the path of this gold from mining, to refining, and then to final demand. Final demand information 

is available on a country level, or on a sector level, allowing one to differentiate between which goods the gold is 

used to produce (i.e. jewellery, investment, technology, or central banks). 

3.6 HANDICRAFTS IN BRAZIL 

The aim of the analysis carried out for handicrafts in Brazil was to determine the environmental benefits of 

protecting the Brazilian handicrafts sector. Due to the limited data of the resources used to produce Brazil 

handicrafts because of the informality of the sector, this evaluation was based on environmental impacts and 

pollutants associated with economic indicators using the EXIOBASE [2] for the year 2022. The EXIOBASE database 

offers varying environmental impacts and stressors for various sectors, as well as the amount of money generated 

by this sector. There have been no studies related to the biodiversity loss or climate change of indigenous people’s 

handicraft production, however there have been studies documenting the environmental and social benefits of 

formally protecting Indigenous Lands and Territories (IL, IT respectively), from which the materials for these 

handicrafts would be collected. [44] 

 

Handicrafts produced by indigenous populations in Brazil offer protection to the ecosystem rather than induce 

environmental stressors. This is because land occupied by indigenous populations is often legally protected, and 

as such the expansion of other sectors into this land (such as agriculture or mining) is prohibited. By protecting 

this land from expansion of high biodiversity impact sectors, handicrafts as an industry can displace other 

industries looking to expand into these areas. Because of the unique aspect of this value chain, we approached 

the environmental impact calculations by identifying the economic sectors that are the main threats to the land 

of indigenous populations – such as animal farming and crop production. We calculated the environmental 

impacts that were avoided because of the money generated by the handicraft sector – assuming that if this sector 

didn’t exist and these lands weren’t protected, a similar income would be generated through displacement to 

other (higher impact) sectors. We did not account for the potential of higher per-capita income that could be 

generated by these sectors.  

 

To calculate the avoided environmental impacts, we took the money generated by the sectors that the Rondonia 

state (the location of the case study) are particularly vulnerable to, including expanded cattle and poultry farming, 

cultivation of oil seeds and other crops, mining of ores, and forestry related service activities. We used EXIOBASE 

to calculate the impacts of various environmental stressors (CO2eq, Nitrogen (N), Phosphorus (P), PM2.5 and 10, 

SOx, NOx, and land use) per EURO (EUR) generated in each sector for the Brazilian economy in 2022. We then 

split the revenue generated from the sales of the handicrafts (8 billion EUROS per year) according to percentage 

of relevance in the Brazilian economy among these sectors. From this we could calculate the additional stressors 

that would result from the elimination of the handicrafts sector, when it is dispersed to other competing sectors. 

Because this analysis was based on EEMRIO, the value chain also includes the impacts from transport to the 

consumer or retail location. It is important to note that it was assumed that no environmental impacts, biodiversity 
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loss, or pollution occur due to the collecting of the materials used in and production of the handicrafts, and that 

these are collected in a manner that does not alter the ecosystem in a negative way.  

3.6.1 Environmental Impacts 

3.6.1.1 Biodiversity Loss due to Land Use 

Biodiversity loss is not directly calculated in EXIOBASE, however given that land use is one of the primary drivers 

of biodiversity loss, the indicator ‘Land Use, Crop, Forest, Pasture’ measured as km2 was used as a proxy. The total 

income of EUROs per sector was divided by the total land use attributed to that sector, to get km2 per EUR. This 

value (km2/EUR) was applied to the portion of the 8 billion EURs that would have been allocated to each sector. 

The avoided land use due to the existence of the handicrafts was then available. This assumes that the materials 

used in handicrafts do not require any additional land in their production, because they are a by-product of the 

forest’s natural output. To translate this indicator to biodiversity loss (measured as PDF), the characterization 

factors (units PDF/km2) were provided by GLAM for land use [45]. 

3.6.1.2 Climate Change 

Climate change is available directly in the EXIOBASE as kgCO2eq produced per sector. The avoided climate change 

emissions due to the existence of the handicraft sector was calculated in the same way as for the biodiversity loss. 

This also assumes that the materials used in handicrafts do not generate any climate change emissions. However, 

there are climate change impacts associated with their transport from the point of production to the consumers. 

This was analysed as a function of assumed transport methods and distances shown in Section 4.4. 

3.6.1.3 Other Environmental Stressors 

Pollution was also evaluated from the EXIOBASE. Pollution included the N, P, PM 2.5 and 10, SOx, and NOx (all 

measured as kilograms) generated from each of the relevant sectors. The emissions per EUR were calculated in a 

similar manner as described above. 

3.6.2 Value Chain 

Due to limited quantitative information about the value chain of the Brazilian handicrafts sector, this was not 

evaluated. 
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4 RESULTS 

Chapter 4 explains the quantified environmental impacts for biodiversity loss, climate change, and other 

environmental stressors for each of the case studies. Each case study also includes a section on the value chain, 

to show how many of these impacts are outsourced from the production country to consumption countries. It is 

divided into one subsection per case study. In each case study, methods of reducing impacts through optimizing 

production locations, altering inputs into the system to achieve impact reductions, or choosing different transport 

means are evaluated to calculate benefits of different scenarios. 

4.1 COCOA PRODUCTION IN PERU 

4.1.1 Environmental Impacts 

4.1.1.1 Biodiversity Loss  

Biodiversity Loss due to Land Use 

As described in Section 3.3.1.1, biodiversity loss due to land use for Peruvian grown cocoa was analysed using two 

different methodologies. A similar analysis was completed in the first deliverable; however, the results have been 

updated and are summarised in the sections below.  

o Method 1 – UNEP-SETAC recommended ecoregion analysis 

The results from Method 1 have been updated from Deliverable 1 with additional data and are detailed here. The 

global potentially disappeared fraction (PDF) of cocoa cultivation in 2020 is 0.00085, meaning that cocoa 

cultivation worldwide could potentially cause the extinction of 0.085% of the world's species. Specifically, the 

Global PDF caused by Peru's cocoa cultivation is 1.33*10-5, accounting for 1.57% of the total global biodiversity 

loss. There are differences in the biodiversity impacts per tonne of cocoa produced depending on the country of 

production. For example, Peru has an impact of 0.84*10-10 PDF per tonne, which is 77% lower than the global 

average. This is largely due to high cocoa yields in Peru, which may be a combination of local conditions, 

agricultural management practices, or even ecological functions provided by other species, which has been found 

to improve yields in northern Peru [46]. For additional details, please refer to Deliverable 3.5. 

 

A time series of the change in global biodiversity loss was conducted using cocoa cultivation area data from 

FAOSTAT from 2000-2020, which allowed for an analysis on land use efficiency in each country. Results from this 

analysis showed that from 2000 to 2020, there is a notable increase in global biodiversity loss due to cocoa 

cultivation, with the global PDF increasing by 48% from 0.00057 to 0.00084. This increase in biodiversity loss is 

mainly related to the expansion of cocoa cultivation in Côte d'Ivoire. During this period, Côte d'Ivoire's global PDF 

associated with cocoa cultivation increased from 0.00014 to 0.00029, accounting for approximately 57% of the 

total increase in biodiversity impact from global cocoa cultivation. Indonesia and Sao Tome and Principe 

contributed 20% and 13% respectively to the overall impact growth. Peru experienced the most dramatic increase 

in biodiversity impact from cocoa cultivation, showing a 330% rise from 3.09*10-6 PDF year in 2000 to 1.33*10-5 

PDF year in 2020 (Table 6). 

Table 6: Comparison of biodiversity loss (global PDF) in major cocoa-producing countries from 2000 to 2020 

Country 

2000 Total 

impact (Global 

PDF) 

2000 Global 

proportion 

(%) 

2020 Total 

impact 

(Global PDF) 

2020 Global 

proportion 

(%) 

Relative 

increase 

(%) 

Contribution 

to total 

growth (%) 

Brazil 1.05*10-04 18.37 8.79*10-05 10.37 -16.64 -6.43 

Cameroon 1.03*10-05 1.79 1.60*10-05 1.89 55.86 2.10 
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Côte 

d'Ivoire 
1.35*10-04 23.59 2.90*10-04 34.26 114.49 56.78 

Dominican 

Republic 
3.97*10-05 6.91 4.48*10-05 5.29 12.88 1.87 

Ecuador 5.31*10-05 9.25 6.95*10-05 8.20 30.91 6.01 

Ghana 6.23*10-05 10.86 6.17*10-05 7.28 -1.03 -0.23 

Indonesia 5.26*10-05 9.17 1.06*10-04 12.50 101.22 19.52 

Nigeria 1.93*10-05 3.37 2.38*10-05 2.81 23.03 1.63 

Papua 

New 

Guinea 

2.07*10-05 3.61 2.02*10-05 2.38 -2.52 -0.19 

Peru 3.09*10-06 0.54 1.33*10-05 1.57 330.37 3.74 

Sao Tome 

and 

Principe 

2.53*10-05 4.41 3.15*10-05 3.72 24.32 2.26 

Others 4.70*10-05 8.19 8.26*10-05 9.74 75.80 13.05 

 

We also examined biodiversity loss per ton of cocoa produced in the major cocoa cultivation countries (Table 7). 

There are some countries that have significantly increased land use efficiency (cocoa yields) from 2000 to 2020, 

effectively mitigating the impact of increased cocoa production on biodiversity loss. For example, in Peru, cocoa 

production increased by 535%, but its biodiversity impact increased by only 330%. This is due to a 32% reduction 

in biodiversity loss per ton of cocoa produced. In contrast to Peru, the world's largest cocoa cultivation country 

according to FAOSTAT [14], Côte d'Ivoire, has seen its land use efficiency decline each year, resulting in a 114% 

increase in biodiversity loss from cocoa cultivation, even though its cocoa production increased by only 57%. 

These results illustrate the importance of increasing cocoa yields to mitigate the biodiversity impact, given the 

general trend of increasing global demand for cocoa. 

 

Table 7: Comparison of biodiversity loss (global PDF) per ton of cocoa produced in major cocoa-producing countries from 

2000 to 2020 

Country 

Biodiversity loss per ton 

2020 (Global 

PDF⋅year/ton) 

Biodiversity loss per ton 

2000 (Global 

PDF⋅year/ton) 

Relative 

change (%) 

Brazil 3.26*10-10 5.36*10-10 -39.18 

Cameroon 5.71*10-11 8.37*10-11 -31.78 

Côte d'Ivoire 1.32*10-10 9.66*10-11 36.60 

Dominican Republic 5.77*10-10 1.07*10-09 -46.08 

Ecuador 2.12*10-10 8.17*10-10 -74.05 

Ghana 7.71*10-11 1.43*10-10 -45.99 

Indonesia 1.47*10-10 1.25*10-10 17.59 

Nigeria 6.66*10-11 5.72*10-11 16.28 

Papua New Guinea 5.32*10-10 4.43*10-10 20.05 

Peru 8.37*10-11 1.23*10-10 -32.18 

Sao Tome and Principe 1.05*10-08 7.41*10-09 41.64 

Others 2.24*10-10 1.92*10-10 16.77 

o Method 2: BIM (Biodiversity Hotspots within Peru) 

The BIM analysis results have not changed from the first deliverable (3.5). As a summary, the central forest region 
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of Peru has the highest concentration of species and habitats, and as such stands to lose the most from expanding 

cocoa cultivation in this region. San Martin has the highest biodiversity loss impact of all the provinces because 

of high production amounts (31.04%), but Amazonas has the highest impact per hectare (5.75 BIM/ha). Ucayali 

has the lowest (0.91 BIM/ha). For details refer to Deliverable 3.5. 

Biodiversity Loss due to Additional Factors 

We have developed our own LCI (details in Annex) of the impacts of Peruvian chocolate-based products, with the 

system boundaries visualised in Figure 3. The main value chain stages are cocoa bean cultivation, distribution to 

the cocoa bean processing and chocolate manufacturing facility, processing of the cocoa beans into a final 

packaged product, and end-of-life for any waste products generated throughout the value chain. This LCI was 

evaluated according to the ReCiPe impact framework described above. 

 
Figure 3: Value Chain Aspects (system boundaries) and associated inputs for each life cycle stage for the Life Cycle 

Assessment of cocoa cultivation, processing and packaging, distribution and end-of-life considered in this assessment. 

Results of the biodiversity assessment according to ReCiPe are shown in Table 8 below and indicate that cultivation 

impacts far outweighs any of the other value chain impacts for biodiversity loss. A scenario assessment for the 

cultivation aspect was completed (details in Annex) and showed that the largest reduction impacts are driven by 

replacing inorganic fertilizer with organic fertilizer and eliminating the use of pesticides (both offer 1.4% reduction 

potentials).  

