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Summary for Policymakers 
The challenges of mitigating climate change and of adapting to its impacts are increasingly relying on 
technological innovation to counteract and remove the negative effects of human production and 
consumption on global emissions. Innovations in the field of energy, transport and agriculture, among 
others, hold the promise of allowing the continuance of the modern industrial lifestyle while alleviating 
many of the trade-offs that come with it. However, technological innovation cannot be a panacea for the 
range of climate change impacts that societies will have to cope with in the short- and long-term. All 
innovations come with their own, unique set of benefits and drawbacks, which must cumulatively be 
considered when facilitating and incentivising their use in mitigation and adaptation strategies. Within 
the MAGIC project, technological innovations that have large effects on the water-energy-food nexus 
were investigated. The innovations covered in prior individual reports are biofuels, shale gas, electric 
vehicles (EVs), biodiversity conservation in agriculture, alternative water resources (AWR) and water-
saving irrigation.  
 
This report acts as a cross-cutting analysis that takes the potential trade-offs from each innovation within 
the WEF nexus established in the individual reports and further evaluates the innovations for their 
potential contributions to climate change mitigation and adaptation. Such a cross-cutting comparison of 
these innovations through the lens of climate change is important given that the WEF nexus exists in a 
feedback loop with both climate and human systems and plays a large role in the direction of future 
climate change. In addition to evaluating innovations based on their contributions to mitigating or 
adapting to climate change, the opportunity for effective upscaling of each innovation in the EU is 
determƛƴŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ 9¦Ωǎ ¢ŀȄƻƴƻƳȅ ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ !ŎǘƛǾƛǘƛŜǎ ό¢ŀȄƻƴƻƳȅύ ǿƘƛŎƘ ƛǎ a 
technical screening criteria by which environmentally sustainable economic activities can be identified, 
classified and verified and it can open financial channels such as green investments, green bonds or even 
for receiving funds through EU sustainable financial mechanisms.  
 
For mitigation innovation technologies, after comparing and contrast the potential benefits, trade-offs 
and bottlenecks related to each mitigation innovation, we concluded that BEVs hold the most potential 
to contribute to peruse a 1.5°C pathway which includes climate neutrality by 2050. BEVs show promise 
for decarbonizing the transport sector and contributing substantially to overall mitigation goals, but only 
when powered by renewable electricity and when additional infrastructure and behavioural change 
surrounding transport choices are incentivised. The other two innovations do not align well with the Paris 
Agreement. Advanced biofuels can contribute to the climate neutrality transition if they are used 
specifically in certain transport modes that are difficult to electrify such as freight road transport, 
however, the innovation still perpetuates the use of internal combustion engines. Additionally, biofuels 
are unlikely to effectively contribute to the 1.5°C warming limit due to 1) the uncertainty of emissions 
caused by their lifecycle, 2) uncertainty regarding the viable available quantities of materials for the 
production of advanced, less harmful biofuels and 3) their inability to cost-effectively contribute to 
sectoral mitigation targets, such as in transport due to these concerns regarding emissions and viability. 
Shale gas shows clear negative effects on the achievement of a 1.5°C warming limit through its continuing 
reliance on fossil fuel infrastructure, ongoing emissions of carbon dioxide, methane and other GHGs, as 
well as damaging the provision of important natural resources such as freshwater and ecosystems. 
 
Biofuels are considered by the Taxonomy as a transition activity that could help to lower emissions in the 
transport sector until climate neutrality is met, however, even if its use can deliver some mitigation 
benefits in the short-term, they are neither desirable because they perpetuate the use of internal 
combustion engines, a technology that is not consistent with a 1.5°C trajectory where more substantial 
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changes in the transport sector are needed such as electrification of vehicles or modal shift. By contrast, 
BEVǎΩ production and commercial use are considered under the Taxonomy as activities that substantially 
contribute mitigating GHG and are aligned to a trajectory of climate-neutrality by 2050. To increase the 
number of zero-tailpipe emission vehicles, the Taxonomy considers that all the manufacture equipment 
of BEVs is also eligible, as well as all the infrastructure needed to incentivize low-carbon transport. 
However, mining activities for the resource extraction of minerals and metals for BEVs batteries and 
equipment manufacture are not addressed under the Taxonomy. Finally, shale gas is not considered in 
the Taxonomy as in the EU hydraulic fracturing is only allowed in case of emergency shortage of gas. 
However, the Taxonomy considers the use of gas for electricity production, co-generation electricity and 
heat. The TEG recognises that unabated gas is very unlikely to meet that threshold, making it necessary 
to deploy CCS facilities for gas operators 

For adaptation innovation technologies, we found that each has a high potential to contribute to the 

adaptive capacity of the agricultural sector, improving food security as well as economic livelihoods. 

However, some trade-offs and bottlenecks still to be solved to fully develop each innovation potential. 

The use of AWR, such as wastewater or desalinated water, water-saving irrigation measures both 

contribute to a reduction of agricǳƭǘǳǊŜΩ ǿŀǘŜǊ ŦƻƻǘǇǊƛƴǘΦ IƻǿŜǾŜǊΣ ōƻǘƘ ǘƘŜ ƛƴǘŜƴŘŜŘ άŜƴŘ-ǳǎŜέ ŀƴŘ ǘƘŜ 

intersections with competing goals must be considered. In the case of the water innovations destined for 

irrigation, the overall sustainability of their implementation must include considerations of the land and 

climate type where it will be used if these can support sustainable crop cultivation. Similarly, approaches 

towards biodiversity conservation must consider the objectives of agriculture and ensure cross-

compliance between sustainably feeding the population while enabling biodiverse species to adapt to 

changes in climate and human use. 

Finally, a closer analysis of the intersections among sectoral policies and cross-compliance is needed with 

the key sectors of water, agriculture, food security, biodiversity and renewable energy, so that priority 

setting can be clarified to coherently achieve the most needed objectives across the nexus (J. Fischer et 

al., 2017; Scott et al., 2015). Biodiversity conservation, AWR and water saving-irrigation can be used 

synergistically to improve security and lessen the environmental impact of agriculture, but only when they 

are accompanied by nexus thinking in policy design and incentives that discourage predatory pricing and 

rebound effects.  

Under the EU Taxonomy, not all adaptation innovations are considered. For biodiversity protection at a 

farmland level, the Taxonomy does not establish additional criteria to that already established in the 

regulation of the agricultural practices under the CAP of the forestry. This makes this activity viable under 

the Taxonomy. However, for desirability purposes additional criteria should be introduced, for example, 

livestock effect differentiation and addressing incentives for land sharing.  

For alternative water resources, not all activities are considered under the Taxonomy. While reclaimed 

water is considered, desalination is not included as relevant. The same case applies to irrigation, which is 

currently not included in the Taxonomy because there are no significant effects in climate mitigation or 

adaptation, however, there are big environmental effects that could be significant. For this reason, the 

TEG is considering developing appropriate criteria, together with the fact that irrigation activities can 

represent a large share of portfolio investments.   
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Technical Summary 
 
Previous reports within Work Package 6 of the MAGIC Project examined individual innovations affecting 
the water-energy-food nexus. The present report seeks to bring together the findings from the individual 
evaluations of each innovation into a cross-cutting analysis comparing the trade-offs and co-benefits of 
the innovations outside of solely their effect on the WEF nexus. Given the widely differing nature of each 
of the six innovations, a direct comparison in terms of their quantitative contribution to WEF nexus 
security is difficult to make, as different metrics are required. In order to perform a more qualitative cross-
cutting analysis of the contributions these innovations make to society, we have chosen to frame them in 
regard to their contribution to the long-term security of the WEF nexus in the face of climate change. To 
do so, we categorize and evaluate each innovation based on their contribution to either mitigating or 
adapting to climate change, particularly the degree to which each innovation can contribute to the Paris 
Agreement goal of pursuing efforts to limit warming to 1.5C.  
 
Changes in climatic and biophysical conditions influence the security of the WEF nexus while, 
simultaneously, human uses of the WEF nexus, with the land use changes and emissions caused therein, 
can also exacerbate climate change. Therefore, the WEF nexus exists in a feedback loop with both climate 
and human systems and plays a large role in the direction of future climate change. Current commitments 
within Nationally Determined Contributions (NDCs) under the Paris Agreement set the world on a 
trajectory to surpass a 1.5C warming limit, indicating that large-scale changes in prevailing climatic 
conditions are likely, including temperature and precipitation patterns. Considering these projected 
impacts, technological innovations which can reduce the vulnerability of the WEF nexus to climate change 
can also play a role in mitigating the climate related impacts on humans as well as ecosystems. 
 
After establishing a qualitative assessment of whether each innovation can effectively contribute to 
mitigation or adapting to climate change, we then examine opportunities for improving implementation 
ƻŦ ǘƘŜ ƛƴƴƻǾŀǘƛƻƴǎ ǘƘǊƻǳƎƘ ǘƘŜ ǎǳǎǘŀƛƴŀōƭŜ ŦƛƴŀƴŎŜ ƳŜŎƘŀƴƛǎƳǎ ƻǳǘƭƛƴŜŘ ƛƴ ǘƘŜ 9¦Ωǎ ¢ŀȄƻƴƻƳȅΦ ¢ƘŜ 
technical screening criteria of the Taxonomy applies to a wide variety of activities based on their economic 
category, including forestry & agriculture, manufacturing, electricity-gas-steam supply, water-sewage-
waste, transportation & storage, buildings, information & communications, construction & real estate. 
The Taxonomy aims to establish a common definition of Paris agreement-aligned performance criteria 
over a set of economic activities in order to reorient capital flows towards sustainable investments, and 
foster transparency and long-term thinking in financial and economic activities. Based on the Taxonomy, 
we first assess the degree to which each innovation can potentially contribute to either mitigation or 
adaptation and then evaluate which other criteria activities should meet to avoid doing significant harm 
to other environmental objectives of the Taxonomy. 
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1) Overview  

The challenges of mitigating climate change and of adapting to its impacts are increasingly relying on 

technological innovation to counteract and remove the negative effects of human production and 

consumption on global emissions. Innovations in the field of energy, transport and agriculture, among 

others, hold the promise of allowing the continuance of the modern industrial lifestyle while alleviating 

many of the trade-offs that come with it. However, technological innovation cannot be a panacea for the 

range of climate change impacts that societies will have to cope with in the short- and long-term. All 

innovations come with their own, unique set of benefits and drawbacks, which must cumulatively be 

considered when facilitating and incentivising their use in mitigation and adaptation strategies. Work 

Package 6 of the MAGIC project sought to collect some of the most significant innovations contributing to 

reduced emissions and environmental impacts across sectors related to the water-energy-food (WEF) 

nexus. As a result, the following six innovations were selected for further investigation1: biofuels, shale 

gas, electric vehicles (EVs), biodiversity conservation in agriculture, alternative water resources (AWR) and 

water-saving irrigation. In this report, we will bring these six innovations together into a cohesive cross-

cutting analysis that will serve to compare and contrast the potential benefits, trade-offs and bottlenecks 

related to ŜŀŎƘ ƛƴƴƻǾŀǘƛƻƴǎΩ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǳǎŜ ƛƴ ŎƻƳōŀǘƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ  

5ŜǎǇƛǘŜ ŜŀŎƘ ƛƴƴƻǾŀǘƛƻƴΩǎ ŎƻƴƴŜŎǘƛƻƴ ǘƻ ǘƘŜ ²9C ƴŜȄǳǎΣ ǘƘŜȅ ŘƛŦŦŜǊ ǎǳōǎǘŀƴǘƛŀƭƭȅ ƛƴ ǘƘŜƛǊ ǊŀƴƎŜ ƻŦ 

applications and their nature as a singular device or technology (e.g. electric vehicles), a collection of 

technologies (e.g. alternative water sources), or a methodology or concept (e.g. biodiversity conservation 

on farmland). Therefore, a direct comparison in terms of their quantitative contribution to WEF nexus 

security is difficult to make, as different metrics are required. In order to perform a more qualitative cross-

cutting analysis of the contributions these innovations make to society; we have chosen to frame them in 

regard to their contribution to the long-term security of the WEF nexus in the face of climate change. 

Climate change is chosen as a framework because it both affects and is affected by the WEF nexus. 

Changes in climatic and biophysical conditions influence the security of the WEF nexus while, 

simultaneously, human uses of the WEF nexus, with the land use changes and emissions caused therein, 

can also exacerbate climate change. Therefore, the WEF nexus exists in a feedback loop with both climate 

and human systems and plays a large role in the direction of future climate change. Current commitments 

within Nationally Determined Contributions (NDCs) under the Paris Agreement set the world on a 

trajectory to surpass a 1.5°C warming limit, indicating that large-scale changes in prevailing climatic 

conditions are likely, including temperature and precipitation patterns (Rogelj et al., 2018). This indicates 

a major threat to WEF nexus security. Water resources depend on precipitation patterns. Changes to 

temperature and precipitation drive changes in species and land-based resources, thereby influencing 

                                                            
1 In this report, we have left out the analysis of the MAGIC Deliverable 6.6 on the Green ōƻƴŘǎΩ assessment, as it is 

a financial innovation which does not have a direct impact on mitigation nor adaptation but rather through the 

projects it can potentially finance. The European Green Bond Standard uses the Taxonomy as a reference for project 

financing, and it only can finance activities contemplated in the Taxonomy and must mandatory report and verified 

by a third party that activities comply with metrics and thresholds set in the Technical Annex of the Taxonomy. 
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energy and food production. These vulnerabilities to climate change represent a great risk to the security 

of the WEF nexus from climate change. 

Responses to climate change can be framed in two different approaches: mitigation and adaptation. The 

IPCC defines mitigation as a human intervention to reduce emissions or enhance the sinks of greenhouse 

gasesΦ !ŘŀǇǘŀǘƛƻƴ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άthe process of adjustment to actual or expected climate and its effects, 

in order to moderate harm or exploit beneficial opportunitiesΧέ(IPCC, 2012). Biofuels, EVs and shale gas 

are categorized here as mitigation innovations given their shared status as or use of energy carriers and 

their shared goal of decarbonising energy production to reduce emissions. They have the potential to 

ŘƛǊŜŎǘƭȅ ǊŜŘǳŎŜ ŜƳƛǎǎƛƻƴǎ ǎǘŜƳƳƛƴƎ ŦǊƻƳ ǘƘŜ ǘǿƻ ƻŦ ǘƘŜ 9¦Ωǎ ƘƛƎƘŜǎǘ emitting sectors: energy production 

and transportation. They thereby improve WEF nexus security by reducing the impact of climate change 

through emissions reductions. Innovations such as biodiversity conservation on farmland, alternative 

water resources (AWR) and water-saving irrigation are categorized under adaptation given their shared 

role in helping society adapt to future conditions of scarcity and erratic availability of land and water 

resources in the WEF nexus, as projected under current climate change trajectories. These innovations 

can help preserve the integrity of the water and food components of the WEF nexus under changing 

climatic conditions, and thereby their supply for social and economic uses. By focusing on the 

contributions that innovations in the nexus can make to both sides of the fight against climate change, a 

holistic approach to protecting nexus security against climate change can be developed. 

Figure 1: Framing of analysis in Deliverable 6.1 

 

Source: Own elaboration 
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With our two framing categories established, we now have a basis for comparison among the three 

innovations in each category. We first analyse the extent to which the innovations contribute to its 

respective category, mitigation or adaptation, by synthesizing insights from the innovation-specific 

deliverables in MAGIC Work Package 6 together with additional insights from literature. While 

quantitative comparisons will be made where possible based on the information extracted from 

deliverables and literature review, such quantitative comparison can only be made to a limited extent 

given the wide variety of the innovations and the different metrics used to assess them. Instead, the main 

narratives relating to each innovation will be summarized from each individual deliverableΩǎ work, with 

added narratives from the literature specifically related ǘƻ ǘƘŜ ƛƴƴƻǾŀǘƛƻƴΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ŜƛǘƘŜǊ 

mitigation or adaptation. Through a qualitative comparison of these narratives, a quality check will be 

made regarding 1) whether the innovations sustainably contribute to mitigation or adaptation in the long 

term and 2) whether that contribution is significant enough to adequately address potential trade-offs 

from its use. 

hƴŎŜ ŜŀŎƘ ƛƴƴƻǾŀǘƛƻƴΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜƛǊ ŎŀǘŜƎƻǊȅ ƛǎ ŎƭŀǊƛŦƛŜŘ ŀƴŘ ǘƘŜ ƴŀǊǊŀǘƛǾŜǎ ǎǳǊǊƻǳƴŘƛƴƎ ǘƘŜƛǊ 

potential contribution are expanded upon, the viability of their implementation as part of an EU 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ϧ ŎƭƛƳŀǘŜ ǎǘǊŀǘŜƎȅ ǿƛƭƭ ōŜ ŜȄŀƳƛƴŜŘ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ 9¦Ωǎ ŦƛƴŀƴŎƛƴƎ ŜƭƛƎƛōƛƭƛǘȅ ǊǳƭŜǎ ǎŜǘ ƻǳǘ ƛƴ 

the EU Taxonomy for Sustainable Finance (Taxonomy). The Taxonomy is a collection of recommendations 

and technical screening criteria by which environmentally sustainable economic activities can be 

identified, classified and verified for receiving funds through EU sustainable financial mechanisms2. The 

Taxonomy serves as a useful mechanism for our cross-cutting analysis as it also seeks to identify those 

economic activities which make a substantial contribution to the goals of climate change mitigation and 

ŀŘŀǇǘŀǘƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜǎŜ ƎƻŀƭǎΣ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ƛŘŜƴǘƛŦƛŜŘ ǎƘƻǳƭŘ άŘƻ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ƘŀǊƳέ ό5b{Iύ ǘƻ 

four priority environmental areas: sustainable use and protection of water and marine resources, 

transition to a circular economy, pollution prevention control, and protection and restoration of 

biodiversity and ecosystems. The Taxonomy integrates into our framework as it also uses mitigation and 

ŀŘŀǇǘŀǘƛƻƴ ǘƻ ŎŀǘŜƎƻǊƛȊŜ ǘƘŜ ǘȅǇŜ ƻŦ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƘŀǘ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘƛŜǎ Ŏŀƴ ƳŀƪŜ ǘƻ ǘƘŜ 9¦Ωǎ ŎƭƛƳŀǘŜ 

policy. The ¢ŀȄƻƴƻƳȅΩǎ Technical Annex acts as a guide to apply technical screening criteria to a wide 

variety of activities based on their economic category, including forestry & agriculture, manufacturing, 

electricity-gas-steam supply, water-sewage-waste, transportation & storage, buildings, information & 

communications, construction & real estate. The Taxonomy aims to establish a common definition of Paris 

agreement-aligned performance criteria over a set of economic activities in order to reorient capital flows 

towards sustainable investments, and foster transparency and long-term thinking in financial and 

economic activities. Based on the taxonomy, we first assess the degree to which each innovation can 

potentially contribute to either mitigation or adaptation and then evaluate which other criteria activities 

should meet to avoid doing significant harm to other environmental objectives of the Taxonomy. 

The report begins ƻǳǘƭƛƴƛƴƎ ǘƘŜ ƛƴƴƻǾŀǘƛƻƴǎΩ ŦǊŀƳŜǿƻǊƪ ŎŀǘŜƎƻǊƛŜǎΣ mitigation & adaptation. Next, we 

elaborate a brief summary of their assessment within each deliverable under Work Package 6 considering 

additional insights based on literature review. The overall mitigation potential of the three innovations is 

                                                            
2 https://ec.europa.eu/info/publications/sustainable-finance-teg-taxonomy_en  

https://ec.europa.eu/info/publications/sustainable-finance-teg-taxonomy_en
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synthesized at the end of each category, and the innovation with the most potential contribution is 

identified. Subsequently, we use the TaxonomyΩǎ Technical Screening Criteria to compare each 

innovation. 

2) Innovations for Mitigation 

Mitigation is defined by the IPCC as human intervention to reduce the sources or enhance the sinks of 

GHGs, as well as substances which may contribute directly or indirectly to limiting climate change, such 

as air pollution(IPCC, 2012). Transport and energy production represent two key sectors for mitigation in 

the EU. These sectors are represented by three innovations of the six ƛƴƴƻǾŀǘƛƻƴǎ ƛƴǾŜǎǘƛƎŀǘŜŘ ƛƴ a!DL/Ωǎ 

Work Package 6: electric vehicles and biofuels for mitigation in the transport sector and shale gas as a 

potential mitigation innovation in energy production. Emission reductions in these two sectors are key 

given the large share of total emissions that they represent in the EU economy. In the EU, transport 

accounts for nearly 30% of total CO2 emissions. Road transportation specifically accounts for 72% of all 

EU transport emissions(European Parliament, 2019). The power sector accounts for over 75% of 

emissions. Starting in 2011, the EU developed sectoral emissions reduction targets for each of these 

ǎŜŎǘƻǊǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ 9¦Ωǎ wƻŀŘƳŀǇ ǘƻ ŀ [ƻǿ /ŀǊōƻƴ ŜŎƻƴƻƳȅΦ ²ƛǘƘ ǘƘŜ ŀǊǊƛǾŀƭ ƻŦ ǘƘŜ 9¦Ωǎ DǊŜŜƴ 5ŜŀƭΣ 

these sectoral reduction targets have been updated to even more ambitious reduction targets by 2050. 

The overall mitigation goal in the most updated version of EU targets, the Green Deal, advocates for 

ŀŎƘƛŜǾƛƴƎ Ŧǳƭƭ άŎƭƛƳŀǘŜ ƴŜǳǘǊŀƭƛǘȅέΣ ƻǊ ƴŜǘ ȊŜǊƻ ŜƳƛǎǎƛƻƴǎΣ ōȅ нлрл ŀŎǊƻǎǎ ǘƘŜ ŜƴǘƛǊŜ 9¦ ŜŎƻƴƻƳȅΦ 

Table 1: Development of EU sectoral emission reduction targets by 2050 

GHG reduction compared to 

1990 

Roadmap to Low Carbon 

Economy (2011) 

Green Deal (2020)  

Power (CO2) -93 to 99% -100%**  

Transport (CO2)  -54 to 67%* -90% 

Total EU emissions reduction -80-95% -100%**  

*including aviation, excluding maritime 

**indicates a net reduction, including removals of existing emissions using negative emissions technologies 

Source: (European Commission, 2019) 
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Keeping these sectoral targets in mind, we analyse the potential of each of the three mitigation-focused 

innovations to contribute to these targets effectively and any potential trade-offs or risks that may exist 

among their justification narratives. 

2.1) D6.3- Quality check of Biofuels Assessment  

!ǎ ǇŀǊǘ ƻŦ ǘƘŜ 9¦Ωǎ wƻŀŘƳŀǇ ǘƻ a Low Carbon Economy, the EU maintains the target of achieving 14% of 

road transport fuelled by biofuels by 2030, with 3.5% coming from advanced biofuels. First-generation 

biofuels, or biofuels produced from food crops such as corn or sugarcane, can no longer be considered a 

viable alternative to fossil fuels due to their demonstrated negative effects on the WEF nexus (B. 

Holmatov, Hoekstra, & Krol, 2019; Bunyod Holmatov & Hoekstra, 2020; Mathioudakis, Gerbens-Leenes, 

Van der Meer, & Hoekstra, 2017) and their competition with food security & food prices through indirect 

land use change (Muscat, de Olde, de Boer, & Ripoll-Bosch, 2020; Valin et al., 2015; Wesseler & Drabik, 

2016). For this reason, the EU has effectively mandated a gradual phase out of crop-based, first generation 

biofuels by requiring that the current 7% limit of crop-based biofuels in 2020 be reduced further to a 3.8% 

limit by 2030 (Valin et al., 2015; Wesseler & Drabik, 2016). This gradual phase-out already indicates the 

eventual end of first-generation biofuels in the EU. Advanced biofuels serve as the logical next choice in 

the narrative on biofuel policy and biomass availability. However, they are also plagued by some 

sustainability concerns, although to a lesser extent than those of first-generation biofuels. Advanced 

biofuels are categorized as biofuels formed by second generation feedstocks, including lignocellulosic 

plants not used as food or feed, crop/forest residues or biogenic waste (Muscat et al., 2020; Ripoll-Bosch 

& Giampietro, 2020). The primary type of advanced biofuels produced from these feedstocks in the EU is 

advanced bioethanol. Other types are under research & development but are not available on an 

ƻǇŜǊŀǘƛƻƴŀƭκŎƻƳƳŜǊŎƛŀƭ ǎŎŀƭŜΦ !ŘǾŀƴŎŜŘ ōƛƻŦǳŜƭǎ Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƛƴ ǘƘŜ 9¦Ωǎ ƻǾŜǊŀƭƭ ƳƛǘƛƎŀǘƛƻƴ 

strategy for the transport sector as, according to the Renewable Energy Directive (RED) II, emissions 

savings from the use of these fuels are permitted to be double counted towards both the 3.5% and 14% 

target (Ripoll-Bosch & Giampietro, 2020). Research undertaken under D6.3 re-established the fact that 

first-generation biofuels lack viability through the analysis of European case studies and then assessed the 

feasibility, viability and desirability of using crop residues and agricultural waste, such as manure, to 

develop advanced biofuels. 

Four main narratives are promoted to support substitution of first-generation biofuels with advanced 

ōƛƻŦǳŜƭǎ ƛƴ ǘƘŜ 9¦Ωǎ ǘǊŀƴǎǇƻǊǘ ƳƛǘƛƎŀǘƛƻƴ ǎǘǊŀǘŜƎȅ (Ripoll-Bosch & Giampietro, 2020): 

1) Enhancing energy security by replacing fossil fuels and reducing reliance on ultimately finite 

resources 

2) Achieving climate neutrality through the use of renewable biomass 

3) Mitigating or eliminating competition with food crops 

4) wŜǳǎŜ ƻŦ άǿŀǎǘŜέ ƳŀǘŜǊƛŀƭǎΣ ƛƴŎƭǳŘƛƴƎ ǊŜǎƛŘǳŜǎΣ ǘƘŜǊŜōȅ ŀǾƻƛŘƛƴƎ ŎƻƳǇŜǘƛǘƛƻƴ ǿƛǘƘ ŎǊƻǇǎ ǘƘŀǘ 

produce other co-products, such as food or fibre 
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Together, these narratives support the idea that advanced biofuels can contribute to climate neutral 

economic development, mitigate impacts on food security and reduce total lifecycle GHG emissions, given 

that additional inputs are avoided to produce virgin material. Advanced biofuels cover a range of different 

feedstocks. In order to assess the mitigation potential of this biofuel category, the specific characteristics 

of each feedstock type must be considered. 

Lignocellulosic non-food crops make up one category of advanced biofuels including crops such as 

switchgrass, miscanthus, short rotation coppices. For dedicated lignocellulosic energy crops, many of the 

same concerns that plague first-generation biofuels are emerging. While lignocellulosic crops are not also 

used as a food source and therefore do not directly compete with food, their promotion as a source of 

fuel has been shown to have potential economic side effects on food prices (Ben Fradj, Jayet, & 

Aghajanzadeh-Darzi, 2016; Searchinger & Heimlich, 2015). Although the EU regulates the production of 

ǎǳŎƘ ŘŜŘƛŎŀǘŜŘ ŜƴŜǊƎȅ ŎǊƻǇǎ ǘƻ ƻƴƭȅ άƳŀǊƎƛƴŀƭέ ƭŀƴŘ (EU, 2018), this still competes with other uses, such 

as pasture land and land left for restoration of native biodiversity. Land use change of any land, marginal 

or otherwise, for the cultivation of crops implies a loss of the initial stored carbon in the land, resulting in 

a release of emissions. The assumption made behind dedicated energy crops is that the savings from 

replacing fossil fuels will balance out the initial carbon loss from converting land for their cultivation, 

ƪƴƻǿƴ ŀǎ ǘƘŜ άŎŀǊōƻƴ ǇŀȅōŀŎƪέ ǇŜǊƛƻŘ ƻǊ άŎŀǊōƻƴ ōǊŜŀƪŜǾŜƴέ ǇŜǊƛƻŘ (Fajardy & Mac Dowell, 2017). 

IƻǿŜǾŜǊΣ ǘƘŜ ǘƛƳŜ ǘŀƪŜƴ ǘƻ Ǉŀȅ ōŀŎƪ ǘƘƛǎ ƛƴƛǘƛŀƭ άŎŀǊōƻƴ ŘŜōǘέ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ōŜ ƘƛƎƘƭȅ ǎƛǘŜ ŀƴŘ ŎŀǎŜ 

specific, depending on many factors including the local carbon storage potential of the land converted, 

the inputs used to grow the biomass and the resulting use for the harvest biomass (Clarke, Sosa, & 

Murphy, 2019; Hanson & Searchinger, 2015). Furthermore, cultivating dedicated crops for energy still 

implies the additional use of inputs such as water, nutrients and land to produce virgin material, unlike 

the use of other advanced biofuel feedstocks like residues and waste. Therefore, for advanced biofuels 

coming from dedicated lignocellulosic crops, the actual emissions savings are highly uncertain and the 

resulting effects on overall environmental health are negative, making this feedstock type an unlikely 

candidate for contributing to mitigation. 

Regarding the use of crop residues, there is considerable uncertainty on whether the quantity of residues 

available domestically would meet advanced biofuel demand. Residues are inherently dependent on the 

quantity of overall crop production. They represent a fraction of this production, and therefore increase 

or decrease in proportion to the rate of total crop production. Residues play an important role in the 

maintenance of agricultural nutrients and soil maintenance as well as in carbon sequestration through the 

land-based sink, with a percentage of residues often required to be left on the field in order to maintain 

sustainable agricultural viability of the land (Ripoll-Bosch & Giampietro, 2020). Sustainable harvest rates 

of residues vary considerably by site and climate, due to differing levels of soil moisture, soil type and 

decay rates, among others. Globally, the International Energy Agency (IEA) has estimated that only 10-

25% of residues can be harvested sustainably (Ripoll-Bosch & Giampietro, 2020). In addition to the fraction 

of residues required to be left on the field, site-specific conditions and moisture content of residues plays 

a factor in the quantity of biofuels that can be produced from them, and these factors vary widely among 

production sites and crop management practices. All of these factors play a role in the quantity of residues 



Deliverable 6.1: Report on the carbon-intensity of case-study technologies 
 

 16 

that can ultimately be utilized to produce biofuels. Additionally, the resulting net effect on the land-based 

sink from removing residues plays a role in determining their overall mitigation potential. 

Given these sustainability constraints on the overall availability and extraction potential of residues, 

estimating the viable quantity available for potential biofuel production is an important step in assessing 

their mitigation potential. Calculations made for the EU-level potential in the case-study conducted under 

D6.3 use the primary EU residues, wheat and maize stover, to calculate the potential net energetic output 

of EU residue dry matter. The net output through advanced residue-based bioethanol is estimated at 404 

PJ, while the total final energy consumption of the EU transport sector is estimated at approximately 

13685 PJ. Therefore, net bioethanol output can only currently replace approximately 3% of EU transport 

energy needs (Ripoll-Bosch & Giampietro, 2020). Even when considering the gross energetic output of 

advanced bioethanol, approximately 3% of needed transport energy is met. This indicates a large gap 

between envisaged mitigation potential and realistic viability given the current production landscape of 

EU crop residues. 

Holmatov et al. (submitted) built upon this case study and estimated the global bioethanol potential based 

on 123 crop residues and different scenarios of residue availability (theoretical, optimistic sustainable, 

and realistic sustainable)(B. Holmatov, Schyns, Krol, Gerbens-Leenes, & Hoekstra, 2020). Their results 

indicate that the global net lignocellulosic bioethanol output can range from 7.1 to 34.0 EJ per year based 

on the assumed constraints. This output can replace between 7 and 31% of oil products used in the 

transport sector and yield a relative emission savings of 338 Mt (70%) to 1836 Mt (79%) for the oil products 

replaced, depending on the assumed constraints. For Europe, they find that the net bioethanol output 

can range from 0.7 to 3.5 EJ per year (i.e. 5-25% of total final energy consumption of the EU transport 

sector), again depending on the considered constraints. 

This relatively low future potential is reflected in the current output of advanced biofuels as a proportion 

of all EU biofuel production, with advanced bioethanol currently representing approximately only 4% of 

ǘƘŜ 9¦Ωǎ ǘƻǘŀƭ ōƛƻŜǘƘŀƴƻƭ ǇǊƻŘǳŎǘƛƻƴ (Ripoll-Bosch & Giampietro, 2020). With an already limited 

estimation of the potential for advanced biofuels from residues to contribute sustainable to EU biofuel 

demand, future increases in production potential are unlikely. Projected changes due to climate change, 

such as changes in precipitation, increased drought and heatwaves, and changing growth patterns from 

increase atmospheric CO2 have been shown through modelling to affect future crop productivity, which 

will also have an effect on the overall availability of biomass and residues as well as the sustainable harvest 

rate (Allen et al., 2018). Based on all of these uncertainties, a readily available and sustainable harvestable 

supply of biomass residues is simply not a resource that can be thoroughly relied on for mitigation. In 

addition to concerns regarding supply, the case study conducted under D6.3 falsifies the common 

assumption that residue-based biofuels automatically entail less GHG emissions than any biofuel 

produced from a first-generation feedstock. Their calculations show that the type of feedstocks 

considered, both for residues and first generation crops, greatly affects the comparative savings in GHG 

emissions. D6.3 compared the carbon footprints from wheat straw and maize stover based bioethanol to 

those of first-generation bioethanol based on sugar beets, sugar cane and maize. The results indicate that 

first generation maize-based bioethanol had by far the highest GHG emissions of the five, ethanol from 
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sugar beets had roughly equal carbon footprints to the wheat and maize residue-based bioethanol, and 

first-generation sugarcane actually had the lower carbon footprint of the five (B. Holmatov et al., 2019; 

Ripoll-Bosch & Giampietro, 2020). 

