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Summary for Policymakers

The challenges of mitigating/imate changeand of adapting to its impactsare 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 lmwing the continuance of the modern industrial lifestyle while alleviating
many of the tradeoffs that come with it. However, technological innovation cannotilpanacea fothe

range ofclimate changempacts that societies will have to cope with in thkort- and longterm. 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 strat®digsn

the MAGIC project, technagjical innovations that have large effects on the wataergyfood nexus
were investigated. The innovations covered in prior individual reportsbiofiels, shale gas, electric
vehicles (EVs), biodiversity conservation in agriculture, alternative wassurces (AWR) and water
saving irrigation

This reportacts as a crossutting analysis that takes the potential traadfs 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 adaptati®uch a crossutting comparison of
theseinnovations through the lens of climate chanigeimportant given thathe WEF nexus exists in a
feedback loop with both climate and human systearsl plays a large role itlhe direction of future
climate changeln 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
determh Yy SR G KNRdAK (GKS dzas 2F G(KS 9! Qa ¢l E2yaye
technical screening criteria by which environmentally sustainable economic activities can be identified,
classified and verifiednd it can open financial channelscé as green investments, green bonds or even
for receiving funds through EU sustainable financial mechanisms.

For mitigation innovation technologiesftar comparing and contrast the potential benefits, tradés

and bottlenecks related to each mitigah innovation we concluded thaBEVs hold the most potential

to contribute to peruse d.5°Cpathway which includeclimate neutrality by 2050BEVs 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 choiceareincentivised.The other two innovationdo 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 fraighd transport,
however, the innovation stillperpetuatesthe use of internal combustion engine&dditionally,biofuels

are unlikely to effectively contribute to th&.5°Cwarming limit due to 1) the uncertainty of emissions
caused by their lifecycle,) incertainty regarding the viable available quantities of materials for the
production of advanced, less harmful biofuels and 3) their inability to-effettively contribute to
sectoral mitigation targets, such as in transport due to these concernsdiagaemissions and viability.
Shale gas shows clear negative effects on the achievemertt.6f@varming limit through its continuing
reliance on fossil fuel infrastructure, ongoing emissions of carbon dioxide, methane and other GHGs, as
well as damagig the provision of important natural resources such as freshwater and ecosystems.

Biofuelsare considered by the Taxonomy as a transition activity that could help to lower emissions in the
transport sector until climate neutrality is mehowever,even ifits use can deliver some mitigation
benefits in the shorterm, they are neither desirable because they perpetuate the use of internal
combustion engines, a technology that is not consistent with=2Ctrajectory where more substantial

T2N
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changes in the insport sector are needed such as electrification of vehicles or modalBhifontrast,

BEMA goduction and commercial use are considerettier the Taxonomy aactivities that substantially
contribute mitigating GHG and are aligned to a trajectory of climatutrality by 2050Toincrease the
number of zerdailpipe emission vehicles, the Taxonomy considers that all the manufaetiuigment

of BEVs is also eligiblas well as all the infrastructure needed tacéntivize lowcarbon transport
However, mining activities for the resource extraction of minerals and metals for BEVs batteries and
equipment manufacture are not addressed under the Taxondriyally, fale gas is not considered in

the Taxonomy as in thEU hydraulic fracturing is only allowed in case of emergency shortage of gas.
However, the Taxonomy considers the use of gas for electricity productiegereration electricity and
heat. The TEG recognises that unabated gas is very unlikely to medtrbsttold, makingt necessary

to deploy CCS facilities for gas operators

For adaptation innovation technologies, we found tlegtch has a high potential to contribute tbe
adaptive capacity of the agricultural sector, improving food security as weadcasomic livelihoods
However, some tradeffs and bottlenecks still to be solved to fully develop each innovation potential.
The e of AWR, such as wastewater or desalinated water, wsdeing irrigation measures both
contribute to a reduction of agritzf G dzNB Q &6 G SNJ F22 G LINA Yy (i ®dza 8% SIOBERIZ( K &
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 atersitions 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 sustaibdy feeding the population while enabling biodiverse species to adapt to
changes in climate and human use.

Finally, ecloser analysis of the intersections among sectoral policies and-comsgliance is needed with

the key sectors of water, agriculture,dd security, biodiversity and renewable energy, so that priority
setting can be clarified to coherently achieve the most needed objectives across the(dekischer et

al., 2017; Scott et al., 2013iodversity conservation, AWR and water savimgation 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 discoueaig¢opy pricing and
rebound effects.

Under the EU Taxonomy, not all adaptation innovations are consideoediodiversity protection at a
farmland level the Taxonomy does not establish additional criteria to that already established in the
regulationof the agricultural practices under the CAP of the forestilyis makes this activityable under

the Taxonomy. Howevefor desirability purposes additional criteria should be introduced, for example,
livestock effect differentiation and addressing intigas for land sharing.

For alternative water resourcespt all activities are considereahderthe TaxonomyWhile reclaimed
water is considered, desalination is not included as relevEm: same case applies to irrigation, which is
currently not inclded 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 thighfact 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-energyfood nexus. The presengport seeks to bring together the findings from the individual
evaluations of each innovation into a cremsting analysis comparing the traaéfs and cebenefits of

the innovations outside of solely their effect on the WEF netisen the widely diffang nature of each

of the six innovationsa 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 theantributions these innovations make tmciety we have chosen to frame them in
regardto their contribution to the longierm security of the WEF nexus in the face of climate chahge.

do so, we categorize and evaluate each innovation based on theirilootitn 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 influettee 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 sstems and plays a large roletire 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 lesg#e changes in prevailing climatic
conditions are likely, including temperature and precipitation patter@snsidering these projected
impacts, technological innovations which can reduce the vulnerability of the WEF nexus to climate change
can also play eole 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 opportunitiesniproving implementation

2F GKS Ayy20F0A2ya GKNRBdAZAK GKS adzaAGFEAYlIo0tS FAYLF Y
technical screening criteriaf the Taxonomwppliesto a wide variety of activities based on their economic
category, including forestry & agriculture, manufacturing, electrigigsteam supply, watesewage
waste, transportation & storage, buildings, information & communications, construction & redkeesta
The Taxonomy aims to establish a common definition of Paris agreestigned performance criteria

over a set of economic activities in order to reorient capital flows towards sustainable investments, and
foster transparency and lorgrm thinking in ihancial and economic activitieBased on th@axonomy,

we first assess the degree to which each innovation can potentially contribute to either mitigation or
adaptation and then evaluatwhich other criteria activities should meet to avoid doing sigaificharm

to other environmental objectives of the Taxonomy.