Table 8: Biodiversity loss assessment due according to ReCiPe methodology (includes stressors other than land use) 

Value Chain Aspect Impact (species.yr) Percent of total impact 

cultivation 1.66*10-07 98%  

processing 8.92*10-10 1% 

packaging 7.89*10-10  0.5% 

distribution 1.97*10-09  1% 

packaging end-of-life 1.51*10-10 0.1% 

processing waste end-of-life 2.78*10-10 0.2% 
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4.1.1.2 Climate Change 

Many LCAs have been conducted for the cultivation, processing, and/or distribution of cocoa beans and products 

[12], [13], [15], [16], [18], [47], [48], [49], with climate change estimates varying widely depending on farming 

practices (monoculture vs agroforestry and organic vs inorganic) [47], land-use accounting (farm level vs. 

landscape level) [50], processing methods (trigeneration vs conventional production methods) [47], country-

specific electricity emissions [51], and type of chocolate product produced [12], [15] (milk chocolate, dark 

chocolate, or white chocolate). A systematic review summarizing the published chocolate LCAs has been done 

[48], which showcases the various life cycle assessment system boundaries and considerations towards climate 

change impacts. Generally, it has been found that cultivation is the main climate change hotspot in cocoa 

production [10], [16], followed by processing and distribution, with packaging and end-of-life having the lowest 

contribution to overall impacts. 

 

Climate change impacts of Peruvian chocolate-based products were analysed using the same LCI inputs as for the 

biodiversity loss assessment described above, with results shown in Figure 4, using the IPCC 2021 assessment 

methodology [8]. We found that there are considerable differences in climate change impacts among each of the 

stages, particularly cultivation, which are described below. The results of the LCA, broken down per value chain 

stage, are shown in Figure 4. These results will be discussed in detail in each subsection shown below. 

 
Figure 4: Climate Change Life Cycle Assessment of the cocoa value chain of a 100% chocolate product (does not include 

additional ingredients such as milk and sugar). 

Cultivation 

Assigning a climate change impact to cultivation of Peruvian cocoa beans without knowing farming practices or 

typical yield, and with no previously published LCAs dedicated to Peruvian cocoa bean production, we resorted 

to the climate change impacts that are available for the Rest-of-World (RoW) impacts available from ecoinvent 

analysed using the IPCC 2021 impact assessment [52] method. Ecoinvent data had data regionalized for four 

countries based on country specific data and provided impacts for a Rest of World cultivation inventory, ranging 

from 10.7 kgCO2eq to 42.7 kgCO2eq per kilogram of cocoa bean produced (Table 9). The initial deliverable D3.5 

used the FABIO database to calculate the climate change impacts for cocoa cultivation in various countries, and 

also found a large range in GHG emissions, ranging from 2.05 to 45.58 tonnes CO2eq per tonne of cocoa bean 

produced for the countries, also shown in Table 9. In both FABIO and ecoinvent datasets, the primary driver of 

cultivation climate change impacts was due to carbon emitted from the soil due to land use, indicating that 

countries with a higher deforestation rate will have considerably higher climate change impacts associated with 

their cocoa production. Using the RoW data as a proxy for Peru cocoa beans cultivation, 83% of the impacts are 

per kg coca bean cultivated, 10.7

per kg 100% chocolate product, 0.31

per kg 100% chocolate product, 0.28

per kg 100% chocolate product, 0.12

per kg 100% chocolate product, 0.08
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due to land use emissions, meaning that the remaining 17% of the climate change impacts are due to cocoa bean 

cultivation inputs. 

 

Table 9: Climate Change Impacts of cocoa bean cultivation based on country specific data 

Country 

GHG Emissions 

(kg CO2eq per 

kg cocoa bean) 

(FABIO) 

Ecoinvent 3.9 
Percent 

Difference 

% CO2 

emissions 

from soil 

Ivory Coast 3.78 10.9 188% 89% 

Ghana 2.05 16.6 710% 91% 

Peru 23.02 Not Available Not Available >99% 

Indonesia 45.58 42.7 -6% 87% 

RoW Not Available 10.7 Not Available 83% 

 

Other GHG emission sources are related to inputs such as fertilizer and pesticides production, machinery and fuel 

use, seed and tree preparation, and cultivation waste treatment. The total impacts of the remaining cultivation 

inputs are approximately 1.0 kgCO2eq (out of a total of 10.7 kgCO2eq). The resulting impacts of these remaining 

inputs are shown in 

 

Figure 5. As can be seen, a very high percentage of GHG emissions, in both FABIO and LCA assessments, are due 

to land use and land use change. Cocoa farmers can influence their GHG emissions primarily by reducing or 

maintaining current land use, which would be done by increasing yields to meet higher cocoa demand. Pre-harvest 

practices of pruning and thinning with corrected of soil nutrients can increase yield considerably [53]. 

 

Other ways of influencing emissions can be done through reduced and/or more targeted fertilizer use, improved 

irrigation practices, and better management of organic waste at the farm level, such as composting of pods and 

waste wood. Incorporating biogas production from residues can reduce reliance on synthetic fertilizers as well 

[54]. 



D3.6 — Updated LCA and EEMRIO data (B) 

 

30 

 

 

 

Figure 5 shows the contribution of climate change impacts outside of land use that farmers can control. The main 

sources of impacts can be broken down into 4 main categories: fertilizers, pesticides, irrigation, and plantation 

operation. All of these can be influenced by the farm operation.  

 

 

Figure 5: GHG emissions (kgCO2eq per 1 kg of cultivated cocoa beans) for farm specific changeable inputs (not related to 

land use change for cocoa bean cultivation).  

As an example, replacing the inorganic nitrogen, phosphorus, and potassium fertilizer with organic fertilizers of 

each, respectively, would reduce the respective fertilizer use impacts as shown in Table 10. This is because the 

production of inorganic fertilizers is quite resource and energy intensive, whereas the production of organic 

fertilizers is based on a more passive conversion of waste products into a useable product. This does assume that 

organic fertilizer is produced and used regionally – as it has been found that high transport distances may negate 

the environmental benefits [55]. Furthermore, operation of irrigation pumps contributes rather heavily to the 

impacts. Reducing the operation of these pumps through rainwater harvesting or a more targeted irrigation 

approach would reduce and/or eliminate these impacts. The use of biogas (possibly from composted farm waste) 

would also achieve reductions, as well as offer an organic fertilizer source. Elimination of the pesticides (modelled 

as acetamide anillide compound and copper oxide) would further reduce impacts by 0.16 kg CO2eq per kg of 

cocoa bean produced. Details of the scenarios analysed are in the Annex. 
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Table 10: Reduction in GHG impacts per kg of fertilizer used by switching from inorganic to organic fertilizer  

Fertilizer 

Inorganic 

Phosphorus (as 

P2O5) 

Inorganic Nitrogen 

(as N) 

Inorganic 

Potassium 

(as K2O) 
Organic Phosphorus 

(as P2O5) 
-95% NA NA 

Organic Nitrogen 

(as N) 
NA -95% NA 

Organic Potassium 

(as K2O) 
NA NA -97% 

 

These results do not differentiate between the different types of cocoa production methods, such as organic 

monoculture (OM), organic agroforestry (OA), conventional monoculture (CM), or conventional agroforestry (CA). 

Given that each of these types of farming methods can produce different yields, and as such the amount of land 

required to produce a certain amount of cocoa (measured as kg cocoa beans per hectare), taking into account 

the technique of cocoa farming can influence the climate change (and biodiversity) impact. Farms with a higher 

yield per hectare will naturally have a lower impact, because more can be grown on less land. This is despite the 

additional inputs that may be required to improve the yield, such as additional fertilizers. Ecoinvent data has 

assumed yields between 457 kg/ha and 613 kg/ha depending on country, however in most published chocolate 

product LCA studies there was no differentiation between farm types, and thus the yields that can be expected on 

a certain area of land. Studies differentiating between different farming techniques on established plantations 

have found yields can change considerably, as shown in Table 11. For example, when considering cocoa bean 

production only, monoculture systems had higher production rates than agroforestry systems, and organic 

systems typically had lower production rates than conventional systems. However, in these cases, only cocoa bean 

yield is being considered. When considering the additional products that can be produced in cocoa production 

systems (i.e. bananas and plantains), cumulative dry matter yields or marketable products are considerably higher 

per hectare, regardless of the production system. In this case, agroforestry systems perform significantly better 

than monoculture systems, with up to a 297% higher yield in a conventional agroforestry system compared to an 

organic monoculture system. 

 

Farming systems producing foods other than cocoa offer additional products with higher nutritional levels and 

provide food security for local farmers [18]. Thus, when taking into account other products produced in 

agroforestry systems, impacts per kg of cocoa bean reduce considerably [55] [59]. It should be noted as well, that 

agroforestry systems, even with lower production, are better equipped to handle climate extremes and offer 

biodiversity conservation [56].  

 

Table 11: Yield changes due to different cocoa farming techniques [56] depending on measurement indicator used. 

 Percent Changes in Cocoa Bean Yield  

Type 
AF CONV AF ORG MONO CONV MONO ORG 

Cocoa Bean Yield  

(kg ha-1) 

AF CONV - -16% 83% -4% 542 

AF ORG 20% - 119% 15% 453 

MONO CONV -45% -54% - -47% 991 

MONO ORG 4% -13% 90% - 521 

 Percent Changes in Total Dry Matter Yield  

Type 
AF CONV AF ORG MONO CONV MONO ORG 

Dry Matter Yield  

(kg ha-1) 

AF CONV - -22% -57% -75% 13,592 
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AF ORG 28% - -45% -68% 10,610 

MONO CONV 133% 82% - -41% 5,837 

MONO ORG 297% 210% 70% - 3,424 

Cultivation is the major driver of climate change impacts in chocolate production (Figure 4), the majority of which 

is due to land use. Remaining impacts are due to other inputs. As such, to reduce climate change impacts, the 

priority should be focusing on sustainably improving yields on existing farms, and therefore reducing cocoa farm 

expansion into other areas. One way of doing this is to consider other products that can be produced on a cocoa 

planation. 

Distribution 

Climate change impacts associated with transportation are very small compared to the cultivation impacts (Figure 

4), despite the large distances that must be covered to move dried cocoa beans from Peru to e.g. Europe for 

processing. Details of the transportation distance and modes used in the LCI are included in the annex.  

 

The impacts for each mode of transport, relative to the sea-container ship (which has the lowest impact for ton-

km), are shown in Figure 6. It can be seen that, if possible, transport by freight train would be the lowest impact 

mode of land-based transport for cocoa beans, compared to lorries. When transporting across large distances, 

such as from South America to Europe, aircraft have a climate change impact 82 times that of container ships. 

Given that cocoa beans do not need to be transported quickly, container ships should always be chosen in place 

of aircraft for long distance travel to reduce impacts. The most efficient lorry available (ranging from least efficient 

(EURO1) to most efficient (EURO6) should be chosen in case of local transport in which freight trains are not 

available. 

 
Figure 6: Relative GHG impacts per mode of transport relative to a sea, uncooled container ship (represented as 1). 

Processing 

Climate change impacts associated with processing are largely dependent on the impacts of the electricity being 

produced in a specific country and the technology being utilized. If processing is occurring in a country with a 

high percentage of coal generated electricity, climate change impacts will be considerably higher. For this case, 

impacts were assumed to be the average for electricity generated in Europe because the exact processing location 

was unknown but given the value chain evaluation, it was likely happening in Europe (Section 4.1.2). Inputs were 

based on published average production methodologies, and considered electricity, natural gas, oil for lubrication, 

and water for processing (see Annex for details). Again, the contribution of climate change impacts from 

processing are dwarfed by the impacts from cultivation, and as such changes in location and processing 

technologies are not likely to largely influence the final impacts.  

As an example of the differences in the electricity impacts for main importers of Peruvian cocoa beans, Figure 7 is 

an overview of the relative difference in GHG emissions to produce 1 kWh of electricity in each country. Beans 

being processed and turned into cocoa products would have the lowest production impacts if the electricity was 

supplied by the Norwegian or Swiss electricity grid. Beans being processed in Greece, however, would have 

electricity induced impacts 35 times that of those processing in Norway, meaning to minimize impacts, processing 

plants should be located in countries with lower electricity emissions, or use on-site renewable electricity. In 

addition, the use of electricity as a by-product of municipal waste incineration is also considered ‘impact free’, 
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which means processing plants located near incineration plants which are also generating electricity should be 

encouraged. 

 
Figure 7: GHG emissions from country specific electricity production relative to Norway 

Natural gas was used as a fuel source for heat production in the cocoa bean processing into a 100% chocolate 

product. Alternating the fuel used as a heat source could either increase emissions (i.e. light fuel oil would increase 

emissions by more than 4 times that of natural gas) or decrease emissions (i.e. using wood chips from European 

post-consumer wood would reduce emissions by nearly 14 times those incurred from natural gas) (Figure 8). 

Alternative fuels in the processing facility would also play a part in emissions reductions at this value chain stage. 

Substituting the natural gas required for processing with biogas generated from the industrial composting of 

organic cocoa waste (i.e. shells) generated during the processing process would also offer considerable impact 
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reductions. 

 
Figure 8: GHG emissions for heat production sources relative to natural gas emissions used in LCA. 

Packaging 

Packaging amounts were considered based on values from published chocolate LCAs. It was found that there were 

many types of possible packaging options available depending on the chocolate product, however, in general, 

packaging consisted of plastic low-density polyethylene (LDPE), aluminium, and paperboard in various weights 

and combinations. Given the low relevance of the impacts associated with packaging, variabilities were not 

investigated in detail. The assumptions of the packaging used in the LCA are included in the annex. Figure 9 offers 

a relative comparison of common packaging options to aluminium packaging (here the lowest impact). It should 

be noted that although plastic wrap has the highest impacts per kg relative to other packaging materials, the 

weight necessary for each material can change considerably and should be considered when making an analysis. 