Biogenic waste, such as food waste and livestock waste, is also unlikely to serve as a long-term viable 

feedstock for advanced biofuels due to the paradox between EU waste reduction goals and 

simultaneously advocating for waste as a source of biofuels. Should EU waste reduction goals be met, 

there would be less waste to produce advanced biofuels. Finally, wastes originating from animal 

agriculture, such as manure and animal fats, also have reduction goals in order to meet targeted dietary 

changes and reductions in agricultural emissions and eutrophication and therefore are unlikely to 

contribute to biofuels over the long-term. 

Given the conclusions regarding the viability and environmental footprint of advanced biofuel feedstocks 

already drawn by D5.2 and the demonstrated uncertainties regarding viability of production from D6.3, 

biofuels represent a relatively limited potential in contributing to EU mitigation targets, due to logistical, 

technological and ecological limits. As demonstrated through the case study of D6.3, available quantities 

of residues and other waste materials are likely only able to account for a viable maximum of 

approximately 3% of EU transport fuel and are therefore not capable of achieving the RED II target of 

accounting for 3.5% of EU transport fuel by 2030. Advanced biofuels are therefore even less likely to be 

further scaled up over time to account for large shares of transport fuel. When the lack of necessary 

quantities of advanced feedstock are coupled with the demonstrated concerns regarding their overall 

carbon neutrality and their potentially large environmental footprints, their uncertainty as a mitigation 

innovation only grows.  While advanced biofuels may still be useful ŀǎ ŀ άōǊƛŘƎƛƴƎ ǘŜŎƘƴƻƭƻƎȅέ, innovations 

that can make use of non-biomass renewable fuels in the transport sector would bring far greater benefits 

in terms of emission reductions alongside reduced environmental footprints. Therefore, the analysis of 

biofuels as an innovation is closely linked to the role EVs can play in electrification of the transport sector 

and their relative contribution to EU mitigation efforts, investigated in the following section. 

2.2) D6.9- Decarbonisation of transport through innovation: the case of electric vehicles  

Alongside biofuels, EVs are one of the top mitigation options gaining traction as an innovation in the 

ǘǊŀƴǎǇƻǊǘ ǎŜŎǘƻǊΦ aƛǘƛƎŀǘƛƻƴ ƛƴ ǘƘŜ ǘǊŀƴǎǇƻǊǘ ǎŜŎǘƻǊ ƛǎ ŀƴ ƛƳǇŜǊŀǘƛǾŜ ŦƻǊ ǘƘŜ ƻǾŜǊŀƭƭ ǎǳŎŎŜǎǎ ƻŦ ǘƘŜ 9¦Ωǎ 

emissions reduction targets, as transportation plays a key role in the quality of life of citizens and the 

freedom of movement is a key concept of the EU. As increasing evidence of the uncertainties and 

environmental risks of biofuels has come to light, EVs are receiving growing support as the main means 

to decarbonize inter-urban and short distance transport. 

As identified through the work of D6.9 (CITE), the inclusion in policy of EVs as an innovation for mitigating 

emissions in the transport sector is based on narratives of emissions reductions compared to internal 

combustion engine vehicles (ICEVs), environmental protection, economic growth, security and public 

health. Ideally, these narratives are achieved together as co-benefits through the deployment and 

incentivisation of EVs. However, considerable uncertainty considering the viability of these narratives still 

exists. Most pertinent to the goal of evaluating the potential contribution of EVs to climate change 
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mitigation are the emissions reducing, environmental and public health narratives. In terms of their 

contribution to reducing emissions and the environmental footprint of transport, EVs are generally 

reported to produce fewer GHGs than ICEVs, both from their operation and production, and mitigate 

issues of air pollution due to their lack of fossil fuel combustion and particulate matter formation. 

However, whether EVs actually achieve a reduction in GHG emissions depends on their full life-cycle 

emissions, including the materials which go into their manufacturing, how those materials are extracted 

or sourced and the energy production methods used to power them (Almeida, Sousa, & Coutinho-

Rodrigues, 2019; Van Mierlo, Messagie, & Rangaraju, 2017). Additional factors such as the size of EVs and 

the driving patterns associated with their use by consumers also play a role in determining the ultimate 

mitigation potential of EVs. 

From an environmental impact standpoint, most of the emissions associated with EVs comes from their 

operational phase (Di Felice et al., 2020), which embodies the cumulative effects of emissions generated 

by the vehicles size, driving patterns of the operator and total mileage of the vehicle as well as emissions 

generated from the production of electricity used to power the vehicle. The mix of electricity productions 

used to power EVs contributes the most to uncertainty and variability when attempting to calculate the 

true mitigation potential of EVs (Cox, Mutel, Bauer, Mendoza Beltran, & Van Vuuren, 2018). Ultimately, 

in order for EVs to make a meaningful contribution to reduction in GHG emissions from transport, the 

electricity mix used to power them must come from a majority share of renewable sources. Powering EVs 

with an electricity mix with a majority share of fossil fuels only serves to shift the fossil emissions from the 

operational phase of the vehicle (in the form of fuel combustion) to the energy provision phase (in the 

form of power plant combustion of coal or natural gas), thereby resulting in no real reduction of the use 

of fossil fuels. However, changes in sales and operation of EVs must accompany changes in power supply 

for meaningful mitigation. Consumer behaviour can still negate potential emissions savings from EVs, such 

as using EVs as a second vehicle, using EVs more frequently rather than biking, walking, public transport, 

etc. or purchasing EVs that are larger than conventional ones. Particularly, some LCA studies have found 

that vehicle size can potentially negate real emissions savings if large vehicles, such as SUV-type vehicles, 

are chosen over smaller ones (Almeida et al., 2019). Large EVs can result in emissions similar to those of 

a small ICEV, especially when large EVs are still powered by mostly fossil fuel -based grids (Almeida et al., 

2019; Ellingsen, Singh, & Strømman, 2016). Therefore, incentivising environmental choices of consumers 

and enacting proper top-down regulation on manufacturing of EVs must go hand in hand with large-scale 

changes in the energy production grid in order for EVs to live up to their mitigation potential in the 

operation phase of their life cycles. 

Outside of emissions reductions in the operation/use phase of EVs, the materials used in their production 

represents the second greatest source of uncertainty regarding their mitigation potential. Despite their 

comparably lower emissions compared to the use phase of ICEVs (when powered by renewable energy 

mixes), battery EVs actually produce more emissions during the manufacturing phase than the 

comparable phase for ICEVs (Ellingsen et al., 2016; Van Mierlo et al., 2017). This is mainly caused by 

emissions and environmental impact from the manufacture of storage batteries. The most common types 

of batteries used in battery EVs today are lithium batteries, such as lithium ion or lithium phosphate 

batteries. Both the mining of raw resources, including lithium and other rare earth metals and the 
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manufacturing process cause outputs to the environment that affect eco- and human toxicity. Additional 

concerns arise from the inequity of these impacts in global supply chains. Most of the cobalt & lithium 

needed to produce EV batteries would need to be imported to the EU. For example, countries such as 

!ǊƎŜƴǘƛƴŀΣ /ƘƛƭŜ ŀƴŘ .ƻƭƛǾƛŀ ƘƻƭŘ Ƴƻǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǎǳǇǇƭȅ ƻŦ ƭƛǘƘƛǳƳ (Di Felice et al., 2020); therefore, 

the embodied resources used to mine, refine and transport this resource to Europe and the trade effects 

therein must be considered when calculating the real life-cycle environmental impact and GHG reductions 

achieved by EVs. Advancements in new battery chemistries may be able to reduce emissions and 

ecotoxicity in the production phase in the future development of EVs, such as the use of new lithium 

manganese cobalt blend batteries that have higher energy densities and therefore require less material 

use for the same amount of battery output (Almeida et al., 2019). 

In terms of human health and well-being, increased use of EVs is projected to decrease noise and air 

pollution from fossil-fuel ICEVs. This is an important contribution of EVs in addition to their mitigation 

potential, as EU road transport is the primary source of local air pollutants such as NOx and PM 2.5 (Di 

Felice et al., 2020). However, the ultimate decrease in air pollution achieved again ultimately depends 

ƘŜŀǾƛƭȅ ƻƴ Ƙƻǿ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǳǎŜŘ ǘƻ ǇƻǿŜǊ 9±Ωǎ ƛǎ ǇǊƻŘǳŎŜŘΦ LŦ ƛƴŎǊŜŀǎŜŘ ǳǎŜ ƻŦ 9±ǎ ǊŜǎǳƭǘǎ ƛƴ ƛƴŎǊŜŀǎŜŘ 

electricity demand, and this increased demand is met by increased production through fossil fuel power 

plants, then a significant decrease in overall air pollution would be unlikely to be achieved. Particulate 

matter, smog and other pollutants would still be formed at an increasing rate from fossil fuel powered 

electricity production. It is important to note that the net effect on air pollution and particulate matter 

formation must consider not only the use phase (fuel cycle) of the EV, but also its manufacturing phase 

(vehicle cycle). Therefore, although EVs can likely provide the co-benefit of improved human health 

alongside mitigation potential, this co-benefit depends strongly on the choices made in the electricity mix 

and material cycles used to power and manufacture them. 

However, the prevailing narratives on implementation of EVs for mitigation (based on their power to 

reduce fossil fuel use and contribute to both public health and economic growth) ignore inefficiencies in 

how modern urban transport infrastructure is designed in the first place. Through stakeholder workshops 

conducted under D6.9 (Di Felice et al. 2019), it was pointed out that the promotion of EVs as a one size 

fits all solution for sustainable transport ignores existing issues of inequality in transport. Given the current 

high price of EVs and the projected continuance of this trend into the future, large-scale availability of EVs 

in transport systems will continue to benefit wealthier citizens who can afford to buy them, leaving out 

existing underserved communities, unless incentives and subsidies are provided by governments (Lutsey, 

2015). This is supported by literature, which shows that, even in regions or localities where EVs are 

ǇǊƻƳƻǘŜŘ ŀƴŘ ŜȄǇƭƛŎƛǘƭȅ ƛƴŎƭǳŘŜŘ ŀǎ ǇŀǊǘ ƻŦ ŀ ŎƛǘȅΩǎ ƳƛǘƛƎŀǘƛƻƴ ǇƻƭƛŎȅΣ ŀctual uptake of EVs is limited unless 

subsidising for EV purchases and infrastructural changes, such as increased charging stations or additional 

lanes, are simultaneously implemented (Heidrich et al., 2017). Stakeholders consulted in D6.9 suggested 

that a broader set of narratives regarding sustainable transport should instead be promoted, that uses 

EVs as one component in a broader set of sustainable options including giving more space for bikes and 

pedestrians in cities and promoting the use of car sharing and public transport for longer distance trips. 

This also helps to shift the focus from high-ǘŜŎƘΣ άŜŎƻ-ƳƻŘŜǊƴƛǎǘέ ƳƛǘƛƎŀǘƛƻƴ ǎƻƭǳǘƛƻƴǎ ǘƻ ƻǾŜǊŀƭƭ ǊŜŘǳŎǘƛƻƴ 

in consumption and changes in personal and collective behaviour (Di Felice et al., 2020). Behavioural 
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change and changes in consumptive choices relating to transport choices are important components for 

comprehensive mitigation in the transport sector.  

The disparity between technological and infrastructural mitigation options is also pointed out in literature. 

Creutzig et al. (2015) finds that the choice of mitigation options differs widely between global level 

scenarios and local policy decisions made by urban governments and planners. Mitigation options related 

to transport can be generally placed in one of three categories: reducing transport demand growth, 

improving fuel efficiency or reducing the carbon intensity of fuels. While global-level initiatives and 

models, such as IAMs, broadly focus on implementing strategies to both increase fuel efficiency (through 

technological enhancements, reduction in size, etc.) or on reducing fuel carbon intensity (switching from 

fossil fuels to electric, advanced biofuels or hydrogen) the same global models have limited capacities to 

model the effects of local level policy changes in transport infrastructure, congestion pricing or 

behavioural incentives (Creutzig et al., 2015). This indicates a mismatch in the perceived mitigation 

ǇƻǘŜƴǘƛŀƭ ƻŦ 9±Ωǎ ōŜǘǿŜŜƴ ǘƘŜ Ǝƭƻōŀƭ ŀƴŘ ǊŜƎƛƻƴŀƭκƭƻŎŀƭ ƭŜǾŜƭΦ IƻǿŜǾŜǊΣ ǎǳŎƘ άŘŜƳŀƴŘ-ǎƛŘŜέ ǘǊŀƴǎǇƻǊǘ 

mitigation options that can modify the overall growth in vehicle use hold significant mitigation potential. 

In another study on transport mitigation narratives and place-based models, Creutzig et al. found that 

local mitigation strategies such as infrastructural changes and behavioural modifications could mitigate 

anywhere from 20 to 50% of urban transport emissions by 2050 (Creutzig et al., 2015). 

Despite EVs potential to contribute to mitigation and avoid the heavy use of biofuels, considerable 

uncertainties and bottlenecks still exist in terms of electricity use, material efficiency, human health 

effects and implications for broader transport infrastructure and equity. Several paths must be considered 

to combat these. In addition to pursuing technological enhancements that reduce the types and amount 

of rare earth metals needed, monitoring for ethical and sustainable supply chains or rare earth metals 

originating from the mining phase will be needed if the large-scale use of EVs is to truly achieve cumulative 

reductions in emissions and environmental footprint. Cross-border and indirect emissions caused through 

the mining of rare earth metals outside of the EU and in poorly regulated conditions is of particular 

concern for the production of batteries, similar to the production of foreign biomass imports for biofuels.  

Other factors to consider are the infrastructural changes, such as charging stations needed in urban 

centres to deploy EVs on a large scale. For example, literature shows promising reductions in overall 

emissions intensities from EVs with smaller battery sizes compared to larger ones, although this implies a 

proportional reduction in the driving range of the vehicle.  Infrastructure adjustments that allow for more 

widely available chagrin stations could reduce consumer anxiety regarding driving range and incentivise 

smaller battery sizes (Ellingsen et al., 2016).  

Finally, additional options for sustainable transport outside of biofuels and battery EVs, such as hydrogen 

fuel cell EVs (FCEVs), also exist. Although hydrogen fuel cells are a relatively novel technology that also 

faces high levels of uncertainty, initial LCA studies indicate that FCEVs may provide a more 

άŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ōŜƴƛƎƴέ ƻǇǘƛƻƴ ŎƻƳǇŀǊŜŘ ǘƻ ōŀǘǘŜǊȅ 9±ǎ ƻǊ ōƛƻƎŀǎκōƛƻŦǳŜƭ ǇƻǿŜǊŜŘ ǾŜƘƛŎƭŜǎΦ C/9±ǎ ŀǊŜ 

likely to have a lower impact on human toxicity through the manufacturing of their components as 

hydrogen has higher energy density than comparable gaseous fuels, resulting in comparatively less global 

warming and ozone depletion impact per unit (Bicer & Dincer, 2017). This, coupled with the potential for 
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hydrogen fuel cells to reduce battery size requirements while extending driving range, indicates that 

hydrogen may be the logical next step for the development of EVs and may provide greater overall 

mitigation potential through a lower environmental burden. Considering the ongoing development in 

batteries for EVs alongside innovation in hydrogen fuel cells, EVs are likely to hold greater mitigation 

potential for the EU transport sector than the large-scale implementation of biofuels. 

2.3) D6.5- Qualitative Storytelling of shale gas extraction scenarios in the EU 

The analysis of shale gas as an innovation in the WEF nexus, as carried out in D6.5, was undertaken from 

the perspective of three narratives. These were identified through an analysis of media discourse and a 

geographic survey of shale gas wells in Europe and their relative productivity, from an energy and 

economic perspective. A major narrative used in framing shale gas within Europe is the topic of future EU 

energy security relative to increasing geopolitical changes and tensions. Shale continues to be explored 

as a viable option for EU energy production as a way to substitute the closing of some gas fields in EU 

member states, such as the Netherlands, the departure of some gas-producing EU members, such as the 

UK, as well as unreliable supply from major gas-supplying EU neighbours, such as Russia. The argument of 

this narrative is that, despite overarching, long-term goals to achieve deep emissions reductions and 

switch to a renewable energy production system, natural gas will still be needed to fill the existing gap 

between the potential of renewables and EU energy demand. Therefore, the security of its supply 

necessitates continued exploration within the EU. 

Lƴ ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ ŜƴŜǊƎȅ ǎŜŎǳǊƛǘȅ ƴŀǊǊŀǘƛǾŜΣ ǎƘŀƭŜ ƎŀǎΣ ŀƴŘ ƴŀǘǳǊŀƭ Ǝŀǎ ƳƻǊŜ ƎŜƴŜǊŀƭƭȅΣ ƛǎ ŦǊŀƳŜŘ ŀǎ άƭƻǿŜǊ 

ŜƳƛǎǎƛƻƴ Ŧƻǎǎƛƭ ŦǳŜƭέ ŎƻƳǇŀǊŜŘ ǘo oil or coal, as the relative CO2 emissions for natural gas are lower than 

both coal and oil and the relative environmental impact is often lower than the extraction of coal and oil. 

However, his narrative has little supporting evidence. While supporters cite lower CO2 emissions from 

shale gas compared to other fossil fuel extraction methods, shale gas is shown in literature to have higher 

methane emissions than other gas extraction methods, resulting in a total GHG footprint similar to that 

of coal over the long term (Forster & Perks, 2012; Staddon & Depledge, 2015). Regarding the effects of 

shale gas exploration on the WEF nexus, numerous concerns and documented negative effects on water 

resources exist as a result of techniques used in the extraction of shale gas. Shale gas is extracted through 

the use of water as a fracturing mechanism for the rock. This water includes chemical solvents, known as 

fracturing fluids, to break down rock and trap natural gas (Butkovskyi, Bruning, Kools, Rijnaarts, & Van 

Wezel, 2017). Given the low efficiency rates and low water recycling rates of most shale gas wells, there 

are considerable concerns of fracturing fluid chemicals leaching into drinking water sources and aquatic 

ecosystems, with many such incidents already documented in the US. Additional toxic components can 

be released from the shale beds after fracturing. These chemicals are demonstrated to be toxic to both 

humans and ecosystems (Vandecasteele et al., 2015). 

The narrative of a lower emissions fossil fuel exists hand in hand with the complementary narrative of 

better energy productivity and cost-effectiveness. While shale gas is portrayed as an inherently 

economically viable and energetically productive technology, assessments of the viability of European 

wells show a contrasting reality. These narratives around the productivity of shale gas ignore the fact that 
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the majority of wells in the EU are unproductive, and that even productive wells quickly become 

unproductive after only a few years of use both from an economic and emissions intensity perspective. 

¢ƘŜ ŀǾŜǊŀƎŜ άŦǳƴŎǘƛƻƴŀƭƛǘȅ ǿƛƴŘƻǿέΣ ƻǊ ǘƘŜ ǇŜǊƛƻŘ ǿƘŜǊŜ ǘƘŜ ǿŜƭƭǎ ǎǘƛƭƭ ŀŘŜǉǳŀǘŜƭȅ ŀƴŘ ŜŦŦƛŎƛŜƴǘƭȅ ƳŜŜǘ 

their energy provision function, is only approximately two years for shale gas wells, while the average 

functionality window for conventional sources of natural gas is approximately 30 years (Madrid-Lopez, 

2020). Given this average functionality window, calculations can then be made of the approximate time 

by which a supply of shale gas wells will cease to be functional in energetic productivity terms. In D6.9, 

Madrid-[ƻǇŜȊ όнлнлύ ŜǎǘƛƳŀǘŜǎ ǘƘŀǘ ǘƘŜ 9¦Ωǎ ŜȄƛǎǘƛƴƎ ǿŜƭƭǎ ǿƻǳƭŘ ŎŜŀǎŜ ǘƻ ōŜ ŦǳƴŎǘƛƻƴŀƭ ōȅ нлолΣ ǘƘŜǊŜōȅ 

requiring that new drills be drilled every year after in order to compensate for this lost energy productivity. 

Meanwhile, wells that cease to be productive energetically still maintain some productivity economically 

and financially for the companies who hold them as assets. Therefore, the drilling of shale gas well would 

actually require additional energy while producing relatively little, contributing to increased methane 

ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǘƘŜǊŜōȅ ǊƛǎƪƛƴƎ ǘƘŜ ƛƴŎƻƳǇŀǘƛōƛƭƛǘȅ ƻŦ ǘƘŜ 9¦Ωǎ нлол ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴ Ǝƻŀƭǎ ŀƴŘ 

commitments under the Paris Agreement, while simultaneously propping up inefficient production and 

operation practices of fossil fuel companies.  

In addition to the demonstrated lack of feasibility of these narratives, they ignore several already growing 

trends which call into question the viability and desirability of shale natural gas as an innovation for 

mitigation. One such trend is the phenomenon of pledged, gradual phase-outs of fossil fuels, including gas 

ōȅ ƛƴŘƛǾƛŘǳŀƭ 9¦ ƳŜƳōŜǊ ǎǘŀǘŜǎΦ !ǎ ƳŜƴǘƛƻƴŜŘ ōȅ ǘƘŜ ŀǳǘƘƻǊǎ ƛƴ 5сΦфΣ ǘƘŜ bŜǘƘŜǊƭŀƴŘǎΩ DǊƻƴƛƴƎŜƴ Ǝŀǎ 

fields proŘǳŎŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ нн ōƛƭƭƛƻƴ ŎǳōƛŎ ƳŜǘŜǊǎ ƻŦ ƴŀǘǳǊŀƭ ƎŀǎΣ ƻǊ ŀǇǇǊƻȄƛƳŀǘŜƭȅ пΦпϷ ƻŦ ǘƘŜ 9¦Ωǎ 

natural inland gas consumption of 490 billion cubic metres (Madrid-Lopez, 2020). These gas fields will be 

ŎƭƻǎŜŘ ōȅ нлноΣ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ bŜǘƘŜǊƭŀƴŘǎΩ ŜŦŦƻǊǘǎ ǘƻ ǊŜŘǳŎŜ DID ŜƳƛǎǎƛƻƴǎ ƛƴ ŀŘŘƛǘion to safety concerns 

after tremors and earthquakes triggered by drilling in the gas fields (Meijer, 2019). Announcements of 

closures of key fossil fuel producing facilities is a growing trend among EU member states, with even more 

ǊŜŎŜƴǘ ŜȄŀƳǇƭŜǎ ǎǳŎƘ ŀǎ DŜǊƳŀƴȅΩǎ Ŏƻŀƭ ǇƘŀǎŜ-out plan, which pledges to end coal-fired power 

generation by 2038 (Wettengel, 2020). In a survey of 16 European countries and their regulatory & 

governance position towards shale gas, van de Graff (2018) found that only one current EU member state, 

Poland, actively supported implementing shale gas for energy production. The UK was also reported to 

actively support shale gas drilling, yet is no longer a member of the EU, and therefore cannot be fully 

factored in EU energy production and security considerations. In contrast the majority of the 16 EU states 

surveyed either banned shale gas implementation or held very cautious regulatory and governance 

positions on its implementation (Van de Graaf, Haesebrouck, & Debaere, 2018). While gas is often touted 

as a means by which member states can still reduce their dependence on coal or nuclear energy3 while 

transitioning to renewables, there is also ongoing debate among member states regarding the rationale 

behind including fossil gas projects under eligibility for the use of Green Deal funds (Stephenson & Shaw, 

2013). As of July 2020, dissenting opinions exist within the European Commission and European 

Parliament regarding using the planned Just Transition Fund under the Green Deal for gas projects (Abnett 
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& Strauss, 2020). Further exploration of this issue will be undertaken in a comparison of shale gas projects 

activities against the Technical ScreeƴƛƴƎ /ǊƛǘŜǊƛŀ ƻŦ ǘƘŜ 9¦Ωǎ {ǳǎǘŀƛƴŀōƭŜ CƛƴŀƴŎŜ ¢ŀȄƻƴƻƳȅ in section 4. 

In addition the lack of feasibility for shale gas from a productivity, governance and emissions reduction 

perspective, rapidly declining costs for renewable energy production relative to traditional fossil fuel 

technologies shows little economic or energetic incentive for significantly in shale gas wells that will only 

become an energetic and economic liability over time, while the relative cost and productivity of 

renewables such as wind, solar PV or hydrogen show trends of increasing in the future with technological 

advancements and market adjustments (Child, Kemfert, Bogdanov, & Breyer, 2019). As identified in D6.3, 

ǘƘŜ άŦǳƴŎǘƛƻƴŀƭƛǘȅ ǿƛƴŘƻǿέ όŜΦƎΦ ǘƘŜ ŎƻƳōƛƴŜŘ ŜƴŜǊƎȅ ŀƴŘ ŜŎƻƴƻƳƛŎ ǊŜǘǳǊƴǎ ŦǊƻƳ ŀ ǘŜŎƘƴƻƭƻƎȅύ ŦƻǊ 

renewable energy production technologies remains stable over a much longer time period despite the 

aging of infrastructure, compared to shale gas wells, due to non-depletable resources (e.g. sun, wind vs. 

natural gas). Therefore, not only is mitigation unlikely to be achieved through the use of this innovation, 

it is actually likely to be put in jeopardy as it results in a greater quantity of fossil fuels being extracted and 

emissions of GHGs, such as methane, with longer time horizons and more intense global warming 

potential. Furthermore, it represents a severe ecotoxicological risk to the WEF nexus through its use and 

pollution of water resources, which dampens the ability of ecosystems and society to respond to climate 

change. 

2.4) Overall mitigation potential of innovations 

Here we summarize and expand upon the main findings from the cross-cutting analysis of the three 

mitiƎŀǘƛƻƴ ƛƴƴƻǾŀǘƛƻƴǎ ƛƴǾŜǎǘƛƎŀǘŜŘ ƛƴ a!DL/Ωǎ ²ƻǊƪ tŀŎƪŀƎŜ сΥ ōƛƻŦǳŜƭǎΣ ōŀǘǘŜǊȅ 9±ǎ ŀƴŘ ǎƘŀƭŜ ƎŀǎΦ 

Through a cross-comparison of these innovations, we identify conflicts as well as synergies or interlinkages 

that can benefit EU mitigation strategy in its future development. As already concluded in the work of 

D6.5 and our own cross analysis, shale gas holds negligible mitigation potential over the long term for EU 

energy production. It is mainly incentivised in the modern energy mix as a financial resource rather than 

a productive energy resource. Furthermore, its methane emissions are enough cause for concern to rule 

out its efficacy in mitigating climate change. Therefore, this innovation is not considered further in our 

analysis of potential mitigation innovations. We will focus primarily on investigating further the 

interlinkages between and uncertainties associated with biofuels and battery EVs. 

The question of whether biofuels and battery EVs can contribute to climate change mitigation, and to 

what extent, is heavily debated within literature and policy circles. However, given the presented evidence 

through the investigative work done across D6.3 and D6.9, it is clear that biofuels can only play a limited 

role in overall mitigation goals if sustainable limits on natural resources and the balance of land-based 

carbon is to be maintained. While LCA and environmental footprint studies, such as that undertaken by 

Holmatov et al. (2020) (see Figure 2 below), show that biofuels clearly reduce CO2 and other GHG 

emissions compared to fossil fuels, there is a steep price to pay in the use of resources such as land and 

water relative to the mitigation attained. This jeopardizes other aspects of climate mitigation, resilience 

and adaptation. Furthermore, degradation of land resources through the large-scale cultivation of 

biomass and the resulting cumulative losses in soil organic carbon over the long-term remain highly 
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uncertain. Additionally, as demonstrated through the case studies showcased in D6.3, even advanced 

biofuels remain highly uncertain in terms of their feasibility (whether the quantity of secondary resource 

such as residues and waste is sufficient to meet demand), viability (whether the technological processes 

needed to produce these biofuels will be developed in a timely manner, whether the use of resources is 

economically beneficial or efficiency) and their desirability (whether the use of secondary resources will 

entail negative effects on cycles of nutrient replenishment in soils and ecosystem in which residues and 

wastes play a part). Therefore, although biofuels do indeed reduce emissions compared to fossil fuels, the 

environmental and economic risks associated with large-scale production of advanced biofuels involves 

high risk and most likely outweighs the potential mitigation benefits. 

Considerable work was conducted by Holmatov & Hoekstra (2020) comparing the relative carbon, land 

and water footprints among fossil fuels, biofuel blends and electricity from both biomass and solar power 

as well as solar-powered hydrogen (Bunyod Holmatov & Hoekstra, 2020).  

Figure 2: Environmental Footprints of Alternative Fuels, units/driver/year 

 

B20: 20% biodiesel from rapeseed and 80% conventional diesel; E85: 85% bioethanol from sugar beet and 15% conventional 

gasoline; Bioelectricity: from sugarcane biomass; All assuming circular production (using bioenergy to produce bioenergy) 

*Land footprint (LF) of solar electricity is calculated as the inverse of annual electricity generation per m2. Annual electricity 

generation assumptions are: averagŜ t± ǎƻƭŀǊ ƳƻŘǳƭŜ ŜŦŦƛŎƛŜƴŎȅ ƛǎ мс҈Σ ǎƻƭŀǊ ƛƴǎƻƭŀǘƛƻƴ мтлл ƪ²Ƙ Ƴн ȅŜŀǊπмΣ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ 

ratio is 75% 

*Water footprint (WF) of hydrogen production through electrolysis includes both direct WF (water as feedstock for electrolysis) 

and indirect WF of solar PV-generated electricity used in hydrolysis 

Source: (Bhandari, Collier, Ellingson, & Apul, 2015; Bunyod Holmatov & Hoekstra, 2020) 
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As can be seen in Figure 2, electric vehicles can provide an exponentially smaller overall environmental 

footprint compared to biofuel powered vehicles, under the studied consumer driving patterns (Bunyod 

Holmatov & Hoekstra, 2020). Surprisingly, this data also indicates that some biofuels blends, such as the 

B20 blend of rapeseed oil and conventional diesel fuels, actually have greater carbon footprints than 

purely fossil-based fuels due to the additional emissions from production of nitrogen fertilizer used in 

growing biomass and changes in soil from land use change and harvesting (Bunyod Holmatov & Hoekstra, 

2020). The true impact of the land footprint from biofuels is shown when consumer behaviour and the 

accumulation of impacts with km driven per driver and year is added to the picture, as shown in Figure 3. 

Here, Holmatov & Hoekstra (2020) assumed vehicle driver profiles with behaviour consistent with average 

annual driving distance per car driver in the US is 13476 miles (Bunyod Holmatov & Hoekstra, 2020; United 

States Department of Transportation- Federal Highway Administration (FHWA), 2018), equivalent to 

21687 km, to calculate footprints based oƴ ǘƘƛǎ άǘȅǇƛŎŀƭ ŘǊƛǾŜǊ ǇǊƻŦƛƭŜέ ǇŜǊ ȅŜŀǊΦ  

Using this metric, biofuels still have significant carbon footprints and far higher land and water footprints 

compared to gasoline. In comparison, solar and hydrogen electricity represent very small footprints across 

the board. Solar electricity entails carbon, land and water footprints of 0 kg CO2eq/driver/year, 20 

m2/driver/year and 3 m3/driver year, respectively, while hydrogen electricity represents 0 

CO2eq/driver/year, 50 m2/driver/year and 8 m3/driver/year, respectively (Bunyod Holmatov & Hoekstra, 

2020). It is important to note that when considering the carbon footprint for solar and hydrogen 

electricity, raw material extraction and manufacturing of production components was not included. 

Therefore, given the ŀǳǘƘƻǊǎΩ methodology comparing environmental footprint to typical driver profile, 

solar electricity shows the most favourable overall environmental footprint. An important aspect to 

consider from this study is that only biofuels blends (e.g. biofuels combined with some proportion of fossil 

fuels) were evaluated. Furthermore, the biofuels studies are all first-generation biofuels, as their 

feedstock (rapeseed and sugar beet) are also food crops grown for human consumption. Advanced 

biofuels produced from non-food crops or residues were not compared in this study yet, as demonstrated 

in the work of D6.3, they face many of the same concerns as first generation biofuels.  

Regardless of the feedstock chosen for biofuel production, biofuels must inherently draw from a resource 

base (biomass) that is already placed under many competing demands for global food, feed and fibre and 

whose integrity and health is already severely threatened by ongoing climatic changes. Even with ongoing 

mitigation action, it is likely that some degree of change in climatic condition affecting biomass production 

will be inevitable. Figure 4 gives an overview of the key factors influencing the viability of biofuels for 

mitigation as well as color-ŎƻŘŜŘ ƛƴŘƛŎŀǘƻǊǎ ƻŦ ŜŀŎƘ ŦŀŎǘƻǊΩǎ ǾŀǊƛŀōƛƭƛǘȅ ŀƴŘ ǎŜƴǎƛǘƛǾƛǘȅ ǳƴŘŜǊ ǇǊƻƧŜŎǘŜŘ 

future changes in climatic and socio-economic conditions. Green indicates that favourable changes are 

already being undertaken or are highly likely based on current trends. Yellow indicates existing uncertainty 

regarding either positive or negative trends in a factor, or that trends that affect a factor are occurring 

simultaneously in both directions. Red indicates that a factor is likely to be negatively affected by ongoing 

Ǝƭƻōŀƭ ŎƘŀƴƎŜ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǿƛƭƭ ƘŀǾŜ ƭƛƳƛǘŜŘ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ƛƴƴƻǾŀǘƛƻƴΩǎ ǾƛŀōƛƭƛǘȅΦ CƻǊ 

biofuels, projections show a steady increase in EU bioenergy demand over time, largely due to favourable 

incentives for its use established in EU energy policies, such as RED II, and the established biofuels target 

for mitigation in the transport sector. However, a majority of its key factors either show likely negative or 
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stagnant progress under ongoing global change. Biomass is and will be constantly under pressure from 

competing demands other than fuel, such as for food, feed and fibre. Assumptions on future crop yields 

vary considerably according to different models used in projections and estimated effects of future 

drought and precipitation intensity on crops. Although calls for reducing consumption of animal products 

abound, animal product consumption has remained relatively constant in the EU, and continues to 

increase in other parts of the world. Finally, the efficiency of global biomass supply chains remains highly 

uncertain, as an agreed methodology for calculating the indirect land use effects from biomass cultivation 

and trade does not yet exist. Although the technology for producing biofuels is certainly feasible, based 

on these factors, its viability and desirability remain highly questionable. 