Deliverable 6.1Report on the carboimtensity of casestudy technologies

1) Overview

The challenges of mitigating/imate changeand of adapting to its impactsare increasingly relying on
technological innovation to counteract and remove the negative effects of hupraduction 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 tradeoffs that comewith it. However, technological innovation cannot Apanacea fothe

range ofclimate changeémpacts that societies will have to cope with in the sh@md longterm. All
innovations come with their own, unique set of benefits and drawbacks, which owmnulatively 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 environm@l impacts across sectors related to thater-energyfood WER

nexus. As a result, the following six innovations were selected for further investigabiofuels, shale

gas, electric vehicles (EVs), biodiversity conservation in agriculture, altermadter 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, toffideand bottlenecks
relatedtoS+ OK Ayy2@01F GA2yaQ LRIOSYGAlrIt F2NJ daS Ay O2Yol i

5S4LIAGS SIHOK Ayy2@0lGA2yQa O2yySOGAizy G2 GKS 29¢C
applications and their nature as a singular device or technology (e.g. electric velactedlgction 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 makegs different metrics are required. In order to perform a more qualitative eross
cutting analysis of the contributions these innovations maksdoiety;we have chosen to frame them in
regardto their contribution to the longterm security of the WEF nexus in the face of climate change.
Climate change is chosen as a framework becaubetht affects and is affected bjhe WEF nexus.
Changes in climatic and biophysical conditions influence theurgy 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 systemand plays a large role 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 13& warming limit, indicating that larggcale clhnges in prevailing climatic
conditions are likely, including temperature and precipitation patteifRegelj et al., 2018Y his indicates

a major threat to WEF nexus security. Watesources depend on precipitation patterns. Changes to
temperature and precipitation drive changes in species and-tzaskd resources, thereby influencing

1n this report, we have left out the analysis of the MAGIC Deliverable 6.6 on the G@efi BsdeSsment, as it is

a financial innovation which does not have a direct impact on mitigation nor adaptation but rather through the
projects it can potentialljinance. 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 metricscathresholds set in the Technical Annex of the Taxonomy.

1C
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energy and food production. These vulnerabilities to climate change represent arigigatthe scurity
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 ashuman intervention to reduce emissions or enhancegim&sof greenhouse
gase® ! RI LJG I G A 2 the grazesRobabjisymerr to hciual or expeciginateand its effects,

in order to moderate harm or exploit beneficial opportunitieg§IPCC, 2012Biofuels, EVs and shale gas

are categorized lre as mitigation innovations given their shared statusrase ofenergy carriers and

their shared goal of decarbonising energy production to reduce emissions. They have the potential to
RANBOGEt & NBRdAzOS SYAaairzya adi snitihg seatorsFendgy pradicon (i 6 2
and transportation. They therebiynprove WEF nexus security by redingthe impactof climate change
through emissions reductions. Innovations such as biodiversity conservation on farmland, alternative
water resourcegAWR)and watersaving irrigation are categorized under adaptation given their shared
role in helping society adapt to future conditions of scareibhd erratic availabilityf land and water
resourcesin 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 ecagouses. By focusingn the
contributions that innovations in the nexus can make to both sides of the fight against climate change, a
holistic approach t@rotectingnexus security against climate change can be developed.

Figurel: Framing of analysis in Deliverablé 6.

What influence does each innovation have on WEF nexus security in the context
of climate change?

Framing of Analysis

Framing Categories
Innovations
Contribution S

of more
em':::i:: in poRsg resources &
fossil fuels 2
transport {e.g. coal stabilizing
and ol) food systems

Preserving
water

SourceOwn 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 arsglythe extent to which the innovations contribute to its
respective categorymitigation or adaptation, by synthesizing insights from the innovatapecific
deliverables in MAGIC Work Package 6 together with additional insights from literature. While
guanttative comparisons will be madwhere possiblebased on the information extracted from
deliverables and literature review, such quantitative comparisanonly be made to a limited extent
given the wide variety of the innovations and the different metnised to assess them. Instead, the main
narratives relating to each innovation will be summarized from each individual deliversiinek, with

added narratives from the literature specifically radtii 2 G KS Ayy2@8F A2y Qa 02yl
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 adaptattbe long

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

from its use.

hyOS SIOK Ayy2@0FiGA2yQa O2yGNRodziA2y G2 GKSANI OF G ¢
potential contribution areexpanded upn, the viability of their implementation as part of an EU
SYOANRYYSyillt s OtAYIGS &0GN)FGS3e 6Aft 0SS SEIFYAYSR
the EU Taxonomy fdBustainable Finang@axonomy. The Taxonomig a collection of remmmendations

and technical screening criteria by which environmentally sustainable economic activities can be
identified, classified and verified for receiving funds through EU sustainable financial mecRaitisens
Taxonomyserves as a useful mechanisnm fiur crosscutting analysis as it also seeks to identify those
economic activities which make a substantial contribution to the goals of climate change mitigation and
FRFELIGFGA2Y® LY FRRAGAZ2Y (G2 (KS&asS 3F2yiaklI&ixg bOOHLO
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 ecosystem3he Taxonomyintegrates into our framework as it also uses mitigation and
FRFELIGEFGAZ2Y G2 OFGS3I2NRAT S GKS GellS 2F O2y(iNRodziAzy
policy. The¢ | E 2 y F&cBni@al Annex acts as a guide to apply technical screeningactitea wide

variety of activities based on their economic category, including forestry & agriculture, manufacturing,
electricity-gassteam supply, watesewagewaste, transportation & storage, buildings, information &
communications, construction & reastate. The Taxonomgims to establish a common definition of Paris
agreementaligned performance criteria over a set of economic activities in ordexdgent capital flows

towards sustainable investments, and foster transparency and-temg thinking n financial and

economic activies Based on the taxonomy, wiirst assess the degree to which each innovation can
potentially contribute to either mitigation or adaptation and then evaleathich other criteria activities

should meet to avoid doing sidiant harm to other environmental objectives the Taxonomy