Studies conducted to optimize packaging for reduced impacts found that a single polypropylene layer is the least 

impactful [12]. 

 
Figure 9: GHG emissions for chocolate product packaging per kg of packaging type relative to aluminium. 

End-of-Life 

For the LCA developed for Peruvian cocoa bean cultivation and processing, it was assumed that 50% of chocolate 

product packaging and processing waste was disposed of through municipal incineration and 50% was disposed 

of through sanitary landfills, and that 100% of the processing waste was disposed of through incineration. Various 

forms of disposal methods have varying GHG impacts associated with them. Industrial composting has the lowest 

impacts associated with it, however open burning of polypropylene is associated with nearly 44 times the impact 

of biowaste treatment, and as such should be avoided as a disposal method. Impacts due to waste disposal could 
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be reduced by implementing industrial composting of any organic waste products from the processing value 

chain. Details of the relative values of GHG impacts compared to industrial biowaste composting (the lowest 

impact disposal method) are shown in Figure 10. 

 

Figure 10: GHG emissions for disposal relative to industrial composting of biowaste. 

The results of the GHG emissions impacts outside of cultivation, which included processing, packaging production, 

and waste disposal are shown in Figure 11. This shows that the largest impact source in these three life cycle 

stages of cocoa production is from natural gas, followed by electricity (assuming an average European electricity 

mix). As discussed above, a combination of packaging inputs were considered for the final cocoa product 

(wrapped in aluminium, paper, and then grouped together with plastic and cardboard for transport). These 

impacts could be adjusted by optimizing wrapping options. Similarly, disposal impacts could be reduced by both 

reducing packaging volumes, but also by composting organic materials and improving recycling rates rather than 

incineration and/or landfilling. The remaining inputs (detergents, water, wastewater treatment, and lubricating oil) 

contributions are minimal. 
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Figure 11: GHG emissions of processing inputs, packaging production, and waste disposal. 

4.1.1.3 Other Environmental Stressors 

Other environmental stressors that can be drivers of biodiversity loss were also considered. Climate change as a 

result of the cocoa value chain is discussed in Section 4.1.1.2. However, other stressors, as shown above in  

 

Table 3, such as soil pollutants, wastewater discharge, non-GHG air pollutants, and water use can also contribute 

to biodiversity impacts. Literature research has found that cocoa production in Peru is associated with the 

following additional environmental stressors throughout the value chain, shown in Table 12. Further details (as 

well as the potential changes in stressors under various scenarios) are included in the Annex. 

 

Table 12: Results of Environmental Stressors contributing to Biodiversity Loss 

Driver 
Indicator/ 

Value Chain 
Results 

Climate Change GHG Emissions See Section 4.1.1.2 

Land Use 

Change 
Terrestrial ecosystem use2 0.001 

ha total expansion/kg cocoa bean 

produced 

 

Wastewater 

discharged 

P
ro

ce
ss

in
g

 

Biological Oxygen Demand 4.94*10-12 

kg per kg 

100% 

chocolate 

liquor 

 

Chemical Oxygen Demand 9.24*10-12 

Oils and Grease 1.09*10-14 

Nitrates 3.86*10-15 

Phosphates 4.52*10-14 

Total Dissolved Solids 4.95*10-12 

Total Suspended Solids 5.03*10-12 

pH unknown 

Temperature of wastewater unknown 

Volume of water discharged 2.70 

Waste generation 

C
u

lt
iv

a
ti

o
n

 

Plastic pesticide sack 0.031 
kg/kg unshelled cocoa bean 

Plastic fertilizer sack 0.413 

Hazardous waste 0 kg/kg unshelled cocoa bean 

Cocoa pods 8 
kg waste per kg dried cocoa 

bean 

Wood waste 0.75 kg/kg unshelled cocoa bean 

P
ro

ce
ss

in
g

/P

a
ck

a
g

in
g

 

Cocoa bean shells 15 

grams per kg of 100% cocoa 

product 

General waste 125 

Paperboard 52 

LDPE 0.5 

Aluminium 18 

Non-GHG air 

pollutants 

C
u

lt
iv

a
ti

o
n

 

NMVOC 0.0014 

kg/kg of 

unshelled cocoa 

beans 

Nitrogen Oxides 0.0057 

Particulates, <2.5 um 0.0011 

Particulates, >10 um 0.0023 

Sulphur Oxides 0.0066 

Ammonia 0.0073 

Resource 

Exploitation 
Water withdrawal1 

C
u

lt
iv

a
ti

o
n

 

Blue Water 

Green Water 

8951 

9569 

m3/tonne 

unshelled cocoa 

bean 
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Water withdrawal 

P
ro

ce
ss

in
g

 

Total Water Use 2.7 
liters/kg 100% 

cocoa liquor 

1. Peru specific based total water use for average cocoa bean production. Estimates can change depending on the 

type of cocoa production (+10% for conventional agroforestry, +33% for organic agroforestry, -47% for 

conventional monoculture, and +4% for organic monoculture). 

2. Related to Peru only – made up of perennial crops (2.8*10-06), annual crops (0.00011), permanent meadows (0), 

primary forest (0.00087), secondary forest (5.89*10-06), planted forest (0), and other land (0). 

3. Based on the assumption that processing requires a combination of electricity and natural gas to get from a cocoa 

bean to cocoa liquor 

4.1.2 Value Chain 

Peru's cocoa production and its effects on biodiversity changed significantly from 2000 to 2020 (Figure 12). The 

total biodiversity impact more than quadrupled, rising from 3.1*10-6 PDF⋅Year to 1.33*10-5 PDF⋅Year - a 330% 

increase. This change was largely driven by the growing international demand for Peruvian cocoa. Notably, the 

share of export-related biodiversity impact grew dramatically from just 11% of the total impact in 2000 to more 

than half (52%) by 2020. Looking at the numbers, the biodiversity impact from exports jumped twenty times, from 

3.1*10-7 PDF⋅Year to 6.7*10-6 PDF⋅Year over these two decades. Traditional markets played a major role in this 

increase. The EU became the largest buyer, responsible for about one-quarter of the export-related biodiversity 

impact in 2020, while the US followed closely, accounting for about one-fifth. The impact from EU imports showed 

a remarkable 31-fold increase, while US imports led to a 13-fold rise in biodiversity impact.  

 

However, the most striking changes came from new markets in Africa and Asia. These regions, though starting 

from a smaller base, showed the fastest growth - Africa's impact increased 77 times and Asia's grew even more at 

99 times, showing how Peruvian cocoa has found new markets around the world. Additionally, the biodiversity 

impact driven by local demand in Peru also grew rapidly, with an increase of approximately 1.3 times from 2000 

to 2020 [58] 

 
Figure 12:  The evolution of biodiversity impacts associated with Peruvian cocoa production from 2000 to 2020, 

disaggregated by regions of final consumption. Panel (a) shows the absolute values of biodiversity impact measured in 

Global PDF (Potentially Disappeared Fraction of species), Panel (b) presents the same data as relative proportions, 

highlighting the changing composition of regional contributions over time. 

4.1.3 Key Points 

o Biodiversity impacts per hectare of cocoa cultivated in different provinces in Peru show strong spatial 

heterogeneity, with differences up to six times greater. Therefore, selecting appropriate regions for cocoa 

cultivation can effectively mitigate biodiversity impacts.  
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o Globally, Peru is currently the 8th
 largest cocoa producer and one of the countries with the fastest growth in 

cocoa production with an increase by 535% from 2000-2020.  

o Biodiversity impact increases of Peru’s cocoa cultivation are primarily driven by exports, with the proportion 

of export-related impact rising from 11% of the total in 2000 to 52% in 2020. In 2000, the biodiversity impact 

attributed to exports was approximately 3.1*10⁻⁷ PDF-year, whereas by 2020, this impact had surged to 

6.7*10⁻⁶ PDF-year —representing a 20-fold increase in biodiversity impact caused by exports.  

o Peru's biodiversity impact per tonne of cocoa produced is below the global average.  

o The biodiversity importance of cocoa cultivation areas within Peru is significantly greater than the average 

biodiversity importance of Peru overall, due to the cocoa cultivation location.  

o Land use is a major driver of climate change and biodiversity loss. Increasing yield per hectare to reduce 

expansion into forested land use is the most effective way of minimizing impacts. 

o On a farm-level, monoculture provides a higher yield than agroforestry systems, however when taking into 

account the impacts beyond the farm-level, agroforestry can bring the largest gains in carbon and 

biodiversity, and sustainable intensification should be practiced. [50] 

o Means of reducing cultivation impacts include replacing inorganic fertilizer with organic fertilizer, reducing 

use of irrigation pumps, and avoiding burning of wood waste. 

o Processing impacts, though not substantial, can be reduced through incorporation of biowaste as a heat 

source, using on-site renewable electricity, or operating facilities in a country with low GHG emissions or near 

an incinerator providing electricity through waste heat. 

4.2 FISHERY AND AQUACULTURE PRODUCTS SUPPLIED BY 

GREECE 

4.2.1 Environmental Impacts 

In the original deliverable, environmental stressors due to Greek fisheries and aquaculture were based on highly 

aggregated economic data across the supply chain. To further investigate results and dive into potentials for 

transformative change, aquaculture and fisheries were separated because of the different value chains and inputs 

for the two sectors. The value chain stages and inputs considered for both the aquaculture and fisheries is shown 

in Figure 13. This also represents the typical system boundaries used to evaluate the LCA of both value chains. 

The LCAs for the aquaculture system included five major processes: hatchery operation, feed production, farming 

and growth, processing/packaging of the final product, and distribution to the end consumer. Packaging waste 

treatment was not considered because of the low implications on environmental impacts. Fishery operations 

included the resources necessary for catching the fish, processing/packaging, and distribution to the end 

consumer. 
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Figure 13: The value chain (life cycle system boundaries) of an aquaculture and fishery system considered in this analysis. 

4.2.1.1 Biodiversity Loss 

Aquaculture 

Four main types of fish are produced within the Greek aquaculture sector: sea bass, meagre, gilthead sea bream, 

and common sea bream, each of which required different feed inputs (see Annex for details). Biodiversity loss 

results, measured as ecosystem quality in species-year (Figure 14) by ReCiPe indicate that the largest impacts by 

far are due to feed production, with other value chain aspects making up the remaining minority. The fish driving 

the highest ecosystem quality impacts is the common sea bream, which can be directly tied to the higher feed 

requirements of this species (50% higher than the lowest feed consumer, the gilthead sea bream). 

 
Figure 14: Biodiversity impacts measured as species-year using the Recipe LCIA method per process. 

Scenarios were run to identify reduction potentials in biodiversity impacts. It was found that in the case of feed, 

sourcing organic soybean for feed increased impacts by 14% (likely due to the lower production yields), but 

sourcing organic wheat grain reduced feed impacts by 6%. Rapeseed feed produced using the Swiss Intensive 

Production method reduced feed impacts by 7%. Replacing Greek grid-based electricity with on-site solar 
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electricity reduced processing impacts by 24%, hatchery operation impacts by 44%, and growth operation impacts 

by 19%. Reducing the packaging associated reduced biodiversity impacts by 5%, and reducing the water needed 

for hatchery operation reduced impacts by 4%. Reducing the chemical consumption by 20% in the growth phase 

reduced impacts by 3%. 

 

Reduce feed-based ecosystem damage would include reducing the land-based feed production in the aquaculture 

system, however this would displace the biodiversity loss impacts to that of wild fish meal and fish oil production, 

which is not without its own impacts, that are not currently captured in LCA methodologies. As such, making a 

direct comparison of the lowest impact feed combination to minimize biodiversity loss is not currently possible. 

Currently, the case study partner, as well as many other aquaculture facilities, use a combination of fish based, 

plant based, and chicken waste products in their feed composition. The case study partner has incorporated the 

use of the products shown in Table 13 in their feed.  

 

Table 13: Percentage of product types Greek aquaculture fish feed 

Product % of Content by Weight Comments 

Fish Based 32% Includes fish oil and fish meal 

Plant Based 42% 

Includes soya protein concentrate, 

soybean, sunflower, corn gluten, and 

rapeseed meal, and wheat 

Waste Based 26% 
Includes poultry meal, feather meal, 

and blood poultry meal 

TOTAL Percentage 100% - 

The modelled feed impacts above are based on global (not regional) impacts to produce the various plant-based 

feed products, such as soybean, sunflower, corn, rapeseed and wheat. Plant-based products together account for 

42% of the weight of the feed. Ongoing research has been investigating the biodiversity loss associated with 

growing certain oil crops (i.e. soybean and rapeseed) in various countries using the same methodology that was 

used in the biodiversity analysis of the cocoa production case study. Results of this analysis can pinpoint country 

specific CFs and thereby show where certain crops should be sourced to minimize the biodiversity loss associated 

with these crops. The results for rapeseed and soybean sourcing are shown in Figure 15 (rapeseed) and Figure 16 

(soybean).  
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Figure 15: Biodiversity loss as PDF*10-7 year per tonne of rapeseed produced per country (Y-axis) compared to total global 

biodiversity loss of that country’s production (X-axis). Point size represents production per year in tonnes for each country. 