Figure 3: Factors affecting feasibility, viability and desirability of biofuels; Adapted from Ripoll-Bosch & Giampietro (2020) 

 

Source: (Ripoll-Bosch & Giampietro, 2020) 

Alternatively, Figure 5 shows the factors contributing to the viability of EVs. Unlike biofuels, EVs are not 

dependent on a resource base already being pushed to the brink of exhaustion, like biomass. Two of the 

most important factors in the overall mitigation potential of EVs, a steady supply of carbon-neutral, 

renewable electricity and advancements in battery technology and manufacturing allowing for greater 

resource efficiency, while not yet fully achieved, show considerable progress and are projected under 

future trends and modelling to improve markedly in the near future. Other important factors, such as 

government promotion and economic incentives for EVs, demand from consumers for EVs and changes 

in transport infrastructure to support EV use, show little current progress but high rates of discussion 

within literature and policy circles, indicating likelihood that beneficial changes may be made to these 

factors in the near future. Supply chains for metals and other materials required for EVs represent the 
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only factor that still represents considerable concern and ongoing negative environmental and socio-

economic effects. Considerable progress still needs to be made to advance sustainable supply chain 

tracing and ethical extraction procedures. 

Figure 4: Factors affecting feasibility, viability and desirability of EVs 

 

Source: Own elaboration with inputs from (Bicer & Dincer, 2017; Creutzig et al., 2015; B. Holmatov et al., 2019; 

Bunyod Holmatov & Hoekstra, 2020; Kluts et al., 2017; Mathioudakis et al., 2017; Mekonnen et al., 2016; Ripoll-

Bosch & Giampietro, 2020; Tanç, Arat, .ŀƭǘŀŎƤƻƐƭǳΣ ϧ !ȅŘƤƴΣ нлмфΤ ²ŀƴƛǘǎŎƘƪŜ ϧ IƻŦŦƳŀƴƴΣ нлнлύ 

From this cross-analysis of transport mitigation innovations, EVs hold the most potential to contribute to 

mitigation of the transport sector compared to biofuels. Although substantial issues still remain to be 

addressed regarding their life cycle emissions from material and mining, the inequality and environmental 

effects on the nexus from their extraction and the remaining need for greater efficiency and storage 

capacity to realistically compete with fossil fuels or other alternative fuel sources, the sensitivity of their 

inputs to competing societal demands and changing climatic conditions is far less compared to those of 

biofuels. This contributes to their long-term viability as a transformative power in the transport sector, 

whereas the capacity of biofuels is inherently restricted by supply limitations and competing demands on 

biomass. Furthermore, they place the least pressure on the WEF nexus of the three innovations studied 

here. Comparatively, biofuels have a relatively limited potential in contributing to EU mitigation targets. 

While their potential as a bridging technology may still be useful, ultimately a switch to full electrification 

using a high proportion of electricity generated through non-biomass renewables would bring far greater 

benefits in terms of emission reductions and mitigation efforts. Therefore, the analysis of biofuels as an 

innovation is closely linked to the role EVs can play in electrification of the transport sector. 
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3) Innovations for Adaptation 

Among observed climate change impacts, the average temperature in Europe has been increasing and 

high temperature extremes have become more frequent (Sari Kovats et al., 2014). Changes in 

precipitation and increasing mean sea level are among the many impacts Europe is already experiencing. 

Chapter 23 in the IPCC fifth assessment report is concerned with these impacts, their sectoral implications 

and opportunities to adapt (Sari Kovats et al., 2014). Even under an increased global mean temperature 

in line with the goals of the Paris Agreement to stay well below an increase of 2°C, higher temperatures 

and climate extremes will become the norm. Climate related hazards such as heat waves, droughts, forest 

fires, floods and storm surges are undoubtedly associated with serious consequences on socio-economic 

sectors, including agriculture, forestry, energy production and tourism (Sari Kovats et al., 2014). The 

innovations addressed here for the purpose of adaptation are closely linked to the WEF nexus through 

adaptation of biodiversity and water resources to changing climatic conditions and the resulting security 

of food and agriculture. Water-related impacts due to climate change are being experienced in the form 

of more severe and more frequent droughts and floods. Increasing temperatures, changes in precipitation 

and hot spells are among the global projected impacts which highly affect the availability and quality of 

water. At the same time, overall water requirements are projected to increase with increasing 

temperatures (Hoegh-Guldberg et al., 2018). Especially for the agricultural sector, where limitations to 

irrigation water already restrict agricultural production, adaptation is imperative. However, the 

maintenance and resilience of biodiversity is also important for agricultural production. Biodiverse plant 

and animal resources help provide societies with resilient plant species, genetic resources and ecological 

elements that strengthen ecosystem linkages to fight pests and preserve nutrient flows. 

Therefore, biodiversity and water can be viewed as pillars that support overall food security and 

agriculture. In human systems, adaptation is defined as the process of adjustments to actual or expected 

climate and its effects, in order to moderate harm or exploit beneficial opportunities. As for natural 

systems, it is the process of adjustment to actual climate and its effects; human interventions may 

facilitate adjustment to expected climate and its effects (Rogelj et al., 2018).  Furthermore, adaptive 

capacity is defined as "the ability of a human system to adjust to climate change (including climate 

variability and extremes), to moderate potential damages, to take advantage of opportunities, or to cope 

with the consequences" (IPCC, 2012; Williges, Mechler, Bowyer, & Balkovic, 2017).  Many approaches 

exist to evaluating adaptive capacity. One frequently used evaluation method is the Sustainable 

Livelihoods Approach (SLA) which measures adaptive capacity by the abundance of five types of capitals, 

including physical, natural, social, human and financial capital (Williges et al., 2017). By this evaluation 

method, adaptive capacity relies both on maintenance of stocks of natural resources, but also socio-

economic development and the ability for societies to stabilize and develop their sources of livelihoods. 

In this regard, agriculture plays an important linking role between the use of natural resources, the 

conversion of natural resources into secondary resources useful for humans, and the provisioning of 

income and livelihoods. Literature supports the idea that considering the effects of climate change on the 

WEF nexus is necessary in order to evaluate overall adaptive capacity (Scott, Kurian, & Wescoat, 2015).  

Given these intersecting dimensions of agriculture with adaptive capacity, the degree to which each of 

the adaptation innovations contributes to agricultural stability in the face of climate change will form the 
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backbone of the analysis here. The EU published its Adaptation Strategy in 2013, outlining eight key 

actions for facilitating adaptation across its member states (European Commission, 2013). Agriculture was 

identified as a particularly vulnerable sector to climate change, as well as cohesion policy and fisheries. 

²ƛǘƘƛƴ ƛǘǎ ŜƛƎƘǘ ƪŜȅ ŀŎǘƛƻƴǎΣ άŎƭƛƳŀǘŜ-ǇǊƻƻŦƛƴƎέ ǘƘŜǎŜ ƪŜȅ ǾǳƭƴŜǊŀōƭŜ ǎŜŎǘƻǊǎ ǘƘǊƻǳƎƘ ǘƘŜƛǊ ǇƻƭƛŎȅ 

instruments is identified as the sixth key action. The CAP is specifically mentioned as the main policy 

instrument to facilitate the climate-proofing of European agriculture.  

Figure 5: Interactions among the WEF nexus affecting adaptive capacity and agriculture 

 

Source: Own elaboration based on Messina (2019) 

The following section discusses three innovations that can improve adaptive capacity and food security 

via improvements in the sustainability of water and biodiversity: biodiversity conservation on agricultural 

land, alternative water resources (AWR) and water-saving irrigation. The narratives supporting their 

adaptation potential, possible trade-offs and interactions among them will be analysed and discussed. 

Within biodiversity, two competing narratives, and the use of these narratives in existing EU policy 

mechanisms towards biodiversity conservation, are explored to examine potential trade-offs with other 

aspects of adaptation, such as food production or bioenergy growth. AWR involves the use of reclaimed 

wastewater and desalinated water in agriculture is examined for potential adaptation benefits in water 
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stressed areas. Next, innovative water-saving irrigation methods are reviewed to assess their potential 

contribution to more resource-efficient and productive agriculture under changing climatic conditions. 

Once combined, the overall contribution of each innovation to adaptive capacity through agriculture and 

the potential resulting trade-offs are assessed. 

3.1) D6.4- Intervention directed towards environmental protection: Biodiversity 
conservation on agricultural land   

Biodiversity can help strengthen the adaptive response of both human and ecological systems to climate 

change. Diversity of species and habitats provides a greater variety of genetic and natural resources, 

providing a better probability that ecological systems will be able to withstand the extreme and rapidly 

evolving climatic conditions brought on by climate change (Zabel et al., 2019). For example, preserving a 

broad spectrum of plant and crop varieties allows for the improved selection of varieties suited to higher 

temperatures or more saline environments from sea level rise, thereby contributing to food security. 

Maintaining animal species diversity and interactions in ecosystems helps keep the chain of predation in 

check and acts as a natural control on vegetative growth, pests, and diseases (Egli, Meyer, Scherber, Kreft, 

& Tscharntke, 2018). Supporting diverse species of trees allows for continued provision of timber and fibre 

materials under a changing climate, while also providing habitat for animals and contributing to stability 

of soils. These are all examples of the ways in which biodiversity can help both ecological and human 

systems adjust to climate change. Maintaining biodiversity is already a key component of adaptation 

methodologies such as nature-based solutions (NbS) and ecosystem-based adaptation (EbA). 

Climate change adds on to other anthropogenic drivers, such as overexploitation, agricultural activity and 

urban developments as major threats to biodiversity. Around 25% of globally assessed plant and animal 

species, representing approximately 1 million different species, are already threatened by extinction due 

to ongoing habitat loss and environmental destruction (Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services, 2019). This potential loss of biodiversity has far-reaching effects on 

other ecosystem components and economic sectors. Biodiversity dynamics often play key roles in 

maintaining ecosystem stability, including controlling vegetation, pests and biogeochemical cycles. 

Furthermore, losses of biodiversity greatly impact agriculture, such as loss of pollinators, natural predators 

of pests and protective symbiotic interactions among species. A wide variety of climatic variables can 

directly cause the loss of biodiversity due to physiological reasons, such as increasing temperature, sea 

level rise, more extreme precipitation and volatile flood/drought cycles.  

The main narratives and trade-offs associated with EU biodiversity policy, as identified by the work within 

D6.4, revolve around issues of EU policy coherence, measurable indicators for biodiversity progress and 

the ongoing conflict between the simultaneous goals of improving agriculture and increasing food 

production while preserving biodiversity (Kok, de Olde, de Boer, & Ripoll-Bosch, 2020; Kok, Oostvogels, 

de Olde, & Ripoll-Bosch, 2020). These narratives link and feed into one another. A lack of universally 

agreed upon metrics for assessing biodiversity as well as conflicting goals within EU policies regarding 

competing demands of food production and biodiversity conservation both contribute to the lack of 

existing EU biodiversity policy coherence. This lack of policy coherence and sometimes conflicting policy 
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goals thereby creates a cycle that contributes to a lacking consensus on assessment methods and priority 

ǎŜǘǘƛƴƎ ŦƻǊ ŀŎƘƛŜǾƛƴƎ ƳǳƭǘƛǇƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ǎƻŎƛŀƭ ƻōƧŜŎǘƛǾŜǎ ŀƭƻƴƎǎƛŘŜ ōƛƻŘƛǾŜǊǎƛǘȅΦ ¢ƘŜ 9¦Ωǎ 

biodiversity policy landscape consists of several interlinking policies across nature protection, agriculture 

and economics. The EU Biodiversity Strategy 2020, authored in 2010 and released in 2011, forms the 

backbone of EU biodiversity policy and brings together initiatives and regulations across multiple policy 

domains to achieve six primary targets. Within these targets, sub-targets are set for proportions of 

habitats and species to be assessed. In the original Biodiversity Strategy (2011), sub-targets were set to 

improve or achieve the favourable conservation status of 34% of habitats and 26% of species protected 

under the Birds and Habitat Directives, which govern which species and habitats are most in need of 

protection. Completion of .the Natura 2000 network, a system or protected areas throughout the EU 

established to protect habitats and species indicated by the directives, is an additional component of this 

target. Biodiversity-related measures are to be incorporated into related sectoral policies, such as 

ŀƎǊƛŎǳƭǘǳǊŜΣ ŦƻǊŜǎǘǊȅ ŀƴŘ ŦƛǎƘŜǊƛŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘŀǊƎŜǘǎ ǳƴŘŜǊ ǘƘŜ 9¦Ωǎ нлнл .ƛƻŘƛǾŜǊǎƛǘȅ Strategy should 

contribute to combating invasive/alien species and assist in halting biodiversity loss on the global scale as 

ǿŜƭƭΦ !ƴ ŜȄǘŜƴǎƛƻƴ ƻŦ ǘƘŜ 9¦Ωǎ .ƛƻŘƛǾŜǊǎƛǘȅ {ǘǊŀǘŜƎȅ ǘƘǊƻǳƎƘ нлол ǿŀǎ ǇǳōƭƛǎƘŜŘ ǘƘƛǎ ȅŜŀǊ όнлнлύΦ Lƴ ǘƘƛǎ 

update, an ambitious goal of achieving protected areas over 30% of EU land cover and 30% of EU sea area 

was established. This represents an effort to expand the currently established Natura 2000 protected 

areas, which to date represent 18% of EU land cover and 6% of EU sea area (European Commission 2009). 

This planned extension of EU protected areas in order to better conserve biodiversity may have trade-offs 

for key economic sectors, such as agriculture and forestry. Currently, the Natura 2000 network is made 

up of approximately 40% agroecological areas, including both arable land and pasture, and 50% forest 

ecosystems  (European Commission, n.d.-b). An expansion of the total land covered in protected areas 

from 18% presently to 30% by 2030 would likely result in increased restrictions on the use of some existing 

agricultural or forested land. As agriculture is a sector with particularly close ties to biodiversity, the 

Common Agricultural Policy (CAP) plays a key role in helping to attain goals under the Biodiversity Strategy 

and create co-benefits from the two agendas. The EU Biodiversity Strategy (2011, p.6) specifically 

mentions agricultural objectives in its Target 3A, with ŀ Ǝƻŀƭ ǘƻ άōȅ нлнлΣ ƳŀȄƛƳƛǎŜ ŀǊŜŀǎ ǳƴŘŜǊ ŀƎǊƛŎǳƭǘǳǊŜ 

across grasslands, arable land and permanent crops that are covered by biodiversity-related measures 

ǳƴŘŜǊ ǘƘŜ /!tέΦ hǘƘŜǊ ŀŎǘƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ .ƛƻŘƛǾŜǊǎƛǘȅ {ǘǊŀǘŜƎȅ ƛƴŎƭǳŘŜ ƛƴŎǊŜŀǎƛƴƎ ŘƛǊŜŎǘ Ǉŀyments to 

farmers for achieving environmental objectives and cross-compliance initiatives with CAP environmental 

standards (Kok, Ripoll-Bosch, de Olde, Muscat, & de Boer, 2020). The cross-compliance aspect of the CAP 

is particularly important for achieving biodiversity conservation in agricultural areas as it makes payment 

to farmers conditional on their adherence to environmental and animal welfare standards (EU, 2017a). 

Other parts of the CAP, though, leave room for biodiversity measures to be ignored. The Rural 

Development Programme (RDP) requires each member state to choose four priority areas out of a list of 

six, within which biodiversity conservation is included (Kok, Ripoll-Bosch, et al., 2020). However, there is 

no requirement for biodiversity to be chosen as a priority area by any member state. There is therefore 

room for improvement when integrating adaptive biodiversity measures into key sectoral policies 

affecting it. 
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In addition to being aided by biodiversity, agriculture also contributes to biodiversity loss. Losses in 

terrestrial biodiversity, measured as the mean species abundance (MSA), due to European agriculture are 

already estimated at 76% (Kok, Ripoll-Bosch, et al., 2020), primarily due to the impacts of livestock and 

the production of livestock feed. The work of D6.4 presents the two primary narratives on the intersection 

between agricultural and biodiversity policy: land sparing vs. land sharing. Land sparing involved the 

setting aside of land specifically for ecosystem restoration and biodiversity regeneration, allowing no 

simultaneous use of the land for other purposes, such as agriculture, forestry or settlements. Leaving land 

άŦŀƭƭƻǿέΣ ŜȄǘŜƴǎƛŦƛŎŀǘƛƻƴ ƻŦ ŀƎǊƛculture and preserving natural landscape features are all measures for 

which farmers can achieve additional agri-environmental payments beyond normal CAP payments 

(European Commission (EC), n.d.; Kok, Ripoll-Bosch, et al., 2020). Such measures would also fall under the 

land sparing concept with EU biodiversity policy. Alternatively, the land sharing concept advocates for 

continuing or modifying agricultural activities in a way that simultaneously benefits biodiversity. This 

philosophy argues that increasing the heterogeneity of landscapes can improve biodiversity and allow a 

wider variety of species to repopulate an area. Examples of incentives for land sharing within EU sectoral 

policies can be found in the CAP, which recognizes indirect benefits to biodiversity from reducing inputs 

such as fertilizer and utilizing cover crops and other means of habitat protection (European Commission 

(EC), n.d.; Kok, Ripoll-Bosch, et al., 2020).  

Based on their case studies in the Netherlands and France, D6.4 establishes existing benefits as well as 

trade-offs from these two contrasting methodologies for biodiversity conservation alongside agriculture. 

The land sparing narrative, presented through a case study in the Netherlands, advocates for setting aside 

tracts of land free from intensive agricultural practices, limited only to extensive practices such as 

temporary grazing, or leaving land fallow. In this way, biodiverse species are given time to regenerate and 

return to an area without any disturbance. In France, the land sharing concept of heterogeneous 

agricultural landscapes was applied to implement simultaneous agricultural and biodiversity objectives 

within the same land parcels. As applied in the French case study, this land sharing concept relied on two 

primary measures. First, and increased the amount of mix-used farming areas, such mixing grasslands 

next to arable, cereal producing fields and inclusion of strips of set-aside land were suggested. Secondly, 

an overall requirement of reduced intensity was mentioned in order to facilitate the return of species. 

Reducing intensity of cultivation in this regard refers to decreased application of fertilizers and pesticides, 

reduced frequency of machinery use, reduced management practices such as grazing or mowing, and use 

of cover crops and winter crops rather than leaving land bare. Such measures were deemed necessary to 

reduce disturbances in habitats and breeding processes. 

From these narratives, potential conflicts between ecological and socio-economic adaptation objectives 

can be identified. A key uncertainty is how biodiversity conservation measures, which take existing 

agricultural land out of production or which limit productivity boosting inputs, such as fertilizer, may affect 

the needed increase in global food production based on population growth trends. Both the land sparing 

and land sharing narratives point to a potential future conflict between intensifying agricultural 

ǇǊƻŘǳŎǘƛƻƴ ǘƻ ŦŜŜŘ ŀ ƎǊƻǿƛƴƎ Ǝƭƻōŀƭ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ǘƘŜ ƴŀǊǊŀǘƛǾŜǎΩ ǇǊƻǇƻǎed extensification strategies 

(Tilman, Balzer, Hill, & Befort, 2011). Greater technological advancement in both crop breeding, 

harvesting and fertilising practices will allow for greater intensification on existing agricultural land, 



MAGIC ς GA 689669 
 

 33 

thereby producing more food to feed the growing global population on the same amount or less land than 

today. Intensification of agriculture can also contribute to adaptive capacity of the food system, as climate 

change is projected to decrease the net available amount of agricultural land in many regions due to 

factors such as sea level rise, increasing temperatures and decreasing rainfall (Intergovernmental Science-

Policy Platform on Biodiversity and Ecosystem Services, 2019). Should agricultural extensification be 

pursued, existing agricultural lands may be taken out of production as reserves for biodiversity or their 

productivity may be greatly reduced due to limits on permitted inputs. This would require intensification 

on remaining agricultural land, either through technological advancements or increased nutrient 

application, to meet demand. While the need for reserved areas completely free of disturbance is 

recognized in scientific literature, solutions ultimately must be tailored to the specific species and 

landscape under consideration. Land-sharing approaches with low to intermediate intensity, such as 

agroforestry systems, have been shown to benefit species which thrive in semi-open habitats while also 

limiting the negative impact on production (von Cossel et al., 2019). Keeping woodlands in agricultural 

systems can help mitigate negative impacts on species while maintaining intermediate agricultural 

intensity levels, depending on the specific species considered and the regional/local specific landscape 

context (Macchi et al., 2020).  

Figure 6: Relationship between economic productivity and biodiversity conservation in land sharing vs. land sparing strategies 

 

Sources: Own elaboration, sourced from (Boysen, Lucht, & Gerten, 2017; Egli et al., 2018; J. Fischer et al., 2017; 

Hanson & Searchinger, 2015; Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, 

2019; Pedroli et al., 2013; Zabel et al., 2019) 

A risk of lower food production in the EU due to more stringent environmental protection would be 

shifting the burden of production to other countries. This reliance on external food production is already 
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recognized as a weak point in the EU food system (Moragues-Faus, Sonnino, & Marsden, 2017). When 

externalised production results in deforestation in pristine areas or intensified production elsewhere, the 

external negative impacts will be larger than the local improvement in biodiversity. Multiple interviewees 

stated that lower food production is acceptable, because we should strive for self-sufficiency, and not 

produce food for other regions at the cost of the local landscape. This self-sufficiency has two aspects: 1) 

no production of animal products for export and 2) no import of feed for our livestock. Lowering export 

of animal products would also reduce the need for feed import. This would suppose a fundamental change 

in the agricultural sector in Europe. To date, the EU remains a net exporter of agricultural products 

(EUROSTAT, 2020)Φ !ǎ ƻŦ нлмтΣ ŀƴƛƳŀƭ ǇǊƻŘǳŎǘǎ ŀŎŎƻǳƴǘŜŘ ŦƻǊ нн҈ ƻŦ ǘƘŜ 9¦Ωǎ ŜȄǇƻǊǘŜŘ ŀƎǊƛŎǳƭǘǳǊŀƭ 

products and 20% of imported agricultural products (European Commission, 2018a). However, the 

majority of feed used in EU livestock production is imported from other parts of the world. Approximately 

69% of protein-rich feed used in EU livestock production is imported (de Visser, Schreuder, & Stoddard, 

2014). The increasing interdependencies of the EU food system with external actors and the perceived 

άƻǾŜǊ-ǊŜƭƛŀƴŎŜέ ƻƴ ƛƳǇƻǊǘǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ǊŜƭŀǘƛƴƎ to animal agriculture, are recognized in the literature as 

key vulnerabilities of EU food security (Moragues-Faus et al., 2017). Some experts consulted in D6.4 

mentioned that we should change our consumption patterns to a more moderate consumption of animal 

products, which would reduce the required agricultural land and avoid externalisation of production (Kok, 

Ripoll-Bosch, et al., 2020).  Furthermore, limits on imported feed, such as those in the land sparing case 

study, represent limits on embodied imports of nutrients and thereby imposes indirect limits on viable 

livestock numbers and productivity. Estimates from 2013 indicate that the EU imports of feed, primarily 

soybeans, accounted for 8.8 Mha of land use in South America alone (European Environment Agency, 

2013). Despite calls by climate advocates and EU policymakers for gradual decreases in the amount of 

animal products consumed in the EU, the resulting trend in animal product consumption remains stagnant 

(EU, 2017b), with little significant decrease in animal product consumption across the EU. For example, 

the two case study regions of D6.4 are themselves net exporters of dairy and meat, at the expense of 

external biodiversity through imported feedstuffs (Kok, Ripoll-Bosch, et al., 2020). Furthermore, allowing 

livestock production as part of heterogeneous landscapes in both case study sites was questioned as it is 

often difficult to decide whether a livestock sȅǎǘŜƳ ŀƭƭƻǿǎ ǘƘŜ ƭŀƴŘǎŎŀǇŜ ǘƻ ǊŜǘǳǊƴ ǘƻ ƛǘǎ άƻǊƛƎƛƴŀƭέ ŦǳƴŎǘƛƻƴ 

or state. Extensifying livestock systems would require either decreased overall production of livestock 

products or increases in the overall amount of land use for them, which would likely result in either a 

shortage of animal products for growing global demand and increased ecological trade-offs. While a 

ǊŜŘǳŎǘƛƻƴ ƻŦ ƭƛǾŜǎǘƻŎƪ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŀ Ǝƻŀƭ ƻŦ ǘƘŜ 9¦Ωǎ ƴŜǿ CŀǊƳ ǘƻ CƻǊƪ ǎǘǊŀǘŜƎȅ ǳƴŘŜǊ ǘƘŜ 9¦ DǊŜŜƴ 5Ŝŀƭ 

(EU, 2019), actionable implementation and cross-compliance with biodiversity for this goal is yet unclear. 

This demonstrated conflict between ecological and socioeconomic interests is reflected in the philosophy 

of biodiversity conservation embedded in current EU policies for protected area establishment. For 

example, the selection methodology for Natura 2000 sites explicitly states that socio-economic 

considerations are not included and that site selection is done on a purely scientific basis. Selection of 

Natura 2000 sites is done in this way to ensure proper habitat connectivity and to ensure a sufficient 

number of sites for each targeted species. However, via the Habitats Directive, socioeconomic 

considerations are included ŦƻǊ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ bŀǘǳǊŀ нллл ǎƛǘŜǎ ƛƴ ǘƘŀǘ άall measures taken pursuant 

to the Directive shall be designed to maintain and restore, at a favourable conservation status, natural 
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habitats and species of EU importance, whilst taking account of economic, social and cultural requirements 

ŀƴŘ ǊŜƎƛƻƴŀƭ ŀƴŘ ƭƻŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎέ (European Commission, n.d.-b). Another example of disagreement 

between different EU sectoral policies is the projected expansion of dedicated bioenergy crops on 

άƳŀǊƎƛƴŀƭ ƭŀƴŘǎέ ƛƴ ǘƘŜ 9¦Ωǎ [ƻƴƎ-Term Climate Change Mitigation Strategy (EU, 2018). Extensification 

and land sparing approaches would likely limit expansion into marginal lands and intensification in order 

to reduce impact of excess nutrients while also likely creating conflict with the prevailing narratives for 

expansion of dedicated bioenergy crops for the production of biofuels and bioelectricity (EU, 2018). Some 

studies have identified agricultural intensification through integration of food and energy crop systems as 

potentially beneficial to overall landscape biodiversity form heterogeneity, although it contradicts 

traditional nature conservation goals (Dauber & Miyake, 2016; Werling et al., 2014). Other studies, 

however, show that energy crop expansion may increase overall biodiversity at the expense of reducing 

it in key species categories, such as vertebrate density (Hof et al., 2018). 

The lack of cohesion among linked EU sectoral policies, such as biodiversity, agriculture and bioenergy, 

indicates a need to reconcile proposed extensification strategies for biodiversity protection with 

competing demands of increasing food production, ongoing livestock production and planned bioenergy 

expansion through dedicated energy crops. To improve cross-compliance of standards simultaneously 

across multiple sectors, socio-economic incentives must be considered in biodiversity policy that can 

compensate or reconcile needs of production in other economic sectors dependent on biodiverse 

resources. Differing perspectives on ecological and socioeconomic objectives related to biodiversity 

conservation are closely linked to the lacking consensus for consistent metrics for measuring progress in 

biodiversity conservation and for assessing the contribution biodiversity makes to adaptive capacity. To 

date, there is little agreement among the scientific community and policymakers regarding appropriate 

indicators to use in measuring the efficacy of biodiversity conservation measures (Kok, Ripoll-Bosch, et 

al., 2020). Among the indicators investigated within case studies of D6.4, species richness (number of 

species occurring in an area) and species abundance (number of individuals of a given species) were used. 

The European Court of Auditors (ECA) already indicated in their evaluation of the EU Biodiversity Strategy 

and CAP greening measures that clearly defined and more ambitious targets were needed, accompanied 

by consistent indicators, to show progress towards clear cut environmental or climate-related objectives 

(European Court of Auditors, 2017; Kok, Ripoll-Bosch, et al., 2020). 

3.2) D6.7- Alternative Water Resources (AWR) 

By 2040, global water demand is expected to increase by 55% (UNU (United Nations University), 2019). 

The work of Cabello Villarejo et al. (2020) in D6.7 investigates the use of AWR, such as reclaimed 

wastewater and desalinated water in agriculture within arid and drying regions, using the Canary Islands 

ŀǎ ŀ ŎŀǎŜ ǎǘǳŘȅΦ wŜŎƭŀƛƳŜŘ ǿŀǎǘŜǿŀǘŜǊ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǿŀǎǘŜǿŀǘŜǊ ǘƘŀǘ Ƙŀǎ ōŜŜƴ ǘǊŜŀǘŜŘ ǘƻ ŀ ƭŜǾŜƭ ǘƘŀǘ 

allows for its reuse in potable or non-ǇƻǘŀōƭŜ ǿŀȅǎ όŀŘǾŀƴŎŜŘ ǘǊŜŀǘƳŜƴǘǎύέ (Cabello-Villarejo et al., 2020) 

and can include primary, secondary and up to tertiary phases of treatment depending on the desired use. 

Desalination refers to the removal or drastic reduction of salt content of seawater through thermal or 

membrane technologies. Reclaimed wastewater and desalinated water have been studied and tested as 

viable alternatives to freshwater irrigation in arid agricultural regions as a means to conserve surface and 
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groundwater in the face of increasing dry conditions under climate change. AWR are also promoted as 

improving circularity of local resource use and reducing the need for imports of water from other regions. 

Both of these aspects contribute to adaptive capacity of the agricultural system and allow existing 

agricultural areas to face challenges of increasing aridity and erratic rainfall patterns while maintaining 

production. However, additional aspects of desalinated and reclaimed water must be considered when 

promoting their use to overcome water scarcity. The suitability of water quality of these resources for use 

in agricultural irrigation must be assessed, both from an ecological and economic perspective. 

Furthermore, narratives behind overall water use and the types of use it is destined for must be 

considered along the use of AWR. Many existing issues of water scarcity are caused by inefficiencies in 

water distribution and poor water planning, in addition to reduced physical availability of water. Any 

existing inefficiencies or environmentally damaging use would continue to exist unless specifically 

addressed and may not be solved solely by adding AWR to the water supply. 

In the case study of the Canary Islands, these same concerns are raised in the narratives surrounding the 

ƛƴŎǊŜŀǎƛƴƎ ŜŎƻƴƻƳƛŎ ŀƴŘ ǇƻƭƛŎȅ ǊƻƭŜ ƻŦ !²w ƛƴ ǘƘŜ ƛǎƭŀƴŘǎΩ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΦ As an island country, the 

Canaries already suffer from freshwater scarcity relying mostly on aquifer withdrawal for its urban 

population as well as important industries such as agriculture and tourism. High population density and 

climate change has caused overexploitation of groundwater resources. Apart from the increasing demand 

ŦǊƻƳ ǘƘŜ ǳǊōŀƴ ŀƴŘ ǘƻǳǊƛǎƳ ǎŜŎǘƻǊ όǿƘƛŎƘ Ŏƻƴǎƛǎǘ ƻŦ пс҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ǿŀǘŜǊ ŘŜƳŀƴŘύΣ ǘƘŜ ƛǎƭŀƴŘǎΩ ŘŜƳŀƴŘ 

in the agricultural sector has notably increased to 44% of withdrawals (CIAGC, 2016; CIATF, 2015 as cited 

in Cabello Villarejo et al. (2020)). The use of AWR has been growing in the region, which has years of 

experience in reusing desalinated water for irrigation and high potential of reusing reclaimed water. The 

research findings indicated that AWR appear as technological innovations providing stable supply and 

prices in the Canarian context of private marketisation of freshwater resources. Although the use of 

groundwater remains relevant for the region, especially for the production of tomato and banana for 

exportation, both reclaimed and desalinated water were integrated to complement the existing water-

food nexus patterns (Cabello-Villarejo et al., 2020). Desalinated water accounts for approximately 55% of 

water demand throughout the islands (Schallenberg-Rodríguez, Veza, & Blanco-Marigorta, 2014). 