The report begin@ dzi t AyAy 3 (GKS Ayy2al (mitigatioa Qaddptdfiory Sesit2we] O G S
elaboratea brief summary of their assessment within each deliverable under Work Packagsi@ering
additional insights based on literature review. The overall mitigation potential of the three innovations is

2 https://ec.europa.eu/info/publications/sustainablinanceteg-taxonomy en

12
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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 TaxonomW alechnical Screening Criteri@ compae 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 direcihdirectly to limiting climate change, such

as air pollutioflPCC, 2012Yransport and energy production represent two key sectors for mitigation in
the EU. These sectors are represented by three innovations of they§iy 2 @ (A 2 y &
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 &rge share of total emissions that they represent in the EU economy. In the EU, transport
accounts for nearly 30% of tot@lQ emissions. Road transportation specifically accounts for 72% of all
EU transport emissioffEuropean Parliament, 2019he power sector accounts for over 75% of
emissions. Starting in 2011, theJ developed sectoral emissions reducttargets for each of these

aSO02NAR Fa LI NI

2F GKS 9! Qa

w2l RYF LI G2

AYyO@SaaGAIlL

[ 26

these sectoral reduction targets have been updated to even more ambitious reductigetssby 2050.
The overall mitigation goal in the most updated version of EU targets, the Green Deal, advocates for

I OKAS@AyYy 3 Fdf ¢

GOt AYI GS ySdziNI¥tAGEE X

Tablel: Development of EU sectoral emission reduction targets by 2050

2NJ ySi

GHG reduction compared to

Roadmap to Low Carbon

Green Deal (2020)

1990 Economy (2011)
Power (CQ -93 t0 99% -10094*
Transport CQ) -54 to 67%* -90%
Total EU emissions reductior, -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 asalihe potential of each fothe three mitigationfocused
innovations to contribute to these targets effectively and any potential traffe orrisksthat may exist
among ther justification narratives

2.1)D6.3 Quality check of Biofuels Assessment

& LI NI 27F {KS§Low Cdddn Bechonty, Yhie EW miathtains the target of achieving 14% of
road transport fuelled by biofuels by 2030, with 3.5% coming from advanced biofuelsgéfieiation
biofuels, or biofuels produced from food crops such as corn or sugarcane, cangeo e considered a

viable alternative to fossil fuels due to their demonstrated negative effects on the WEF (#&xus
Holmatov, Hoekstra, & Krol, 2019; Bunyod Holmatov & Hoekstra, 2020; Mathioudakis, Gedeees,

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

land use changéVuscat, de Olde, de Boer, & RipBlbsch, 2020; Valin et al., 2015; Wesseler & Drabik,
2016) For this reaon, the EU has effectively mandated a gradual phase out oftiased, first generation
biofuels by requiring that the current 7% limit of crbpsed biofuels in 2020 be reduced further to a 3.8%

limit by 2030(Valin et al., 2015; Wesseler & Drabik, 2018)is gradual phaseut already indicates the
eventual end of firsgeneration biofuels in the EU. Advanced biofuels serve as the logical next choice in
the narrative on biofuel policy and biomass availability. Howetleey are also plagued by some
sustainability concerns, althugh to a lesser extent than those of figéneration 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 wastscat et al., 2020; Ripelosch

& Giampietro, 2020)The primary type of advanced biofuels produced from these feedstocks in the EU is
advanced bioethanol. Other types are under @ach & development but are not available on an
2LISNI A2y FEKO2YYSNOALE aO0lfSd ! ROFYOSR 0A2FdzsSt a L.
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 (RipoltBosch & Giampietro, 2020Research undertaken und®6.3 reestablished 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 wagtd as manureto

develg advanced biofuels.

Four main narratives are promoted to support substitution of figgneration biofuels with advanced
OA2FdzSta Ay (GKS 9! Q& (RipphkBogch RBidtdpiett o 2028)3F G A2y &G NJF (GS3

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 wht food crops
4 wSdzaS 2F aGol aisSe¢ YFOGSNAItAYX AyOfdzRAYy3I NBaiARdS:

produce other ceproducts, such as food or fie
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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 mitigatjpotential of this biofuel category, the specific characteristics

of each feedstock type must lm®nsidered

Lignocellulosic noffiood crops make up one category of advanced biofuels including crops such as
switchgrass, miscanthus, short rotation coppidest dedicated lignocellulosic energy crops, many of the

same concerns that plague firgeneration biofuelare emergingWhile lignocellulosic crops are not also

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

fuel has been shown to have potential economic side effects on food p(Res Fradj, Jayet, &
AghajanzadekDarzi, 2016; Searchinger & Heimlich, 20¥hough the EU regulates the production of
ddzOK RSRAOFGSR SySNHe& (BNZLgkhis§tillcorBpgtésavithcotridr DsBsAsyich t ¢ €
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,
1y26y a GKS GOFNb2y LI 8PV E (Fri8dyiMBc Dawell, 2007 ND 2 Y
| 26 SPSNE GKS GAYS GIF1Sy G2 Lke o601 GKAA AYAOGAFE
specific, depending on many factors including the local carbon storage potential of the land converted,
the inputs used to grow the biomass and the uktitig use for the harvest biomag€larke, Sosa, &

Murphy, 2019; Hanson & Searchinger, 20F)rthermore, 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 edi@ofuels

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 mitigatin.