 
Figure 16: Biodiversity loss (PDF x 10-7 year per tonne) of soybean produced per country (Y-axis) compared to total global 

biodiversity loss of that country’s production (X-axis). Point size represents production per year in tonnes for each country. 
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The methodology and results indicated here do not include the effects of species invasions, however these may 

also play a considerable role [59]. There is difficulty in quantifying the extent of marine-based biodiversity decline 

due to invasive species or the effects of aquaculture on the marine system, however, as different types of species 

(predator vs. non-predator) yield different loss effects, and these are currently not well quantified in LCA. 

Fisheries 

An LCA was completed for the biodiversity impacts of fishery operation using two different fishing methods (long 

line and trawler - see Annex for input details and results). The results of this LCA are shown in Table 14. Results 

for the Processing/packaging and distribution value chain stages were assumed to be the same for the aquaculture 

value chain. Scenario analysis (details in Annex) indicated that replacing diesel with biogas, or reducing diesel use 

by 15% in the fishing vessels reduced biodiversity impacts considerably for both long line and trawler fishing. 

 

Table 14: Fishery impacts in species.yr based on fishing method for each value chain aspect 

Value Chain Stage Long Line Fishing Trawler Fishing 
Fishing 5.35*10-08  2.58*10-08 

Processing/Packaging 1.68*10-09 1.68*10-09 

Distribution 3.06*10-09 3.06*10-09 

These impacts do not consider the biodiversity loss associated with overfishing, as this is not yet implemented in 

LCA. These impacts, however, are well-documented [19]. The Intergovernmental Panel for Biodiversity and 

Ecosystem Services (IPBES) found the main driver of biodiversity loss for marine ecosystems to be the loss of 

biomass associated with fishing, followed by land and sea use change, climate change, pollution, and invasive 

species [60].  

 

Recent research has developed global CFs [19], measured in PDF, to quantify the biodiversity loss associated with 

fish and by-catch biomass removal, the main driver of biodiversity loss in fisheries. Figure 17 shows the biodiversity 

loss in PDF per tonne of biomass removed for each species (y-axis) compared to the total biomass removed in 

2022 for each species. These biodiversity loss values (PDF per tonne) represent the value unique to each of the 

species commonly fished in the Mediterranean Basin from Greek fishing operations and might be different than 

identical species located in a different FAO defined fishing area. The point size is indicative of the results of the 

total biodiversity loss (PDF) due to the total biomass of this species removed in 2022. A larger point can indicate 

that the species-specific PDF per tonne is relatively high, the total amount of species biomass removed is relatively 

high, or both. With this information, one can minimize biodiversity loss by capturing species with low PDF per 

tonne, like octopus, squid, or shore crab and avoiding the capture of species with high biodiversity loss per tonne, 

such as greater amberjack or gilthead seabream. This analysis offers a level of analysis that could not be modelled 

on the generic fishing impacts currently available in LCA. 
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Figure 17: Biodiversity loss measured as PDF. X-axis indicates the production (in tonnes per year 2022) of the species due to 

Greek fishing in the Mediterranean Basin (as defined by the FAO), and the Y-axis indicates the Biodiversity Loss (measured 

as PDF per tonne) associated with each species. Size of points indicates the total Biodiversity Loss (as Global PDF) due to 

Greek fishing of this species in the Mediterranean Basin. 

4.2.1.2 Climate Change 

Aquaculture 

The GHG emissions (based on the system boundaries in Figure 13) were measured as kgCO2eq per kg of fish processed and 

are shown below in 

 

Figure 18. These values were calculated using the input from the case study partner (as was done for the 
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biodiversity analysis). The primary climate change impacts by far continue to be related to feed production, 

followed by distribution impacts, hatchery operations, fish processing and packaging, and then growth operations. 

Because of the limited impacts associated with consumer packaging waste disposal, these were not evaluated, 

however details of the relative impacts of disposal depending on method are shown in Figure 9. These values can 

be used to determine the best disposal option of the fish packaging. 

 

Figure 18: GHG emissions (kgCO2eq) per type of fish species farmed based on the value chain of the system (feed, hatchery, 

growth, processing/ packaging, and distribution). Impacts are shown to produce 1 kg of processed fish. 

As shown above in Table 13, feed composition is a combination of fish based, chicken based, and plant-based 

products. The most sustainable way of feeding aquaculture fish has been evaluated in literature [23], [24], [61]. 

Research is currently looking at other potential sustainable sources of fish feed such as fish by-products, insect 

meal, and single celled proteins such as algae and fungi, all of which would potentially reduce land demand for 

crops as well as minimize impacts due to overfishing of fish. However, these other sources are currently not 

available at the required capacity and are still being investigated, therefore they are not analysed in further detail. 

[62] 

 

While feed offers the highest opportunity for impact reductions, using renewable energies and/or biofuels in the 

processing, hatchery, growing, and distribution life cycle stages could also offer reduction potentials. The scenario 

evaluation for reducing climate change impacts found that the biggest reductions in feed GHG impacts came from 

using fish meal and fish oil exclusively produced through anchovy catches (and not fish residues), and sourcing 

soybeans from the US rather than Brazil. In the hatchery, growth, and processing operations, replacing Greek grid 

electricity with renewable on-site solar offered major GHG reductions. Reducing packaging by 20% also brought 

a significant GHG reduction (11%) in the processing and packaging value chain stage. 

 

Currently, the climate change impacts from distribution are modelled based on Greek fishery and aquaculture 

product exports shown in Section 4.2.2. As expected, there is a direct link between the distance and impacts from 

distribution. Given the short-lived nature of fresh fish, speed is of the essence in transport (assuming it is not flash 

frozen and then thawed after transport). Overseas distribution (i.e. United States or Canada) for fresh or live fish 

requires the use of air travel, therefore having a significantly higher impact per kg of exported fish than importing 

countries that can be reached through ship transport (Cyprus and Italy). Figure 19 shows the variation in the 

distribution impacts due to import country – transport impacts from 1 kg of Greek fish to the United States is 4.89 

kgCO2eq compared to Cyprus’s 0.02 kgCO2eq. This is due to two factors: 1) the large distance from the United 

States compared to Cyprus from Greece, 2) the majority of the fish to the United States must be transported by 
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air because it is fresh, whereas Cyprus imports a much higher volume of preserved fish not requiring cooling 

during transport.  

 
Figure 19: GHG emissions associated with 1 kg of fish supplied to each country from Greek production, based on the type of 

fish typically supplied (fresh, frozen, or otherwise preserved) from the value chain analysis. 

There is essentially no difference in impacts depending on whether the fish requires refrigeration or freezing 

transport conditions, however there are much lower impacts if the fish is preserved (e.g. dried or canned) and thus 

requiring no temperature regulation during transport. See Figure 20 for a comparison of the variation in transport 

mode impacts independent of weight or distance travelled. A cooled or frozen aircraft induces 42.6 times the 

impact of a sea container ship with a freezer. 
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Figure 20: Relative GHG emissions using a freezing sea transport container ship as a reference point. 

Fisheries 

Climate change impacts for fish can range depending on the type of fishing practice being used as well as the 

location of the fishery. Literature shows that on average, emissions associated with the world’s fishing fleet’s fuel 

use generated 2.2 kgCO2eq per kg of landed fish and invertebrates. This value can range depending on the species 

group being fished, however, as shown in Table 15. Crustaceans typically have a high fuel use intensity compared 

to finfish because of the low volumes caught per trip. [63]  

 

Table 15: Global fishery GHG emissions by species group (based on data from [63] and from ecoinvent [4]) 

Species Group or Product Type 
Emissions Intensity  

(kgCO2eq per kg fish) 
Species Group (only considers fuel use) 

Pelagic fish <30 cm 0.2 

Pelagic fish >30 cm 1.9 

Demersal molluscs 2.4 

Demersal fish 2.4 

Cephalopods 2.8 

Crustaceans 7.9 

Product Type (only considers fuel use) 

Human consumption 2.7 

Meal and Oil 0.4 

Global (inputs only consider fuel use) 2.2 

Long Line (see Annex for full inputs considered) 6.9 

Trawling (see Annex for full inputs considered) 3.8 

1.0
1.2

3.0
3.1
3.2
3.4

7.9
15.6
15.6

16.2
16.2
16.6
16.6

17.4
17.4

36.5
36.5
37.0
37.0
37.4
37.4

38.4
38.4

42.6
42.6

sea, container ship with reefer, freezing (reference)
sea, container ship with reefer, cooling

train with reefer, freezing
train with reefer, cooling

inland waterways, barge with reefer, freezing
inland waterways, barge with reefer, cooling

lorry, unspecified
lorry, 7.5-16 ton, EURO6, freezing
lorry, 7.5-16 ton, EURO6, cooling
lorry, 7.5-16 ton, EURO5, cooling

lorry, 7.5-16 ton, EURO5, freezing
lorry, 7.5-16 ton, EURO4, freezing
lorry, 7.5-16 ton, EURO4, cooling

lorry, 7.5-16 ton, EURO3, freezing
lorry, 7.5-16 ton, EURO3, cooling

lorry, 3.5-7.5 ton, EURO6, freezing
lorry, 3.5-7.5 ton, EURO6, cooling
lorry, 3.5-7.5 ton, EURO5, cooling

lorry, 3.5-7.5 ton, EURO5, freezing
lorry, 3.5-7.5 ton, EURO4, freezing
lorry, 3.5-7.5 ton, EURO4, cooling

lorry, 3.5-7.5 ton, EURO3, freezing
lorry, 3.5-7.5 ton, EURO3, cooling

aircraft with reefer, freezing
aircraft with reefer, cooling

Relative kgCO2eq emissions per tonne kilometer using a freezing sea container ship as a reference 
point 
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The LCI developed for the biodiversity loss assessment was run using IPCC 2021 impact assessment methodology 

(see Annex for input details and results). The results of this LCA, for long line and trawling fishing methods, are 

shown in Table 15. This includes not only fuel use, but also other inputs/outputs necessary for fishing operations. 

These impacts in Table 15 do not include impacts past the point of landing, which means that processing and 

distribution are not included. It is expected that both processing and distribution would yield similar results to 

those found in aquaculture, as the fish follow the same value chain as aquaculture fish after landing. 

Processing/packaging would be associated with an additional 0.22 kgCO2eq per kg of processed fish and 

distribution would be associated with an additional 0.74 kgCO2eq per kg of processed fish. As such, similar 

measures of impact reduction in these parts of the value chain are discussed above with aquaculture. 

 

Other methods of reducing the emissions associated with fisheries have been evaluated with mixed results. 

Behavioural changes can reduce fuel use such as reducing vessel speed and optimizing fishing times can be 

applied by the fishermen directly, which was evaluated in a scenario in the Annex. Improving management efforts 

such as reducing fleets and allowing stocks to rebuild, which can be directly related to government policies, are 

also effective. [63] 

4.2.1.3 Other Environmental Stressors 

Other environmental stressors such as land, freshwater, and sea use change, pollution, and natural resource 

exploitation were also considered in this analysis separately from the biodiversity loss and climate change 

assessment, as these are also drivers towards biodiversity loss. While these values do not provide data directly 

towards the biodiversity loss due to these environmental stressors, they do provide values associated with their 

use and offer places to minimize impacts. The results of these additional variables are summarized in Table 16 and  

Table 17. Further details of the weight of pollutants generated with both aquaculture and fisheries, such as NOx, 

SOx, NMVOCs, Pb, PM, and resources used such as water and seabed occupation are included in the Annex. 

 

Table 16: Other Environmental Stressors from Greek Aquaculture and Fisheries 

Driver of Nature 

Change 
Indicator Values 

Land/water/sea use change 

Total Spatial Footprint 

Aquaculture (Greece) 

Inland Waters for Aquaculture: 306,000 ha (2021) 

(117 ha per tonne of fish) 

Coastal Waters for Aquaculture: 118,895 km2 

(2019) (94 ha per tonne of fish) 

Coastal Aquaculture: -30% between 2017 and 

2019 (170,654 km2 in 2017) 

Total Spatial Footprint Fisheries 

(Greece) 

EEZ area: 397,140 km2  

(6.5 km2 per tonne captured fish) 

Inshore Fishing Area: 68,519 km2 

(1.12 km2 per tonne captured fish) 

Pollution/pollution removal 
Sea Water Pollutants  

(aquaculture only) 

Nitrogen – 436 kg per tonne of live fish 

Phosphorus – 63 kg per tonne of live fish 

Pollution 

Waste generation and disposal 

(aquaculture only) 

 

Hatchery: 

Fish residues: 0.24 grams per fry 

Metals: 0.03 kg per fry 

Batteries & chemicals: 0.05 kg per fry 

Growing: 

Fish residues: 0.02 kg per kg fish 

Wooden pallets: 0.01 kg per kg fish 

Sludge: 0.0002 kg per kg fish 

Processing: 

Fish residues: 0.001 kg per kg fish 

Wooden pallets: 0.011 kg per kg fish 
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Wastewater: 0.00096 m3 per kg fish 

Plastic Pollution 

(aquaculture only) 

Hatchery plastics: 0.1 grams per fry 

Growing plastics: 0.01 kg per kg fish 

Processing plastics: 0.0022 kg per kg fish 

Resource use/replenishment 

Water withdrawal 

(aquaculture only) 

Hatchery: 0.158 kg per fry (fresh) 

153.5 kg per fry (brackish) 

Processing: 14 m3 per tonne of raw material 

processed 

Feed Use Efficiency 
See  

Table 17 

 

Table 17: Feed requirements per species [23] [61] [64] 

Species 
Feed Conversion 

Ratio 

Fish Forage Dependency 

Ratio (meal) 

Fish Forage Dependency 

Ratio (oil) 
Salmon 1-1.2 1.5-4 1.5-3 

Trout 0.9-1.1 1-2 1-2 

Tilapia 1.2-1.8 0.2-0.5 0.1-0.3 

Common 

Carp 
1.5-2 0.1-0.3 0.05-0.2 

Catfish 1.2-2 0.2-0.4 0.1-0.3 

Pangasius 1.5-1.8 1.5-4 1.5-3 

Shrimp 1.2-1.8 0.5-1.5 0.5-1.5 

Sea Bass 2.22 2-3.5 2-3.5 

Sea Bream 2.1 2-3.5 2-3.5 

Tuna Not Available 10-20 15-20 

Meagre 3.0 Not Available Not Available 

Common 

Bream 
4.2 Not Available Not Available 

4.2.2 Value Chain 

In the original deliverable the various sectors and countries influencing the fishery and aquaculture value chains 

were determined using an EEMRIO database, with the majority consumption sector being fish and fish products 

(at a share of nearly 77% of the sector’s the value) followed by hotel and restaurant services at nearly 9% of the 

sector’s value. As expected, the country consuming the most fish products produced in Greece was the Greek 

population (at 43%, followed by Italy at 25%). 