The main narratives supporting the use of AWR in the Canaries are economic ones, focused on improving 

ƭƻŎŀƭ ŦŀǊƳŜǊΩǎ ƭƛǾŜƭƛƘƻƻŘǎ ǘƘǊƻǳƎƘ ōƻƻǎǘƛƴƎ ŜȄǇƻǊǘǎ ǘƻ ǘƘŜ 9ǳǊƻǇŜŀƴ ƳŀǊƪŜǘ ŀƴŘ ǊŜŘǳŎƛƴƎ ǘƘŜ 

phenomenon of rural abandonment occurring in arid and highland farmland across the islands. AWR also 

contributes to physical adaptation of agriculture to climate change, by providing rechargeable water 

resources in areas with decreasing supply of water. Additionally, AWR can contribute to socioeconomic 

adaptation to climate change by supporting livelihoods and populations in increasingly arid areas which 

depend on water, either directly or indirectly in terms of water use for food, industry, etc. However, in 

the Canaries, there is evidence of an inefficient economic dichotomy in which the majority of available 

AWR for agriculture are used for export crops rather than for crops that are consumed domestically. As 

found by Cabello-Villarejo (2020), the majority of AWR in the Canaries is destined for use in tomato and 

banana plantations, crops which receive special support under POSEI, a special EU policy mechanism 

supporting agricultural development in the Canaries. The POSEI aims to subsidize needed imports (dairy, 

meat, etc.), encourage local production and promote participation of Canarian agricultural products in the 
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common EU market. While on paper priorities among these three objectives are not explicitly stated, in 

practice, the last of these objectives takes centre stage, resulting in far greater support for products 

destined for export, and therefore which are more profitable, than products destined for domestic 

consumption. 

Currently, the self-sufficiency of the islands is approximately 20% of the commercial food value, whereas 

the World Food Programme (WFP) advises maintaining food self-sufficiency for islands of 35-40% for 

adequate self-supply and food security (Cabello-Villarejo et al., 2020; Godenau, D.;Nuez, 2013). Although 

AWR does improve the overall water supply of the islands, such heavy use of AWR for agriculture that 

prioritizes profit and economic growth rather than greater food security for the region is counterintuitive 

to the goals of climate change adaptation. Exports represent virtual water leaving the region, indicating 

that water which is desalinated or reclaimed on the islands often then leaves the islands, resulting in an 

essentially extractive system. Furthermore, the CanariesΩ already precarious position in terms of food self-

sufficiency will likely only worsen under projected increases aridity, erratic rainfall, higher temperature 

and extreme weather events for the region, not to mention rising sea levels and groundwater intrusion, 

ŀƭƭ ƻŦ ǿƘƛŎƘ ǿƛƭƭ ǇƭŀŎŜ ŀŘŘƛǘƛƻƴŀƭ ǎǘǊŜǎǎ ƻƴ ǘƘŜ ƛǎƭŀƴŘǎΩ ŦƻƻŘ ǇǊƻŘǳŎƛƴƎ ŀǊŜŀǎ ŎƻƳǇŀǊŜŘ ǘƻ ǘƻŘŀȅΦ .ŜǎƛŘŜǎ 

agriculture, AWR in the Canaries are often used in the tourism industry, including recreational and 

aesthetic features such as golf courses and swimming pools. For example, while 66.4% of reclaimed 

wastewater goes to agricultural plots, 21.9% goes to golf courses (Cabello-Villarejo et al., 2020). Such uses 

of AWR are counterproductive in terms of the natural climatic and environmental conditions of the 

Canaries. Why should scarce water resources be used for golf courses rather than food production or 

other productive uses? Therefore, from a policy and governance perspective, greater effort is required to 

more equally implement EU policy mechanisms that support AWR in a way that 1) places greater emphasis 

and gives more incentive to use of AWR for food production destined for domestic consumption and 2) 

creates a hierarchy of acceptable uses for AWR that incentivises its priority use in industries directly 

related to adaptive capacity. In this regard, the maintenance of ecological systems and water cycles are 

key for ensuring adaptive capacity, as they play a key role in socio-economic aspects such as food security 

and adequate drinking water access. 

The issues identified in Canaries as a case study region are also reflected on a broader European scale. 

The use of AWR in the Canaries provides a prototype for other countries facing similar challenges. While 

AWR plays an important role in some European agricultural regions with arid conditions, the 

implementation of these innovations is not sufficient to solve the water dependence within this complex 

sector. In the adaptation context, mass-tourism and agricultural exports are within the most susceptible 

sectors to the impacts of climate change. They are heavily reliant on water availability, the third sector 

projected to suffer under climate variability. Similar to the Canaries, many European countries are faced 

with these challenges and overlapping vulnerabilities. The key challenges for the use of AWR on a broader 

European scale is the development of a dedicated regulatory framework that provides security to both 

agricultural producers and consumers. Currently, AWR are established in only a few Member States and 

are deployed much below their potential. The newly ratified EU Water Reuse Directive, scheduled to take 

effect from June 2023, sets minimum quality requirements for the reuse of treated urban wastewater for 

different purposes, including agricultural irrigation, as well as monitoring and risk management 
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parameters for water reuse projects. The Water Reuse 5ƛǊŜŎǘƛǾŜ ƛǎ ƛƴŎƻǊǇƻǊŀǘŜŘ ǳƴŘŜǊ ǘƘŜ 9¦Ωǎ /ƛǊŎǳƭŀǊ 

9ŎƻƴƻƳȅ !Ŏǘƛƻƴ tƭŀƴ ŀƴŘ ƛǎ ƛƴǘŜƴŘŜŘ ǘƻ ƳŀƪŜ ōŜǘǘŜǊ ǳǎŜ ƻŦ ǘƘŜ 9¦Ωǎ ƭŀǊƎŜΣ ǳƴǘŀǇǇŜŘ ǿŀǎǘŜǿŀǘŜǊ ŀǎ ŀ 

resource. Currently only 1 billion cubic meters of treated wastewater is reused annually in the EU, 

representing only 2.4% of all treated urban wastewater (Alcalde Sanza & Gawlik, 2014; European 

Commission, n.d.-d). Meanwhile, water scarcity already affects approximately 17% of EU territory, and 

while some member states, such as Malta and Cyprus, reuse over half of their treated wastewater, other 

member states highly prone to water scarcity, such as Italy, Spain and Greece, only reuse between 5-12% 

of treated wastewater (European Commission, n.d.-d). The Water Reuse Directive aims to close this gap. 

The newly agreed rules will facilitate and stimulate the uptake of this beneficial practice, which can ensure 

a more predictable supply of clean water for the EU farmers and help them to adapt to climate change 

and mitigate its impacts. By setting minimum requirements, the new rules will ensure the safety of the 

practice and increase citizens' confidence in agricultural produce in the internal EU market. Despite 

ongoing policy support for AWR, its implementation within member states faces problematic socio-

economic and ecological narratives 

Two other, interlinking issues facing the sustainable, long-term use of AWR for the adaptation of 

agriculture and other industries is the energy demand of AWR technologies and their ecological effects. 

Both desalination and wastewater treatment plants have high energy demands. This results in both high 

costs for their operation and high emissions rate, depending on the energy source used (Martínez-Alvarez, 

Martin-Gorriz, & Soto-García, 2016). Incentives for using greater renewable power sources already exist 

in Europe and in the case study region (Cabello-Villarejo et al., 2020). This is especially true for the use of 

solar energy in desalination technology, as many coastal EU regions that suffer from aridity also have high 

potential for solar energy (Pugsley, Zacharopoulos, Mondol, & Smyth, 2016). Energy costs account for 50% 

of the total operation and maintenance costs of desalination plants (Al-Karaghouli & Kazmerski, 2013; 

Molinos-Senante & González, 2019). Switching to desalinated water from traditional water sources 

generally implies an increase of cost equal to 0.50-оϵ ƳƻǊŜ ǇŜǊ ŎǳōƛŎ ƳŜǘŜǊ ƻŦ water (Martínez-Alvarez et 

al., 2016). This is one reason why many farmers, both in the case study region and throughout areas 

relying on AWR for agriculture, often mix desalinated water with either reclaimed wastewater or 

groundwater resources, thereby reducing the overall cost compared to using entirely desalinated water. 

Ecological and crop productivity concerns also drive this mixing of water sources. Desalinated water also 

brings its own set of ecological concerns. When salt is removed from water, other vital nutrients needed 

for crop cultivation, such as calcium and magnesium, are also removed, thereby inhibiting potential crop 

growth when used alone (Martínez-Alvarez et al., 2016). This is the second reason why farmers must often 

mix desalinated water with either other water sources that contain higher concentrations of these 

nutrients, such as groundwater or reclaimed wastewater, or add additional fertilizers. Reclaimed 

wastewater can add beneficial nitrogen and phosphorus when mixed with desalinated water. However, 

reclaimed wastewater also brings risk of microbial pollution and exposure of ecosystems and humans to 

pathogens, with more thorough treatment and disinfecting processes rapidly increasing the cost of 

treatment (Jaramillo & Restrepo, 2017). Desalination also brings similar concerns in terms of by-products 

to the environment. The process of desalination results in large amounts of concentrated brine as a by-

product, which must then be disposed of, usually in evaporation ponds, sewers or surface waters. Brine 

discharge and thermal changes form the discharge can then harm marine wildlife (Xevgenos, Moustakas, 
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Malamis, & Loizidou, 2016). For every litre of desalinated water, 1.5-2 litres of brine is produced (UNU 

(United Nations University), 2019). 

Some solutions already exist to these barriers to expanded AWR use. Regarding reducing cost and energy 

emissions, literature has found that, under current electricity market rates for renewable energy and 

carbon prices, costs of desalination decrease by approximately 21-23% when the current electricity 

production mix is changed to a predominantly renewable energy electricity production (Molinos-Senante 

& González, 2019). Energy demand and the use of renewable energy must be addressed by AWR 

regulation in order to ensure that the additional energy demand required from the production and 

distribution of AWR does not negate decarbonization and energy efficiency goals. Some literature 

suggests limiting AWR use to crop varieties that produce particularly high economic values, such as 

greenhouse products, given their high net marginal return. For most open-field crops, the cost of 

desalination is less than the economically feasible threshold cost of the irrigation water. Therefore, the 

increased water costs of incorporating desalinated water όƴŜŀǊƭȅ лΦрл ϵ Ƴҍоύ ƭŜǎǎŜƴ ǘƘŜ ƳŜŀƴ ƴŜǘ 

marginal value of water close to zero in many agricultural regions (Martínez-Alvarez et al., 2016). This 

contributes to the use of desalinated water for the most profitable crops, usually exports, as well as the 

blending of desalinated water with other sources, as is the case in the Canaries. In the Canaries, costs of 

desalinated water range from 0.58-лΦтр ϵκƳ3, while the prices for groundwater range from 0.13-лΦссϵκƳо 

όŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ǇǊƛǾŀǘƛȊŀǘƛƻƴύ ŀƴŘ ǊŜŎƭŀƛƳŜŘ ǿŀǎǘŜǿŀǘŜǊ ŀǾŜǊŀƎŜǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ лΦпрϵκƳо 

(Cabello-Villarejo et al., 2020). There is therefore a clear need by farmers to mix AWR and/or groundwater 

resources. This indicates that, given the projected increase in water scarcity in the Canaries with future 

climate change (Hernandez, Guimarães Pereira, & Barbosa, 2018), prices of desalinated water may result 

as a limiting factor in sustaining agriculture and other water-dependent activities. Powering the total 

desalination capacity of the Canaries, for example, consumes approximately 12% of overall energy 

demand on the islands (Schallenberg-Rodríguez et al., 2014). However, renewable energy sources, such 

as solar photovoltaics and wind, only account for 12% of total energy production in the islands (Uche-

Soria & Rodríguez-Monroy, 2018). While further incentivising the use of renewable electricity to power 

desalination would alleviate much of its cost, infrastructure issues would still need to be resolved. 

Specifically, in the Mediterranean, difficulties in electricity provisioning and distribution pipes of 

desalinated water to irrigation areas still represent areas of improvement for use of desalinated water in 

agriculture (Martínez-Alvarez et al., 2016). 

Besides energy use, recent technological advances may aid in abetting ecological concerns of some AWR. 

For example, zero liquid discharge (ZLD) desalination, a process which uses a brine concentrator to 

effectively separate salt and water, thereby producing distilled water and dried salt, both of which are 

viable economic products (Xevgenos et al., 2016). The main desalination technologies currently used 

throughout the EU are thermal or membrane methods, with reverse osmosis being the most common, 

particularly in the Mediterranean (Cabello-Villarejo et al., 2020; Xevgenos et al., 2016). Regardless of 

whether salt is separated thermally or via a membrane, the resulting by-product from both methods is 

highly concentrated brine, which must then be disposed of. With methods such as ZLD, potable water 

recovery >90% can be achieved while also producing economically viable secondary products such as dried 

salts, nutrients and minerals with added value (Xevgenos et al., 2016). ZLD can be combined with 
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renewable energy to cut down on cost and emissions from its relatively high energy usage compared to 

other desalination technologies. One such pilot ZLD project was implemented in Greece as part of the EU-

LIFE SOL BRINE project (Xevgenos et al., 2016). Sunlight responsive metals are another emerging 

technology that can sustainably desalinate while reducing brine (Ou et al., 2020). Reliable and affordable 

renewable energy provision will be a necessary complement to make any emerging desalination 

technology viable.  

Ultimately, energy efficiency and food security must be integrated into AWR policy to enable it as an 

effective technology for climate change adaptation. As indicated in the conclusions by Cabello-Villarejo et 

al., the viability of farming systems in the EU is receiving more attention and public policy support than 

the desirability and sustainability of the water sources used for EU farming. Rather than incentivising the 

use of AWR for adaptive capacity and overall sustainability, the current AWR incentivisation is being 

promoted to prop up EU agriculture and maintain profitable exports and trade flows both among EU 

regions and outside of the EU. This represents a fundamental conflict between economic, profit-

motivated narratives and adaptation narratives. With future climatic projections of increasing rainfall 

variability, water scarcity and rising temperatures for arid regions such as the Canaries, comparative 

advantages for agriculture in arid regions must be considered. The wisdom of designating already limited 

AWR for water hungry crops that are ill-suited to the local climatic conditions should be questioned. AWR 

Ƴǳǎǘ Ǉƭŀȅ ŀ ŎŜƴǘǊŀƭ ǊƻƭŜ ƛƴ ǘƘŜ 9¦Ωǎ ŀŘŀǇǘŀǘƛƻƴ ƻōƧŜŎǘƛǾŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛǘǎ ǘŀǊƎŜǘ р ƻŦ ŎƭƛƳŀǘŜ-proofing the 

CAP, rather than simply preserving export-based intensive agricultural models as is the present case in 

many EU regions (Cabello-Villarejo et al., 2020). 

3.3) D6.8: Water-saving irrigation 

Deliverable 6.8 (Vargas-Farías, Hogeboom, Schyns, Verburg, & Hoekstra, 2020) is concerned with different 

innovations for saving water in irrigation and linkages with land use in relation to agriculture. Globally, 

agriculture is the largest consumer of freshwater resources which accounts for approximately 70% of total 

freshwater withdrawals and 92% of water consumption (Vargas-Farías et al., 2020). Irrigation is present 

on 20% of global cropland and yet produces 40% of global food supply (Vargas-Farías et al., 2020). In the 

EU water for agriculture, mainly irrigation, accounts for 45% of water withdrawals (European Commission, 

n.d.-c; EUROSTAT, n.d.; Vargas-Farías et al., 2020). Approximately two thirds of EU water withdrawals for 

agriculture happen in southern European countries, where many crops are largely or entirely dependent 

on irrigation for growth, unlike the mostly rain-fed north of Europe. The EEA estimates that Southern 

Europe and specifically the Mediterranean basin, is at the greatest risk of future water stress under both 

1.5C and 2C warming scenarios (European Environment Agency, 2019). However, some degree of water 

stress is acknowledged for all European regions, and the degree of vulnerability in terms of access to 

irrigation depends on economic as well as ecological factors. In their assessment of adaptive capacity of 

the EU agricultural sector, Williges et al. (2017) identified irrigation coverage, in addition to land 

productivity and fertilizer use, as a key indicator of natural capital contributing to adaptive capacity to 

drought. Irrigation coverage can play a lesser or greater role in determining the overall adaptive capacity 

of the agriculture sector throughout EU member states depending on the degree to which other capitals 

can compensate for lacking natural capital. For example, in a study estimating changes in EU member 
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ǎǘŀǘŜǎΩ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛty according to SSP projections towards a 2°C limit, Williges et al. (2017) 

found that natural capital is in fact likely to decrease across all member states due to drought. However, 

their findings suggest that vulnerability to drought differs widely.  

While many studies posit that agriculture in southern European countries will suffer greatest under 

climate change, ²ƛƭƭƛƎŜǎ Ŝǘ ŀƭΦΩǎ results differ in this projection depending on the particular capital type 

discussed in relation to agriculture. Regarding irrigation and natural capital specifically, central and 

northern European member states are likely to face decreased adaptive capacity in a 2°C climate due to 

a lack of existing irrigation infrastructure, compared to widely used irrigation practices and infrastructure 

already well-established in southern member states. The requirements of the most common crop types 

grown in different EU regions also play a role in future irrigation needs with central and northern member 

states primarily producing water-intensive, rain-fed barley and especially wheat. Such studies of the role 

of irrigation coverage in natural capital and adaptive capacity of the European agricultural sector indicate 

two important roles that sustainable irrigation will play in EU adaptation to climate change. First, in 

countries that already have considerable irrigation infrastructure and investment opportunities for 

irrigation, such as southern Europe, additional water stress will require existing irrigation infrastructure 

to become even more efficient and reduce the overall amount of water needed to maintain crop 

production. Second, countries that have currently relied less on irrigation thanks to favourable 

precipitation patterns will need to make rapid and substantial investments in irrigation infrastructure to 

protect natural capital and future land productivity under drought conditions. This opens the opportunity 

to make extensive initial investments in water-efficient irrigation methods from the beginning, avoiding 

past errors in agricultural water management and ensuring future water efficiency. 

Current global estimated losses of water from irrigation are large. Of the average 1257 cubic kilometres 

of water consumed for irrigation in the period 2004-2009, approximately 608 cubic kilometres were 

ŎƻƴǎǳƳŜŘ άƴƻƴ-ōŜƴŜŦƛŎƛŀƭƭȅέΣ ƳŜŀƴƛƴƎ ǘƘŜȅ ǿŜǊŜ ƭƻǎǘ ŘǳŜ ǘƻ ŜǾŀǇƻǊŀǘƛƻƴΣ ƛƴǘŜǊŎŜǇǘƛƻƴΣ ŎƻƴǾŜȅŀƴŎŜ ƻǊ 

other interferences in the distribution or application of the water (Jägermeyer et al., 2015). This amounts 

to an approximate loss of 48% of water consumed for irrigation globally. Therefore, the need for rapid 

upscaling of water-saving irrigation measures, particularly in the face of increasing water scarcity, is 

apparent. Currently, the most common irrigation method globally remains surface irrigation, 

implemented through furrows or canals transporting water open to the air. Surface irrigation methods 

are vulnerable to heavy water losses due to the absorption of water through soil during transport in 

dugout canals and evaporation losses to the open air (European Environment Agency, 2019; Grafton et 

al., 2018; Jägermeyer et al., 2015).  Sprinkler and drip irrigation methods are promoted as two irrigation 

methods with large potential water savings, as these methods transport and spread water in covered 

piping systems and allow for more precise application on the field level. In the EU, typical average field 

application efficiencies for surface irrigation indicate that approximately 52% of water applied is 

effectively utilized for crop production, while for sprinkler and drip irrigation field application efficiency is 

approximately 80% and 89%, respectively (Jägermeyer et al., 2015). Studies on the distribution of 

irrigation methods throughout Europe indicate that sprinkler irrigation systems are the most common 

among northern and central EU member states, while Spain specifically overwhelmingly favours drip 

irrigation (Jägermeyer et al., 2015). Only a few EU member states, such as Portugal and Italy, still rely 
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heavily on surface irrigation. These differences in preferences for irrigation methods are partly due to 

limitations of using some irrigation methods on certain crop types due to crop morphology and planting 

needs (Jägermeyer et al., 2015). For example, current drip irrigation systems are suitable for a relatively 

small portion of common European crops, such as pulses, soybeans and common plantation crops (e.g., 

citrus and vine crops). Sprinkler irrigation systems can be used on a wider variety of staple crops, such as 

maize and cereals. While this may be a limiting factor to the expansion of the most efficient irrigation 

measures to all agricultural areas of the EU, literature indicates that greater implementation of drip 

irrigation could increase relative water productivity by 5-15%, particularly in southern and eastern Europe. 

²ƛǘƘƛƴ ǘƘŜ 9ǳǊƻǇŜŀƴ 9ƴǾƛǊƻƴƳŜƴǘ !ƎŜƴŎȅΩǎ ό99!ύ нлмф ǊŜǇƻǊǘ ƻƴ ŀŘŀǇǘŀǘƛƻƴ ƛƴ 9¦ ŀƎǊƛŎǳƭǘǳǊŜΣ Ŝmphasis 

is placed on adaptation measures implemented at farm-level as being the main driver of effective 

adaptation, with national and regional level policies and incentives supporting these measures (European 

Environment Agency, 2019). Efficient irrigation is among the key farm-level measures recognized in the 

report, alongside broader farm-level measures addressing soil health, biodiversity and nutrient use 

(European Environment Agency, 2019). Drip irrigation is proposed as the most effective means to improve 

irrigation efficiency through reduced losses due to evaporation and soil absorption during conveyance, 

common with surface irrigation methods. The EEA also acknowledges the added mitigation benefits, in 

addition to adaptation, that more efficient irrigation can provide, such as improving carbon storage in 

soils through better water retention. However, the EEA (2019) report recognizes an important caveat in 

upscaling efficient irrigation methods: that water savings at farm-level due to increased irrigation 

efficiency should not trigger expansion of irrigated areas and thereby increased overall water use, as this 

would negate overall agricultural adaptation goals of reducing pressure on water resources. It is this 

dichotomy between increasing agricultural production or intensity and reducing water use that splits the 

narratives surrounding water-saving irrigation measures. 

The overarching narrative behind the use of water-saving irrigation methods is that of increasing water 

productivity, which can be seen as the ratio of water used versus quantity of crops produced. Water 

productivity can thereby be improved either by producing the same quantity of crops with less water, or 

by increasing the quantity of crops produced with a given quantity of water. While both of these changes 

can increase water productivity, the trade-offs associated with crop production focused increases in water 

productivity differ from those associated with water reduction focused increases in water productivity, 

especially in the context of adaptation to future increases in droughts, aridity and precipitation variability. 

Improving water productivity through increased crop production for a given amount of water favours 

narratives centred on agricultural trade, economic empowerment and food security. As yields improve for 

the same amount of inputs, the logic goes that farmer livelihoods improve via increased profit and the 

overall supply of food increases, which can then be used domestically or exported to food poor or water 

scarce regions. However, this production/economic focused narrative surrounding water productivity 

ignores several aspects that are key to the idea of adaptation and adaptive capacity. Firstly, the focus on 

increasing production for a given quantity of water gives little room for analysis to whether the άƎƛǾŜƴ 

ŀƳƻǳƴǘέ ƻŦ ǿŀǘŜǊ ƛǎ ŀƭǊŜŀŘȅ ǿƛǘƘƛƴ ǎǳǎǘŀƛƴŀōƭŜ ƭƛƳƛǘǎ ƻǊ ǊŜƎƛƻƴŀƭ ōƻǳƴŘŀǊƛŜǎ ŦƻǊ ǘƘŜ ŎƭƛƳŀǘƛŎ ŎƻƴŘƛǘƛƻƴǎ 

and water scarcity status of the production region. Secondly, the production focused narrative does not 

question the nature of the crops for which water is destined, and whether those crops ultimately facilitate 
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improved nutrition, food security and societal well-being of the affected communities or rather crops 

which are destined for export as commodities and high profit margins. Economic livelihoods and food 

security play important roles in determining overall adaptive capacity of a population or region to climate 

change by allowing households to adapt to environmental and socio-economic changes or shocks while 

still meeting their basic needs (Sam et al., 2019). However, a narrative focused principally on increasing 

agricultural production fails to ask the question of whether current water extraction quantities or 

practices in a given region are in line with concepts of sustainability and respect the given regional or 

planetary boundaries for water use.  Addressing this question is particularly important in light of projected 

changes in future climatic conditions and then subsequent effect this may have on future water 

availability.  

In contrast, a narrative surrounding water productivity that focuses on water reduction emphasizes using 

less water to produce a given quantity of crops. With the emphasis reduced on increasing production, 

greater attention can be paid to the overall amount of water being used and where along the chain of 

water supply water is being extracted and lost. This places analytical emphasis on both quantity and 

quality of the water supplied to crops, how types and quantity of water used affect water availability for 

other uses and the effects on the wider watershed that is being used for irrigation. Looking at water 

productivity from a water reduction perspective integrates into adaptive capacity, as water is recognized 

as a key component for adaptation in both across social and economic sectors (Garfin, Scott, Wilder, 

Varady, & Merideth, 2016)Φ ¢ƘŜ ǿŀǘŜǊ ǊŜŘǳŎǘƛƻƴ ǇŜǊǎǇŜŎǘƛǾŜ ŀƭǎƻ ŜŎƘƻŜǎ ǘƘŜ Ǉƻƛƴǘǎ ǊŀƛǎŜŘ ƛƴ ǘƘŜ 9¦Ωǎ 

Agricultural Adaptation Report on the danger of using increased irrigation efficiency to expand overall 

irrigation use. Literature recognizes a trend towards maximization of profit by farmers when water-saving 

irrigation methods are implemented, either by expanding area under irrigation or shifting production to 

higher value crops (Jägermeyer et al., 2015; Pfeiffer & Lin, n.d.). This is a phenomenon known as the 

rebound effect (Paul, Techen, Robinson, & Helming, 2019), whereby technological progress or 

government policy increases the efficiency with which a resource is used, but the rate of consumption of 

that resource rises due to subsequent increasing demand (D. Bauer & Papp, 2009). For example, if 

technological advancements allow for reducing the water needed to grow crops, the price of irrigation 

will likely decrease. This then triggers increased water consumption through irrigation at the now lower 

price (Paul et al., 2019). Literature on studies of irrigation efficiency improvements in Mediterranean 

Europe support the occurrence of this paradox.  

For example, many irrigation modernization projects implemented in Spain over the last decade resulted 

in increased water consumption (J. Berbel & Mateos, 2014; Fernández García, Rodríguez Díaz, Camacho 

Poyato, Montesinos, & Berbel, 2014; González-Cebollada, 2015), increased energy consumption for 

operation of closed, pressurized irrigation systems (Fernández García et al., 2014; González-Cebollada, 

2015; Rodriguez Díaz, Perez Urrestarazu, Camacho Poyato, & Montesinos, 2012) and expansion of 

irrigated crop production into otherwise marginal lands (Julio Berbel, Gutierrez-Marín, & Expósito, 2018; 

Julio Berbel, Gutiérrez-Martín, Rodríguez-Díaz, Camacho, & Montesinos, 2014), thereby negating any 

cumulative reduction in water use. Other studies found that substitution of old surface irrigation systems 

with efficient and pressurized ones reduced water use, but increased water costs, thereby encouraging 

farmers to switch to higher value crops (Fernández García et al., 2014; Rodriguez Díaz et al., 2012). 

https://en.wikipedia.org/wiki/Efficiency
https://en.wikipedia.org/wiki/Resource_(economics)
https://en.wikipedia.org/wiki/Consumption_(economics)
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Depending on the initial and substituted crops, a switch to production based solely on value may lead to 

higher importance placed on commodity crops or crops for export, thereby reducing local food security, 

similar to the phenomenon already occurring in the Canary case study. Due to these concerns of 

competition between profit maximization by farmers and integrity of water resources under current and 

future stressors, it is imperative that water-saving irrigation methods be accompanied by institutional 

regulations governing priorities for water use in agriculture and incentivising reduced water use through 

proper water pricing (Jägermeyer et al., 2015). Restrictions on available land for expansion of irrigated 

agriculture are important to disincentivize profit maximization from water savings through expansion, 

with the added benefit of protecting vulnerable ecosystems and biodiversity (J. Berbel & Mateos, 2014; 

Pellegrini & Fernández, 2018). Furthermore, suitability of different crops to irrigation systems differ, 

therefore incentives and funding for water-saving irrigation require tailoring to different regions and 

dominant crop types to be successful (Jägermeyer et al., 2015). Crops adapted to projected future climatic 

conditions and water scarcity should be prioritized in areas of existing and projected water stress 

(European Environment Agency, 2019). 

Figure 7: Main narratives surrounding use of water-saving irrigation to improve water productivity from a production-side vs. 
reduction-side perspective 

 

Source: Own elaboration 

3.4) Overall adaptation potential of innovations 

As identified in the analyses of each individual adaptation innovation, each has a high potential to 

contribute to adaptive capacity of the agricultural sector, improving food security as well as economic 

livelihoods. Both of the water-related innovations focus on saving and reusing water for irrigation, which 
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depending on water source, technology and intended use, can have net positive or negative effects on 

the sustainability of agriculture. Use of AWR, such as wastewater or desalinated water, water-saving 

irrigation measures both contribute to a reduction oŦ ŀƎǊƛŎǳƭǘǳǊŜΩ ǿŀǘŜǊ ŦƻƻǘǇǊƛƴǘΦ IƻǿŜǾŜǊΣ ǘƘŜ ƴŜǘ 

sustainability of such measures must be considered when they are used to further agricultural 

ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴΦ !ǎ ƴƻǘŜŘ ƛƴ 5сΦпΩǎ ǿƻǊƪ ƻƴ ōƛƻŘƛǾŜǊǎƛǘȅ ŎƻƴǎŜǊǾŀǘƛƻƴΣ ǘƘŜ Ƴŀƛƴ ƴŀǊǊŀǘƛǾŜ ōŜƘƛƴŘ 9¦ ǇƻƭƛŎƛŜǎ 

protecting biodiversity is to reduce agricultural intensification, both in terms of a reduction in inputs and 

in terms of the land used for agriculture (Kok, Ripoll-Bosch, et al., 2020). When water-saving measures in 

agriculture are used to grow an increased quantity of crops on an existing field and does not require 

additional inputs in terms of fertilizer, pesticides or machinery, it may be assumed that this benefits 

biodiversity protection, by avoiding expansion, as well as chemical effects and disturbances of habitats 

and providing adequate water supply for vegetative growth and ecosystem cycles. However, if the water-

saving innovations are used to expand agriculture to water-stressed lands where plant cultivation would 

have previously been possible, then this would be in conflict with current EU biodiversity conservation 

tactics (Julio Berbel et al., 2018, 2014).  While water-saving and reuse measures for irrigation can 

contribute to sustainable agricultural and water conservation policies, they may indirectly contribute to 

ǘƘŜ ƛƴǘŜƴǎƛŦƛŎŀǘƛƻƴ ƻŦ ŀƎǊƛŎǳƭǘǳǊŜ ǘƘǊƻǳƎƘ ǘƘŜ άǊŜōƻǳƴŘ ŜŦŦŜŎǘέ ƻŦ ƭŀƴŘ ŜȄǇŀƴǎƛƻƴ (European Commission, 

2012; Paul et al., 2019)Σ ǇƭŀŎƛƴƎ ǘƘŜƳ ƛƴ ŎƻƴŦƭƛŎǘ ǿƛǘƘ ǘǊŀŘƛǘƛƻƴŀƭ άƭŀƴŘ ǎǇŀǊƛƴƎέ ǎǘǊŀǘŜƎƛŜǎ ƻŦ ōƛƻŘƛǾŜǊǎƛǘȅ 

protection. The European Commission (EC) has recognized the dangers of such a rebound effect due to 

technological gains in agricultural efficiency since 2012 (European Commission, 2012).  In their report, 

ά.ƭǳŜǇǊƛƴǘ ǘƻ {ŀŦŜƎǳŀǊŘ 9ǳǊƻǇŜΩǎ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎέΣ ǘƘŜ 9/ ŀŘǾƻŎŀǘŜǎ ŦƻǊ ǎǘǊƛƴƎŜƴǘ ǿŀǘŜǊ ǇǊƛŎƛƴƎ ǘƘŀǘ 

adequately reflects the value and vulnerability of water and can reduce rebound effects from 

technological advances in irrigation efficiency. It also advocates for setting of water efficiency targets 

within EU river basin authorities and mainstreaming within River Basin Management Plans (RBMPs) to 

ensure that water efficiency gains do not jeopardize water quality or supply for ecosystems nor cause 

uncontrolled expansion of irrigated land. 