Regarding the use of crop residues, thexeonsiderable uncertaintgn whether thequantity of residues
available domestically would meet advanced biofuel demand. Residues are inherently dependent on the
guantity of overall crop productianTheyrepresent a fraction of this production, and therefore increase

or decrease in proportion to the rate of total crop production. Residues play an important réie in
maintenance of agricultural nutrients and soil maintenance as wél @rbon sequestratiothrough 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 laiRipoltBosch & Giampietro, 2020$ustainable 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, téernational Energy AgendlEA has estim&d that only 10

25% of residues can be harvested sustainé®lgoltBosch & Giampietro, 2020 addition to the fraction

of residues required to be left on tHield, sitespecific 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 playia thiquantity of residues
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that can ultimately be utilized to produce biofuels. Additionally, the resulting net effect on thedaseld
sink from removing residues plays a role in determining their overall mitigation potential.

Given these sustainabyitconstraints 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-EEWel potertial in the casestudy conducted under
D6.3 use the primariUresidues, wheat and maize stoyew calculate the potential net energetic output

of EU residue dry matter. €met output through advanced residdgased bioethanol is estimated at 404
PJ, whi the total final energy consumption of the EU transport sector is estimated at approximately
13685 PJ. Therefore, net bioethanol output can only currently replace approxin®tetf EU transport
energy needgRipoltBosch & Giampietro, 2020Even when considering the gross energetic output of
advanced bioethanolapproximately3% of needed transport energy is met. This indicates a large gap
between envisage 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 pobersie

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

and realistic sustainablé®. Holmatov, Schyns, Krol, Gerbémenes, & Hoekstra, 2020)heirresults
indicatethat the global net lignocellulosic bioethanol output can range from 7.1 to B4 peyearbased

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 assed constraintsFor Europe, they find that the net bioethanol output

can range fronD.7 to 3.5EJ peryear (i.e. 325% oftotal final energy consumption of the EU trauast

secton, again depending on the considered constraints.

This relatively low futur@otential 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
GKS 9! Qa G20Ft o(RipofHosch § Fiampiedd.P R22)ViihAad \already limited
estimation of the potential for advanced biofuels from residues to contribute sustainable to EU biofuel
demand, future increases in prodimn potential are unlikely. Projected changes due to climate change,
such as changes in precipitation, increased drought and heatwaves, and changing growth patterns from
increase atmospheri€Q have been shown through modelling to affect future crop proivity, which

will also have aeffect on the overall availability of biomass and residues as well as the sustainable harvest
rate (Allen et al., 2018Based on all of these uncertainties, a readily available and sustainable harvestable
supply of biomassessidues 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 residudased biofuels automatically entail less GHG emissithan any biofuel
produced from a firsgeneration 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 carbfmotprints from wheat straw and maize stover based bioethanol to
those of firstgeneration bioethanol based on sugar beets, sugar cane and maize. The results indicate that
first generation maizéased bioethanol had by far the highest GHG emissionseofitl, ethanol from
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sugar beets had roughly equal carbon footprints to the wheat and maize rebalsed bioethanol, and
first-generation sugarcane actually had the lower carbon footprint of the (lB.eHolmatov et al., 2019;
RipoltBosch & Giampietro, 2020)

Biogenic vaste, such as food wastnd livestock waste, is also unlikely to serve as a g viable
feedstock for advanced biofuels due to the paradbgtween EU waste reduction goalsnd
simultaneously advocating for waste as a source of biofuels. Should EU waste reduction goets be
there would be less waste to producadvanced biofuels. Finally, wastes originating from animal
agriculture, such as manure and animal fats, also haveatash 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 lorterm.

Given the conclusions regarding the viability and environmentapiwat 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,
techndogical 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 notpable of achieving the RED Il 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 stiligeful & & 6 N&A R 3,AngodatidhsS OK y
that can make use of nebiomass renewable fuels in the transport sector would bring far greater benefits

in terms of emission reductions alongside reduced environmental footprints. Therefore, the andlysis o
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 thrgh innovation: the case of electric vehicles

Alongside biofuels, EVs are one of the top mitigation options gaining traction as an innovation in the
GNI yalLR2 NI aSOG2NX» aAdA3ardAiazy Ay GKS (NI yaLRNI
emissions reduction targets, as transportation plays a key role in the quality of life of citizens and the
freedom of movements a key concept of the EU. As increasing evidence of the uncertainties and
environmental risks of biofuels has come to light, Bk&sreceiving growing support as the main means

to decarbonize inteturban 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 lealson narratives of emissions reductions compared to internal
combustion engine vehicles (ICEVs), environmental protection, economic grsedhbrityand public

health. Ideally, these narratives are achieved together asbenpefits through the deployment ral
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, émnmental 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 theirdytldife
emissions, including the materials which go into threanufacturing, how those materials are extracted

or sourced and the energy production methods used to power tH@dmeida, Sousa, & Coutinho
Rodrigues, 2019; Van Mierlo, Messagie, & Rangaraju, 28#ld)tional factors such as the size of EVs and
the driving patterns associated with their use by consumers also play a role in deterthieinfimate
mitigation potential of EVs.

From an environmental impact standpoint, most of the emissions associated with EVs comes from their
operational phas€Di Felice et al., 2020)vhich embodies theumulative 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 prodsiction
used to power EVs contributes the most to uncertainty and variability when attempting to calculate the
true mitigation potential of EVECox, Mutel, Bauer, Mendoza Beltran, & Van Vuuren, 2018)mately,

in order for EVs to make a meaningful contributimnreduction 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 emigsiore
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, changessales 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 bikiimgy, wablic 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, suckygseSidkicles,

are chosen overrsaller onegAlmeida et al., 2019).arge EVs can result in emissions similar to those of

a small ICEV, espetyalvhen large EVs are still powered by mostly fossil-heded gridg¢Almeida et al.,