 

An updated analysis of Greece’s fishery and aquaculture exports was completed using the data available by the 

Sea Around Us [20]. A summary of the Greek export data for fisheries and aquaculture products is shown in Table 

18. This table shows that most exports (30%) were sent to Italy. A total of 96% of the exports were within Europe, 

and 4% were outside of Europe (in the USA and Canada). The majority of these exports were transported as either 

fresh or live seafood products (88%), 8% were transported as frozen products, and 5% were transported as 

preserved in some other manner such as smoked or salted. Table 18 shows the breakdown of the volume of 

exports per country, as well as the manner in which these products were exported (as fresh, frozen, or otherwise 

preserved).  

 

Table 18: Top countries importing Greek fishery and aquaculture products in 2022, broken down by preservation method. 

Exported To: kg exported 
% of 

Exports 
Live/Fresh Frozen Other 

Italy 52,603,004 30% 96% 3% 1% 
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Spain 42,136,807 24% 94% 5% 1% 

France 15,692,542 9% 94% 5% 1% 

Bulgaria 12,760,191 7% 90% 6% 4% 

Netherlands 8,633,302 5% 60% 4% 36% 

Germany 7,895,306 5% 55% 34% 11% 

Cyprus 5,945,798 3% 46% 33% 21% 

Romania 5,293,210 3% 80% 13% 7% 

United States 4,907,259 3% 96% 3% 2% 

Albania 3,452,232 2% 55% 39% 6% 

Portugal 3,039,868 2% 100% 0% 0% 

Canada 1,671,864 1% 98% 1% 1% 

United Kingdom 1,586,470 1% 95% 3% 2% 

TOTAL  100% 88% 8% 4% 

4.2.3 Key Points 

o The main driver of biodiversity impacts and climate change impacts in aquaculture are due to feed production, 

the majority of which is land-based. However, this may be skewed because of limited information in LCA 

regarding marine-based biodiversity loss. 

o Ways of reducing these feed-based impacts are through careful selection of the location of the land-based 

crops – from countries with low biodiversity impacts rather than ones with high impacts. In addition, use of 

waste products from other industries and novel feed substitutes can offer potential reductions. The 

optimization of feed for impact minimization is currently being investigated. 

o Though not a major source of impacts along the value chain, implementation of renewable energies and 

biogas at the aquaculture facilities can further reduce impacts, particularly from organic waste generated 

during processing. 

o Distribution can be optimized. While not a large importer of Greek fishery products, limiting the export to 

overseas countries can reduce transport impacts considerably. At a minimum, preservation of the exports so 

that they don’t require fast, cooled, transport would be effective. 

o The type of fish can greatly influence biodiversity impacts (in both aquaculture and climate change). Common 

sea bream has considerably larger impacts than gilt-head sea bream because of its high feed requirements. 

In all fish, nutrient content is similar, however gilt-head sea bream and sea bass offer the highest omega 3 

and vitamin D content of the four fish types, while also having the lowest production impacts. Focusing on 

low CF fish in Greek-based fisheries would also reduce impacts, and shifting consumer preferences towards 

lower-impact fish would be beneficial. 

o The type of fishing methods have considerable differences in impacts. 

4.3 GOLD MINED IN GHANA 

It is estimated that 3,264 km2 of forest was lost directly due to industrial mining from 2000 to 2019, with 80% 

coming from 4 hotspot countries (Indonesia, Brazil, Ghana, and Suriname) [65]. Ghana is one of the leaders in gold 

production worldwide, coming in as the 8th largest producer globally (see Figure 21), at more than 100 tonnes 

produced per year in 2022 [32]. Given Ghana’s importance in global gold production, and the fact that the 

potential biodiversity impacts due to loss of forest to produce this commodity, ways to mitigate these impacts, 

were investigated in detail. 
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Figure 21: Tonnes of gold mined in 2022 for the top producing countries 

In the original deliverable aggregated EEMRIO databases were used to determine the environmental impacts of 

gold mining in Ghana and determined the GHG emissions, NOx, SOx, PM10 and 2.5, and heavy metals such as As, 

Cd, Hg, Pb, and Se per tonne of Ghanese gold mined. These results were improved to include biodiversity loss 

using a newly developed, highly resolved EEMRIO database and an LCA of the gold mining value chain. With these 

in-depth results, potentials for reducing biodiversity impacts and climate change in the gold value chain were 

identified. 

4.3.1 Environmental Impacts 

4.3.1.1 Biodiversity Loss 

Biodiversity Loss due to Land Use 

o Method 1 – UNEP-SETAC recommended ecoregion analysis 

Using the first methodology discussed in Section 3.5.1.1, the map shown in Figure 22 was generated to show a 

combination of the different types of mining areas (with the main commodity colour coded as shown in the 

legend) combined with the UNEP-SETAC ecoregions shaded according to biodiversity loss measured as potentially 

disappeared fractions per square meter (pdf/m2). The lighter the shading, the less species loss in a particular 

ecoregion. This figure was adapted from the work of Cabernard et al. [25]. Seven areas were identified as 

biodiversity loss hotspots (i.e. high ecosystem values) due to mining including Indonesia (coal), New Caledonia 

(nickel), Ghana (gold), Australia (bauxite), Brazil (iron), Chile (copper and lithium), and South Africa (diamonds). 

The extent of the gold mine operation in south Ghana is also shown as in inset in the figure, as north Ghana did 

not have any documented mining operations. Ghana consists of several ecoregions of various biodiversity 

importance (see Figure 22 inset), however the mines are located in ecoregions with relatively high biodiversity 

importance. 
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Figure 22: Global hotspots of mining-related biodiversity loss impact with global mining area coloured by commodity based 

on SNL metals and mining database. The grey scale refers to global species loss, expressed in potentially disappeared 

fraction (pdf) per square meter based on UNEP-SETAC. Figure derived from [25]. 

When comparing the biodiversity impacts of Ghana to other precious metal mining countries, Ghana is second 

only to Suriname, with a value of 3.44*10-08 PDFs per tonne of precious metal (primarily gold) mined, as is shown 

in Figure 23. This is followed by countries, all of which are located in areas with high species loss per ecoregion. 

The countries with the lowest biodiversity impacts per tonne of precious metal produced are all located in regions 

with low species loss (China, Canada, Russia, USA).  

 
Figure 23: Potentially disappeared fractions per tonne (PDF/tonne) of precious metals produced 

Figure 24 shows that Ghana alone is responsible for 1.86% of the total biodiversity loss globally (3.72*10-6 for all 

1.18*10-09
1.98*10-09

3.0*10-9
5.06*10-09

5.55*10-09
6.73*10-09

9.23*10-09
1.03*10-08

1.10*10-08
1.31*10-08

1.72*10-08
2.03*10-08
2.07*10-08
2.07*10-08

2.72*10-08
2.84*10-08

2.91*10-08
3.07*10-08

3.27*10-08
3.44*10-08

4.42*10-08

China
Canada
Russia
Brazil

USA
Australia

South Africa
Chile

Turkey
Mexico

Ecuador
Peru

Argentina
Philippines

Indonesia
Papua New Guinea

Guyana
Dominican Republic

Colombia
Ghana

Suriname

potentially disappeared fractions (PDF) per tonne of precious metal produced



D3.6 — Updated LCA and EEMRIO data (B) 

 

52 

 

 

mined materials, not just precious metals), but uses only 1.06% of their land towards mining activities. This is quite 

the opposite for countries like the USA and Russia, which utilize much more land area for mining, but only 

contribute to 0.48% of the global biodiversity impacts. This is a function of the low species loss in ecoregions 

overlapping with the mining locations for these countries. In this analysis, it was calculated that the total 

biodiversity loss was 2.0*10-4 global PDF, or 0.02% of the global species went extinct due to mining activities. 

 
Figure 24: Percentage of land use area for each country (%) for all mining compared to the percentage of the global related 

biodiversity loss (%). 

o Method 2 – Grid Cell Resolution Spatially-Explicit Species Loss Factors analysis 

The second method used to evaluate biodiversity loss in Ghana due to gold mining applied spatially explicit CFs, 

which were derived by the multiplication of local biodiversity loss (i.e., mean species abundance loss) and global 

biodiversity importance (i.e., range rarity). The goal of this assessment was to further identify hotspots and better 

understand the biodiversity footprint through the use of a spatially explicit evaluation incorporating variances 

within ecoregions, as well as incorporating updated mining area maps [27]. The range rarity (RR) maps with 

updated mining areas are shown in Figure 25 below, with the figure showing the spatial distribution of global 

biodiversity importance, expressed in RR, for animals (plants not shown, but results are similar). Globally, areas of 

biodiversity importance (higher RR values) are shown in red, with blue being areas of lowest importance. In the 

figures, a zoomed-in view of Ghana, with the current locations of mines, is shown. It can be seen that in Ghana, 

gold mines are located in areas with relatively biodiversity importance (RR) for both plants and animals, with 

certain locations being very high for animal RR. Regions with a high RR host either a high number of species, 

species that are endemic to only this region and not found elsewhere on the globe, or a combination of both. 
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Figure 25: Spatial distribution of global biodiversity importance, expressed in range rarity (RR), for animals (plants not 

shown). Blank regions in each map indicate non-available data. Mining areas are superimposed on the maps as grey areas. 

The inset shows a detailed map of Ghana showing the country borders, the mines as grey areas, and the range of the animal 

range rarity in different locations in Ghana. 

The biodiversity loss associated with mining in Ghana also took into account the local biodiversity intactness, 

expressed as the mean species abundance (MSA) metric. This measures the changes in species abundance from 

undisturbed to disturbed conditions for all species using the GLOBIO 4 model. Disturbed conditions consider 

anthropogenic pressures such as climate change, land use, fragmentation, road disturbances, atmospheric 

nitrogen deposition, and hunting and their effects on biodiversity. Only the most relevant of these pressures were 

included, which were land use (for plants), and land use, habitat fragmentation, and road disturbance for animals.  

 

Global mining-related biodiversity loss for plants and animals was quantified as endemic species abundance (ESA) 

loss. ESA loss, calculated as MSA x RR x land use for mining, found that a total of 0.034% of the assessed plant 

and animal species went to global extinction due to mining activities. Of a world total of 1, Ghana had an ESA of 

0.056037971 (plants) and 0.127945136 (animals) due to a combination of high biodiversity importance from RR 

(as shown in Figure 25) and a severe loss of local biodiversity intactness measured as MSA. The ranking of the 

countries with the highest mining-related biodiversity activities is shown in  

 

Table 19. Ghana ranked in the top 12 countries for both plant and animal species loss due to mining-related 

biodiversity impacts. 

 

Table 19: Top countries for global PDF loss for animal and plants due to gold mining activities for the countries contributing 

to 95% of the gold mining biodiversity loss impacts 

Country 
Global PDF total 

due to all mining 

Global PDF due to 

only gold mining 

Percentage 

Contribution to world 

global PDF due to gold 

mining 

Suriname 8.88*10-06 8.89*10-06 13.41% 

Guyana 9.03*10-06 8.49*10-06 12.82% 

Ghana 8.65*10-06 7.57*10-06  11.42% 

Papua New Guinea 7.35*10-06 5.56*10-06 8.39% 

Peru 2.30*10-05 5.07*10-06   7.65% 

Indonesia 6.17*10-05 4.54*10-06 6.85% 

Ecuador 4.49*10-06 4.43*10-06  6.68% 

Ghana 
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Venezuela 6.01*10-06 3.67*10-06   5.54% 

Australia 3.83*10-05 3.43*10-06   5.18% 

Argentina 3.70*10-06 2.13*10-06   3.21% 

Brazil 2.90*10-05 1.74*10-06   2.62% 

Mexico 5.10*10-06 1.58*10-06   2.39% 

Colombia 5.94*10-06 1.21*10-06   1.83% 

USA 8.47*10-06 9.32*10-07   1.41% 

Philippines 5.74*10-06 8.60*10-07   1.30% 

South Africa 7.07*10-06 7.18*10-07   1.08% 

Tanzania 6.32*10-07 5.82*10-07   0.88% 

Dominican Republic 7.13*10-07 5.42*10-07   0.82% 

Guinea 1.38*10-06 5.22*10-07   0.79% 

Bolivia 8.75*10-07 4.12*10-07   0.62% 

Russia 1.92*10-06 3.07*10-07   0.46% 

Madagascar 3.56*10-06 2.77*10-07 0.42% 

Both of these methods indicate that Ghana is responsible for high levels of biodiversity loss due to their gold 

mining activities because Ghana is located in a region with high biodiversity importance. Many mines in particular 

are located in regions with particularly high ecosystem value. Both of these methods do not consider indirect 

impacts, such as mining infrastructure, which could underestimate the biodiversity loss impacts considered here.  