Expanding into previously water-stressed land due to irrigation may place pressure on ecosystems and 

native species that may be pushed out or reduced from the cultivation of crops and human disturbance 

cultivation would bring. On a global scale, neither extensification nor intensification agricultural strategies 

can be shown to be universally beneficial to biodiversity across world regions, with different strategies 

affecting biodiversity in each region differently due to global food trade and changes in market prices 

(Zabel et al., 2019). While extensification will likely help preserve biodiversity at home, it is uncertain 

whether this will simply result in an outsourcing of agricultural expansion elsewhere, such as the tropics, 

still resulting in biodiversity loss (Zabel et al., 2019). Furthermore, while intensification may spare land, it 

does not spare nutrients or water on which ecosystems depend, and therefore does not provide a panacea 

that can automatically improve biodiversity conservation along with food production. In all likelihood, a 

mix of different strategies tailored to different regions will be needed to achieve multiple objectives, 

including food production, water saving and biodiversity protection (Egli et al., 2018). Therein lies the 

importance of nexus thinking. A closer analysis of the intersections among sectoral policies and cross-

compliance is needed with the key sectors of water, agriculture, food security, biodiversity and renewable 

energy, so that priority setting can be clarified to coherently achieve the most needed objectives across 

the nexus (J. Fischer et al., 2017; Scott et al., 2015). 
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Overall, each of the three innovations has the potential to significantly contribute to adaptive capacity by 

either reducing reliance on stressed water resources or contributing to ecosystem resilience and thereby 

ŦƻƻŘ ǎŜŎǳǊƛǘȅΦ IƻǿŜǾŜǊΣ ōƻǘƘ ǘƘŜ ƛƴǘŜƴŘŜŘ άŜƴŘ ǳǎŜέ ŀƴŘ ǘƘŜ ƛƴǘŜǊǎŜŎǘƛƻƴǎ ǿƛǘƘ ŎƻƳǇŜǘƛƴƎ Ǝƻŀƭǎ Ƴǳǎǘ ōŜ 

considered. In the case of the water innovations destined for irrigation, the overall sustainability of their 

implementation must include considerations of the land and climate type where it will be used if these 

can support sustainable crop cultivation. Similarly, approaches towards biodiversity conservation must 

consider the objectives of agriculture and ensure cross-compliance between sustainably feeding the 

population while enabling biodiverse species to adapt to changes in climate and human use. 
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4) Evaluating Innovations with the EU Taxonomy for Sustainable 
Finance  
 

In the following section, we will assess the previously described innovations under the EU Taxonomy for 

Sustainable Activities (Taxonomy). To do so, we first explain the origin and relevance of the Taxonomy 

and what are the criteria and thresholds to consider that an activity substantially contributes mitigating 

GHG emissions in line with the climate-neutral target by 2050 or substantially contributes in adapting to 

or reducing the risk of climate change negative effects. Afterwards, we realise a cross-check analysis of 

activities considered in the Taxonomy and the activities involved in the value chain of each innovation 

technology with the aim to define the environmental and climate performance of each technology. 

4.1) European Taxonomy for sustainable activities 

The Taxonomy is a fundamental part of the European Green Deal, a strategy to transform Europe into the 

first climate-neutral region by 2050. As part of the Green Deal, on January 14, 2020, the Commission 

presented the European Green Deal Investment PlanΣ ǿƘƛŎƘ ŀƛƳǎ ǘƻ ƳƻōƛƭƛǎŜ ŀǘ ƭŜŀǎǘ ϵм ǘǊƛƭƭƛƻƴ ƻŦ 

sustainable investments over the next decade, facilitating public and private investments needed for the 

transition to a climate-neutral, green, competitive and inclusive economy (European Commission, 2019).  

The investment plan is accompanied by an action plan built around three policy goals: (i) manage financial 

risks stemming from climate change, resource depletion, environmental degradation, and social issues; 

(ii) reorient capital flows towards sustainable investments in order to achieve sustainable and inclusive 

growth; and (iii) foster transparency and long-termism in financial and economic activity (European 

Commission, 2020). To achieve these goals, the action plan sets out 10 specific actions. The first is to 

establish a common language in a unified classification system, the Taxonomy, to define which economic 

activities are considered green and aligned to a net-zero economy by 2050 and subsequently reach a 1.5°C 

scenario pathway (EU Technical Expert Group on Sustainable Finance, 2020a).  

The Technical Expert Group on Sustainable Finance (TEG4) published its final report on the Taxonomy on 

March 9, 2020, comprising a series of recommendations relating to its overarching design, as well as 

extensive implementation guidance on how companies and financial institutions can use and disclose 

against the Taxonomy. A central ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ¢9DΩǎ ǿƻǊƪ ς and hence the final recommendations ς 

is that the Taxonomy must be a tool for financing the transition to a more sustainable economy. This 

means that it must incentivise capital to flow towards improvements in climate and environmental 

performance and resilience of all sectors of the economy which do not directly undermine environmental 

goals (EU Technical Expert Group on Sustainable Finance, 2020b). 

                                                            
4The TEG has 35 members from civil society, academia, business and the finance sector, as well as 10 additional 

members and observers from EU and international public bodies. 

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/info/publications/200114-european-green-deal-investment-plan_en
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The Taxonomy was structured based on an economic activity approach rather than a green ranking of 

products or technologies, this approach considers not just green sectors but thresholds for the transition 

towards net-zero emissions economy. These economic activities are based on the Statistical Classification 

{ȅǎǘŜƳ ƻŦ 9ŎƻƴƻƳƛŎ !ŎǘƛǾƛǘƛŜǎ ƛƴ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳǳƴƛǘȅ ƻǊ b!/9 όάbƻƳŜƴŎƭŀǘǳǊŜ ƎŞƴŞǊŀƭŜ ŘŜǎ !ŎǘƛǾƛǘŞǎ 

économiques dans lŜǎ /ƻƳƳǳƴŀǳǘŞǎ 9ǳǊƻǇŞŜƴƴŜǎέύ ŎƻŘŜǎ ǘƘŀǘ ǇǊŜǎŜƴǘ ǘƘŜ ǳƴƛǾŜǊǎŜ ƻŦ ŜŎƻƴƻƳƛŎ 

activities divided into sectors with a hierarchical classification system that associates each economic 

activity to a statistical unit (European Commission, 2008). According to this classification system, 

economic activities take place when resources such as capital goods, labour, manufacturing techniques, 

or intermediary products are combined to produce specific goods or services. Thus, economic activities 

are characterised by the input of resources, a production process, and the output of products (goods or 

services). The classification system has a four-level structure from level one consisting of 21 broad sectors, 

level two of divisions, level three of sections and, level four of 615 classes of economic activities. For 

example, the economic activity of electricity production from Solar Photovoltaic (PV) which includes the 

construction and operation of electricity generation facilities that produce electricity from Solar PV, 

belongs to the section D35.1 - Electric power generation, transmission and distribution from division D35 

- Electricity, gas, steam and air conditioning supply of the sector D - Electricity, gas, steam and air 

conditioning supply (European Commission, 2008). 

An activity as defined in the NACE code system may consist of one simple process; for example, 

ǘǊŀƴǎǇƻǊǘƛƴƎ ŎŜǊǘŀƛƴ ǇǊƻŘǳŎǘ ŦǊƻƳ Ǉƻƛƴǘ άŀέ ǘƻ Ǉƻƛƴǘ άōέΣ ōǳǘ Ƴŀȅ ŀƭǎƻ ƎǊƻǳǇ ŀ ǿƘƻƭŜ ǊŀƴƎŜ ƻŦ ŀŎǘƛǾƛǘƛŜǎ 

or subȤprocesses as one activity; for example, the manufacturing of a car consists of specific activities such 

as casting, forging, welding, assembling, painting, etc. If the production process is organised as an 

integrated series of elementary activities within the same statistical unit, the whole combination is 

regarded as one activity. One important advantage of considering this approach in the Taxonomy is that 

this system allows data comparability across time5, sectors and avoid double-accounting climate and 

environmental contributions of a specific activity. 

¢ƘŜ ¢ŀȄƻƴƻƳȅ ǎŜǘǎ ǇŜǊŦƻǊƳŀƴŎŜ ǘƘǊŜǎƘƻƭŘǎΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ άǘŜŎƘƴƛŎŀƭ ǎŎǊŜŜƴƛƴƎ ŎǊƛǘŜǊƛƻƴέΣ ǘƻ ŘŜŦƛƴŜ ƛŦ ŀƴ 

economic activity is green. To state that an activity is aligned with the Taxonomy it requires to meet 

simultaneously three features: 

¶ First, it must substantially contribute to any of six environmental objectives: (i) climate change 

mitigation, (ii) climate change adaptation, (iii) sustainable use and protection of water and marine 

resources, (iv) transition to a circular economy, (v) pollution prevention and control, and (vi) 

protection and restoration of biodiversity and ecosystems. 

¶ Second, the Taxonomy requires that economic activities do not significantly harm (DNSH) any of 

the environmental objectives. Current screening criteria to determine if an economic activity 

                                                            
5 Changes in economic structures and organisations, as well as technological developments, give rise to new 
activities and products, which may supersede existing activities and products. Such changes imply a constant 
challenge for the compilation of statistical classifications. 
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DNSH is well defined for activities that substantially contribute to the first two environmental 

objectives (mitigation and adaptation) by a technical annexe that contains updated technical 

screening criteria for 70 climate change mitigation and 68 climate change adaptation activities, 

including criteria for DNSH to other environmental objectives as well as an updated methodology 

section to support the recommendations on the technical screening criteria. In the meantime, the 

TEG is in consultation with different stakeholders to develop the design and adoption of the 

technical screening criteria for activities that contribute to the objectives iii-vi by the end of 2021.  

¶ Third, economic activities under the Taxonomy must comply with minimum safeguards, focused 

on social and governance factors e.g., OECD Guidelines on Multinational Enterprises and the UN 

Guiding Principles on Business and Human Rights. 

Economic activities considered under the Taxonomy that meet the thresholds criteria, have the potential 

to open financial channels under sustainable finance instruments such as green bonds, green loans, eco-

labels, etcetera. Finally, it is planned that the Taxonomy will be implemented as a voluntary regulation 

within the EU in 2022. 

In the following section we will expand on those criteria that contribute to the first two objectives (climate 

ŎƘŀƴƎŜ ƳƛǘƛƎŀǘƛƻƴ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴύΣ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ ǎŜŎƻƴŘ ŦŜŀǘǳǊŜ άŘƻ ƴƻǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 

harm (DNSIύέΦ 

4.2) Substantial contribution to climate change mitigation  

In line with the Taxonomy, a substantial contribution to climate change mitigation can be done by three 

types of economic activities: 

1) Activities that are already low carbon. These activities are already compatible with a 2050 net-zero 

carbon economy based on their own performance. Examples include zero emissions transport, near 

to zero-carbon electricity generation, and afforestation.  

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ¢ŀȄƻƴƻƳȅΥ ά!ƴ ŜŎƻƴƻƳƛŎ activity shall be considered to contribute substantially to 

climate change mitigation where that activity substantially contributes to the stabilization of 

greenhouse gas concentrations in the atmosphere at a level which prevents dangerous anthropogenic 

interference with the climate system by avoiding or reducing greenhouse gas emissions or enhancing 

greenhouse gas removals through any of the following means, including through process or product 

innovation, consistent with the long term temperature goal of the Paris Agreementέ (EU Technical 

Expert Group on Sustainable Finance, 2020a). 

2) Activities that contribute to a transition to a net-zero emissions economy in 2050 but are not 

currently operating at that level. Examples include electricity generation with an emission threshold 

of <100g CO2/kWh or cars with emissions below 50g CO2/km.  

According to the Taxonomy: ά!ƴ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘȅ ŦƻǊ ǿƘƛŎƘ ǘƘŜǊŜ ƛǎ ƴƻ ǘŜŎƘƴƻƭƻƎƛŎŀƭƭȅ ŀƴŘ 

economically feasible low carbon alternative, shall be considered to contribute substantially to 
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climate change mitigation as it supports the transition to a climate-neutral economy consistent with 

a pathway to limit the temperature increase to 1.5 degrees Celsius above pre-industrial levels 

ƛƴŎƭǳŘƛƴƎ ōȅ ǇƘŀǎƛƴƎ ƻǳǘ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ŦǊƻƳ ǎƻƭƛŘ Ŧƻǎǎƛƭ ŦǳŜƭǎέ (EU Technical 

Expert Group on Sustainable Finance, 2020a). 

The Taxonomy emphasises that these activities are critical to the economy but must significantly 

enhance their performance beyond the industry average and the technical screening criteria for these 

activities will be subject to regular revision at least every three years setting a pathway to net-zero by 

2050. Meanwhile, these activities must comply with three requirements: 

a) has greenhouse gas emission levels that correspond to the best performance in the sector or 

industry;  

b) does not hamper the development and deployment of low-carbon alternatives; and  

c) does not lead to a lock-in in carbon-intensive assets considering the economic lifetime of those 

assets.  

3) Activities that are enablers for the previous two. These economic activities enable other economic 

activities that substantially contribute or help in the transition to a net-zero economy by the provision 

of products or services. For example, the manufacture of low-carbon technologies and information 

and communications technologies for climate change mitigation, some non-life-insurance products, 

and professional, scientific and technical activities for climate change adaptation. 

An economic activity shall be considered to contribute substantially to one or more of the 

environmental objectives by directly enabling other activities to make a substantial contribution to 

one or more of those objectives, and where that activity:  

a) does not lead to a lock-in in assets that undermine long-term environmental goals, considering 

the economic lifetime of those assets;  

b) has a substantial positive environmental impact on the basis of life-cycle considerations. 

4.3) Do Not Significant Harm principle (DNSH) for mitigation activities 

In addition to the substantial contribution to at least one of the six objectives, to consider that an 

economic activity is aligned with the Taxonomy it must avoid doing significant harm to the other 

¢ŀȄƻƴƻƳȅΩǎ ƻōƧŜŎǘƛǾŜǎΦ ¢ƘŜ 5b{I ǇǊƛƴŎƛǇƭŜ ŜƴǎǳǊŜǎ ǘƘŀǘ ǘhe technical screening criteria take into account 

more than one dimension in solving environmental or climate problems, excluding activities that 

represent an important trade-off between mitigation benefits and other environmental objectives. It is 

important to mention that in cases where the TEG could not identify practices or criteria to mitigate 

potential harm, the activity was not included in the Taxonomy. 
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The vast majority of the screening criteria for the DNSH principle is built from existing EU regulations. On 

one hand, using existing regulation may avoid incurring additional transaction costs when companies and 

issuers already comply with those requirements, however, on the other, some key thresholds or 

requirements set in the actual regulation may bŜ ƛƴǎǳŦŦƛŎƛŜƴǘ ǘƻ ƳŜŜǘ ǘƘŜ ¢ŀȄƻƴƻƳȅΩǎ ƻōƧŜŎǘƛǾŜǎ ƛƴ 

contributing to the transition to a net-zero emission economy by 2050. 

4.4) Substantial contribution to climate change adaptation 

Contrary to mitigation activities, adaptation measures included in the Taxonomy do not have a specific 

long-term objective (e.g. net-zero emissions by 2050) since adapting to climate change is an ongoing 

process that may not be final at any stage, and neither have a specific quantitative threshold (e.g. GHG 

emissions) as measured baselines or accepted metrics for adaptation have not yet been developed. The 

¢9D ǊŜŎƻƎƴƛȊŜǎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ǘŜŎƘƴƛŎŀƭ ƛǎǎǳŜǎ ƛƴ ŘŜǘŜǊƳƛƴƛƴƎ ƛŦ ŀƴ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘȅ ƛǎ Ŧǳƭƭȅ ΨǊŜǎƛƭƛŜƴǘΩ ƻǊ 

fully adapted to climate change. For these reasons the Taxonomy considers a qualitative approach in form 

of a structured process-based methodology to establish if an economic activity provides a substantial 

contribution to climate change adaptation. The TEG recommends that additional work be undertaken by 

the Platform on Sustainable Finance to carry out further development of criteria to establish resilience 

benefit, which may enable turnover from adapted activities to be counted at a future date. 

The Taxonomy identified a universe of 68 economic activities that contribute primarily to climate change 

adaptation and recognises that there are a number of economic activities that might be important for 

climate adaptation that are not yet included in the economic activities currently addressed in the 

Taxonomy and the criteria will be expanded as further developments of other objectives are developed.  

The Taxonomy differentiates two activities that substantially contribute to climate change adaptation; 

ΨŀŘŀǇǘŜŘΩ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ŜƴŀōƭŜ ŀŘŀǇǘŀǘƛƻƴΦ CƻǊ άŀŘŀǇǘŜŘέ ŀŎǘƛǾƛǘƛŜǎ ǘƘŜ ǉǳŀƭƛǘŀǘƛǾŜ ǎŎǊŜŜƴƛƴƎ 

criteria consist in describing specific characteristics of an action or a set of actions that can be used to 

determine whether an economic activity provides a substantial contribution to adaptation (see Table 2). 

Table 2: Adapted activities 

Criterion Description 

A1: Reducing material 

physical climate risks 

The economic activity must reduce all material physical climate risks to 

that activity to the extent possible and on a best effort basis.  

A1.1 The economic activity integrates physical and non-physical measures 

aimed at reducing - to the extent possible and on a best effort basis - all 

material physical climate risks to that activity, which have been identified 

through a risk assessment.  
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A1.2 The above-mentioned assessment has the following characteristics: 

Considers both current weather variability and future climate change, 

including uncertainty; 

Is based on robust analysis of available climate data and projections 

across a range of future scenarios; 

Is consistent with the expected lifetime of the activity. 

A2:  Supporting system 

adaptation 

The economic activity and its adaptation measures do not adversely 

affect the adaptation efforts of other people, nature and assets. 

A2.1 The economic activity and its adaptation measures do not increase the 

risks of an adverse climate impact on other people, nature and assets, or 

hamper adaptation elsewhere. Consideration should be given to the 

viability of 'green' or 'nature-based-solutions' over 'grey' measures to 

address adaptation.  

A2.3 The economic activity and its adaptation measures are consistent with 

sectoral, regional, and/or national adaptation efforts.  

A3: Monitoring adaptation 

results 

The reduction of physical climate risks can be measured. 

A3.1 Adaptation results can be monitored and measured against defined 

indicators. Recognising that risk evolves over time, updated assessments 

of physical climate risks should be undertaken at the appropriate 

frequency where possible. 

Source: EU Taxonomy 

Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ΨŀŎǘƛǾƛǘƛŜǎ ŜƴŀōƭƛƴƎ ŀŘŀǇǘŀǘƛƻƴΩΣ ǘƘŜȅ Ƴǳǎǘ ŎƻƳǇƭȅ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎΥ 

i. The economic activity does not lead to a lock-in in assets that undermine long-term 

environmental goals, considering the economic lifetime of those assets; and  
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ii. The economic activity has a substantial positive environmental impact on the basis of life-

cycle considerations.  

Additionally, the economic activity shall demonstrate how it contributes to support adaptation of other 

economic activities under the following criteria (see Table 3).  

Table 3: Activities enabling Adaptation 

Criterion Description 

B1. Supporting adaptation 

of other economic 

activities 

The economic activity reduces material physical climate risk in other 

economic activities and/or addresses systemic barriers to adaptation. 

Activities enabling adaptation include, but are not limited to, activities 

that: 

Promote a technology, product, practice, governance process or 

innovative uses of existing technologies, products or practices (including 

those related to natural infrastructure); or, 

Remove information, financial, technological and capacity barriers to 

adaptation by others. 

B1.1 The economic activity reduces or facilitates adaptation to physical 

climate risks beyond the boundaries of the activity itself. The activity will 

need to demonstrate how it supports adaption of others through: 

an assessment of the risks resulting from both current weather variability 

and future climate change, including uncertainty, that the economic 

activity will contribute to address based on robust climate data; 

an assessment of the effectiveness of the contribution of the economic 

activity to reducing those risks, taking into account the scale of exposure 

and the vulnerability to them. 

B1.2 In the case of infrastructure linked to an activity enabling adaptation, that 

infrastructure must also meet the screening criteria A1, A2 and A3.  
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Source: EU Taxonomy 

4.5) Do No Significant Harm (DNSH) principle for adaptation activities 

In line with the Taxonomy, an economic activity shall be considered as significantly harming climate 

ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ άǿƘŜǊŜ ǘƘŀǘ ŀŎǘƛǾƛǘȅ ƭŜŀŘǎ ǘƻ ŀƴ ƛƴŎǊŜŀǎŜŘ ŀŘǾŜǊǎŜ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŀƴŘ ŜȄǇŜŎǘŜŘ 

ŎƭƛƳŀǘŜΣ ƻƴ ƛǘǎŜƭŦ ƻǊ ŦƻǊ ƻǘƘŜǊ ǇŜƻǇƭŜΣ ƴŀǘǳǊŜ ŀƴŘκƻǊ ŀǎǎŜǘǎέΦ ¢ƘŜ ¢axonomy defines adverse impacts if: 

i. The services that economic activities/ vulnerable populations/ vulnerable ecosystems rely on 

need to be resilient to climate change. If they are not, and those services are significantly 

curtailed due to climate change impacts, the resilience and ability to adapt of those activities/ 

populations/ ecosystems is weakened. This can be achieved by ensuring that all material risks 

to the economic activity itself have been reduced to the extent possible and on a best effort 

basis.  

ii. Those services are not being delivered in a way that adversely affects the adaptation efforts 

of others(EU Technical Expert Group on Sustainable Finance, 2020c). 

The Taxonomy acknowledges that adaptation needs and impacts of activities on adaptation and resilience 

are context specific and therefore a context specific assessment is needed. For this reason, two criteria 

for DNSH to the adaptation objective were established: 

Criterion 1: Reducing material physical climate risks: The economic activity must reduce all material 

physical climate risks to the activity to the extent possible and on a best effort basis.  

1.1  The activity integrates physical and non-physical measures aimed at reducing - to the 

extent possible and on a best effort basis - all material risks that have been identified through a 

climate risk assessment. For existing activities, the implementation of those physical and non-

physical measures may be phased and executed over a period of time of up to 5 years. For new 

activities, implementation of these measures must be met at the time of design and construction.  

1.2  The above-mentioned climate risk assessment has the following characteristics:  

1.2.1 considers both current weather variability and future climate change, including 

uncertainty;  

1.2.2 is based on robust analysis of available climate data and projections across a 

range of future scenarios;  

1.2.3 is consistent with the expected lifetime of the activity.  

Criterion 2: Supports system adaptation: The economic activity and its adaptation measures do not 

adversely affect the adaptation efforts of other people, nature and assets.  
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2.1  The economic activity and its adaptation measures do not increase the risks of an adverse 

climate impact on other people, nature and assets or hamper adaptation elsewhere. 

Consideration should be given to the viability of 'green' or 'nature-based-solutions' over 'grey' 

measures to address adaptation. 

2.2  The activity is consistent with sectoral, regional, and/or national adaptation efforts. 

5)  Innovation technologies assessment under the EU Taxonomy for 
Sustainable Finance 

As we mentioned above, the Taxonomy sets metrics and thresholds based on economic activities divided 

hierarchically into sectors where different criteria and regulations may apply to consider that a specific 

economic activity contributes to one of the six EU climate targets while simultaneously DNSH the rest of 

the five objectives. It is important to mention that the Taxonomy does not consider the entire universe of 

economic activities or other actions that are not considered an economic activity but may have an impact 

on climate change adaptation or GHG mitigation. Furthermore, the TEG has not selected sectors or 

economic activities with potential negative impacts on climate change or low potential to enable the 

transition to a net-zero economy. The Taxonomy does not set minimum thresholds in order to minimize 

the negative climate or environmental impacts of economic activities but rather only considers a 

άǇƻǎƛǘƛǾŜέ ŀǇǇǊƻŀŎƘ ƻŦ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ŀǊŜ ŀƭǊŜŀŘȅ ŀƭƛƎƴŜŘ ǿƛǘƘ ŀ ƴŜǘ-zero emission threshold by 

2050 or transition activities where thresholds are dynamic and should meet net-zero emission projections 

or enables activities that facilitate the previous two. 

In order to assess how the six innovation technologies considered in this Deliverable perform under the 

Taxonomy, we assess the value chain of each innovation technology to the extent possible and evaluate 

each of the economic activities that are involved in each innovation technology from its production, use, 

and end of life and disposal or recycling -the so called life cycle assessment (LCA), which is a methodology 

to identify the environmental burden of a product or process over its entire life (Ecoil, 2006). Not all 

innovations considered in this deliverable can be analysed under an LCA approach. In the case of 

innovations that primarily contribute to mitigation, no limitations were found to use this approach. While 

with innovations that primarily contribute to climate change adaptation, it was not possible to describe 

them through LCAs due to fact that they represent activities or measures, not products or processes. We 

therefore assessed the three adaptation innovations by considering the related economic activities that 

are available in the Taxonomy. 

5.1) Mitigation technologies 

To assess the three innovation technologies that contribute primarily to climate change mitigation under 

the Taxonomy, first, based on a literature review, we describe a simplified LCA to analyse all the economic 

activities involved in each technology. Afterwards we cross-checked which activities are considered under 

the Taxonomy, and what is the rationale behind their inclusion, as well as the metrics and thresholds that 

are considered to meet the net-zero emission target by 2050 for each specific activity. 
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The economic activities that comprise the value chain of each mitigation technology belong to different 

economic sectors where ŘƛŦŦŜǊŜƴǘ ¢ŀȄƻƴƻƳȅΩǎ ŎǊƛǘŜǊƛŀ ŀǇǇƭȅ όǘƻ ŘŜŦƛƴŜ ƛŦ ǘƘŜ ŀŎǘƛǾƛǘȅ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ 

mitigation and/or different regulations compliance under the DNSH principle). Economic activities that 

are considered by the Taxonomy may be activities that are already aligned with a net-zero emission 

threshold by 2050, transition activities where thresholds are dynamic and should meet net-zero emission 

projections or enabler activities that facilitate the previous two. Each economic activity has its own 

rationale on how it contributes to mitigate GHG and meet the long-term climate targets. Additionally, 

each economic activity considered in the Taxonomy must comply with the DNSH principle. 

5.1.1) Biofuels 

As we mention in section 2.1, biofuels are recognised as a renewable alternative to fossil fuels in the 

transportation sector for the EU (European Commission, 2018c). However, the REDII indicates that it is 

necessary to transit towards the exclusive use of advanced biofuels in order to minimise the overall direct 

and indirect land-use change impacts or other potential negative externalities such as food competition 

or unbalancing the agricultural/food market.  

To assess how biofuels are considered under the EU Taxonomy, we depict a simplified LCA and analyse 

which economic activities involved in the complete value-chain of this innovation are considered in the 

Taxonomy. LCA analyses of biofuels found in the literature have the objective to compare the entire life 

cycle of a certain biofuel developed with a certain technology versus obtaining the same result with a 

fossil fuels technology. To define on what result the two technologies are comparable, studies consider 

two main approaches, depending on the functional unit of the assessment. On one hand, some studies 

are based on the travelling distance considering what are the activities, inputs and outputs to deliver 1km 

of distance travelled with biofuels versus other available technology or current fossil-fuel based transport. 

On the other, studies considered what are the activities involved, as well as, their inputs and outputs of 

the production of one unit of biofuel (e.g. one litre of ethanol 9мллύΣ ƭŜŀǾƛƴƎ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ŜƴƎƛƴŜ ŜŦŦƛŎƛŜƴŎȅ 

as an exogenous variable that does not affect the LCA considerations.  

For the purposes of this deliverable, we considered the first approach as the Taxonomy established criteria 

in the transport sector for some vehicles modes that use biofuels. Following Borrion et al. (2012) and 

Gnansounou et al. (2009), we depicted the activities involved in the value chain of biofuels under a Well-

to-Tank (WtT) LCA approach that covers stages from land designation to grow the feedstock in the case 

of first-generation biofuels until its final use in a certain vehicle type. Different activities of the LCA might 

be grouped as one activity under the Taxonomy (see Figure 8). 
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Figure 8: Lifecycle Assessment of Biofuels 

Source: Own elaboration based on Borrion et al. (2012) and Gnansounou et al. (2009). 

Selection of Land 
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baseline should be included to determine the carbon emissions from this land-use change. On one hand, 

direct land use change for biofuel production could lead to the conversion of land that stores carbon (e.g. 

grasslands, native ecosystems) into cultivated land. By contrast, if feedstock is produced on degraded soil, 

it can contribute to improve the soil carbon balance (Panichelli and Gnansounou, 2008). Consequently, 

the choice of the previous state of the land-use system can significantly affect the GHG balance of the 

biofuel. 

¢ƘŜ ¢ŀȄƻƴƻƳȅ ŘƻŜǎ ƴƻǘ ŎƻƴǎƛŘŜǊ ǘƘŜ ŦƛǊǎǘ ǇǊƻŎŜǎǎ ƻŦ ǘƘŜ ōƛƻŦǳŜƭǎΩ ǾŀƭǳŜ ŎƘŀƛƴ όǎŜƭŜŎǘƛƻƴ ƻŦ ƭŀƴŘύ ŀǎ ŀƴ 

economic activity, however, it sets criterion for economic activities that may use biomass feedstock as in 

the case of first-generation biofuels. These criteria are based on the REDII current regulation where it is 

guaranteed that agricultural raw material does not originate from biodiverse areas or, in the case of areas 

designated for nature protection purposes or for the protection of rare, threatened or endangered 

ecosystems or species.  

The Taxonomy establishes that biomass shall not come from agricultural land that has been the subject 

of land use change from forest or pasture since 1994. Additionally, agricultural production for any purpose 
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is banned on land that had in or after January 20086 the status (regardless of their current status) of 

wetland, continuously forested areas, peatland, etc. (see Annex 1). 

Furthermore, the Taxonomy establishes that any land should not be converted to accommodate the 

production of agricultural raw material for biofuels, bioliquids and biomass fuels if its carbon stock loss 

upon land conversion could not (within a reasonable period) be compensated by the greenhouse gas 

emission savings from biofuels. Thus, feedstock production on land should avoid displacement effects of 

food and feed-crop based biofuels, bioliquids and biomass fuels through improved agricultural practices 

as well as through the cultivation of crops on areas which were previously not used for cultivation of crops, 

and which were produced in accordance with the sustainability criteria for biofuels, bioliquids and 

biomass fuels laid down in Article 29. 

Feedstock production 

The following stage of the LCA is the production of the feedstock that will be converted into biofuels. This 

activity can be divided into feedstock that is produced directly from agricultural biomass or feedstock that 

is derived from other economic activities in form of by-products, co-products7, residues and waste. If 

feedstock is biomass, studies based on LCA approaches found a high risk of environmental and climate 

adverse effects as the feedstock is dependent on an intensive use of inputs (raw materials, water, 

fertilisers, pesticides, and energy from the machinery applied) and their high amount of outputs to air, 

water and soil, depending on the material, energy inputs and the type of biomass (EU Technical Expert 

Group on Sustainable Finance, 2020c). Despite being a less mature technology, if feedstock is derived 

from indirect economic activities it reduces adverse effects and could potentially contribute to the 

transition to a net-zero carbon economy. 

For agricultural feedstock used to produce bioenergy, the Taxonomy based its sustainability criteria in the 

requirements set in REDII for the production of the feedstock used to produce bioenergy, and the 

agricultural criteria set in the cross-compliance measures of the Common Agricultural Policy (CAP), in 

particular, the current proposals for the post-2020 CAP per Annex III of COM(2018)3928. Both REDII and 

CAP include several sustainability requirements related to the production of feedstock for various supply 

chains, where agricultural practices must comply with Statutory Management Requirements and 

Standards for good agricultural and environmental condition of land, including criteria regarding food 

safety, climate change (mitigation and adaptation measures), water (use, availability and quality), soil 

(protection and quality), biodiversity and landscape (protection and quality) and measures on animal 

                                                            
6 According with the Taxonomy a cut-off date of 2008 for no conversion of high carbon stock land is chosen to be consistent 

with the operation of the Renewable Energy Directive sustainability criteria relative to these land types. This requirement is 
taken from RED II, Article 29, paragraphs 4 and 5. It is be applied to all perennial crop production, whether for biofuels, 
bioliquids or biomass, or for food or feed uses. The intention is per RED II, namely, to ensure high carbon stock land is not 
converted for agricultural production purposes. 
7 Co-products are different from residues and agricultural residues, as they are the primary aim of the production process. It is 

therefore appropriate to clarify that agricultural crop residues are residues and not co-products. 

8 Available at:  https://eur-lex.europa.eu/resource.html?uri=cellar:aa85fa9a-65a0-11e8-ab9c-

01aa75ed71a1.0003.02/DOC_2&format=PDF 
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health and plant health such as prevention and control of diseases, Identification and registration of 

species, and restrictions on the use of pesticides (European Commission, 2018d).  

Both regulatory instruments recognize that the production of crops to be used for bioenergy carries a high 

risk of indirect land-use change as a significant expansion of the production areas into land with high-

carbon stock has been observed across Europe (European Commission, 2018d). As we mention above in 

the document, REDII limits food and feed crops-based biofuels and bioliquids, especially those produced 

from cereals and other starch-rich crops, sugars and oil crops. However, the Taxonomy does not restrict 

the production of crops for biofuels and bioliquids as long as it can be demonstrated that feedstock has a 

low indirect land-use change impact, fulfils the greenhouse gas emissions saving criteria and comply with 

the following requirements: 

Figure 9: Biomass production requirements if used as a feedstock 

Source: EU Taxonomy 

¢ƘŜ ¢ŀȄƻƴƻƳȅ ǊŜŎƻƎƴƛǎŜǎ ǘƘŀǘ ƛƴ ƻǊŘŜǊ ǘƻ ƳŜŜǘ ǘƘŜ 9¦Ωǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŎƭƛƳŀǘŜ Ǝƻŀƭǎ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ 

to prepare the transition towards the production of feedstock for advanced biofuels and minimise the 

overall direct and indirect land-use change impacts and the negative effects and trade-offs from biofuels, 

produced from food and feed crops. Therefore, in line with current regulations, the Taxonomy 

A full traceability of sourcing through the corresponding chain of custody management system needs to be in 
place and its effectiveness proven through the corresponding certification systems; 
Any forest biomass used in the process shall comply with EU Timber Regulation (EU/995/2010) and the EU Forest 
Law Enforcement Governance and Trade (FLEGT), where applicable;  

¶ any forest biomass used in the process is committed any forest biomass used in the process is committed 

to forest certification using independent third-party schemes that are regularly audited in the forest 

areas. Forest management and chain of custody practices in sourcing areas that are not yet certified, 

must be aligned (roadmap to certification) with the same certification standards;  

¶ forest biomass coming from irrigated forest plantations shall not be used;  

¶ any biomass produced within the EU used in the process must be subject to a transparent, credible chain 

of custody and comply with biomass sustainability criteria as defined in the cross compliance 

conditionalities of the Common Agricultural Policy and as defined in the Common Fisheries Policy;  

¶ Biomass used shall comply with align with the requirements defined under the directives RED + and 

RED2+ as applicable for biomass and biofuels and with the requirements for biomass defined in the 

forestry section the Taxonomy. 