2019; Ellingsen, Singh, & Stramman, 20I6grefore, incentivising environmental choices of consumers
and enating proper topdown regulation on manufacturing of EVs must go hand in hand with-Ergle
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 emission®ductions 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 ICEs (dwered by renewable energy
mixes), battery EVs actually produce more emissions during the manufacturing phase than the
comparable phase for ICEWEIlingsen et al., 2016; Van Mierlo et al., 20IMis is mainly caused by
emissions and environmental impact from the manufacture of storage batteries. ©heanmmon 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 outputsthe environment that affect ecand 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 examplerieswsich as

I NBSYGAYylFS [/ KAEfS FyR . 2fA0Al (BFelige eiva?, 2020)@r&ford] KS & 2 N.
the embodied resources used to mine, refine and transport this resource to Europe anadieectfects

therein must beconsideredvhen calculating the real lifeycle 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 tute 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 outp(Almeida et al., 2019)

In terms of human health and wdiking, increased use of EVs is projected to decrease noise and air
pollution from fossilfuel ICEVs. This is dmportant contribution of E¥in addition to their mitigation
potential, as EU road transport is the primary source of local air pollutants such as NOx and(BM 2.5
Felice et al., 2020However, the ultimatalecrease in air pollution achieved again ultimately depends
KSFE@Ate 2y K2g GKS StSOOGNROAGE dzASR (2 LI2GSNI 9+Q4
electricity demand, and this increased demand is met by increased production throwgihffie$ 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 ismportant 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 tHeewefit of improved human health
alongside mitigation potential, this dmenefit 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 foigation (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 unér D6.9(Di Felice et al. 2019t 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 Ks and the projected continuance tifis trend into the future, largescale 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 prayidedernmaents (Lutsey,

2015) This is supported by literature, which shows that, even in regions or localities where EVs are
LINEY2GSR yR SELX AOAGE & AyOf diRabuptake &f EVsliis Niditedifless OA (i ¢
subsidsingfor EV purchases and infrastructural changes, such as increased charging stations or additional
lanes are simultaneously implemente@Heidrich et al., 2017)5takeholdergonsulted 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 citieand promoting the use of car sharing and public transport for longer distance trips.

This also helps to shift the focus from highS OK 3Y 26RSON/ A a1 ¢ YA GA I GA2y &a2f dzi A
in consumption and changes in personal and collective bebayoi Felice et al., 2020Behavioural
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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 diffeidely between global level
scenarios and local policy decisions magleitban 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 glebal initiatves 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, advancedfiiels 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 incentivegCreutzig et al., 2015)This indiates a mismatch in the perceived mitigation
LRGSYGAlLE 2F 9204 0S0sSSy (KS 3Ft201 -2 KNRE NBYAR ¥ 12
mitigation options that can modify the overall growth in vehicle use hold significant mitigation potential.
In another study on transport mitigation narratives and pldzased models, Creutzig et &und that

local mitigation strategies such as infrastructural changes and behavioural modifications could mitigate
anywhere from 20 to 50% of urban transport emissidy 205Creutzig et al., 2015)

DespiteEVs potential to contribute to mitigation and avoid the heavy use of biofuels, considerable
uncertainties and bottlenecks still exist in terms of electricity use, material efficigmayan 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, mdnring for ethical and sustainable supply chains or rare earth metals
originating from the mining phase will be needed if the lasgale use of EVs is to truly achieve cumulative
reductions in emissions and environmental footprint. Crbesder and indiret 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 bionrag®rtsfor biofuels.

Other factors toconsider 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 comparedger 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
smallerbattery sizegEllingsen et al., 2016)

Finally, additional options for sustainable transport outside of biofuetstzattery 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
GSY DANRBYYSHeh I 2 LO0RA 20yS yO2AY LIF NER G2 o0F0GSNE 9+a& 2NJ 0A2
likely to have a lower impact on human toxicity through the manufacturing of their components a
hydrogen has higher energy density than comparable gaseous fuels, resuttomgparatively less global

warming and ozone depletion impact per u(Bicer & Dincer, 2017This, coupled with the potential for
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hydrogen fuel cells to reduce battery size requirements while extending driving range, isdicate
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 fuekc@&WVs are likely to hold greater mitigation
potential for the EU transport sector than the largeale implementation of biofuels.

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

The analysis of shale gas as an innovaitiadihe 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, fromeagy eand
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 puxtion as a way to substitute the closing of some gas fields in EU
member states, such as the Netherlands, the departure of somegabkicing EU members, such as the

UK, as well as unreliable supply from major-gagplying EU neighloos, such as RussiBlhe argument of

this narrative is that, despite overarching, leteym 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 renewkales and EU energy demand. Therefore, the security of its supply
necessitates continued exploration within the EU.

LY FTRRAGAZ2Y (G2 GKS SySNHeE& aSOdaNAGe yINNIYGABST akl f
SYAaaArzy T2 3aa b obil ofcdab ds the lativel@eridSiens 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 suppoditeslower C@ 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 he long term(Forster & Perks, 2012; Staddon & Depledge, 20RByarding the effects of

shale gas exploration on the WEF nexus, numerous coneachgdocumented negative effects on water
resources exist as a result of technigues 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 ¢Bsitkovskyi, Bruning, Kools, Rijn@ar& Van

Wezel, 2017)Given the low efficiency rates and low water recycling rates of most shale gasthezié

are considerable concerns of fracturing fluid chemicals leaching into drinking water sources and aquatic
ecosystems, with many such incide 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 ecosystenf¥andecasteele et al., 2015)

Thenarrative of a lower emissions fossil fuel exists hand in hand with the complementary narrative of
better energy productivity and costffectiveness. While shale gas is portrayed as an inherently
economically viable and energetically productive technol@pgsessments 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
unproducive after only a few years of use both from an economic and emissions intensity perspective.

¢KS I @SNI IS aFdzyOlAz2yltAGe 6AYyR26£T 2N 4KS LISNA2R
their energy provision function, is only approximately ty@ars for shale gas wells, while the average
functionality window for conventional sources of natural gas is approximately 30 ydadrid-Lopez,

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

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

Madridf 2 LJST o6wnuno SadAayldSa (GKIG GKS 9! Qa SEA&GAY T
requiring that new drills be drilled every year after in order to compensatéhis 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 equire additional energy while producing relatively little, contributing to increased methane
SyrAaairzya FyR (GKSNBoeé NARAJAYy3I (GKS AyO2YLI GAOGAT AL
commitments under the Paris Agreement, while simultaneously pirgppp inefficient production and

operation practices of fossil fuel companies.