 

It should also be noted that mining activities contribute to less than 0.25% of the global land use-related 

biodiversity loss, which is dominated by agriculture (75%) and forestry (15%). To reduce land-based biodiversity 

loss impacts with Ghana gold mining, future mines should be prioritized in regions that are not considered as 

important for biodiversity preservation, if that choice is available. Otherwise, mining in countries with low 

biodiversity importance should be prioritized. An additional analysis including biodiversity loss due to other 

factors, such as pollution, is detailed below. 

 

Biodiversity Loss due to Additional Factors 

Biodiversity loss due to land use for mining activities, which was investigated in detail above, is only one of the 

possible causes of biodiversity loss. As shown in Figure 2 above, there are many other factors that can contribute 

to ecosystem degradation. An additional analysis including biodiversity loss due to other factors, such as pollution, 

was conducted. This is based on documented, average mining pollution emissions. Mercury use, which is 

prohibited in mining internationally, can have a strong impact on biodiversity loss as well. However, given the lack 

of data available due to illegal activities (as it is not officially reported), it is difficult to quantify the resulting 

impacts. 

 

 

 

An LCI was developed for average gold mining activities based in Ghana. This LCI quantified the inputs and outputs 

required in the gold value chain (broken down into two major life cycle stages, Mining and Refining as one, and 

Distribution as the other). An example of some inputs would be the quantity of diesel required in mining 

machinery, the electricity required for mining ventilation, fuels required for heat production, and other chemicals 

necessary for gold mine operation. This LCI also included flows into the environment, such as heavy metals into 

the air and water. For a complete list, please see the Annex. The biodiversity loss associated with these inputs and 

outputs was quantified using ReCiPe and are summarized in Table 20 below. 

 

Table 20: Biodiversity impacts in species.yr of 1 kg of average gold production for each midpoint impact category in ReCiPe 

ReCiPe ecosystem quality results (in species.yr per kg of 

gold produced) 

Value Chain Stage 
Mining and 

refining 
Distribution 
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acidification: terrestrial 3.0*10-05 1.2*10-06 

climate change: freshwater ecosystems 1.4*10-09 2.0*10-10 

climate change: terrestrial ecosystems 5.1*10-05 7.3*10-06 

ecotoxicity: freshwater 1.0*10-04 3.5*10-05 

ecotoxicity: marine 2.0*10-05 6.7*10-06 

ecotoxicity: terrestrial 1.7*10-06 1.3*10-07 

eutrophication: freshwater 1.4*10-04 5.4*10-05 

eutrophication: marine 3.5*10-09 1.1*10-09 

land use 1.1*10-05 3.0*10-06 

photochemical oxidant formation: terrestrial ecosystems 2.9*10-05 5.6*10-07 

water use: aquatic ecosystems 6.0*10-11 1.9*10-12 

water use: terrestrial ecosystems 1.3*10-06 4.1*10-08 

total: ecosystem quality 3.9*10-04 1.1*10-04 

Results show that Mining and refining are considerable larger than the impact from Distribution, and that the 

majority of impacts in both Mining and refining and Distribution are due to freshwater ecotoxicity and 

eutrophication (28% and 40%, respectively), followed by the climate change effects on terrestrial systems. Land 

use, in the case of mining activities and as quantified by ReCiPe, is not a major driver of biodiversity loss. 

 

A scenario analysis was run (details are in the Annex), and it was found that eliminating the heavy metals in water 

flows from mining activities would reduce total ecosystem quality impacts by 4%. Replacing the diesel equipment 

with electrically operated equipment and using on-site solar would reduce impacts by a total of 10%.  

4.3.1.2 Climate Change 

Climate change is considered a contributing factor to biodiversity loss, due to increased flood risk which can be 

exacerbated by the modification of the territory morphology associated with mining activities. As such, the LCI 

detailed above was evaluated for climate change impacts, and published LCAs for the climate change impacts 

associated with gold mining were reviewed. This allowed for an in-depth analysis of the gold value chain and 

potential GHG emission reduction potentials associated with it. One study quantified GHG emissions intensity 

(kgCO2eq per kg gold) for 35 countries and found that emissions can range from as low as 4,557 kgCO2eq (Finland) 

and reach upwards of 97,197 kgCO2eq (South Africa) per kg of gold produced [35], with a production weighted 

average of 25,809 kgCO2eq per kg. Ghana’s typical emissions fall at around 16,861 kgCO2eq/kg [35]. The study 

found that the variations between country’s emission intensities can be traced mainly to the country’s energy 

sources [66], [67]. Country’s whose electricity is primarily low-carbon emitting sources tend to have lower 

emissions than country’s utilizing fossil fuels. As an example, Canada’s electricity mix is primarily hydroelectric 

(60%) and nuclear (15%), leading to an impact of 8,607 kgCO2eq per kg, and Australia’s coal (62%) and natural 

gas (21%) powered electricity mix yields an impact of 22,470 kgCO2eq per kg [35]. Substituting the energy used 

to supply the mine can offer the highest reductions (shown in Figure 26). During GHG reduction projects, energy 

substitution was found to reduce GHG impacts an average of 19%, and in some cases up to 46%. This is primarily 

dependent on the original emission intensity of the energy and the ability to source low-emission energy as a 

substitute. One way of reducing the impact of Ghanese mines, would be the incorporation of on-site energy 

sources (in particular renewables) instead of using Ghanese grid electricity.  
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Figure 26: GHG emissions abatement measures in gold mining. This figure is sourced from Ulrich et al. [35].   

Figure 26 also shows that other than energy substitution, the second source of impact reduction comes from 

improved energy efficiencies in mine operation. On demand ventilation in underground mines has reduced 

emissions by up to 24%. To further reduce ventilation needs, the electrification of underground mining equipment 

reduces emissions by eliminating diesel-powered machinery and reducing energy requirement for ventilation to 

remove particulate emissions [36]. These are all possibilities to reduce the emissions in Ghanese mines by 

considerable amounts. 

 

Another major driver of the GHG emissions associated with the gold mining is the ore grades. Average global 

impacts of gold mining are increasing due to declining gold ore grades, and were estimated to be 23,300 kgCO2eq 

per kg of gold [35], however averages between 1991 and 2006 were estimated to be 11,500 kgCO2eq per kg gold 

[35]. There is little that can be implemented to improve ore grades short of choosing mine locations that have can 

produce higher grade gold. Higher gold prices make lower grade ores economically viable for mining. 

 

The results of our own LCA are shown in Table 21. Similar scenarios were evaluated for potential reductions in the 

climate change impacts of gold mining activities. The biggest reductions came from replacing the grid supplied 

electricity with on-site renewable solar energy (30%) and replacing the natural gas used for heat production with 

straw or wood-chips (15%). 

 

Table 21: GHG impacts of 1 kg of average gold production for each value chain considered 

ReCiPe ecosystem quality results (in species.year per kg of gold 

produced) 

Value Chain Activity 

Mining and 

refining 

Distributio

n 

IPCC 2021 (kgCO2eq per kg gold) 17,741 2,537 

4.3.1.3 Other environmental stressors 

There are other environmental stressors that can contribute to the biodiversity loss associated with mining. Mining 

can be responsible for stresses on water availability for local residents, soil erosion, and pollution [68]. These can 

all be biodiversity stressors, however details of the magnitude of how these affect overall biodiversity loss are 

currently limited in LCA analysis.  

 

Information on the effects of soil and water pollution is the most studied. Pollution can be due to a failure of 

tailings storage facilities (TSFs) where mining waste is stored, which leads to excessive levels of potentially toxic 
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elements (PTEs) in soil and water. Gold mine tailings usually contain varying concentrations of heavy metals such 

as As, Co, Cu, Cr, NI, Pb, U, and Zn. Although direct relationships between pollution levels and overall biodiversity 

loss aren’t known, certain affects have been researched. For example, high concentrations of heavy metals such 

as Zn, Fe, As, Cd, Mn, and Pb and low pH (also caused by acid mine drainage) can cause bioaccumulation and 

toxic risk to the flora and fauna in nearby waterbodies. [69] Cyanide, a compound often used in gold processing, 

is toxic to many living organisms even at low concentrations. Fish and marine invertebrates are particularly 

sensitive to this, and it can reduce swimming ability and reproduction and intermediate concentrations and at 

higher concentrations it is toxic. This toxicity can be carried through the food chain to terrestrial birds and 

mammals. 

 

Acid Mine Drainage (AMD) is also a side effect of mining activities, in which sulphuric acid is released from mine 

workings (such as exposed rocks walls or waste rock piles) into the environment, thus reducing the pH of nearby 

water. It affects many countries with intense mining activities, from both active and abandoned mines, and results 

in species loss and significant structural changes to freshwater organisms, loss of species richness, and 

macroinvertebrate abundance. Organisms adapt to the harsher conditions by losing species diversity, community 

composition and abundance, and there is bioaccumulation of metals in insect larvae, thus inducing consequences 

further along the food chain. [70] 

 

Ghana’s mines can reduce the biodiversity loss due to pollution from AMD and TSFs through management of 

their TSF facilities and treating, containing, or preventing AMD from reaching waterbodies. 

 

Though not discussed as a heavy metal above, mercury is very often used in artisanal and small-scale gold mining 

(ASGM), which can cause mercury contamination in the nearby water, soil, and ultimately along the food chain, 

particularly affecting people living in the community. Biodiversity impacts of the mercury contamination can affect 

plant growth and health, and bio-accumulate in fish and continue along the food chain [71]. Figure 27 shows that 

mercury use is relatively common in Ghana’s gold mines, at 50-100 tonnes of use per year, indicating that this 

contamination can be relatively widespread. As ASGM takes place in the informal economy, regulation and/or 

replacing the mercury is difficult. It is likely that mercury will continue to be used as a means of producing gold, 

however, the implementation of measuring mercury emissions, better tailings processing/mercury trapping, and 

remediating contaminated soil through inexpensive soil additives or phytoremediation would limit the damage it 

could do to the ecosystem. Mercury recovery during the process, or the elimination of mercury use altogether, 

are the best methods for eliminating the potential damage it can cause, however. [71]  

 
Figure 27: Estimated annual mercury use in artisanal and small‐scale gold mining (ASGM). This figure is sourced from Esdaile 

at al. [71]. 
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The inputs in the LCI for average Ghanese gold production was used to quantify the heavy metals and other 

pollutants from gold mining activities. These are quantified in Table 22, including the pathways, and are provided 

in detail in the annex.  

 

Table 22: Inventory results and indicators and pathways of 1 kg of average gold production 

Compound Value Units Pathway 

NMVOCs 53.0 kilogram Emissions to air 

NOx 212.3  kilogram Emissions to air 

SOx 21.5  kilogram Emissions to air 

Ammonia 23.2 kilogram Emissions to air 

Pb 0.0 kilogram Emissions to air 

PM > 10 um 9.3  kilogram Emissions to air 

PM < 2.5 um 13.7  kilogram Emissions to air 

 

Water use in the gold mining industry is very heavy, however published ranges vary considerably (requiring from 

11 m3 to 812 m3 per kg of gold depending on the mine and processes) [41] [41] [42] [40] . We can assume an 

average value of 287 m3 per kg of gold extracted, but this is largely dependent on the ore grade as well. One can 

look at the Water Stress Indicator [43] of the top gold producing countries (shown in Figure 21) to indicate if water 

availability is likely to be a stressor in mining activities. Water stress can be divided into 5 categories: no stress (0-

25%), low (25-50%), medium (50-75%), high (75-100%), and very high (>100%). Based on the water stress results, 

Ghana is considered to be under no stress conditions (Figure 28), meaning that heavy water use in gold mining 

activities will likely not impact the availability of water for its inhabitants or other industries. On the other hand, 

water use for gold mining activities in Uzbekistan, which produces nearly an equal amount of gold yearly as Ghana, 

must be monitored closely, as the water stress index in this country reaches into the very high category at 122% 

(Figure 28).  

 
Figure 28: Water stress indicators as a percentage based on Sustainable Development Goal 6.4.2 for the top 11 gold 

producing countries. 

4.3.2 Value Chain 

A supply-chain analysis of the global mining-related biodiversity loss for metal production analysis indicated that 
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more than 75% of the global mining-related biodiversity loss was induced in a country other than that of the final 

consumption [25]. Using MRIO, this supply chain was further analysed specifically for gold mining, trade, refining, 

and final demand by [72], and is detailed in Figure 29 below. This analysis found that nearly all of the gold mined 

by Ghana in 2020 (4% of the world’s supply), was refined in Switzerland (responsible for refining 65% of the world’s 

gold), and there is no appreciable final demand for gold indicated for Ghana. However, nearly 17% of the world’s 

biodiversity loss can be attributed to this gold mined in Ghana, all of which can be exported to the final demand 

of gold in other countries for jewellery, investment, technology, and central banks. 