¶ Biomass shall not come from agricultural land that has been the subject of land use change from forest 

or pasture since 1994. The above-mentioned certification schemes shall provide a robust chain of custody 

audit system for the feedstock; products derived from new, greenfield oil palm tree plantation are 

excluded from the scope;  

¶ Particular case of forest biomass certification: small-scale palm oil cultivators operating in existing forest 

plantations should be able to be included in the certification system and ensure that they receive their 

fair share of profits. 
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recommends to set a specific and gradually decreasing limit9 for first-generation biofuels, while promoting 

the ǳǎŜ ƻŦ ŜƴŜǊƎȅ ŦǊƻƳ Ψ!ŘǾŀƴŎŜŘ .ƛƻŦǳŜƭǎΩ ǘƘŀǘ ŀǊŜ ǇǊƻŘǳŎŜŘ ŦǊƻƳ ŦŜŜŘǎǘƻŎƪǎ ƭƛƪŜ ŀƭƎŀŜΣ ōƛƻƳŀǎǎ ŦǊƻƳ 

mixed municipal waste, cobs cleaned of kernels of corn, nutshells, etc. listed in part A of Annex IX10 of the 

REDII (see Annex 1.4). 

The manufacture of advanced biofuels and other biofuels and biogas produced from feedstock, listed in 

the Annex 1, is recognized by the Taxonomy as a transition economic activity that can stimulate the 

ŘŜŎŀǊōƻƴƛǎŀǘƛƻƴ ƻŦ ǘƘŜ 9¦Ωǎ ǘǊŀƴǎǇƻǊǘ ǎŜŎǘƻǊ ƛƴ ŀ Ŏƻǎǘ-effective manner, and improving, inter alia, energy 

diversification in while promoting innovation, growth and jobs and reducing reliance on energy 

imports(EU Technical Expert Group on Sustainable Finance, 2020c). Additionally, the Taxonomy 

establishes that the inclusion of new additional feedstock with the potential to be processed with 

advanced technologies needs to ensure that it does not create additional demand for land or market 

distortions and recommends the Commission to regularly assess the Annex.  

By these means, any new additional feedstock to be added on the Annex will be evaluated above based 

on an analysis of the potential of the raw material as feedstock for the production of biofuels for transport, 

considering all of the following:  

(a) the principles of the circular economy and of the waste hierarchy established in Directive 

2008/98/EC; (b) the Union sustainability criteria laid down in Article 29(2) to (7);  

(b) the need to avoid significant distortive effects on markets for (by-)products, wastes or 

residues;  

(c) the potential for delivering substantial greenhouse gas emissions savings compared to 

fossil fuels based on a life- cycle assessment of emissions;  

(d) the need to avoid negative impacts on the environment and biodiversity; and 

(e) the need to avoid creating an additional demand for land. 

It is important to mention that advanced generation biofuels include biomass wastes and residues from 

forestry and forest-based industries. The Taxonomy set criteria for this activity based on current EU 

regulations, mainly; REDII, CAP and EU Forestry. However actual regulation may not be sufficient to 

prevent unsustainable use of forest feedstocks. The sustainability requirements for this activity are 

assessed on the basis of sustainable forest management only, which may vary drastically depending on its 

design and its implementation. Such management plans provide an estimate but do not consider the 

                                                            
9 In line with the Taxonomy, the share of biofuels and bioliquids, as well as of biomass fuels consumed in transport, where 

produced from food and feed crops, shall be no more than one percentage point higher than the share of such fuels in the final 
consumption of energy in the road and rail transport sectors in 2020 in that Member State, with a maximum of 7 % of final 
consumption of energy in the road and rail transport sectors in that Member State 
10 The Commission will constantly review that annex in order to assess whether new feedstock should be added based on an 

analysis of the potential of the raw material as feedstock for the production of biofuels and biogas for transport, taking into 
account all of the following: (a) the principles of the circular economy and of the waste hierarchy established in Directive 
2008/98/EC; (b) the Union sustainability criteria laid down in Article 29(2) to (7); (c) the need to avoid significant distortive 
effects on markets for (by-)products, wastes or residues; (d) the potential for delivering substantial greenhouse gas emissions 
savings compared to fossil fuels based on a life- cycle assessment of emissions; (e) the need to avoid negative impacts on the 
environment and biodiversity; (f) the need to avoid creating an additional demand for land. 
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actual carbon impacts of using forest biomass for energy (the carbon debt). For the products and by-

products of the forestry sector in Annex IX (especially round wood - pulpwood and thinning - and 

harvesting residues) there will be a link to the LULUCF sector. Increased extraction rates of these raw 

materials will increase the carbon emissions in the LULUCF sector because carbon stocks and sinks will 

decrease. An increased use of biomass extracted from forest would lead to increased overall emissions 

(G. Fischer et al., 2010). On top of this, there are no requirements on the maximum extraction rates for 

harvesting residues, which if overharvested may decrease fertility and soil carbon of the forests, 

potentially lowering future growth (and carbon sequestration) rates. 

Manufacture of biofuels 

The next stage is the production process (manufacture), that considers all the activities needed to convert 

the raw material and energy inputs into the final product (biofuels). In practice, this stage is often 

composed by a series of sub-stages along the processing chain such as feedstock handling, pre-treatment, 

hydrolysis and fermentation, and material recovery. In this case, the Taxonomy grouped those activities 

as a single manufacture activity. 

In line with the Taxonomy rationale, the manufacture of all biomass, biogas or biofuels should deliver 

robust climate benefits compared to fossil fuels and reduce the risk of Indirect Land Use Change (iLUC). 

However, the Taxonomy also recognises that if the manufacture of biofuels is done incorrectly it can have 

no net positive impact or even a negative environmental impact (EU Technical Expert Group on 

Sustainable Finance, 2020c). Thus, the eligibility criteria for the manufacture of biofuels set in the 

Taxonomy is restricted only to the manufacture of advanced biofuels from the feedstock listed above in 

Table 411.  

Moreover, the manufacture of biofuels has to comply with the do no significant harm criteria to the other 

climate objectives. The Taxonomy emphasizes that the most significant environmental risks of this 

activity are on the impact on local water (consumption and sewage), to meet the waste and recycling 

criteria, and the avoidance of direct impacts on sensitive ecosystems, species or habitats. Consequently, 

it sets requirements (in line with the EU water legislation), to identify and manage risks related to water 

quality and/or water consumption at the appropriate level and ensure the development of water 

ǳǎŜκŎƻƴǎŜǊǾŀǘƛƻƴ ƳŀƴŀƎŜƳŜƴǘ Ǉƭŀƴǎ ǿƛǘƘ ǊŜƭŜǾŀƴǘ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŎƻƴǎǳƭǘŀǘƛƻƴǎΦ  

In addition, manufacture of biofuels must comply with regulations related to ecosystems where is 

mandatory to carry on an Environmental Impact Assessment (EIA) in accordance with the EU Directives 

on Environmental Impact Assessment (2014/52/EU) and Strategic Environmental Assessment 

                                                            
11 As per Article 2 (34) of the EU Renewable Energy Directive II (Directive (EU) 2018/2001). For other types of biofuels that are 

not advanced biofuels but may offer substantial climate mitigation benefits, the TEG request that the Platform undertakes further 

work to consider establishing criteria for ensuring substantial contribution to climate mitigation. 



Deliverable 6.1: Report on the carbon-intensity of case-study technologies 
 

 62 

(2001/42/EC) or in the case of activities located in non-EU countries other equivalent national provisions 

or international standards12. 

Additionally, the Taxonomy establishes that the manufacture of biofuels should implement any required 

mitigation measures for protecting biodiversity and/or ecosystems, especially those in sites/operations 

located in or near to biodiversity-sensitive areas (including the Natura 2000 network of protected areas, 

UNESCO World Heritage sites and Key Biodiversity Areas (KBAs), as well as other protected areas), need 

to conduct an appropriate assessment in compliance with the provisions of the EU Biodiversity Strategy 

(COM (2011) 244), the Birds (2009/147/EC) and Habitats (92/43/EEC) Directives based on the 

conservation objectives of the protected area. Among these measures are biodiversity management plans 

and robust, appropriately designed and long-term biodiversity monitoring and evaluation programmes. 

Biofuel final product and biofuel use  

These two stages of the LCA are generally assessed separately, but the Taxonomy does not consider the 

final product as a stage by itself, but a final output of the previous stage mentioned above. However, LCA 

approaches generally compare the final product or its use in terms of energy substitution efficiency, 

defined as the ratio of the savings of non-renewable primary energy of a given biofuel system (incl. 

production and use) with respect to a conventional gasoline system. For a given fuel blend and vehicle/fuel 

performance, the higher the non-ǊŜƴŜǿŀōƭŜ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ǳǎŜ ǘƘŜ ƭƻǿŜǊ ǘƘŜ άŜƴŜǊƎȅ ǎǳōǎǘƛǘǳǘƛƻƴ 

ŜŦŦƛŎƛŜƴŎȅέ (Gnansounou et al., 2009). Thus, savings in both energy and GHG balances in biofuels are 

determined by the volume of gasoline displaced, as long as the net energy use or net GHG emissions of 

the biofuel are better than those of gasoline. 

The Taxonomy acknowledges that although the use of advanced biofuels for the transport sector can 

deliver GHG emission reductions from transport energy, they perpetuate the use of internal combustion 

engines in a mitigation development trajectory that may seek more substantial changes, such as 

electrification of vehicles, or modal shift. Thus, the proposed criteria limit biofuels eligibility for use in 

certain modes and for dedicated fleets, where it is understood that these fuels and the finance needed to 

support a shift can have a greater role to play from a climate mitigation perspective through the 

substitution of fossil fuels.  

The Taxonomy considers the role for low- or net-zero carbon fuels in four activities where they can offer 

substantial mitigation benefits, and where commercialisation of zero tailpipe emissions vehicles or vessels 

is limited to date and where the operating conditions for the vehicles or vessels may slow the 

implementation of zero direct emissions alternatives, including freight transport services by road; 

interurban scheduled road transport services of passengers; inland passenger water transport; inland 

freight water transport.  

                                                            
12 For example, the IFC Performance Standard 1: Assessment and Management of Environmental and Social Risks) ς including 

ancillary services, e.g. transport infrastructure and operations 
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The operation of vehicle fleets where fossil fuels are substituted with low- or net-zero carbon fuels such 

as advanced bio- and synthetic fuels can make a substantial contribution to CO2 net emissions savings in 

ǘƘŜ ǘǊŀƴǎǇƻǊǘ ǎŜŎǘƻǊ ōȅ ŜƴƘŀƴŎƛƴƎ ŎƭƛƳŀǘŜ ƴŜǳǘǊŀƭ ƳƻōƛƭƛǘȅΦ ¢ƘŜ Ψ/ƭŜŀƴ tƭŀƴŜǘ ŦƻǊ !ƭƭΩ, a EU strategic long-

term vision for a prosperous, modern, competitive and climate neutral economy, states that a variety of 

fuels and powertrains are likely to be needed for long haul heavy goods vehicles and long-distance coaches 

(European Commission, 2018b). Furthermore, the Communication from the Commission on the European 

Green Deal (European Commission, 2019) sets out the need to ramp up the production and deployment 

of sustainable alternative transport fuels. In this context, the Commission has committed to consider 

legislative options to boost the production and uptake of sustainable alternative fuels for the different 

transport modes. As the Taxonomy is developed in future to cover other activities, sustainable alternative 

fuels (such as advanced biofuels and electro-fuels produced using renewable energy) may also have a role 

to play especially in aviation and maritime shipping.  

Lƴ ŀŘŘƛǘƛƻƴΣ ƛǘ ƛǎ ƴƻǘŜŘ ƛƴ Ψ! /ƭŜŀƴ tƭŀƴŜǘ ŦƻǊ !ƭƭΩ ǘƘŀǘ ƭŀƴŘ ŎƻƴǎǘǊŀƛƴǘǎ ƛƳǇƭȅ ǘƘŀǘ ōƛƻŦǳŜƭǎ ŀƴŘ ōƛƻƳŜǘƘŀƴŜ 

should be deployed only in those transport modes or means where they are necessary. TEG notes that it 

is important to ensure that these fuels are solely used to realise the maximum benefits of fuel substitution. 

As such, the criteria proposed also require a strict monitoring regime to ensure that these particular fuels 

are used. However, it is noted that blended fuels with very high levels of sustainable alternative fuels 

(such as advanced biofuels and electro-fuels produced using renewable energy) biofuels may also offer 

climate mitigation benefits, and could be considered by the Platform in future, particularly in respect to 

aviation and shipping.  

As an example of how this might work in practice, a road freight transport operator may seek to operate 

a new or existing fleet of trucks solely using an eligible fuel (e.g. advanced fuel). To meet the Taxonomy 

criteria, the operator would need to demonstrate through ongoing verification that the fleet was solely 

using biofuels as specified in the criteria. A financier may be able to claim its investment (e.g. in a new 

fleet) was Taxonomy eligible through a contractual agreement with an operator to solely use biofuels, 

also establishing a verification system to enable ongoing monitoring (see Annex 1 for eligible activities for 

freight transport).  

Lifecycle and well-to-wheel considerations for thresholds are pending on the feasibility to develop and 

agree a common EU methodology, this is the case of heavy-duty CO2 Regulation. It is important to assess 

the full lifecycle emissions from heavy-duty vehicles at EU level. To this end the Commission should no 

later than 2023 evaluate the possibility of developing a common Union methodology for the assessment 

and the consistent data reporting of the full life-cycle CO2 emissions of heavy-duty vehicles that are placed 

on the Union market. The Commission should adopt follow-up measures, including, where appropriate, 

legislative proposals.  

By contrast to light duty vehicles, the electrification of trucks is currently limited to small demonstration 

fleets. Especially for heavy trucks for regional and long-haul operations, fuel substitution to advanced 

biofuels and renewable synthetic fuels are considered a relevant mitigation option in the medium term. 
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The operation of vehicle fleets where fossil fuels are substituted with low- or net-zero carbon fuels such 

as advanced bio- and synthetic fuels can make a substantial contribution to CO2 net emissions savings in 

the transport sector. These criteria only apply for vehicles that have a specified minimum level of 

efficiency. The criteria for producing these fuels are set elsewhere in the Taxonomy.  

As an example of how this might work in practice, a road freight transport operator may seek to operate 

a new or existing fleet of trucks solely using an eligible fuel (e.g. advanced fuel). To meet the Taxonomy 

criteria, the operator would need to demonstrate through ongoing verification that the fleet was solely 

using biofuels as specified in the criteria. A financier may be able to claim its investment (e.g. in a new 

fleet) was Taxonomy eligible through a contractual agreement with an operator to solely use biofuels, 

also establishing a verification system to enable ongoing monitoring 

Biofuels in a nutshell 

The use and production of advance biofuels13 are considered by the Taxonomy as a transition activity that 

could help to lower emissions in the transport sector until climate neutrality is met. The TEG acknowledges 

that the use of advanced biofuels in the transport sector contributes to GHG emission reductions, 

however, they perpetuate the use of internal combustion engines a technology that is not aligned with 

1.5C mitigation trajectories, and may limit low-carbon technologies such as electrification of vehicles, or 

behavioural changes such as transport modal shift. It considers a role for low- or net-zero carbon fuels in 

four activities where they can offer substantial mitigation benefits, and where commercialisation of zero 

tailpipe emissions vehicles or vessels is limited to date and where the operating conditions for the vehicles 

or vessels may slow the implementation of zero direct emissions alternatives, including freight transport 

services by road; interurban scheduled road transport services of passengers; inland passenger water 

transport; inland freight water transport.  

In the case of modal transport, the TEG considers a role for low- or net-zero carbon fuels in four activities 

where they can offer substantial mitigation benefits, and where commercialization of zero tailpipe 

emissions vehicles or vessels is limited to date and where the operating conditions for the vehicles or 

vessels may slow the implementation of zero direct emissions alternatives, including freight transport 

services by road; interurban scheduled road transport services of passengers; inland passenger water 

transport; inland freight water transport.  

  

                                                            
13 Criteria for manufacture of biofuel and use of these fuels in the transport sector is currently limited to advanced 

biofuels as per Article 2 (34) of the EU Renewable Energy Directive II (Directive (EU) 2018/2001). For other types of 

biofuels that are not advanced biofuels but may offer substantial climate mitigation benefits, the TEG request that 

the Platform undertake further work to consider establishing criteria for ensuring substantial contribution to climate 

mitigation. 
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5.1.3) Electric Vehicles 

As we mention in section 2.2, the large-scale deployment of EVs has been considered as one key mitigation 

strategy in the transport sector that could detach its dependence on fossil fuels and bring environmental 

and health co-benefits as EVs, in comparison with ICEVs, do not exhibit tailpipe emissions; engines are 

comparatively more efficient, and the electricity required for the vehicles operation can be generated 

from a diverse stock of resources, including renewables. However, some criticism has arisen as EVs may 

shift emissions from the vehicle use/operational phase to vehicle production and electricity generation, 

thereby potentially increasing and/or distributing the negative environmental and health impacts 

elsewhere (Moro & Helmers, 2017). 

To assess the environmental and climate performance of EVs, studies have focused in applying a 

standardized lifecycle assessment (LCA) comprehensively quantifying the universe of material and energy 

inputs /outputs along its value-chain. Two main LCA approaches have emerged. First, the well-to-wheel 

(WtW) approach, that considers all the stages that cover the life-cycle phases from energy resource 

extraction to energy conversion in the vehicle (vehicle use). Second, an equipment life cycle approach, 

that, in contrast to the WtW, covers all the stages of the physical materials from resource extraction, 

production, manufacturing, maintenance and end-of-life of vehicles and even road and urban 

infrastructure (Sen, Onat, Kucukvar, & Tatari, 2019). In this deliverable we focus on the second approach: 

equipment life cycle. 

In order to analyse how EVs, and specifically BEVs, are assessed and promoted under the Taxonomy, we 

ŘŜǇƛŎǘŜŘ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ǾŀƭǳŜ ŎƘŀƛƴ ƻŦ ŀ άŎƻƳǇƭŜǘŜέ [/! ŀǇǇǊƻŀŎƘ. Subsequently, we 

compared the activities with those considered by the Taxonomy to check what the thresholds and 

rationale behind those activities considered as green are, and what activities lack sustainability criteria 

and need further development (See Figure 10). 
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Figure 10: Lifecycle assessment of BEVs 

Source: Own elaboration based on (C. Bauer, Hofer, Althaus, Del Duce, & Simons, 2015; Helmers, Dietz, & Weiss, 

2020; Kawamoto et al., 2019; Tintelecan, Constantinescu-Dobra, & Martis, 2019; Wanitschke & Hoffmann, 2020),  

Equipment lifecycle 

Resource extraction 

This first stage of the LCA of BEVs plays a key role in comparing their environmental performance versus 

conventional ICEVs. Unlike ICEVs, BEVs require a higher amount of raw materials for batteries and car 

components. Lƴ ǘƘŜ ǇŀǎǘΣ ǘƘŜ .9±ǎΩ ƻƴ-board energy supply was based on lead-ŀŎƛŘΣ ƴƛŎƪŜƭҍƳŜǘŀƭ ƘȅŘǊƛŘŜ 

όbƛaIύΣ ƻǊ ƻƴ ǎƻŘƛǳƳҍƴƛŎƪŜƭҍŎƘƭƻǊƛŘŜ ό½9.w!ύ ōŀǘǘŜǊƛŜǎΦ /ǳǊǊŜƴǘ ǘŜŎƘƴƻƭƻƎȅ ƻƴ .9±ǎ ǘȅǇƛŎŀƭƭȅ ǳǎŜ ƭƛǘƘƛǳƳ 

ion (Li-ion) batteries as it is the lightest of all metals and offers the greatest electrochemical potential, 

which results in a high power and energy density (Armand & Tarascon, 2008). Despite that, studies have 

found that the environmental burdens of mobility are dominated by the operation phase regardless of 

whether a gasoline-fuelled ICEV or an electricity fuelled BEV is used (Notter et al., 2010). However, the 

environmental impacts of the resource extraction such as lithium, copper and aluminium for the necessary 

BEVǎΩ components and manufacture, still poses risks for their mitigation potential. 

The Taxonomy does not consider thresholds that minimize the environmental or climate negative impacts 

of certain economic activities. In this sense, the mining sector lacks metrics and thresholds that minimize 

its negative impacts. The Taxonomy recognises that mining provides critical materials needed for low-
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carbon technologies manufacture, nevertheless, according to the Technical Annex of the Taxonomy, the 

TEG was not able to complete the criteria for this sector due to time constraints and the complexity of the 

subject (EU Technical Expert Group on Sustainable Finance, 2020c). However, the TEG recommends that 

the Platform should analyse the role that the mining sector plays in terms of enhancing availability of the 

critical materials needed for current and future technologies in order to set a sustainable and responsible 

criterion for sourcing raw materials. In this line, the TEG recommends that the future assessment of the 

sector should apply a life cycle approach that considers the many metals that are essential for low-carbon 

technologies. BEVs, for example, need aluminium for car parts, copper for electrics and motors, zinc for 

ǾŜƘƛŎƭŜΩǎ batteries and grid storage batteries, as well as several other metals such as cobalt, lead, lithium, 

manganese, and nickel for various components.  

Even though a full evaluation of the mining and quarrying sector was not undertaken, the TEG considered 

that all the raw materials and resources extracted from mining and quarrying that are set in use to 

manufacture low-carbon technologies are considered as a sustainable activity. However, addressing this 

sector by setting specific environmental and climate criterion is fundamental to enhance the consistency 

of ǘƘŜ ŎƭƛƳŀǘŜ ōŜƴŜŦƛǘǎ ƻŦ ǘƘŜ ŎƻƴǎƛŘŜǊŜŘ άƭƻǿ-ŎŀǊōƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎέ. Clear criteria can also minimize the 

risk of trade-offs between GHG emissions mitigation and environmental depletion as resource extraction 

has different negative environmental and climate impacts along its value chain. It can disrupt ecosystems 

with a high risk of biodiversity loss, directly eroding soils, and going forward to a water and energy 

intensive production process that carries environmental risks such as water bodies acidification and a 

great amount of GHG emissions.  

Equipment and vehicle manufacture 

This activity considers the transformation of raw materials into sub-products and equipment that will be 

finally assembled into a BEVs, as well as all the activities related to the final product until its sale.  

LCA studies generally consider the equipment manufacture and the vehicle manufacture as different 

stages of the value-chain, however, the Taxonomy contemplates these two LCA stages as the same 

ŀŎǘƛǾƛǘȅΥ άaŀƴǳŦŀŎǘǳǊŜ ƻŦ ƭƻǿ ŎŀǊōƻƴ ǘŜŎƘƴƻƭƻƎƛŜǎέΦ ¢Ƙƛǎ ŀŎǘƛǾƛǘȅ Ƙŀǎ ƴƻ ǎǇŜŎƛŦƛŎ b!/9 ŎƻŘŜ and does not 

belong to the formal system of economic accounts. It was developed by the TEG to include and support 

the manufacture of key technologies that are considered as aligned with a low-carbon trajectory (EU 

Technical Expert Group on Sustainable Finance, 2020c). The thresholds and metrics for this activity were 

defined in four categories: manufacture of renewable energy materials and machinery, eligible low-

carbon transport vehicles and materials, energy efficiency equipment for buildings and manufacture of 

other low carbon technologies that could result in substantial GHG emission reductions in other sectors 

of the economy.  

The Taxonomy considers the manufacture of BEVs and all its relevant components including batteries in 

multiple vehicle types such as private BEVs, light commercial vehicles, rail fleets, large passenger fleets 

and water transport (see Annex 2). 

In case of equipment manufactured outside and imported into the EU it must comply with two 

regulations. First, the REACH compliance on the production and use of chemical substances where 



Deliverable 6.1: Report on the carbon-intensity of case-study technologies 
 

 68 

manufacturers, importers and also their customers are required to communicate information on 

chemicals throughout the supply chain in order to be aware of information relating to health and safety 

of the products supplied. Second, Regulations on the Restriction of Hazardous Substances (RoHS) that 

bans the use of six different hazardous materials on manufacturing various types of electronic and 

electrical equipment. The company who puts the product on the market is responsible to fully comply the 

directive.  

In line with the Taxonomy, to consider that this activity substantially contributes to mitigate GHGs, it 

should avoid product-relŀǘŜŘ ŜƳƛǎǎƛƻƴǎ ƛƴ ƻǘƘŜǊ ǎŜŎǘƻǊǎ ƻŦ ǘƘŜ ŜŎƻƴƻƳȅ ǳǎƛƴƎ ŀǘ ƭŜŀǎǘ ǘƘŜ ƭŜǾŜƭ ƻŦ άōŜǎǘ 

ŀǾŀƛƭŀōƭŜ ǘŜŎƘƴƛǉǳŜǎέ. For example, a factory that produces electric cars but obtains its energy from coal 

is not eligible. 

It is important to mention that the Taxonomy does not set additional criteria for BEVs manufacture and 

neither differentiates between types of BEVs. As we mention above in section 2.1, some studies have 

found that vehicle size can potentially diminish real emissions savings of BEVs if large vehicles, such as 

SUV-type vehicles, are chosen over smaller ones (Almeida et al., 2019). 

Vehicle use 

This stage of the LCA of BEVs is where this technology shows its most significant contribution to reduce 

GHG as BEVs have zero tailpipe emissions. As mention above, the climate performance of the operational 

phase of BEVs depends on the energy mix inputs. Under the Taxonomy rationale, the generation of the 

energy carriers used by zero direct emissions transport is assumed to become low or zero carbon in the 

near future, for instance, in the scenario called EUCO 3038 that meets the EU targets in the clean energy 

package, 70% of electricity in the EU is generated from decarbonized sources in 2030. The TEG recognizes 

that a lifecycle and well-to-wheel considerations for thresholds is pending on the feasibility to develop 

and agree over a common EU methodology. 

As the Taxonomy considers thresholds based on economic activities, BEVsΩ operational phase in private 

transport is excluded. However, the Taxonomy considers the use of BEVs as an economic activity that 

substantially contributes to mitigate GHG and sets criteria for the multiple transport modes, in three 

categories road, rail and water, among which are urban and suburban passenger land transport, passenger 

transport (road, rail and water), freight transport (road, rail and water) (see Annex 2 for a detailed list).  

The three categories must comply with DNSH activities (see Annex to for details). In the case of road 

transport, the main potential for significant harm to other environmental objectives from the operational 

phase of BEV is waste generation (hazardous and non-hazardous) during maintenance and end-of-life of 

the vehicle or rolling stock (see Annex 2 for compliance activities). In the case of rail transport, under the 

Taxonomy rationale, with the present energy mix, the overall emissions associated with zero direct 

emissions rail transport (i.e. electric or hydrogen) are among the lowest compared with other transport 

modes. The main potential significant harm to other environmental objectives from the operation of rail 

transport activities are attributed to air pollution, noise and vibration, water use. Direct emissions of air 

pollutants are not an issue of concern in the case of electrified rail.  
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Vehicle end of life 

Another factor reducing the lifecycle carbon footprint of BEVs is recycling and reusing its batteries and 

components. Recent LCA studies (Helmers et al., 2020; Kawamoto et al., 2019; Wanitschke & Hoffmann, 

2020) have estimated second-life applications for batteries and have found that BEVs batteries could be 

re-used for a period of 8 to 20 years depending on the second-life application. The Taxonomy did not set 

thresholds or criteria for battery recycling or battery second-life use. However, for the manufacture of 

private transport and for the use of different transport modes propelled by electricity, they must ensure 

proper waste management both at the use phase (maintenance) and the end-of-life for the rolling stock, 

e.g. reuse and recycle of parts like batteries, in compliance with EU and national legislation on hazardous 

waste generation, management and treatment. Additionally, compliance with EU and national legislation 

on hazardous waste generation, management and treatment, special focus on critical raw materials 

recovery from batteries, and compliance with Directive 2000/53/EC ("End-of-life of vehicles Directive") is 

required. 

Infrastructure for low carbon transport 

As we mention above, the cost of transition to electric cars has not been calculated by any member state, 

and the slow progress when it comes to electrification infrastructure could be an obstacle for quick 

deployment. However, the Taxonomy acknowledges that infrastructure for low-carbon transport by road 

and by water are vital to achieve systemic change towards more sustainable mobility and are therefore is 

included and promoted by the Taxonomy. 

Infrastructure for land transport 

For this category, the Taxonomy considers construction of roads and motorways, construction of railways 

and underground railways and construction of bridges and tunnels. It also includes the construction and 

operation of infrastructure required for zero direct emissions transport such as electric charging points, 

electricity grid connection upgrades, hydrogen fuelling stations or electric highways. Additionally, it 

includes other infrastructure that is not covered by the NACE codes, specifically, infrastructure and 

equipment for active mobility such as walking, cycling, e-bikes and e-scooters (see Annex 2 for details and 

thresholds). Finally, infrastructure that is dedicated to the transport of fossil fuels or blended fossil fuels 

is not eligible. 

DNSH for low carbon land transport infrastructure 

The main potential significant harm to other environmental objectives from infrastructure activities are 

attributed to noise and vibration pollution, water contamination, waste generation and impacts on 

biodiversity (habitat and wildlife) and land use consumption with ecosystem impacts (see Annex 2 for 

details).  

Infrastructure for water transport 

The infrastructure for low carbon water transport includes the construction of water projects (including 

construction of inland port and seaport infrastructure). It also considers categories of activities not 

covered by NACE including: Other infrastructure supporting transport activities not included above. 
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The construction and operation of transport infrastructure is eligible for zero direct emissions and low 

carbon water transport, support of renewable energy sector (see Annex 2 for details and thresholds). For 

all cases, only infrastructure that is fundamental to the operation of the transport service is eligible and 

infrastructure that is dedicated to the transport of fossil fuels or blended fossil fuels is not eligible. 

The construction and operation of infrastructure for low carbon water transport is considered eligible 

because this is considered a key enabling factor for improving the uptake of the transport activities that 

are considered eligible under the rest of the land transport section of the Taxonomy. Eligibility for 

infrastructure is linked to eligibility criteria for fleets using the infrastructure, with additional criteria 

relating to infrastructure supporting the renewable energy sector.  

Additionally, it is acknowledged that embedded carbon emissions in infrastructure projects (e.g. upstream 

emissions from manufacture of construction materials) can be significant. The level of uncertainty around 

data in this respect makes it challenging at this time to incorporate this consideration within thresholds 

for infrastructure. However, this element should be considered for ongoing work on the Taxonomy.  

ICT infrastructure meeting the criteria above is eligible i.e. it meets one of the stated criteria and is 

fundamental to the operation of the transport service. However, it is recognised that wider ICT activities 

in transport may have substantial contributions to climate change mitigation and this will require future 

work to define criteria.  

DNSH for low carbon water transport infrastructure 

The main potential significant harm to other environmental objectives from water infrastructure activities 

are attributed to the alteration of hydro morphology due to dredging, maintenance activities and 

construction of new infrastructures and waterways, as well as impact on biodiversity and ecosystems from 

such activities. Risks should be identified and managed, canalisation and fragmentation of rivers should 

be avoided, and construction and demolition waste should be re-used, recycled or recovered. Likewise, 

infrastructure for low carbon water projects is a major factor of marine ecosystem deterioration and 

biodiversity loss. Therefore, projects should ensure the completion of EIA that, at the very least, identify, 

evaluate, and mitigate any potential negative impacts of the designated activities, projects, or assets on 

ecosystems and its biodiversity (see Annex 2 for details and thresholds). 

Electric vehicles in a nutshell 

BEVs production and commercial use are considered activities that substantially contribute to mitigate 

GHG and are aligned to a trajectory of climate-neutrality by 2050. In order to increase the number of zero-

tailpipe emission vehicles, the Taxonomy considers that all the equipment manufacture of BEVs is also 

eligible,  as well as, all the infrastructure needed to incentivize low-carbon transport form electric charging 

points and electricity grid connection upgrades to the construction of roads and motorways, railways, 

bridges and tunnels. However, it is important to underline that the mining activities for the resource 

extraction of minerals and metals for BEVs batteries and equipment manufacture are not addressed under 

the Taxonomy. 
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5.1.4) Shale gas 

The extraction of shale gas requires the drilling of additional wells using techniques such as hydraulic 

ŦǊŀŎǘǳǊƛƴƎΣ ŀƭǎƻ ŎŀƭƭŜŘ άŦǊŀŎƪƛƴƎέΦ 9¦ ŎƻǳƴǘǊƛŜǎ ƘŀǾŜ ŀŘƻǇǘŜŘ ŘƛŦŦŜǊŜƴǘ ǇƻƭƛŎƛŜǎ ǘƻǿŀǊŘǎ ǎƘŀƭŜ ƎŀǎΣ ǊŀƴƎƛƴƎ 

from the banning of hydraulic fracturing in France and Bulgaria to explanatory drillings and hydraulic 

fracturing tests in Poland (Vandecasteele et al., 2015). The EU Communication COM(2014) 23 final/2, 

establishes that the exploration and production of hydrocarbons using high volume hydraulic fracturing 

such as shale gas, will only be considered as an alternative natural gas source in the EU in a situation of 

severe natural gas supply shortage (Madrid-Lopez, 2020). In line with this communication, the Taxonomy 

does not support hydraulic fracturing for resource extraction, however, it considers some activities that 

involve gas (not exclusive to natural gas). To extract the economic activities involved in the value-chain of 

shale gas, and what thresholds were established in the Taxonomy for economic activities derived from 

this technology, we depict an LCA of shale-gas production based on Costa et al. (2018) and Van de Graaf 

et al., (2018).  