In addition to the demonstrated lack of feasibility of these narratittesy ignore several already growing

trends which call into question the viability and desirabilitysble natural gas as an innovation for

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

08 AYRAQGARdzZEE 9! YSYOSNI adlidSaod 'a YSyUuArAzySR o8&
fields praikr dzOS | LILINREA YL (St & wuu o0AftA2y OdzoAO YSGSNAR 27
natural inland gas consumption of 490 billion cubic mefMadrid-Lopez, 2020)These gas fields will be

Ot 2aSR 0@ HnAHOIZ & LINIL 2F G§KS b SikrbdsafetycBrgetns ST F 2 NI
after tremors and earthquakes triggered by drilling in the gas fiflltisijer, 2019) Announcements of

closures of key fesil fuel producing facilities is a growing trend among EU member states, with even more
NEOSyYyid SEI YL S& & dzOK -out Hlan,Dvéihisty pledgetd end 2dided poder & S
generation by 2038§Wettengel, 202Q) 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, activelyugpported 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 therefmia t@ fully

factored in EU energy production and security considerationsomirast the majority of the 16 EU states

surveyed either banned shale gas implementation or held very cautious regulatory and governance
positions on its implementatiofVan de Graaf, Haesebrouck, & Debaere, 20a8jile gas is often touted

as a means by which member states can still reduce their depesden coal or nuclear energwhile

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 (fbitedienson & 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 (gtorestts
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& Strauss, 2020Further exploration of this issue will be undertaken in a comparison of shale gas projects
activitiesagainst the Technical Scséd y 3 / NAGSNR I 2F (G KS 9 !ifséctigndza 41 Ay ¢

In addition the lack of feasibility for shale gas from a productivity, governance and emissions reduction
perspective, rapidly declining costs for renewable energy production relatieatiitional 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 windplar PV or hydrogen show trends of increasing in the future with technological
advancements and market adjustmer{Ghild, Kemfert, Bogdanov, & Brey2019) As identified in D6.3,

GKS aFdzyOlAz2ylftAGe 6AYyR26¢é 0SPad (KS O2YO6AYSR Sy
renewable energy production technologies remains stable over a much longer time period despite the
aging of infrastructurecompared to shale gas wells, due to rdepletable 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 agrequantity 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 -cutsisg analysis of the three

mtat GA2Yy Ayy20FdA2ya Ay@SadAadalradSR Ay a! DL/ Qa 2 2NJ
Through a crossomparison of these innovations, we identify conflicts as well as synergies or interlinkages

that can benefit EU mitigation strategy in its foeudevelopment. 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 productionltis mainly incentivised in the modern energy mix as a financial resouroerrditan

a productive energy resource. Furthermore,ritgthane emissionare 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 innations. We will focus primarily on investigating further the
interlinkages between and uncertainties associated with biofuels and battery EVs.

Thequestion of whethemiofuels and battery EVs can contribute to climate change mitigatod 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 lisnon natural resources and the balance of ldabted
carbon is to be maintained. While LCA amironmentalfootprint studies, such as that undertaken by
Holmatov et al. (2020) (seEigure2 below), show that biofuels clearly reduceQ and other GHG
emissions compared to fossil fuels, thds a steepriceto payin the use of resources such as land and
water relative to the mitigation attainedThisjeopardzesother aspects of climate mitigatigmesilience

and adaptation. Furtherma, degradation of land resources through the laspale cultivation of
biomass and the resulting cumulative losses in soil organic carbon over théelomgemain highly
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uncertain. Additionally, as demonstrated through the case studies showcased ineDér8advanced
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
neededto produce these biofals will be developed in a timely manner, whether the use of resougces
economically beneficial or efficiency) and their desirability (whether the use of secondary resources will
entail negative effects on cycles of nutrient replenishment in soils andystem 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 lesgale production of advanced biofuels involves
high risk and mddikely outweighs the potential mitigation benefits.

Considerable work was conducted by Holmagooekstra(2020) comparing the relative carbon, land
and water footprints among fossil fuels, biofuel blends and electricity from both biomass and solar powe
as well as solapowered hydroger{Bunyod Holmatov & Hoekstra, 2020)

Figure2: Environmental Footprints of Alternative Fuels, units/driver/year
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and indirect WF of sold\fgenerated electricity used in hydrolysis

Source(Bhandari, Collier, Ellingson, & Apul120Bunyod Holmatov & Hoekstra, 2020)
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As can be seeim Figure2, electric vehicles can provide an exponentially smaller overall environmental
footprint compared to biofuel powered vehicles, under the studied consumer driving pat{Bunsyod
Holmatov & Hoekstra, 2020%urprisingly, this data also indicates that some biofhlads, such as the

B20 blend of rapeseed oil and conventional diesel fuels, actually have greater carbon footprints than
purely fossHbased fuels due to the additional emissions from production of nitrogen fertilizer used in
growing biomass and changiessoil from land use change and harvestiBgnyod 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 sh&guiie3.