 
Figure 29: Supply chain analysis of the a) global gold trade and b) associated impacts on biodiversity due to land use of 

gold mining based on data from 2020. Numbers in figure refer to percentages.  This figure is sourced from Cabernard et al. 

[72] 

4.3.3 Key Points 

o Mining is a minor driver of land-use-related biodiversity loss compared to other dominant sectors such as 

agriculture and forestry, because of its relatively small land footprint. However, mining activity’s expansion 

into agriculture and forested areas exacerbates the associated biodiversity loss by forcing land use change to 

a more degraded state.   

o Location of mines is a major driver of the magnitude of biodiversity loss. Focusing mine development on areas 

in areas of less species richness (either in regions with low species loss (Method 1) or with low range rarity 

(Method 2) and/or a low MSA would reduce biodiversity impacts considerably. One way of reducing the MSA 

is to conduct mining activities around urban areas or areas already dominated by human land use instead of 

natural regions. 

o AMD should be minimized through proactive measures and TSF should be managed to lower the risk of 

failure. 

o Mercury use in ASGM should be minimized or remediated (it is a regulated substance) [73]. 

o Climate change impacts of gold mines can be significantly reduced by moving energy sources to low-emission 

sources (i.e. off-grid renewables), the use of on-demand ventilation, and by mine operations (utilizing 

electrified vehicles instead of fossil fuel operated vehicles). 

o Water use requirements in mining activities can vary considerably, but water stress in a country should be 

considered. 

o Biodiversity loss (and climate change) impacts from mining activities are very heavily outsourced to other 

countries that are importing the gold. 
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4.4 HANDICRAFTS IN BRAZIL 

The handicrafts value chain segment involves the use of natural raw materials gathered from the forest by 

indigenous populations in Brazil and altered into a product using non-industrialized manual labour. It is estimated 

that in Brazil, handicraft production generates approximately EUR 8 billion per year, and that around 8.5 million 

Brazilians work in handicraft production. Data shows that the Brazil handicraft sector is expected to grow up to 

44% between 2023 to 2030 [74]. 

4.4.1 Environmental Impacts 

Because of its informality as a sector, detailed production data, and as such, estimated environmental 

impacts/stressors such as climate change, biodiversity loss, pollution, resource use and land use change are 

difficult to calculate. Research has found, however, that Indigenous Lands (IL), or the lands where indigenous 

populations live and produce these handicrafts, store approximately 55 billion tons of carbon, that deforestation 

rates are lower in IL than in undesignated areas, that there has been a 66% reduction in level of deforestation in 

IL between 1982 and 2016, and that between 1985 and 2020, areas designated as IL increased 60-fold. [44] 

 

IL boundaries have a 10 km buffer around them. When observing the natural vegetation loss of IL, it was found 

that the 10 km boundaries have much higher rates of vegetation loss than the land area inside of the IL boundaries. 

This buffer was shown to lose up to as much as 78% of its natural vegetation from whereas the internal boundaries 

of the IL retained more than 97% of its vegetation, despite the heavy deforestation pressure immediately 

surrounding the reserve. [44] 

 

This same study analysed what the major drivers were to avoiding vegetation loss in IL territories. It found that 

ratification of indigenous land (which includes declaration of boundaries, physical demarcation, and final 

ratification) had the highest influence on reducing deforestation in IL territories. The next highest influencer was 

the proximity of the territory to a road – the farther the distance, the less vegetation loss inside the boundary of 

the IL. Other factors such as ethnicity, area, and population density did not drive changes in vegetation loss. The 

results show that designating ILs reduce vegetation loss when compared to non-IL landscapes, and effectively 

slow down deforestation rates in Brazil. [44] 

 

Main pressures to expand into IL territories, especially in Rondonia, the location of the case study, are from the 

expansion of cattle ranching, soybean and other crop cultivation, and logging. In addition, mining induces 

deforestation in certain regions as well. Table 23 shows the sectors that would potentially be competing for land 

with the handicrafts sector, as well as the EUROs generated by these sectors yearly, and the associated 

environmental impacts, pollution, and land use associated with these sectors per EURO. 

 

Table 23: Main sectors in the Brazilian economy that compete for land with the handicrafts sector and their associated 

environmental impacts per EUR generated based on year 2022 in EXIOBASE [2] 

Sector 
EUR 

(billion) 
CO2eq 

Nitroge

n 

Phospho

rus 
PM10  PM2.5  SOx  NOx  

Land use 

Crop, 

Forest, 

Pasture  

 kg generated per EUR km2 used per EUR 

Cultivation 

of oil seeds 
7.8 1.707 0.010 0.056 0.0015 0.0017 0.0008 0.015 0.00003 

Cattle 

farming 
18.6 21.923 0.015 0.196 0.0002 0.0002 0.0002 0.002 0.00006 

Poultry 

farming 
10.1 0.802 0.004 0.000 0.0001 0.0001 0.0001 0.001 0.000001 
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Forestry, 

logging 

and 

related 

service 

activities 

8.4 0.188 0.0001 0.000 0.0001 0.0001 0.0002 0.0015 0.0002 

Mining of 

iron ores 
26.2 0.174 0.000 0.000 0.0004 0.0001 0.0002 0.0011 0.0000 

Cultivation 

of crops  
49.9 0.124 0.0011 0.000 0.0001 0.0001 0.0001 0.0014 0.000002 

Assuming that the handicrafts sector was worth approximately 8 billion EURs in 2022, this amount was allocated 

as a percentage of the sectors considered competing for land, shown in Table 23 above. As an example, if 

handicrafts were not produced, the livelihoods of 6% of this amount (518 million EUR) would instead be generated 

through additional oil seed cultivation, which would in turn produce an additional 885,901,891 kgCO2eq of GHG. 

This is based on the calculation that in the Cultivation of oil seeds sector, each EUR with this sector induces 1.707 

kgCO2eq of GHG. This analysis was completed for each relevant sector, with results shown in Table 24.  

 

Table 24: Sectors that could replace the handicrafts sector if it is not supported and the resulting additional impacts 

Sector 
Added 

EURs1  

GHG 

(kgCO2eq) 
N (kg) P (kg) 

PM10 

(kg) 

PM2.5 

(kg) 

SOx 

(kg) 

NOx 

(kg) 

Land 

use 

(km2)2 

Cultivation of 

oil seeds 
0.52 8.9*108  5.4*106  2.9*107 8.0*105  7.6*105 4.4*105  7.9*106 

1.7*104 

 

Cattle farming 1.2 2.7*1010 1.8*107 2.4*108 2.9*105 2.7*105 2.3*105 2.9*106 7.1*104  

Poultry farming 0.67 5.4*108 2.6*106 0 8.7*104 8.2*104  6.0*104 8.6*105 9.6*102 

Forestry, 

logging and 

related service 

activities 

0.56 1.1*108 3.5*104 0 8.0*104  7.4*104  1.1*105 8.4*105  1.4*105 

Mining of iron 

ores 
1.7 3.0*108 7.4*104 0 7.4* 105 1.5*105  2.9*105 1.9*106 0  

Cultivation of 

crops  
3.3 4.1*108 3.4*106 0 4.6* 105 4.3*105 4.1*105 4.5*106 6.5* 03  

TOTAL 8 2.9*1010 3.0*107 2.7*108 2.5*106 1.8* 106 1.5*106 1.9*107  2.3*105  

1) Additional EUROS (billions) without handicrafts sector 

2) Land use due to Crop, Forest, Pasture (km2). Biodiversity Loss based on Glam characterizations factors for 

land use are in the Annex. 

 

It is important to note that it was assumed that no environmental impacts, biodiversity loss, or pollution occur 

due to the harvesting and production of the handicrafts. There are climate change impacts associated with the 

transport of the handicrafts to the final consumer, however. As the final supply chain is unknown for these goods, 

the climate change impacts in Table 25 can be assumed. 

 

Table 25: GHG emissions associated with transport of the produced handicraft products 

Means of Transport 
Impacts  

(kgCO2eq to transport 1 tonne of goods 1 km) 
Truck 0.6 

Train 0.05 

Sea Cargo Ship 0.01 

 

Figure 30 shows a map of Brazil, its states, the animal RR shown above completed for the mining analysis, and the 
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location of the federally recognized ILs (designated as transparent brown shapes) [75], with a zoomed in figure 

for Rondonia, the location of the case study. It can be seen that mining is not a large portion of the case study 

area (the two small black dots in the Rondonia inset map), therefore this may not be a large competitor for land 

in this case study region, especially since these mines are located outside of ILs. However, the RR in this entire 

area is already relatively high compared to global values, meaning that any deforestation or vegetation declines 

will induce largest biodiversity impacts. There is one area with a much higher RR already encompassed by ILs, as 

circled in the figure. There is another area with very high RR in the northwest corner of Rondonia that may benefit 

from additional protection through a newly designated IL, if possible. 

 
Figure 30: Indigenous territories overlaying the RR map and mining map for Brazil and the state of Rondonia. 

4.4.2 Value Chain 

There is little information about the value chain of the handicrafts from Brazil, therefore this was not evaluated. 

4.4.3 Key Points 

o The primary way to prevent deforestation is through ratification of IL territories. This has been shown to reduce 

deforestation and protect the land. Building policies and supporting indigenous populations in achieving this 

is the highest priority.  

o Teaching sustainable cultivation methods of natural resources used in handicrafts is essential to maintain a 

balance and health ecosystem in these regions, as to not induce environmental stressors due to cultivation of 

handicraft materials. 

o Protecting this culture and land will in turn reduce the potential environmental impacts that may be induced 

due to other livelihoods being pursued. 

o Expanding IL into areas with very high RR in the state of Rondonia can further protect against biodiversity 

loss. 
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5 CONCLUSIONS 

This chapter outlines the main conclusions from the analysis carried out during the second stage of Task 3.3. It 

includes the main levers for transformation for each case study, highlights limitations, and outlines future work 

that should be conducted to improve the results. 

 

This deliverable aimed to describe the second version of the LCA and EEMRIO datasets that will be used within 

the BIOTRAILS project in order to model the environmental impacts along value chains across the four case 

studies, and to determine where, along the value chain, impact reductions were possible through a scenario 

analysis. The data will be used in BIOTRAILS to identify impact hotspots in current value chains and offer 

biodiversity loss reduction potentials along the value chain by changing system inputs in collaboration with the 

stakeholders’ inputs. Efforts are carried out to integrate the results of the EEMRIO and LCA analysis into the 

Participatory System Dynamic model. The results of this integration will be described in D3.10. Results are also 

being incorporated into the production of the ESG Toolkit being developed for D4.5. The first deliverable 

comprises data on the interdependencies and linkages between sectors in an economy and allows for the 

assessment of both upstream and downstream value chain relationships, offering valuable insights into the 

environmental impacts of various industries, including their role in resource use, biodiversity loss, and emissions. 

The second deliverable used updated, highly resolved assessments for land-based biodiversity loss in the Gold 

sector and incorporated EEMRIO databases with state-of-the-art biodiversity CFs from GLAM for the handicrafts 

assessment. Baseline LCAs and a multitude of scenarios adjusting input/output flows in each of the value chain 

aspects were completed for the case studies. The addition of these LCA analyses allowed for detailed insights on 

how to transform the operations along the value chain to reduce impacts.  

 

Highly resolved EEMRIO databases, prospective LCAs and scenario analyses evaluated the potential for reducing 

environmental impacts through the implementation of lower impact possibilities. In the case of cocoa, this 

included changes in fertilizer use, eliminating or optimising irrigation systems, improving plantation waste 

management, and sustainably improving yield to reduce land use. In the fishery and aquaculture sector, 

improvements could be seen by optimizing land-based feed source countries in aquaculture systems and from 

reducing/transforming energy use at the aquaculture farms. For fisheries, the chosen fishing method and time 

could be optimized to improve yields and reduce fuel use. In the case of aquaculture, there were large differences 

in the impacts of different fish because of the varying feed requirements, and in fisheries the biodiversity loss 

varied widely depending on the fish species and type of fishing being done. In both cases, consumer preferences 

alone for lower impact fish would offer large environmental benefits. In the gold sector, two methodologies 

measuring land-use based biodiversity loss were evaluated using an updated EEMRIO database (REX). In both 

cases, biodiversity loss was evaluated depending on the location of the mine at different resolutions, and in this 

case mine locations could be chosen in locations to minimize the environmental impacts associated with them. 

LCA impacts revealed that the major contributor to gold impacts was the mining phase, with potential impact 

reductions coming through lower impact electricity (or on-site renewable energy sources), elimination of fuel-

based mining equipment, and seeking mines with high ore grades. Avoided impacts associated with the Brazilian 

handicrafts sector were evaluated using an EEMRIO database. This provided an economic based impact 

assessment of other sectors that would potentially be competing for land used by the handicraft sector. By 

protecting this sector, and essentially the indigenous tribes’ control of their land, land could remain in its natural 

state rather than be transformed into lower quality land (and thus higher biodiversity impact land) associated with 

other sectors that would potentially be competing for rights to this land. 