Figure 11: Lifecycle assessment of shale gas 

 
Source: Own elaboration based on Costa et al. (2018) and Van de Graaf et al., (2018). 
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Gas production, processing, and electricity generation 

The Taxonomy acknowledges that past EU climate targets, in specific an 80% of emissions reduction by 

2050, allowed certain technologies to be considered as transition activities. Such was the case of gas, that 

according to past climate targets, was considered a viable technology in the energy mix scenario to transit 

to an economy with lower emissions. However, since the publication of the IPCC 1.5°C Special Report and 

its remarks on the urgency to transit to a net-zero carbon economy by 2050, the EU had decided to update 

its climate compromises. Under the new targets established in the EU Green Deal, the role of gas as a 

technology for electricity generation, co-generation and generation of heat has been considered 

insufficient to meet EU climate neutrality targets by 2050.  

However, the Taxonomy developed a technology-agnostic criterion for electricity generation, heat 

production and the co-generation of heat and electricity. The threshold is energy intensity of 100g CO2e / 

kWh. This threshold will be reduced every five years in line with political targets set out to achieve net-

zero emissions by 2050. Under this threshold, the Taxonomy recognises that classical gas generation does 

not meet this threshold. Thus, in line with the Taxonomy, these criteria imply that unabated natural-gas-

fired power generation is not expected to meet the required threshold. Gas-fired power with carbon 

capture and sequestration may qualify. The TEG recognizes that complementary emissions reductions 

activities (such as CCS or direct air capture with sequestration in a manner consistent with the 

ŎƻǊǊŜǎǇƻƴŘƛƴƎ 9¦ 9ƴǾƛǊƻƴƳŜƴǘŀƭ [ƛŀōƛƭƛǘȅ 5ƛǊŜŎǘƛǾŜύΣ Ƴŀȅ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŀƴ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘȅΩǎ 

emissions intensity as subject to the relevant activity threshold. 

The Taxonomy considers that the construction and operation of electricity generation facilities that 

produce electricity from Gas Combustion (not exclusive to natural gas) that meet the threshold mentioned 

above, are eligible as they support the transition to a net-zero emissions economy. In order to 

demonstrate that the activity is complying with the 100g CO2e / kWh threshold and its subsequent 

reductions in the near future, electricity and heat generation activities must follow an ISO 14067 or a GHG 

Protocol Product Lifecycle Standard that complies with the Product Carbon Footprint (PCF) assessment 

including measurement of fugitive emissions. This includes actual physical measurements of methane 

leakage from the point of extraction/well-head to production of energy (electricity and/or heat). The TEG 

acknowledges that improved standards and methodologies will develop and recommend that the 

acceptance of the ISO 14067, GHG Protocol Product Life-cycle Standard and the PCF methodologies are 

periodically reviewed by the platform. Assets and activities must meet the threshold at the point in time 

when taxonomy approval is sought (EU Technical Expert Group on Sustainable Finance, 2020c). 

As pointed out in D6.5, results from the case study of Poland show that extraction of shale gas does not 

seem to be economically profitable in any of the low or high-density extraction scenarios. If we add to 

this, that the Taxonomy set additional restrictions - gas production must be accompanied by CCS 

technology deployment to comply with the 100g CO2e / kWh threshold- investments in this activity are 

most likely not to be profitable. 
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Transmission and Distribution of Electricity 

The Taxonomy considers the construction (direct connection, or expansion of existing direct connection) 

and operation of transmission systems if they are aligned to a decarbonization trajectory where more 

than 67% of newly connected generation capacity in the system is below the generation threshold value 

of 100 g CO2e/kWh measured on a PCF basis, over a rolling five-year period; or the average system grid 

emissions factor is below the threshold value of 100 g CO2e/kWh measured on a PCF basis, over the same 

period. The infrastructure that is dedicated to creating a direct connection or expanding an existing direct 

connection between a power production plant, a substation or network that is more CO2 intensive than 

100 g CO2e/kWh (measured on an LCE basis) is not eligible under the Taxonomy. 

Transmission and distribution activities that comply with the threshold can be allocated on: 

¶ The extra high-voltage and high-voltage interconnected system 

¶ High-voltage, medium-voltage and low-voltage distribution systems 

¶ Interconnections between separate systems 

These criteria will be subject to regular review, in line with reviews of generation threshold values and 

progress to decarbonisation.  

Retrofit of Gas Transmission and Distribution Networks 

The Taxonomy considers that a significant amount of GHG emissions can be reduced the leakage and 

increase the volume of other low-carbon gases used in the gas system (e.g. abated natural gas or 

hydrogen). Thus, it considers as a sustainable activity the retrofit of gas networks for the distribution of 

gaseous fuels through a system of mains, gas networks for long-distance transportation of gases by 

pipelines. The repair of existing gas pipelines for the reduction of methane leakage is eligible if the 

pipelines are hydrogen-ready and/or other low carbon gasses-ready. Gas network expansion is not eligible 

if gas does not meet the mitigation threshold. Additionally, the complete system must have been in place 

and operating for a minimum of 5 years.  

Cogeneration of Heat/Cooling and Power from Gas (not exclusive to natural gas) 

This activity considers the construction and operation of facilities used for co-generation of heat/cooling 

and power from Gas Combustion (not exclusive to natural gas). Any cogeneration technology can be 

included in the Taxonomy if it can be demonstrated, using an ISO 14067 or a GHG Protocol Product 

Lifecycle Standard-compliant Product Carbon Footprint (PCF) assessment, that the life cycle impacts for 

producing 1 kWh of heat/cool and power are below the declining threshold. As mention before, a full PCF 

shall be applied and subjected to review. This assessment should include actual physical measurements, 

including methane leakage measurements across gas extraction, transport and storage systems.  

Finally, the Taxonomy established the same criteria for the DNSH principle in the four economic activities 

involving gas mention above. Under the DNSH principle, the Taxonomy points out that the key 

environmental aspects to be considered when investing in these activities are the impacts on local water 
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(consumption and sewage), the fulfilment of the applicable waste and recycling criteria, the NOx and CO 

emissions control in line with BREF indicators and the avoidance of direct impacts on sensitive ecosystems, 

species or habitats. Thus, activities in the value-chain of Gas production for electricity generation, co-

generation and generation of heat/cool must identify and manage risks related to wate quality and 

consumption, develop water use/conservation management plants, ensure that emissions are 

prevented/minimized and have an EIA (see Annex 3 for details). 

Shale gas in a nutshell 

Shale gas is not considered in the Taxonomy as in line with the EU Communication COM (2014) 23 final/2, 

where hydraulic fracturing is only allowed in case of emergency shortage of gas. However, the Taxonomy 

considers the use of gas for electricity production, co-generation electricity and heat. The Taxonomy 

established an agnostic criterion on those activities of 100 g CO2e/kWh (threshold subject to periodical 

update until meet 0 g CO2e/kWh by 2050). 

The TEG recognizes that unabated gas is very unlikely to meet that threshold, making necessary to deploy 

CCS facilities for gas operators. Additionally, not a single pipeline gas expansion is eligible under the 

Taxonomy. As mention before, this will rise even more the economic costs of gas.  

5.2) Adaptation technologies 

To analyse the three innovation technologies for adaptation we developed a different approach than that 

of mitigation. That is because there are no LCAs as these are not products or process, but measures or 

activities. Instead, to evaluate them according to the Taxonomy, we selected the activities portrayed in 

the Deliverable for each innovation. Then we analysed each activity following the same process as with 

their mitigation counterparts, with a strong focus in the DNHS component of the process. However, it is 

important to consider that for many activities related to adaptation, baselines or metrics have not been 

developed in the Taxonomy, so the analysis is not as comprehensive as in the case of mitigation 

innovations. Additionally, as we mentioned above, the adaptation activities considered in the Taxonomy 

use qualitative criteria approach in form of a structured process-based methodology to establish if an 

economic activity provides a substantial contribution to climate change adaptation, instead of a 

quantitative approach, as it was the case with mitigation related activities. 

5.2.1) Environmental protection through biodiversity conservation on farmland 

In order to assess how biodiversity conservation at a farmland level is taken into consideration under the 

Taxonomy, we depict five activities that can be considered as adapted activities or activities that enable 

adaptation, trough the protection of biodiversity at a farm level. First the Taxonomy addresses two 

conservation activities at a farm level: land dedicated to conservation forest and land with existing forest 

management. Additionally, it considers agricultural economic activities such as growing of perennials and 

non-perennial and animal production. 
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Figure 12: Biodiversity conservation at a farm level 

Source: Own elaboration. 

It is important to mention mixed farming, where combinations of the above activities are carried out on 

a farm holding, can be addressed via the application of the relevant thresholds and criteria from these 

same three activities. For the purpose of the Taxonomy, mixed farming involves any operation with both 
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animal production criteria. It is important to note that recoupling of crops and livestock can lead to greater 
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performance.  
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be made climate-resilient through different measures, such as: use of early warning systems or wildfire 

control measures (to reduce damages due to wildfires enhanced by heat waves); use of regeneration 

material (species and ecotypes) less sensitive to strong wind or timely management of seedling stand and 

timely thinning (to reduce damage to forest stands from increased wind) or use of species and ecotypes 

less susceptible to drought or diversification of species and ecotypes (to minimise tree losses due to lack 

of water availability). 

In line with the Taxonomy, the key environmental aspects to comply with the DNSH principle across all 

other five objectives are for mitigation to ensure the long-term ability of the forests to sequester carbon, 

for water to identify and manage risks related to water quality and/or water consumption-, for pollution 

to prevent and minimize pollution to water, air, and soil, and risks associated from the use of pesticides 

and fertilize-, and for ecosystems to minimize the impacts on biodiversity and ecosystems from 

intensification and conversion of land of high ecological value to forests and illegal logging (for details and 

specific measures see Annex 4). The objective circular economy is not included for this activity. 

The DNSH criteria above should be considered in combination with the SFM requirements of the forest 

mitigation Taxonomy (criterion 1). The criteria can be informed by applying forest certification using 

independent third-party schemes that are regularly audited. Compliance shall be reported through a 

forest management plan (or equivalent) as per criterion 3 of the forest mitigation Taxonomy. 

Land with Existing forest management 

The Taxonomy defines forest management in accordance with the Sustainable Forest Management 

principles defined by Forest Europe as: using forests and forest land in a way, and at a rate, that maintains 

their biodiversity, productivity, regeneration capacity, vitality and their potential to fulfil, now and in the 

future, relevant ecological, economic and social functions, at local, national, and global levels, and that 

does not cause damage to other ecosystems (Forest Europe, 2016). 

!ŘŀǇǘŀǘƛƻƴ ŎǊƛǘŜǊƛŀ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǇǊƛƳŀǊȅ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜ ŦƻǊŜǎǘΩ ŀŎǘƛǾƛǘȅΣ ǘƘŜȅ Ƴŀȅ comply with the 

criteria for adapted activities or for activities that enable adaptation. Users of the Taxonomy should 

identify and explain which criteria they are responding to. 

As with land dedicated to Conservation forest, the key environmental aspects span across the DNSH five 

objectives and are summarized as the ability of forests to adapt to a changing climate; impact on water 

resources as well as on water quality; pollution to water, air, and soil, and risks associated from the use 

of pesticides and fertilizer; impacts on biodiversity and ecosystems from intensification and conversion of 

land of high ecological value to forests and illegal logging. 

In specific, land with existing forest management must take measures to ensure sustained or improved 

long term conservation status at the landscape level:  

¶ In designated conservation areas, actions should be demonstrated to be in line with the 

conservation objectives for those areas.   
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¶ No conversion of habitats specifically sensitive to biodiversity loss or of high conservation value 

such as grasslands and any high carbon stock area (e.g. peat lands and wetlands), and areas set 

aside for the restoration of such habitats in line with national legislation 

¶ Develop a forest management plan (or equivalent) that includes provisions for maintaining 

biodiversity   

¶ Evaluate the ecosystem service provision with the aim to not decrease the amount and quality of 

ecosystem services provided. 

¶ Forests are monitored and protected to prevent illegal logging, in compliance with national laws  

¶ Promote close-to-nature forestry or similar concepts depending on the local requirements and 

limitations; 

¶ Select native species or species, varieties, ecotypes and provenance of trees that adequately 

provide the necessary resilience to climate change, natural disasters and the biotic, pedologic and 

hydrologic condition of the area concerned, as well as the potential invasive character of the 

species under local conditions, current and projected climate change. 

Land for Growing of perennial & non-perennial crops 

According to the Taxonomy, both perennial and non-perennial agricultural activities must maintain 

permanent grassland, no burning of arable stubble except where authority has granted an exemption for 

plant health reasons, appropriate protection of wetland or peatland and no conversion of continuously 

forested areas or land spanning more than one hectare with trees higher than 5m and a canopy cover of 

between 10 & 30% or able to reach those thresholds in situ, have minimum land management under 

tillage to reduce risk of soil degradation including on slopes and no bare soil in most sensitive period to 

prevent erosion and loss of soils.   

Key environmental aspects to be considered for investments in growing of perennial and non-perennial 

crops span across all other five objectives (DNSH) are arability of farming systems to adapt to a changing 

climate; impact on water quantity, water quality and water ecosystems; impacts on air quality; 

inefficiencies in the production system including nutrient management; pollutant and nutrient run-off and 

leaching; impacts on habitats and species, e.g. through conversion of areas, intensification of existing 

arable land, and invasive alien species. 

Note that areas of environmental risk are highly geographically variable. Guidance should be sought from 

the relevant competent national or regional authority to identify areas or issues of importance and 

relevance within the area or project concerned (see Annex 4 for detailed activities). 

Land for Livestock production 

In the Taxonomy, the activity livestock production captures a distinct set of sub-activities that would 

include intensive and extensive forms of livestock rearing, as well as the management of permanent 

grassland. These come with different DNHS key environmental aspects that need to be considered for 

investments in this sector, ability of farming systems to adapt to a changing climate; impact on water 

quantity, water quality and water ecosystems, including waste water treatment from intensive rearing; 
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manure treatment; emissions of pollutants (such as methane, ammonia, dust, odour, noise) to air, water 

and soil,  in particular in the case of intensive rearing; impact on habitats and species.    

Areas of environmental risk are highly geographically variable; guidance should be sought from the 

relevant competent national or regional authority to identify areas or issues of importance and relevance 

within the area or project concerned. 

Activities in livestock production should identify and manage risks related to water quality and/or water 

consumption at the appropriate level and develop and implement water use/conservation management 

plans in consultation with relevant stakeholders (an in the EU, fulfil the requirements of EU water 

legislation). Activities must ensure the protection of soils, particularly over winter, to prevent erosion and 

run-off into water courses/bodies and to maintain soil organic matter. Additionally, activities should not 

lead to the conversion, fragmentation or unsustainable intensification of high-nature-value farmland, 

wetlands, forests, or other areas of high-biodiversity value (see Annex 4 for details about highly biodiverse 

grassland). Finally, activities should not result in a decrease in the diversity or abundance of species and 

habitats of conservation importance or concern or contravene existing management plans or 

conservation objectives. Where activities involve the production of novel non-native or invasive alien 

species, their cultivation should be subject to an initial risk assessment and on-going monitoring in order 

to ensure that sufficient safeguards are in place to prevent escape to the environment. 

Biodiversity protection at a farmland level in a nutshell 

The Taxonomy considers five activities for biodiversity protection at a farmland level; two directly for 

conservation and three agricultural activities. The Taxonomy does not establish additional criteria to that 

already established in the regulation of the agricultural practices under the CAP of the forestry regulation. 

Additionally, there is no differentiation among livestock and its different impacts on biodiversity.  

The Taxonomy acknowledges that agricultural practices that mixes different types of land use have the 

potential to contribute to biodiversity. However, due to time constraints the Platform was not able to 

develop specific criteria. For this case, farmlands with mixed land use should comply with each criterion 

separately (e.g for livestock, perennial). 

5.2.2) Alternative water resources 

As mentioned in Deliverable 6.7, regions with water scarcity in the EU are increasingly exploring AWR to 

meet the challenges related to water availability (Cabello-Villarejo et al., 2020). Two main AWR are being 

currently explored: seawater desalination (see Figure 13) and reclaimed water (see Figure 14). The 

Taxonomy did not develop criteria or thresholds for seawater desalination. However, the TEG 

recommends that seawater desalination should be prioritised for further work on DNSH criteria to the 

other environmental objectives because of their high potential for a substantial contribution to 

adaptation. In the case of reclaimed water, the Taxonomy considers two specific activities that address 

adaptation objectives; water collection, treatment, and supply with high energy efficiency of the system 

and centralized wastewater treatment. 
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Figure 13: Alternative water sources - Desalination 

 
Source: own elaboration based on Zhou (2014) 
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Figure 14: Alternative water sources - Reclaimed water 

Source: Own elaboration based on Estevez-Olea (2015) 
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Centralized wastewater treatment 

The main rationale to include treatment of wastewater in centralized systems (including collection and 

wastewater treatment plants) is because it substitutes treatment systems causing high GHG emissions 

(e.g. onsite sanitation, anaerobic lagoons). 

The main potential significant harm linked to this activity is related to: 

¶ Emissions to water from wastewater treatment; 

¶ Combined sewer overflow in case of heavy rainfall; 

¶ Sewage sludge treatment.  

Compliance with relevant EU and respective national law as well as consistency with national, regional or 

local wastewater management strategies and plans is a minimum requirement. 

For both water collection and centralized water treatment DNSH should prevent and minimize pollution 

and protect biodiversity and ecosystems (see Annex 5 for detailed activities). 

AWR in a nutshell 

In the case of Alternative Water Resources, not all activities are considered in the Taxonomy. Reclaimed 

water is considered as an activity that enhances adaptation and resilience by lowering the water stress 

and pollutants. It promotes the centralized wastewater treatment as it considers it to be an activity that 

lower overall transaction costs and energy and material inputs.  

On the other hand, desalination is not considered, however, the Taxonomy recognises that the energy 

inputs for this activity may play a fundamental role as a technology. Thus, recommends that all the 

desalination facilities integrate energy inputs with renewable energy.  

5.2.3) Water-saving irrigation 

Agriculture strongly relies on irrigation. While irrigated land accounts for roughly 20% of the global 

cultivated area, it contributes to about 40% of crop production. In the last few decades, the growing 

demand for agricultural commodities has translated into an increasing pressure on the global freshwater 

resources, often leading to their unsustainable use ό.ƻǊǎŀǘƻΣ wƻǎŀΣ aŀǊƛƴŜƭƭƻΣ ¢ŀǊƻƭƭƛΣ ϧ 5ΩhŘƻǊƛŎƻΣ нлнлύ 

However, according to the Taxonomy, water-saving in irrigation can deliver substantial adaptation or 

mitigation benefits but not at a sufficient level to be recognised as making a substantial contribution to 

climate adaptation at the level of the economic activity as a whole. However, this activity may represent 

a significant portion of lending portfolios for some investors, so it is essential to develop appropriate 

criterion. These measures or actions might include addressing energy or resource efficiency or land 

management through: 

¶ Irrigation modernisation and refurbishments  

¶ Upgrades to water pumping and distribution systems 
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It is noted that the EU Circular Economy Strategy and many of the actions from the corresponding actions 

plans have relevance to agriculture that may provide guidance here (e.g. proposing legislation setting 

minimum requirements for reused water for agricultural irrigation, new Fertiliser Regulation introducing 

harmonised rules for organic fertilisers manufactured from secondary raw materials such as agricultural 

by-products and bio-wastes).   

Irrigation in a nutshell 

The Taxonomy does not consider irrigation as an activity that makes substantial contribution to climate 

adaptation or mitigation. The only reference to the activity is that agricultural activities must comply with 

the water directive and the CAP regulation. 
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6)  Synthesis and conclusions 

After Section I, where we compiled the main findings of the Deliverables Under MAGIC-NEXUS Innovation 

cases and Section II where we explored how these innovations are considered under the EU Taxonomy 

for sustainable activities (main definition criteria to achieve climate neutrality in the Region by 2050), in 

this Section we synthetise the potential benefits, trade-ƻŦŦǎ ŀƴŘ ōƻǘǘƭŜƴŜŎƪǎ ǊŜƭŀǘŜŘ ǘƻ ŜŀŎƘ ƛƴƴƻǾŀǘƛƻƴǎΩ 

potential and what is the Taxonomy criteria and thresholds related to these innovations, for considering 

their contribution to mitigate GHG emissions and to adapt to climate change.  

6.1) Synthesis for mitigation innovation technologies 

For innovations studied under Work Package 6 of the MAGIC project related to mitigation of GHG 

emissions, only one BEVs has shown compatibility with climate change mitigation pathways to maintain 

global warming at or below 1.5°C above pre-industrial levels, while the others are outweighed by the 

trade-offs to the WEF nexus that they impose and the bottlenecks to develop the adequate innovation 

potential (Table 4). 

Table 4. Cross-cutting synthesis on potential benefits, trade-offs, bottlenecks and Taxonomy's considerations for mitigation 
innovations 

 
BIOFUELS .9±Ω{ SHALE GAS EXTRACTION 

POTENTIAL 
BENEFITS  

An alternative to fossil fuels 
that could reduce GHG 
emissions but is not aligned 
with 1.5°C mitigation 
trajectories as the innovation 
perpetuate the use of 
internal combustion engines  
 
Could contribute to 
/ƻǳƴǘǊƛŜǎΩ ŜƴŜǊƎȅ ǎŜŎǳǊƛǘȅ 
reducing dependence on fuel 
imports  
 
Develop new markets for 
farmers 

Reduce GHG emissions from 
road transport and is 
compatible with 1.5°C 
pathways 
 
Benefits of zero-tail-pipe 
emissions vehicles: reduced 
air and noise pollution, 
leading to healthier 
environments and disease 
reduction. 
 
Provide decentralized 
electricity storage solutions 
through Vehicle-To-Grid and 
Vehicle-To-Home 
mechanisms 
 

Reduce GHG emissions 
compared with solid fossil 
fuels and could serve as a 
transition innovation  
 
Availability of gas in EU could 
strengthen its energy 
sovereignty  
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TRADE-OFFS Biofuels (particularly fist-
generation) increase 
pressure on land use change 
and could trigger the 
expansion of agricultural 
land with negative 
implications on water, soils, 
ecosystems and biodiversity 
 
Compete with food 
production that eventually 
could lead to an increase in 
prices for staple foods 
 

Raw materials extraction for 
the manufacture process of 
batteries and other car 
components poses a threat 
to water sources, and 
environmental depletion. In 
particular, Lithium 
extraction, requires large 
quantities of water and is 
known for polluting its water 
sources linked to land use 
change 

Hydraulic fracturing has 
several environmental 
negative effects, especially to 
land use and water, soil and 
air emissions, including 
methane emissions, leakage 
of brine and fracturing fluids, 
contamination of water, 
noise pollution and health.  
 
Increases demand for water 

BOTTLENECKS The EU faces agricultural 
land availability constrains 
for the necessary upscale of 
biofuels, as well as other 
natural constraints such as 
water, solar radiation and 
soil availability 
 
Current technology for 
ŀŘǾŀƴŎŜŘ ōƛƻŦǳŜƭǎ ƛǘΩǎ ŀǘ 
early stage. First-generation 
biofuels, such as biodiesel or 
bioethanol based on oil and 
starch crops have been the 
most commonly deployed 
biofuels to date. 
 
Advanced biofuels can 
mitigate the potential effects 
of first-generation biofuels 
on the nexus and food 
production but if upscaled, 
are likely to face 
sustainability issues such as 
competition with other 
biomass uses, soil depletion 
and encouraging waste 
 

The electricity mix used to 
ǇƻǿŜǊ .9±Ωǎ Ƴǳǎǘ ŎƻƳŜ 
from a majority share of 
renewable sources otherwise 
emissions would be 
transferred to another point 
of the supply chain 
 
.9±Ωǎ ǊŜǉǳƛǊŜ ƴŜǿ ǘǊŀƴǎǇƻǊǘ 
infrastructure such as the 
expansion of electric 
charging points and 
electricity grid connection 
upgrades  
 

There are very few wells in 
EU and the life cycle of wells 
is very short, wells are only 
productive in energy terms 
for 1-2 years 
 
Strong public opposition, 
difficult to set in the policy 
agenda 
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CONSIDERED 
IN THE EU-
TAXONOMY 
FOR 
SUSTAINABLE 
ACTIVITIES 

The use and production of 
advance biofuels are 
considered by the Taxonomy 
as a transition activity that 
could help to lower 
emissions in the transport 
sector until climate neutrality 
is met. Thus, the proposed 
criteria limit biofuels 
eligibility for use in certain 
transport modes (freight by 
road) and for dedicated 
fleets as the threshold moves 
to zero direct emissions 
fleets. 

BEVs production and 
commercial use are 
considered activities that 
substantially contribute to 
mitigate GHG and are aligned 
to a trajectory of climate-
neutrality by 2050. 
Additionally, the Taxonomy 
considers that all the 
equipment manufacture of 
BEVs is also eligible, as well 
as all the infrastructure 
needed to incentivize low-
carbon transport form 
electric charging points and 
electricity grid connection 
upgrades to the construction 
of roads and motorways, 
railways, bridges and 
tunnels.  

Shale gas is not considered in 
the Taxonomy as in line with 
the EU Communication COM 
(2014) 23 final/2, where 
hydraulic fracturing is only 
allowed in case of emergency 
shortage of gas. However, 
the Taxonomy considers the 
use of gas for electricity 
production, co-generation 
electricity and heat. The 
Taxonomy established an 
agnostic criterion on those 
activities of 100 g CO2e/kWh 
(threshold subject to 
periodical update until meet 
0 g CO2e/kWh by 2050). 
 

Source: Own elaboration 

After comparing and contrast the potential benefits, trade-offs and bottlenecks related to each mitigation 

innovation, BEVs hold the most potential to contribute to peruse a 1.5°C pathway which includes climate 

neutrality by 2050. BEVs show promise for decarbonizing the transport sector and contributing 

substantially to overall mitigation goals, but only when powered by renewable electricity and when 

additional infrastructure and behavioural change surrounding transport choices are incentivised. The 

other two innovations do not align well with the Paris Agreement. Advanced biofuels can contribute to 

the climate neutrality transition if they are used specifically in certain transport modes that are difficult 

to electrify such as freight road transport, however, the innovation still perpetuates the use of internal 

combustion engines. Additionally, biofuels are unlikely to effectively contribute to the 1.5°C warming limit 

due to 1) the uncertainty of emissions caused by their lifecycle, 2) uncertainty regarding the viable 

available quantities of materials for the production of advanced, less harmful biofuels and 3) their inability 

to cost-effectively contribute to sectoral mitigation targets, such as in transport due to these concerns 

regarding emissions and viability. Shale gas shows clear negative effects on the achievement of a 1.5°C 

warming limit through its continuing reliance on fossil fuel infrastructure, ongoing emissions of carbon 

dioxide, methane and other GHGs, as well as damaging the provision of important natural resources such 

as freshwater and ecosystems. 

Biofuels are considered by the Taxonomy as a transition activity that could help to lower emissions in the 

transport sector until climate neutrality is met. Criteria for manufacture of biofuels and use of these fuels 

in the transport sector is currently limited to advanced biofuels, for other types of biofuels that may offer 

substantial mitigation benefits, the TEG request that the Platform undertakes further work to consider 

establishing criteria for ensuring substantial contribution to climate mitigation. In the case of modal 

transport, the TEG considers a role for low- or net-zero carbon fuels in four activities where they can offer 
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substantial mitigation benefits. Under the Taxonomy, biofuels are not viable at a large scale since only the 

use of advanced biofuels is allowed for a short period in specific transport modes. Even if its use can 

deliver some mitigation benefits in the short-term, they are neither desirable because they perpetuate 

the use of internal combustion engines, a technology that is not consistent with a 1.5°C trajectory where 

more substantial changes in the transport sector are needed such as electrification of vehicles or modal 

shift. However, the Platform will consider the use of advanced biofuels for aviation and shipping in future. 

Discussions in this topic were not concluded during the timeframe of the TEG analysis. 

By contrast, BEVǎΩ production and commercial use are considered activities that substantially contribute 

mitigating GHG and are aligned to a trajectory of climate-neutrality by 2050. In order to increase the 

number of zero-tailpipe emission vehicles, the Taxonomy considers that all the equipment manufacture 

of BEVs is also eligible, as well as all the infrastructure needed to incentivize low-carbon transport. 

However, mining activities for the resource extraction of minerals and metals for BEVs batteries and the 

equipment manufacture are not addressed under the Taxonomy. Additionally, the energy mix from which 

the electricity is generated determines the desirability of the innovation, however, the Taxonomy assumes 

that energy carries used by zero direct emissions transport will become low or zero-carbon in the near 

future. With the current energy mix, BEVs are one of the lower-emitting transport modes. 

Shale gas is not considered in the Taxonomy as in the EU hydraulic fracturing is only allowed in case of 

emergency shortage of gas. However, the Taxonomy considers the use of gas for electricity production, 

co-generation electricity and heat. The TEG recognises that unabated gas is very unlikely to meet that 

threshold, making it necessary to deploy CCS facilities for gas operators. Additionally, not a single pipeline 

gas expansion is eligible under the Taxonomy. As mentioned before, this will rise even more the economic 

costs of gas. Under the Taxonomy, gas is not viable neither desirable since it leads to locking infrastructure 

and emissions scenarios do not meet the target. 
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6.2) Synthesis for adaptation innovation technologies 

As identified in the analyses of each individual adaptation innovation, each has a high potential to 

contribute to adaptive capacity of the agricultural sector, improving food security as well as economic 

livelihoods. However, some trade-offs and bottlenecks still to be solved to fully develop each innovation 

potential (Table 5). 

Table 5. Cross-cutting synthesis on potential benefits, trade-offs, bottlenecks and Taxonomy's considerations for adaptation 
innovations 

 BIODIVERSITY 
CONSERVATION ON 
AGRICULTURAL LAND 

ALTERNATIVE WATER 
RESOURCES 

WATER SAVINGS IN 
IRRIGATION 

POTENTIAL 
BENEFITS  

Increases in the number of 
occurring species (species 
richness)  
 
Increases the number of 
individuals of a species 
(species abundance) 

Coping with water scarcity 
(expected higher demand) & 
adaptation to climate change 
 
Mitigate over-exploitation of 
aquifers stabilization of 
groundwater tables if 
adequately managed  
 
Contribute to the circular 
economy by recycling 
wastewater 
 
/ƻƴǘǊƛōǳǘŜ ǘƻ ŦŀǊƳŜǊǎΩ 
income as a reduced price of 
inputs 
 

Alleviate pressure on 
freshwater resources by 
reducing resource use 
 
Economic gains for farmers 
agricultural products and the 
reduced resource use costs 
 

TRADE-OFFS Losses in agricultural 
productivity, as it could 
reduce food production 
 
High related subsidies that 
could be used in another 
environmental policy 
 
Risk of biodiversity measures 
supporting some species, 
likely at the cost of other 
species 

Desalination and reclaimed 
water are energy intensive 
innovations, the energy mix 
should be mostly renewable 
otherwise high emissions are 
attached  
 
If not well managed, could 
have negative effects of low-
quality treated water on 
agricultural soils and crops, as 
the inadequate salt balance 
of desalinated water has 
been shown 
to affect crops and 
deteriorate soil structure in 
the long run, whereas 
reclaimed wastewater faces 
problems of emerging 
pollutants 

Food production and 
agricultural yields could be 
affected 
 
It could increase the use of 
fertilisers by replacing water 
which may result into a 
higher risk of water and soil 
pollution 
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BOTTLENECKS Not consensual indicator on 
biodiversity and a lack of a 
proper baseline data which 
difficult set policy targets 
 
Policy tensions, the logic of 
biodiversity conservation 
could be in tension with the 
logic of the Common 
Agricultural Policy 
 

Lack of adequate legislative 
framework that can cope 
with the different contexts in 
which such technologies can 
become a viable alternative. 
 
Farmers require 
technical support and training  
 
High monitoring is required 
as the use of reclaimed water 
requires constant control of 
its quality. 

Effective adoption of 
agricultural management 
practices and water-saving 
innovations 

 

Scattered policy instruments, 
as the CAP seeks to integrate 
objectives of the WFD. 
However, a comprehensive 
integration of the two policies 
has not been fully achieved 
and the water challenges 
prove persistent. 
 

CONSIDERED 
IN THE EU-
TAXONOMY 
FOR 
SUSTAINABLE 
ACTIVITIES 

The Taxonomy considers five 
activities for biodiversity 
protection at a farmland 
level: two directly for 
conservation and three 
agricultural activities. The 
Taxonomy does not establish 
additional criteria to that 
already established in the 
regulation of the agricultural 
practices under the CAP of 
the forestry regulation. 
Additionally, there is no 
differentiation among 
livestock and its different 
impacts on biodiversity. 

In the case of Alternative 
Water Resources, not all 
activities are considered in 
the Taxonomy. Reclaimed 
water is considered as an 
activity that enhances 
adaptation and resilience by 
lowering the water stress and 
pollutants. It promotes the 
centralized wastewater 
treatment as it considers it to 
be an activity that lower 
overall transaction costs and 
energy and material inputs.  
On the other hand, 
desalination is not 
considered, however, the 
Taxonomy recognises that the 
energy inputs for this activity 
may play a fundamental role 
as a technology. 