Here, Holmatow Hoekstra2020) assumed vehicle der profiles with behaviour consistent with average
annual driving distance per car driver in the US is 13476 (Blasyod Holmatov & Hoekstra, 2020; United
States Department of Transportatiofrederal Highway Administration (FHWA), 20l8)uivalent to
21687 km, to calculate footprints basegfo 4 KA & daG@ LA OFf RNADSNI LINPFAL SE |

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 footpists acr
the board. Solar electricity entails carbon, land and water footprints of @&gq/driver/year, 20
m?/driver/year and 3 n¥driver year, respectively, while hydrogen electricity represents 0
CQeq/driver/year, 50 n/driver/year and 8 n¥driver/year, respectivelyBunyod Holmatov & Hoekstra,
2020) It is important to note th& when considering the carbon footprint for solar and hydrogen
electricity, raw material extraction and manufacturing of production components was not included.
Therefore, given thé dzii Kr@eM@d®logy comparing environmental footprint to typical driveofile,

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, thisiofuels studies are all firgieneration biofuels, as their
feedstock (rapeseed and sugar beet) are also food crops grown for human consumption. Advanced
biofuels produced from noffiood crops or residues were not compared in this study yet, as demoasitrat

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 compdengands for global food, feed and ffidsand

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 pooducti

will be inevitable Figure4 gives an overview of the key factors influencing the viability of biofuels for
mitigation as well as colld2 RSR Ay RAOF(i2NAR 2F SIFOK Tl Od2NRa @I NJ
future changes in climatic and so@oonomic conditionsGreen 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 arerimgrur
simultaneously in both directions. Red indicates that a factor is likely to be negatively affected by ongoing

3t 20t OKFIy3aS IyR GKSNBEFTF2NB oAttt KFE@S fAYAUGSR |0
biofuels, projections show a steadyciease 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 facémtser 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 ané.fildsssumptions on future crop yields

vary considerably aoeding 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 constanthim 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 ot yet exist. Although the technology for producing biofuels is certainly feasible, based
on these factors, its viability and desirability remain highly questionable.

Figure3: Factors affecting feasibility, viability and desirépibf biofuels; Adapted from Ripddlosch & Giampietro (2020)

Bioenergy

R Crop yields
Efficiency of Dietary
global preferences
biomass for animal
supply chains foods
Promotion of B. Biomass use
& incentives | fu l for food,
for feedstocks 0 e S feed, fiber
Negative trend in Uncertainty regarding Positive trend in
development future trends development

Source(RipoltBosch & Giampietro, 2020)

Alternatively Figure5 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 E¥ssteady supply of carbemeutral,
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 mdelling 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 progregshiigh 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 stl 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.

Figured: Factors affecting feasibility, viability and desirability of EVs
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Source:Own elaboratiorwith 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; Tang, Atat; f G OP2€f dzZ g ! @RPY I HamMpT 2FyAdaoK| S

From this crossnalysis of transport mitigation innovations, EVs hold the most potential to contribute to
mitigation of the transport sector compared to biofuels. Although substantial issuésestiain 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 competgith 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 lortgrm viability as a transformatés 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, biofuelbavea 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 gerated through norbiomass 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 tretrssgor.
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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 frequg®ari Kovats etl., 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 ¢ adapt(Sari Kovats et al., 2014ven under an increased global mean temperature

in line with the goals of the Paris Agreeméatstaywell below an increase of 2°C, higher temperatures

and climateextremes will become the norm. Climate related hazards such as heat waves, droughts, forest
fires, floods and storm surges are undoubtedly associated with serious consequences egcencimic
sectors, including agriculturdorestry, energy productionrad tourism (Sari Kovats et al.,, 2014)he
innovations addressed here for the purpose of adaptation are closely linked to the WEF nexus through
adaptation of biodiversity and water resources to chauggtlimatic conditions and the resultisgcurity

of food and agriculture. Waterelated 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(HoeghGuldberg et al., 2018Especially for the agricultural sector, where fations 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 so@stwith 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 @hars that supportoverall food security and
agficulture. 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 actalinate and its effects; human interventions may
facilitate adjustment to expected climate and its effe¢Rogelj et al., 2018) Furthermore, adaptive
capacity is defined a%he 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, 2Qdiany approaches

exist to evaluating adaptive capacity. Omequently usedevaluation method is the Sustainable
Livelihoods Approach (8Lwhich measures adaptive capacity by the abundance of five types of capitals,
including physical, natural, social, human and financial cafWéliges et al., 2017)By this evaluation
method, adaptive capacity relies both on mainteia 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 resouhees, t
conversion of natural resources into secondary resources useful for humans, and the provisioning of
income and livelihoodd.iterature supports the idea that considering the effects of climate change on the
WEF nexus is necessary in order to evaluatralvadaptive capacit{Scott, Kurian, & Wescoat, 2015)
Given these intersecting dimensions of agriculture with adaptive capacity, the degree to which each of
the adaptation imovations 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 stgdfasrgpean Commission, 2013)\griculture was

identified as a particularly vulnerable sector to climate change, as well as cohesion policy and fisheries.
2AGKAY Alda SAIKIG-LINBR2FAYEHEA 2R STa Sa Of S&l @8z2f ySNI 6t S 2
instruments is identified as the sixth key action. The CAP is specifically mentioned as the main policy
instrument to facilitate the climatgroofing of European agriculture.

Figure5: Interactions among the WEF nexus affecting adaptagacity and agriculture
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The following section discusses three innovations that can improve adaptive capacity and food security
via improvements in the sustainability of water anddiversity: biodiversity conservation on agricultural
land, alternative water resources (AWR) and wataving irrigation. The narratives supporting their
adaptation potential, possible tradeffs and interactions among them will lanalysedand discussed.
Within biodiversity, two competing narratives, and the use of these narratives in existing EU policy
mechanisms towards biodiversity conservation, are explored to examine potentialtfésl@vith other
aspects of adaptation, such as food production arelpiergy 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 wasaving irrigation methods are reviewed to assess their potential
contribution to more resourcefficient and productive agriculture under changing climatic conditions.
Once combined, the overall contribution of each innovation to adaptive capacity through agriculture and
the potential resulting tradeoffs 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 hats 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 chafigabel et al., 2019For 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 rikereby 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 digeagiedeyer, Scherber, Kreft,

& Tscharntke, 2018Bupporting diverse species of trees allows for continued provision of timber aad fib
materials under a changing climate, while also providing habitat for animals and contribustajitity

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 natwmased solutiongNbS) and ecosystetrased 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 destructipntergovernmental ScieneRolicy Platform on
Biodiversity and Ecosystem Services, 20T8)s potential loss of biiversity has fareaching 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 difiodiversity 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 physiologicalaegassuch as increasing temperature, sea
level rise, more extreme precipitation and volatile flood/drought cycles.