 

The sections below highlight the results of each case study, showing where biodiversity loss reduction potentials 

can be achieved along the value chain. This is a level of detail that was not previously available in the original 

deliverable, which rather highlighted value chain connections globally and per sector. This information can be 
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used to drive discussions with stakeholders to implement the local and operational changes necessary to work 

towards lower biodiversity impacts. 

5.1 COCOA PRODUCTION IN PERU 

Peru has had continued growth in both its cocoa export market and internal cocoa consumption over the last 20 

years. The biodiversity impacts of Peru cocoa bean production were evaluated in the first deliverable, with updated 

values included here, and the climate change impacts were calculated using an LCA developed for Peruvian cocoa. 

As was stated previously, biodiversity impacts are highly variable within the boundaries of Peru itself, and 

selectively choosing locations identified in the land-use based biodiversity loss assessment is critical in minimizing 

impacts.  

 

The LCA assessment allowed for a nuanced analyses within this product’s supply chain, including cultivation, 

processing/packaging, distribution, and methods of waste disposal. This analysis also found that land use change 

in cultivation is the primary driver of both biodiversity loss and climate change, with the remaining other inputs, 

such as farming demands, processing/packaging, and distribution, and waste disposal making up a relatively small 

portion of the impacts. Thus, as stated above, reducing land use by increasing yields (both cocoa bean and other 

harvestable products such as plantains and bananas), will most effectively reduce impacts. Outside of land use 

reduction, the results showed several concrete actions that could be taken to reduce biodiversity impacts. 

Optimizing fertilizer use (minimizing use as much as possible in combination with using organic fertilizer) would 

also reduce biodiversity impacts. Elimination or reduction of irrigation pumping or replacing diesel with biogas 

(ideally generated from on-site organic waste composting) for pump operation, should also be considered. In 

processing, replacing high impact electricity grids with renewable electricity provides immediate reduction 

potentials, and although not highly relevant to impacts, but easy to implement, reduction potentials are also 

possible by optimizing packaging choices and weights.  

 

There were limitations in this analysis. These included the level of detail available in the land use maps used in the 

land-use based biodiversity analysis. Cocoa map data was not available at a high resolution, therefore detailed 

results are limited. Higher resolution cocoa maps for the case study areas are now available, and new, highly 

detailed biodiversity loss results will be recalculated and provided in a published paper in the next phase of the 

project. In addition, on-site data for Peruvian farming conditions was limited, resulting in impacts being calculated 

for average cocoa production conditions. The inclusion of on-site resource use values (i.e. water required from 

irrigation and fuel type and volume necessary to run on-site equipment, amounts and types of fertilizers and 

pesticides used, farm waste management practices), would allow for a much more accurate impact assessment 

and more targeted reduction potential suggestions.  

5.2 FISHERY AND AQUACULTURE PRODUCTS SUPPLIED BY 

GREECE 

Greece is a major producer of fish from both aquaculture systems and fisheries from the Mediterranean basin. 

Both of these industries are associated with environmental impacts and stressors. For aquaculture, biodiversity 

reductions should be focused on feed production, as this is the largest contributor to biodiversity impacts by far. 

Fish meal and fish oil should be sourced from anchovy and not fish residues for the lowest climate change 

contribution. Land-based feed should be sourced from low impact production systems that have high yield to 

minimize land use, and from countries with low biodiversity loss impacts due to a specific crop’s production. 

Investigation into alternative feed sources should be investigated. At the processing, hatchery, and growing 
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operation level, replacement of Greek based grid electricity with on-site solar electricity offers large biodiversity 

reduction potentials. Reducing nutrient run-off through optimized feeding conditions and waste collection could 

also offer reduction potentials in terms of marine biodiversity loss due to eutrophication. For fisheries, the chosen 

fishing method (long line vs trawling) and time could be optimized to improve yields and reduce fuel use, and 

biogas could replace diesel in boat operations. In both aquaculture and fisheries, consumer preferences for lower 

impact fish would offer large, immediate impact reductions without changing any operating conditions. Certain 

aquaculture produced fish had double the impacts of others simply because of the higher amount of feed 

required, and in fisheries certain (popular) fish have very high biodiversity loss because of their limited biomass 

availability and low reproductive rates. In the supply chain, export rates to overseas countries can be minimized 

to reduce impacts associated with transport, or at a minimum products should be preserved to avoid the need for 

fast, refrigerated travel. 

 

There were several limitations in this analysis. The link between marine biodiversity loss and other midpoint impact 

indicators is limited. As an example, in the ReCiPe methodology (which is considered a rather robust impact 

assessment method), the link between climate change and the effects on marine biodiversity loss is not yet 

incorporated. There are new methods currently being developed in LCA that would include the effects of things 

like climate change, overfishing, and seabed disturbances on marine based biodiversity. Furthermore, there is little 

differentiation between different fishing methods. As such, only long line and trawling were considered as 

possibilities in the LCA fisheries analysis. Differentiating further between different fishing methods may offer 

further insights into potential biodiversity loss reductions. 

5.3 GOLD MINED IN GHANA 

Ghana is a major player in the production of gold globally, however this can induce considerable environmental 

impacts. This deliverable refined the previous assessment using the Resolved-EXIOBASE (REX) to quantify 

biodiversity loss due to gold globally in two different ways. This allowed for an evaluation of the effects of mine 

location using both UNEP’s ecoregion assessment method and a more resolved grid based intra-country 

assessment based. Both methods allowed for an evaluation of biodiversity loss for mine operation based on 

location, and showed regions in which mine should not be located (i.e. regions of high biodiversity importance) 

to minimize the biodiversity loss associated with them. In addition, LCA was leveraged, providing proven methods 

to directly reduce GHG emissions in mining activities, with findings indicating that changes in mine operations 

(changes to low emission electricity sources and replacing fossil fuel-based equipment with electric equipment) 

could reduce impacts considerably. Reducing the on-site metal run-off into nearby waterways through improved 

tailings containment and treatment systems is also an effective way to reduce run-off and reduce water-based 

biodiversity loss. However, the largest driver of impacts was due to gold ore grade, indicating that mine selection 

(i.e. high grade) is more effective than mine operation. This analysis provides a pathway to identify transformative 

potentials that can address the environmental pressures associated with mining activities. 

 

There were limitations in the gold mining assessment. The EEMRIO analysis was useful in determining locations 

where new mines should be avoided to minimize biodiversity loss, however it was limited to land use impacts, 

which are not particularly important to biodiversity loss in mine operations. The LCA was able to calculate the 

importance of other factors, such as electricity and fuel use in general mine operations, however this was based 

on average gold mine production data. Knowing existing on-site processes and resource use, such as the volume 

of water required, measured pollution levels in nearby waterways, and details of the actual mining operations 

(type of mine, amount of fuel used, ore grade, etc.) would help to target the potential transformative solutions. 
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5.4 HANDICRAFTS IN BRAZIL 

Indigenous Lands in Brazil offer a form of protection to the ecosystem, and continuing to ratify and protect these 

lands should be prioritized. The indigenous populations of these lands also contribute to the Brazilian economy 

through the production of their handicrafts, thus avoiding the environmental impacts of other sectors that may 

otherwise expand into these regions. While this analysis was rudimentary due to limited data, it offers evidence 

that protection of IL and the culture of handicrafts should be promoted as a means of protecting the forest, an 

effect of which is reducing biodiversity loss. 

 

The data available for this analysis was limited, thereby limiting the robustness of possible impact reduction 

solutions. For a more robust analysis, the quantity of material gathered, as well as the implications of this gathering 

on biodiversity loss in the forest, would help in evaluating the actual impacts of this sector compared to the 

environmental benefits of protecting IL/IT from other sector activities looking to expand into indigenous occupied 

land. 

5.5 NEXT STEPS 

The first deliverable offered an overview of the effects of the four case study sectors on the global supply chain 

and provided quantitative values such as land use, kgCO2eq, pollution amounts, and other required inputs to 

produce a certain amount of product. These values allowed for an analysis of quantifying the far-reaching effects 

of goods production across the world and determining hot spots, but did not offer assessments of how these 

effects could be transformed to reduce environmental impacts. This deliverable provided a more detailed 

assessment using a combination of additional data sources, including more detailed and highly resolved EEMRIO 

databases (REX), LCAs to identify the hotspots of each sector specific value chain, and means of reducing the 

impacts from these hotspots using scenario analysis. These LCAs shed light on the nuanced environmental 

implications of different approaches within the cocoa, gold, fishery/aquaculture, and handicraft industries, and 

provided means of achieving transformative change with regards to biodiversity. This results from this analysis 

can be used to inform future interventions for reducing the impacts of the value chain on biodiversity. The insights 

derived for each of the case studies here will be used to inform the scenarios simulation that will be carried out in 

T3.5 and described in D3.10. The potential interventions are described in Section 4 of this deliverable and 

described above in the conclusions. Furthermore, details of the scenarios evaluated are included in the Annex. 

 

More importantly, this analysis also provided insight into where current methodologies are lacking in calculating 

true biodiversity loss impacts. In the gold mining sector, biodiversity loss impacts are limited due to land use of 

mining only. Further research should include the implications of the other structures required with mining 

operation, such as road construction and other facilities that would support the mining operation. Furthermore, 

the effects of mining pollution due to dam failings, mercury use, and AMD should also be included in the 

biodiversity loss assessment. In the case of fisheries and aquaculture, there is clearly quantitative methodologies 

lacking in the inclusion of biodiversity loss due to processes such as sea-bed damage, plastic pollution, and 

impacts due to fish disease and escape from aquaculture systems, among other potential biodiversity loss 

pathways. Because many of these are currently being incorporated into LCA assessment methods, we plan to 

further investigate the optimized relationship of aquaculture feed composition. Biodiversity loss from cocoa 

production was conducted using state-of-the-art methodology, however the most accurate results would be 

available from high resolution maps, which are newly available from the case study partners. A deeper analysis of 

Peruvian cocoa biodiversity impacts based on these high-resolution map is currently being conducted.  

 

Sharing the results of this analysis with the stakeholders is the most effective way of disseminating the possible 
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interventions that have been found here. Some activities that may take place at workshops to best share results 

and receive stakeholder feedback on implementation possibilities may include the following: 

1) Stakeholder validation of findings: validate that the scientific findings of possible impact reduction 

potentials match with real-world possibilities – can these interventions easily be incorporated? 

2) Identify the roadblocks in implementing these interventions. 

3) Determine what the stakeholders view as the primary biodiversity impacts – do these reflect the same 

results as the science-based analysis, and if not, what is the disconnect? 

4) What additional questions do the stakeholders have and what do they think is missing from this analysis? 

 

Through the combination of the aggregated EEMRIO supply chain databases, the detailed land-use based 

biodiversity loss assessments, the completion of the scenario LCAs in the corresponding sectors, and stakeholder 

engagement, transformative change is within the reach of the project. 
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ANNEX: DATASETS SUPPORTING THE RESULTS 

The Annex includes an excel file (Annex.xlsx) containing the datasets supporting the results in this report. It is 

divided into 4 sections, one for each case study, and is organised as follows: 

1) Cocoa Datasets 

a. Cocoa LCI Data (C_LCI) 

b. Cocoa LCA Impacts (C_LCA) 

c. Cocoa Scenario Inputs (C_SCE_inputs) 

d. Cocoa Scenario Outputs (C_SCE_outputs) 

e. Cocoa Scenario Outputs Climate Change vs. Biodiversity (C_SCE_CCvsBIO) 

f. Cocoa Land-Use Based Biodiversity Updated Code/Calculations (C_LB_BIO) 

2) Fishery and Aquaculture Datasets 

a. Aquaculture LCI Data (A_LCI) 

b. Aquaculture LCA Data (A_LCA) 

c. Aquaculture Scenario X Inputs (A_SCE_1_through_4_inputs) 

d. Aquaculture Scenario X Outputs (A_SCE_1_through_4_outputs) 

e. Aquaculture Scenario X Outputs Climate Change vs. Biodiversity (A_SCE_1 through 4_CCvsBIO) 

f. Aquaculture Feed Biodiversity Code/Calculations (A_LB_BIO_CODE) 

g. Aquaculture Feed Biodiversity Loss Results (A_LB_BIO_RESULTS) 

h. Fishery LCI & Scenario Input (F_LCI_SCE_input) 

i. Fishery LCA & Scenario Output (F_LCA_SCE_output) 

j. Fishery Scenario Outputs Climate Change vs. Biodiversity (F_SCE_CCvsBIO) 

k. Fishery Biodiversity CFs (F_BIO_CFS) 

3) Gold Datasets 

a. Gold LCI Data (G_LCI) 

b. Gold Scenario Inputs (G_SCE_inputs) 

c. Gold LCA and Scenario Output (G_LCA_SCE_outputs) 

d. Gold Scenario Outputs Climate Change vs. Biodiversity (G_SCE_CCvsBIO) 

e. Gold Land-Use Based Biodiversity Loss Data (G_LB_BIO) 

4) Handicrafts Dataset 

a. Handicrafts EEMRIO data (H_EEMRIO) 

b. Handicrafts Biodiversity Loss CFs (H_BIO) 

 

The annex is located here: https://github.com/ecological-systems-design/biotrails_deliverable-3.6  

 

https://github.com/ecological-systems-design/biotrails_deliverable-3.6