The Taxonomy does not 
consider irrigation as an 
activity that makes 
substantial contribution to 
climate adaptation or 
mitigation. The only 
reference to the activity is 
that agricultural activities 
must comply with the water 
directive and the CAP 
regulation 

Source: Own elaboration 

Use of AWR, such as wastewater or desalinated water, water-saving irrigation measures both contribute 

ǘƻ ŀ ǊŜŘǳŎǘƛƻƴ ƻŦ ŀƎǊƛŎǳƭǘǳǊŜΩ ǿŀǘŜǊ ŦƻƻǘǇǊƛƴǘΦ IƻǿŜǾŜǊΣ ōƻǘƘ ǘƘŜ ƛƴǘŜƴŘŜŘ άŜƴŘ ǳǎŜέ ŀƴŘ ǘƘŜ ƛƴǘŜǊǎŜŎǘƛƻƴǎ 

with competing goals must be considered. In the case of the water innovations destined for irrigation, the 

overall sustainability of their implementation must include considerations of the land and climate type 

where it will be used if these can support sustainable crop cultivation. Similarly, approaches towards 

biodiversity conservation must consider the objectives of agriculture and ensure cross-compliance 

between sustainably feeding the population while enabling biodiverse species to adapt to changes in 

climate and human use. 

Finally, a closer analysis of the intersections among sectoral policies and cross-compliance is needed with 

the key sectors of water, agriculture, food security, biodiversity and renewable energy, so that priority 
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setting can be clarified to coherently achieve the most needed objectives across the nexus (J. Fischer et 

al., 2017; Scott et al., 2015). Biodiversity conservation, AWR and water saving-irrigation can be used 

synergistically to improve security and lessen the environmental impact of agriculture, but only when they 

are accompanied by nexus thinking in policy design and incentives that discourage predatory pricing and 

rebound effects.  

For biodiversity protection at a farmland level the Taxonomy does not establish additional criteria to that 

already established in the regulation of the agricultural practices under the CAP of the forestry. This makes 

this activity viable under the Taxonomy. However, for desirability purposes additional criteria should be 

introduced, for example, livestock effect differentiation and addressing incentives for land sharing.  

For alternative water resources, not all activities are considered under the Taxonomy. While reclaimed 

water is considered, desalination is not included as relevant. The same case applies to irrigation, which is 

currently not included in the Taxonomy because there are no significant effects in climate mitigation or 

adaptation, however, there are big environmental effects that could be significant. For this reason, the 

TEG is considering developing appropriate criteria, together with the fact that irrigation activities can 

represent a large share of portfolio investments.  

6.3) Synthesis of the synergies between innovation technologies 

The potential synergies and trade-offs, related to both ecological and socioeconomic aspects of the WEF 

nexus, among all of the various innovations analysed in this report are shown in Figure 15 below. 
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Figure 15: Synergies & trade-offs within the WEF nexus among WP 6 innovations regarding both mitigation and adaptation 
goals 

Source: Own elaboration 

Given the many negative trade-offs presented in this report stem from the use of biofuels and shale gas 

for mitigation efforts, these innovations are not considered in the Taxonomy as sustainable activities that 

can substantially contribute to mitigate GHG emissions, making them unlikely to be eligible for upscaling 

through EU financial mechanisms. In contrast, BEVs are able to effectively contribute to decarbonisation, 

promote economic demand for greater electrification from renewable energy sources, while also bringing 

co-benefits such as decreased air pollution and decreased pressure on other WEF nexus components. 

Under the Taxonomy, BEVs are promoted as a low carbon technology that is already aligned with a climate 

neutrality trajectory under the EU energy mix scenarios. However, there are still environmental concerns 

in the mining phase of the value-chain of BEVs, as resource extraction lacks metrics and thresholds that 

minimize its negative environmental impacts under the EU Taxonomy. 

Likewise, the adaptation trifecta of biodiversity conservation, AWR and water-saving irrigation help to 

boost adaptive capacity by protecting food supply, agricultural livelihoods and ecosystem services. Figure 

14 shows the interlinkages between WEF nexus components embodied in each of the different 

innovations. BEVs exert a positive influence on the energy sector, with little to no significant inputs or 

degree of influence for the water or food sector, outside of those required by labour and manufacturing 

processes. Biofuels and shale gas require additional inputs from another or all components, thereby 

creating additional environmental pressures outside of mitigation potential concerns. Meanwhile, the 

adaptation innovations address water, food and their intersection via their close interplay in the 

agricultural sector. In addition, their relative contribution to the goals of mitigation and adaptation as 

outlined in the Paris Agreement are indicated below, based on the cumulative research gathered on each 
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innovation throughout this report. Given the substantial impact that EVs make to decarbonisation of the 

transport sector and to incentivizing renewable electrification of the energy sector, this innovation makes 

and overall positive contribution to the goals of the Paris Agreement to reduce emissions to a level in line 

with limiting warming to 1.5°C, despite existing uncertainties regarding the role EVs will play in overall 

transport infrastructure. AWR, water-saving irrigation and biodiversity conservation work synergistically 

to build a resilient and more sustainable agricultural system in the face of climate change, thereby 

contributing to adaptation goals under the Paris Agreement. In contrast, although biofuels help to displace 

fossil fuels from the transport sector, their contribution to ongoing emissions from land-use and the 

resulting carbon payback period required for them to achieve carbon neutrality effectively cancels out 

this benefit and therefore represents no significant contribution to the mitigation goals of the Paris 

Agreement. The large land and water footprints entailed in cultivation of energy crops represent an 

additional threat to sustainable agricultural systems and adaptive capacity. Finally, the use of shale gas 

negatively affects mitigation efforts under the Paris Agreement by contributing to ongoing use of fossil 

fuels and carbon emissions in the energy sector. 

Figure 16: WEF nexus components related to each innovation and overall contribution of each innovation to goals of the Paris 
Agreement 

Source: Own elaboration 

To conclude, pursuing the advancement of EVs in combination with renewable electrification strategies 

for mitigation, together with the integration of sustainable AWR, irrigation and biodiversity conservation 

measures into adaptive agricultural policies, represent the best choices from these innovations for 

contributing substantially and effectively to the goals of the Paris Agreement.  
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Annex 1. Biofuels 
1.1 Types of agricultural production for any purpose is banned on land that had in or after January 200814: 

b) Wetlands, namely land that is covered with or saturated by water permanently or for a 

significant part of the year;  

c) Continuously forested areas, namely land spanning more than one hectare with trees higher 

than five metres and a canopy cover of more than 30 %, or trees able to reach those thresholds 

in situ;  

d) Land spanning more than one hectare with trees higher than five metres and a canopy cover of 

between 10 % and 30 %, or trees able to reach those thresholds in situ;  

e) Peatland, unless evidence is provided that the cultivation and harvesting of that raw material 

does not involve drainage of previously undrained soil.  

1.2 Table 1: Feedstock to produce advanced biofuels 

(a) Algae if cultivated on land in ponds or photobioreactors. 

(b) Biomass fraction of mixed municipal waste, but not separated household waste subject to recycling 

targets under point (a) of Article 11(2) of Directive 2008/98/EC. 

(c) Bio-waste as defined in Article 3(4) of Directive 2008/98/EC from private households subject to 

separate collection as defined in Article 3(11) of that Directive. 

(d) Biomass fraction of industrial waste not fit for use in the food or feed chain, including material 

from retail and wholesale and the agro-food and fish and aquaculture industry, and excluding 

feedstocks listed in part B of the REDII Annex IX 

(e) Straw 

(f) Animal manure and sewage sludge 

(g) Palm oil mill effluent and empty palm fruit bunches 

                                                            
14 According with the Taxonomy a cut-off date of 2008 for no conversion of high carbon stock land is chosen to be consistent 

with the operation of the Renewable Energy Directive sustainability criteria relative to these land types. This requirement is 
taken from RED II, Article 29, paragraphs 4 and 5. It is be applied to all perennial crop production, whether for biofuels, 
bioliquids or biomass, or for food or feed uses. The intention is per RED II, namely to ensure high carbon stock land is not 
converted for agricultural production purposes. 
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(h) Tall oil pitch 

(i) Crude glycerine 

(j) Bagasse 

(k) Grape marcs and wine lees 

(l) Nut shells 

(m) Husks 

(n) Cobs cleaned of kernels of corn 

(o) Biomass fraction of wastes and residues from forestry and forest-based industries, i.e. bark, 

branches, pre-commercial thinning, leaves, needles, tree tops, saw dust, cutter shavings, black liquor, 

brown liquor, fibre sludge, lignin and tall oil 

(p) Other non-food cellulosic material as defined in point (q) of the second paragraph of Article 2 

(q) Other ligno-cellulosic material as defined in point (p) of the second paragraph of Article 2 except 

saw logs and veneer logs 

Source: REDII ANNEX part A of Annex IX 

1.3 Mitigation measures for protecting biodiversity and/or eco-systems, especially those in sites/operations located in or near to 
biodiversity-sensitive areas, the activity must comply with. 

ω a site-level biodiversity management plan exists and is implemented in alignment with the IFC 

Performance Standard 6: Biodiversity Conservation and Sustainable Management of Living 

Natural Resources; 

ω all necessary mitigation measures are in place to reduce the impacts on species and habitats; 

and 

ω a robust, appropriately designed and long-term biodiversity monitoring and evaluation 

programme exists and is implemented. 
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ω In case of AD plants treating over 100 t/day, emissions to air and water are within the Best 

Available Techniques ς Associated Emission Levels (BAT-AEL) ranges set for anaerobic treatment 

of waste in the BREF for waste treatment.   

ω In case of AD, emissions to air (e.g. SOx, NOx) after combustion of biogas are controlled, abated 

(when needed) and within the limits set by EU and respective national legislation.  

ω In case of AD, the resulting digestate meets the requirements for fertilising materials in 

Regulation EU 2019/1009 and respective national rules on fertilising products. 

1.4 Eligible freight transport activities 

For Freight transport services by road, vehicles with tailpipe emission intensity of max 50 g CO2/km (WLTP) 

are eligible until 2025 and from 2026 onwards only vehicles with emission intensity of 0g CO2/km (WLTP) 

are eligible. Thus, this activity is seen as an enabler for Increasing substitution of fossil fuels with 

sustainable alternative and net-zero carbon fuels. Dedicated vehicles solely using advanced biofuels or 

renewable liquid and gaseous transport fuels of non-biological origin as defined in Art. 2 (34) and Art. 2 

(36) as well as low indirect land-use change-risk biofuels as defined in Art 2(37) in line with Directive (EU) 

2018/2001) must: 

ω Guaranteed either by technological design or ongoing monitoring and third-party verification. 

ω In addition, for an investment in new vehicles, only vehicles with efficiency corresponding to 

direct CO2 emissions (g CO2/ km) (biogenic CO2) below the reference CO2 emissions of all 

vehicles in the same sub-group are eligible. Eligibility should be reviewed latest by 2025.or 

when Directive (EU) 2018/2001) is reviewed.  

ω Fleets of vehicles dedicated to transport fossil fuels or fossil fuels blended with alternative 

fuels are not eligible.  

Annex 2. Electric Vehicles 
2.1 Modes of transport considered in the Taxonomy for manufacture of BEV 

¶ Private transport: All the manufacture of BEVs and its key components 

¶ Passenger cars and light commercial vehicles: Until 2025, all the equipment manufactures and 

final products, vehicles with tailpipe emission intensity of max 50 g CO2/km (WLTP) following the 

CO2 Regulation for cars and vans (EU) 2019/631are eligible under the Taxonomy. From 2026 

onwards, only vehicles with emission intensity of 0g CO2/km (WLTP). 

¶ For category L vehicles15: Only zero tailpipe emission vehicles are eligible including BEVs, 

hydrogen and full cell.  

                                                            
15 Mopeds and motorbikes, as well as all-terrain vehicles (quads) and other small vehicles with 3 or 4 wheels 
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¶ Heavy Duty Vehicles: N2 and N3 vehicles16, as defined by (Heavy duty CO2 Regulation (EU) 

2019/1242):  

¶ Manufacture of zero direct emission heavy-duty vehicles that emits less than 1g CO2/kWh (or 1g 

CO2/km for certain N2 vehicles) and all its relevant components. 

¶ Rail Fleets: manufacture of zero direct emission trains and their relevant equipment, including 

railcars, batteries and components.  

¶ Urban, suburban and interurban passenger land transport fleets: manufacture of zero direct 

emissions land transport fleets such as light rail transit, metro, tram, trolleybus, bus and rail and 

their respective equipment. 

¶ Water transport: manufacture of zero direct emission waterborne vessels and its equipment 

2.2 Types of vehicles with  criteria in the Taxonomy 

o Urban and suburban passenger land transport (public transport): Zero direct emissions 

land transport activities (e.g. light rail transit, metro, tram, trolleybus, bus and rail) are 

eligible.  

o Passenger cars and light commercial vehicles (M1, N1 and L categories):  Zero tailpipe 

emission vehicles (incl. hydrogen, fuel cell, electric) are automatically eligible under the 

rationale of increasing clean or climate-neutral mobility, and phasing out anthropogenic 

emissions of greenhouse gases, including from fossil fuels. 

o Freight transport services by road: Zero direct emission heavy-duty vehicles that emits 

less than 1g CO2 /kWh (or 1g CO2 /km for certain N2 vehicles) are automatically eligible. 

Fleets of vehicles dedicated to transport fossil fuels or fossil fuels blended with alternative 

fuels are not eligible.  

o Interurban scheduled road transport: Zero tailpipe emission vehicles (incl. hydrogen, fuel 

cell, electric) are automatically eligible.  

¶ By rail: 

o Passenger rail transport: The use of zero direct emissions trains is eligible. 

o Freight rail transport: Zero direct emissions trains (e.g. electric, hydrogen) are eligible.  

¶ By water: 

                                                            
16 Vehicles designed to carry goods, grouped by size. Essentially lorries and vans. 
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o Inland freight and passenger water transport: Zero direct emissions inland waterway 

vessels are eligible.  

2.3 Additional activities to comply for DNHS in road transport 

The main potential significant harm to other environmental objectives from the operational phase of BEV 

by road is waste generation (hazardous and non-hazardous) during maintenance and end-of-life of the 

vehicle or rolling stock. Thus, this economic activity must comply with the EU and national legislation on 

hazardous waste generation, management and treatment with special focus on critical raw materials 

recovery from batteries and compliance with Directive 2000/53/EC ("End-of-life of vehicles Directive") in 

order to promote recycling and reduce consumption of critical raw materials, lowering negative impacts 

on ecosystems and natural capital.  

2.4 Additional activities to comply for DNHS in rail transport 

Under the DNSH principle, the use of zero direct emission rail transport modes must  ensure proper waste 

management both at the use phase (maintenance) and the end-of-life for the rolling stock, e.g. reuse and 

recycle of parts like batteries, in compliance with EU and national legislation on hazardous waste 

generation, management and treatment. It must also comply with noise and vibrations of rolling stock 

minimisation (thresholds in line with Regulation 1304/2014 Noise TSI, electric locomotives <84dB at 

80km/h & <99 at 250 km/h). Additionally, rail that is dedicated to the transport of fossil fuels or fossil fuels 

blended with alternative fuels is not eligible even if meeting the criteria above.  

2.5 Additional activities to comply for DNHS in water transport 

Additional they must comply with the following: Waste generation (hazardous and non-hazardous) during 

maintenance and end-of-life of the vessel. Direct and indirect emission of pollutants in water; Identify and 

manage risks related to water quality and/or water consumption at the appropriate level; Ensure that 

water use/conservation management plans, developed in consultation with relevant stakeholders, have 

been developed and implemented. Compliance with EU and national legislation on hazardous waste 

generation, management and treatment during both the use and the end-of-phase of a 

vessel382.Compliance with Regulation 1257/2013383 ("Ship recycling Regulation"). The activity should 

not lead to releases of ballast water containing aquatic invasive species in line with Regulation (EU) No 

1143/2014 of the European Parliament and of the Council of 22 October 2014 on the prevention and 

management of the introduction and spread of invasive alien species.  

2.6 Eligibility for the construction and operation of transport infrastructure for water 

¶ Infrastructure that is required for zero direct emissions transport (e.g. electric charging points, 

electricity grid connection upgrades, hydrogen fuelling stations or electric highways).  

¶ Infrastructure and equipment (including fleets) for active mobility (walking, cycling, e-bikes and 

e-scooters)  
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¶ Infrastructure that is predominantly used for low-carbon transport if the fleet that uses the 

infrastructure meets the thresholds for direct emissions as defined in the relevant activity - 

measured in CO2 emissions per kilometre (g CO2/km), CO2e emissions per tonne-kilometre (g 

CO2e/tkm), or CO2e emissions per passenger-kilometre (g CO2e/pkm). .  

¶ Non-electrified rail infrastructure with an existing plan for electrification or use of alternatively 

powered trains.  

For all cases, only infrastructure that is fundamental to the operation of the transport service is eligible 

and infrastructure that is dedicated to the transport of fossil fuels or blended fossil fuels is not eligible  

2.7 DNSH requirements for low carbon land transport infrastructure 

¶ Contamination of water during construction and unsustainable use of water during construction 

and operations  

¶ Unsustainable use of resources during constructions, e.g. generation of high amount of waste, no 

recycling/reuse of construction waste  

¶ Noise pollution can be relevant for both rolling stock and railway infrastructure as noise can be 

generated by both rolling stock and poor conditions of rail tracks. 

¶ Construction of infrastructure can cause significant harm when taking place in protected areas or 

areas of high biodiversity values outside protected areas.  

¶ Infrastructure can cause fragmentation and degradation of the natural and urban landscape due 

ǘƻ ǘƘŜ άōŀǊǊƛŜǊέ ŜŦŦŜŎǘǎ ƻŦ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ Ŏŀƴ ƛƴǾƻƭǾŜ Ǌƛǎƪǎ ƻŦ ǿƛƭŘƭƛŦŜ ŀŎŎƛŘŜƴǘǎ ŎŀǳǎŜŘ ōȅ 

collisions. Railway infrastructure (in particular tunnels) can cause change and degradation of 

hydromorphological conditions of water bodies and therefore have impacts on aquatic 

ecosystems.  

2.8 Detail of DNSH requirements for land transport infrastructure 

Category Requirements 

Water 
 

Identify and manage risks related to water quality and/or water consumption at the 
appropriate level. Ensure that water use/conservation management plans, 
developed in consultation with relevant stakeholders, have been developed and 
implemented. In the EU, fulfil the requirements of EU water legislation.  
Identify and manage risks related to water quality and/or water consumption at the 
appropriate level. Ensure that water use/conservation management plans, 
developed in consultation with relevant stakeholders, have been developed and 
implemented. In the EU, fulfil the requirements of EU water legislation.  

Circular 
 

Re-use parts and use recycled material during the renewal, upgrade and 
construction of infrastructure.  
At least 80% (by weight) of the non-hazardous construction and demolition waste 
(excluding naturally occurring material defined in category 17 05 04 in the EU waste 
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list) generated on the construction site must be prepared for re-use, recycling and 
other material recovery, including backfilling operations using waste to substitute 
other materials. This can be achieved by executing the construction works in line 
with the good practice guidance laid down in the EU Construction and Demolition 
Waste Management Protocol354  

Pollution 
 

Minimise noise and vibrations from use of infrastructure by introducing open 
trenches/ wall barriers/ other measures and comply with the Environmental Noise 
Directive 2002/49/EC  
Minimise noise, dust, emissions pollution during construction / maintenance works.  

Ecosystems 
 

Infrastructure for low carbon transport is land use intensive and is a major factor of 
ecosystem deterioration and biodiversity loss. Projects should ensure that:  
Environmental Impact Assessment (EIA) has been completed in accordance with EU 
Directives on Environmental Impact Assessment (2014/52/EU) and Strategic 
Environmental Assessment (2001/42/EC) or other equivalent national provisions. 
Such impact assessments should, at the very least, identify, evaluate, and mitigate 
any potential negative impacts of the designated activities, projects, or assets on 
ecosystems and its biodiversity and should be assessed and conducted in 
compliance with the provisions of the EU Habitats and Birds Directives. 
Invasive plants are appearing very often along transport infrastructure and are 
sometimes even spread duo to transport infrastructure, which might negatively 
impact natural ecosystems (e.g. natural fauna). Care should be taken not to spread 
any invasive plants through proper maintenance. 
Wildlife collisions is a problem and should be considered. Solutions developed for 
should be applied for the detection and avoidance of potential traps that may cause 
the unnecessary death of animals. 
Mitigation options exist and different types of measures can be beneficial for 
wildlife, such as: 
ω ²ƛƭŘƭƛŦŜ ǿŀǊƴƛƴƎ ǎȅǎǘŜƳǎ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƘŜŀǘ ǎŜƴǎƻǊǎ Ŏŀƴ ǊŜŘǳŎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ 
collisions. 
ω CŜƴŎŜǎ ŀƭƻƴƎ ŀǊŜŀǎ ǿƛǘƘ ƘƛƎƘ ǎǘǊƛƪŜ ǊƛǎƪΦ 
ω ±ƛŀŘǳŎǘǎΣ ǘǳƴƴŜƭǎΣ ƻǾŜǊǇŀǎǎŜǎ ŀƴŘ ōǊƛŘƎŜǎΣ ŜǘŎΦ 
ω ²ŀǊƴƛƴƎ ǎƛƎƴŀƭǎ ǘƘŀǘ ŀǊŜ ǘǊƛƎƎŜǊŜd by approaching traffic, particularly in areas of 
high strike risk. 

Source: EU Taxonomy 

2.9 Eligibility for the construction and operation of transport infrastructure for water 

¶ Infrastructure that is required for zero direct emissions water transport (e.g. batteries or 

hydrogen fuelling facilities) is eligible  

¶ Infrastructure dedicated to supporting the renewable energy sector  

¶ Infrastructure that is predominantly used for low-carbon transport is eligible if the fleet that 

uses the infrastructure meets the thresholds for direct emissions as defined in the relevant 

activity  

2.10 DNSH requirements for low carbon water transport infrastructure 

¶ Identify and manage risks related to water quality and/or water consumption at the appropriate 

level. Ensure that water use/conservation management plans, developed in consultation with 
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relevant stakeholders, have been developed and implemented. In the EU, fulfil the requirements 

of EU water legislation. 

¶ Canalisation and fragmentation of rivers should be avoided. 

¶ Re-use parts and use recycled material during the renewal, upgrade and construction of water 

projects.  

¶ At least 80% (by weight) of the non-hazardous construction and demolition waste (excluding 

naturally occurring material defined in category 17 05 04 in the EU waste list) generated on the 

construction site must be prepared for re-use, recycling and other material recovery, including 

backfilling operations using waste to substitute other materials. This can be achieved by 

executing the construction works in line with the good practice guidance laid down in the EU 

Construction and Demolition Waste Management Protocol.  

¶ Environmental Impact Assessment (EIA) has been completed in accordance with EU Directives on 

Environmental Impact Assessment (2014/52/EU) and Strategic Environmental Assessment 

(2001/42/EC) or other equivalent national provisions.  

¶ Such impact assessments should, at the very least, identify, evaluate, and mitigate any potential 

negative impacts of the designated activities, projects, or assets on ecosystems and its 

biodiversity and should be assessed and conducted in compliance with the provisions of the EU 

Habitats and Birds Directives including the Marine Strategy Framework Directive, as well as the 

Water Framework Directive (in particular ensuring conditions outlined in article 4(7) of the WFD 

are met.  

Annex 3. Shale Gas 
3.1 Activities in the value-chain of Gas production for electricity generation, co-generation and generation of heat/cool must 
comply with the following: 

¶ Identify and manage risks related to water quality and/or water consumption at the appropriate 

level 

¶ Develop and implement water use/conservation management plans in consultation with relevant 

stakeholders 

¶ Fulfil the requirements of EU water legislation.  

¶ Ensure emissions to air, water and soil are prevented / minimized by employing the techniques 

included in the reference documents for the Best Available Techniques (BAT) ς so-called BREF(s)) 

ς concerning the activity in question or other techniques that provide for an equivalent level of 

environmental protection.  

¶ Ensure an Environmental Impact Assessment (EIA) has been completed in accordance with the EU 

Directives on Environmental Impact Assessment (2014/52/EU) and Strategic Environmental 

Assessment (2001/42/EC) or in the case of activities located in non-EU countries other equivalent 
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national provisions or international standards for activities in non-EU countries (e.g. IFC 

Performance Standard 1: Assessment and Management of Environmental and Social Risks) ς 

including ancillary services, e.g. transport infrastructure and operations). Ensure any required 

mitigation measures for protecting biodiversity/eco-systems have been implemented.  

Annex 4 Biodiversity 
 
4.1 Additional agricultural economic activities considered in the taxonomy 

¶ Growing of non-perennials: including cereals, rice, leguminous crops and oil seeds, vegetables, 

melons, roots and tubers, sugar cane and fibre crops.  

¶ Growing of perennials: including grapes, tropical and sub-tropical fruits, citrus fruits, stone 

fruits, other tree and bush fruits and nuts, oleaginous fruits, beverage crops, spices, aromatics 

and drug and pharmaceutical crops, grass leys.  

¶ Animal production: including dairy and other cattle and buffaloes, sheep, goats, pigs and poultry 

and the management of their waste (manure) and related grassland or pasture.  

4.2 DNSH measures for Land dedicated to Conservation forest 

Mitigation: to ensure the long-term ability of the forests to sequester carbon; the Taxonomy points out 

ǘƘŀǘ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜ Ǌƛǎƪǎ ƻŦ ŀŘŀǇǘŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ŎƻǳƭŘ ǇƻǘŜƴǘƛŀƭƭȅ ƭŜŀŘ ǘƻ ŀ ǎƛƎƴƛŦƛŎŀƴǘ 

long-term reduction of the carbon sink. Therefore, adaption responses should:  

¶ Not undermine the long-term ability of the forests to sequester carbon 

¶ Not undermine the long-term maintenance of existing forest carbon sinks, both above and 

below ground 

A criterion by which the activity can be judged as Taxonomy compliant is as follows ς in line with existing 

EU legislation: 

¶ Adaptation responses shall comply with the requirement set out in Article 29(7)b of the recast 

Renewable Energy Directive (EU/2018/2001) which determines the requirement for 

management systems to be in place at forest sourcing area level to ensure that carbon stocks 

and sinks levels in the forest are maintained, or strengthened over the long term . 

Impact on water resources as well as on water quality; the activities must: 

¶ Identify and manage risks related to water quality and/or water consumption at the appropriate 

level. Ensure that water use/conservation management plans, developed in consultation with 

relevant stakeholders, have been developed and implemented.  

¶ In the EU, fulfil the requirements of EU water legislation. 

In terms of pollution to water, air, and soil, and risks associated from the use of pesticides and fertilizer; 

activities should: 
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¶ Minimise the use of pesticides and favour alternative approaches or techniques, such as non-

chemical alternatives to pesticides, in line with the Directive 2009/128/EC on the sustainable 

use of pesticides. With exception of occasions that this is needed to control pest and diseases 

outbreaks. Adapt the use of fertilizers to what is needed to prevent leeching of nutrients to 

waters. 

¶ Take well documented and verifiable measures to avoid the use of active ingredients that are 

listed in the Stockholm Convention, the Rotterdam Convention, the Montreal Protocol on 

Substances that Deplete the Ozone Layer, or that are listed as classification Ia or Ib in the WHO 

recommended Classification of Pesticides by Hazard; 

¶ Prevent pollution of water and soil in the forest concerned and undertake clean up measures 

when it does happen. 

Minimize the impacts on biodiversity and ecosystems from intensification and conversion of land of high 

ecological value to forests and illegal logging, and establishes that activities should take measures to 

ensure sustained or improved long term conservation status at the landscape level: 

¶ In designated conservation areas, actions should be demonstrated to be in line with the 

conservation objectives for those areas.   

¶ No conversion of habitats specifically sensitive to biodiversity loss or of high conservation value 

such as grasslands and any high carbon stock area (e.g. peat lands and wetlands), and areas set 

aside for the restoration of such habitats in line with national legislation 

¶ Develop a forest management plan (or equivalent) that includes provisions for maintaining 

biodiversity   

¶ Evaluate the ecosystem service provision with the aim to not decrease the amount and quality 

of ecosystem services provided. 

¶ Forests are monitored and protected to prevent illegal logging, in compliance with national laws  

¶ Promote close-to-nature forestry or similar concepts depending on the local requirements and 

limitations; 

¶ Select native species or species, varieties, ecotypes and provenance of trees that adequately 

provide the necessary resilience to climate change, natural disasters and the biotic, pedologic 

and hydrologic condition of the area concerned, as well as the potential invasive character of 

the species under local conditions, current and projected climate change. 

4.3 Land with Existing forest management measures to ensure sustained or improved long term conservation status at the 
landscape level 

¶ In designated conservation areas, actions should be demonstrated to be in line with the 

conservation objectives for those areas.   

¶ No conversion of habitats specifically sensitive to biodiversity loss or of high conservation value 

such as grasslands and any high carbon stock area (e.g. peat lands and wetlands), and areas set 

aside for the restoration of such habitats in line with national legislation 

¶ Develop a forest management plan (or equivalent) that includes provisions for maintaining 

biodiversity   
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¶ Evaluate the ecosystem service provision with the aim to not decrease the amount and quality of 

ecosystem services provided. 

¶ Forests are monitored and protected to prevent illegal logging, in compliance with national laws  

¶ Promote close-to-nature forestry or similar concepts depending on the local requirements and 

limitations; 

¶ Select native species or species, varieties, ecotypes and provenance of trees that adequately 

provide the necessary resilience to climate change, natural disasters and the biotic, pedologic and 

hydrologic condition of the area concerned, as well as the potential invasive character of the 

species under local conditions, current and projected climate change. 

4.4 Additional activities to identify regionally in the case of land for growing of perennial & non-perennial crops 

¶ Activities should minimise raw material use per unit of output, including energy through 

increased resource use efficiency.  

¶ Activities should minimise the loss of nutrients (in particular nitrogen and phosphate) leaching 

out from the production system into the environment.    

¶ Activities should use residues and by-products in the production or harvesting of crops to 

reduce demand for primary resources, in line with good agricultural practice; 

4.5 DNSH activities related to pollution in the case of land for growing of perennial & non-perennial crops 

¶ Activities ensure that nutrients (fertilisers) and plant protection products (e.g. pesticides and 

herbicides) are targeted in their application (in time and area treated) and are delivered at 

appropriate levels (with preference to sustainable biological, physical or other non-chemical 

methods if possible) and with appropriate equipment and techniques to reduce risk and impacts 

of pesticide use on human health and the environment (e.g. water and air pollution) and the 

loss of excess nutrients.  

¶ The use only of plant protection products with active substances that ensure high protection of 

human and animal health and the environment. 

4.6 DNSH activities related to ecosystems in the case of land for growing of perennial & non-perennial crops 

Activities ensure the protection of soils, particularly over winter, to prevent erosion and run-off into water 

courses/bodies and to maintain soil organic matter.   

¶ Activities do not lead to the conversion, fragmentation or unsustainable intensification of high-

nature-value land, wetlands, forests, or other areas of high-biodiversity value.  This includes 

highly biodiverse grassland spanning more than one hectare that is:  

i. natural, namely grassland that would remain grassland in the absence of human 

intervention and that maintains the natural species composition and ecological 

characteristics and processes; or 

ii. non-natural, namely grassland that would cease to be grassland in the absence of human 

intervention and that is species-rich and not degraded and has been identified as being 

highly biodiverse by the relevant competent authority. 

¶ Activities should not: 
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i. result in a decrease in the diversity or abundance of species and habitats of conservation 

importance or concern;  

ii. contravene existing management plans or conservation objectives. 

¶ Where activities involve the production of novel non-native or invasive alien species, their 

cultivation should be subject to an initial risk assessment and on-going monitoring in order to 

ensure that sufficient safeguards are in place to prevent escape to the environment. 

4.7 DNSH specific activities for highly biodiverse grassland spanning more than one hectare  

i. natural, namely grassland that would remain grassland in the absence of human 

intervention and that maintains the natural species composition and ecological 

characteristics and processes; or 

ii. non-natural, namely grassland that would cease to be grassland in the absence of human 

intervention and that is species-rich and not degraded and has been identified as being 

highly biodiverse by the relevant competent authority. 

iii. Ensure emissions to water are within the ranges set in the Urban Waste Water Treatment 

Directive 91/271/EEC.  

iv. Implement appropriate measures to avoid and mitigate combined sewer overflow in case of 

heavy rainfall, such as Nature-based solutions, separate rainwater collection systems, 

retention tanks and / or treatment of the first flush. 

v. Ensure sewage sludge is managed/used (e.g. anaerobic digestion, land application) 

according to relevant EU and respective national legislation. 

Annex 5. Alternative Water Resources  
 
5.2 DNSH activities related to pollution in the case of centralized water treatment 

 

¶ Ensure emissions to water are within the ranges set in the Urban Waste Water Treatment 

Directive 91/271/EEC.  

¶ Implement appropriate measures to avoid and mitigate combined sewer overflow in case of 

heavy rainfall, such as Nature-based solutions, separate rainwater collection systems, retention 

tanks and / or treatment of the first flush. 

¶ Ensure sewage sludge is managed/used (e.g. anaerobic digestion, land application) according to 

relevant EU and respective national legislation. 

 
5.1 DNSH activities related to ecosystems in the case of centralized water treatment 

Ensure an Environmental Impact Assessment (EIA) has been completed in accordance with the EU 

Directives on Environmental Impact Assessment (2014/52/EU) and Strategic Environmental Assessment 

(2001/42/EC) or in the case of activities located in non-EU countries other equivalent national provisions 

or international standards for activities in non-EU countries (e.g. IFC Performance Standard 1: Assessment 

and Management of Environmental and Social Risks) ς including ancillary services, e.g. transport 