The main narratives and traelefs associated with EU biodiversity policy, as identified by the work within
D6.4, revolve around issues BY policy coherence, measurable indicators for biodiversity progress and
the ongoing conflict between the simultaneous goals of improving agriculture and increasing food
production while preserving biodiversif)Kok, de Oldege Boer, & RipolBosch, 2020; Kok, Oostvogels,

de Olde, & RipoiBosch, 2020)These narratives link and feed into one anoth&idack of universally
agreed upon metrisfor assessing biodiversity as well as conflicting goals within EU policiesinggard
competing demands of food production and biodiversity conservabioth 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 contributesatlacking consensus on assessment methods and priority
aSU0AY3 F2NJ FOKASOAY3I YdAf GALX S SY@ANRYYSyYydlt I|yR
biodiversity policy landscape consists of several interlinking policies across nature protegtioultare

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 targetlithin these targets, sukargets are set for proportions of

habitats and species to be assessed. In the original Biodiversity Strategy (204Brgetb were set to

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

under the Birds and Habitat Directives, which govern which species and habitats are most in need of
protection. Completion ofthe Natura 2000 network, a system or protected areas throughout the EU
established to protect habitats and speciedicated by the directives, is an additional component of this

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

' ANA Odzf G dzZNBZ F2NBaUNE FyR TAAKSNRASA P SCatetydsHoddNIY 2 NE =
contribute to combating invasive/alien species and assist in halting biodiversity loss on the global scale as
gStto 1y SEGSyarzy 2F (GKS 9! Q& . A2RAOSNBAGE {GNI
update,anambitious go&of achievingprotected areas over 30% of EU land cover and 30% of EU sea area

was establisted. This represents an effort to expand the currently established Natura 2000 protected
areaswhich to date represent 18% of EU land cover and 6% of EU seg@Earepean Commission 2009

This planned extension of EU protected areas in order to better conserve biodiversity may haveftsade

for key economic sectors, such as agriculture and forestry. CurréimgyNatura 2000 network is made

up of approximately 40% agroecological areas, including both arable land and pasture, and 50% forest
ecosystems(European Commission, r:l). An expansion afhe 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 biodivensity, t
Common Agricultural Policy (CAP) plays a key role in helping to attain goals under the Biodiversity Strategy
and create cebenefits from the two agendas. The EU Biodiversity Strategy (208l specifically
mentions agricultural objectives inits Tat@& withk 32 f (G2 o6& wnunX YIEAYAAS
across grasslands, arable land and permanent crops that are covered by biodireleditgd measures

dzy RSNJ 4KS /1 téd hiGKSNI I OGA2ya GAGKAY (ykéhtstoA 2 RA OS]
farmers for achieving environmental objectives and crossipliance initiatives with CAP environmental
standardgKok, RipolBosch, de Olde, Muscat, & de Boer, 2020je crossompliance ggect 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 stand&tds2017a)

Other parts of the CAP, though, leave room for biodiversity measures to be ignored. The Rural
Development Programme (RDP) requireste member state to choose four priority areas out of a list of

six, within which biodiversity conservatiomincluded Kok, RipoliBosch, et al., 2020However, there is

no requirement for biodiversity to be chosen as a priority area by any member statee iBherefore

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 biodiversitymeasural as the mean species abundance (MSA), due to European agriculture are
already estimated at 76%Kok, RipoiBosch, 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 spaohgednthe
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
GFLEt26¢é3s SE QN aidp@detinghsturak l@ndstafeNi@atures are all measures for
which farmers can achieve additional agrnivironmental payments beyond normal CAP payments
(European Commission (EC), n.d.; Kok, Rigmdth, et al., 2020B5uch 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 ar&amples 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 protg&imopean Commission

(EC), n.d.; Kok, Rip@bsch, et al., 2020)

Based on their case studies in the Netherlands and Frdd@e, 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 sefting asi
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 disturbancén 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 concephrilied
primary measures. First, and increased the amount ofusid farming areas, such mixing grasslands
next to arable, cereal producing fields and inclusion of strips eésiee land were suggested. Secondly,

an overall requirement of reduced inteibg 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 gramimging, 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 smmmaonic 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 increasi 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
LINERdzOGA2Y G2 FSSR | 3INRgAYy3I 3Ifed etehsifidalbnddritdgish 2y |y
(Tilman, Balzer, Hill, & Befort, 2011Greater technological advancement in both crop breeding,
harvesting and fertilising practices will allow for greater intensification on existing agricultural land,
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thereby producing more food to feed the growing global population on the same amount or less land than
today. Intensification of agriculture can alsontribute 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 (aitdedlovernmental Scienee
Policy Platform on Biodiversity and Ecosystem Services, 20889uld 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 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
recognied in scientific literature, solutions ultimately must be tailored to the specific species and
landscape under consideration. Laskaring approaches with low to intermediate intensity, such as
agroforestry systems, have been shown to benefit species vithitve in semiopen habitats while also
limiting the negative impact on productiafvon Cossel et al., 201%eeping woodlarglin 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)

Figure6: Relationship between economic productivity and biodiversity conservation in land sharing gpaldang strategies
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Source: Own elaboration sourced from(Boysen, Lucht, & Gerten, 2017; Egli et al., 2018; J. Fischer et al., 2017;
Hanson & Searchinger, 2015; Intergovernmental Sci®tatiey Platform on Biodiversignd 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 extermal fiyoduction is already
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recognized as a weak point in the EU food sysf®taraguesFaus, Sonnino, & Marsden, 201¥hen
externalised production results in deforestation in pristine areas or intensified production elsewhere, the
external negative impacts will be larger than the ldogbrovement in biodiversityMultiple interviewees

stated that lower food production is acceptable, because we should strive fosdilfiency, and not
produce food for other regions at the cost of the local landscape. This#ifiency has two aspés: 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. Tate, the EU remains a net exporter of agricultural products
(EUROSTAT, 2020) ! & 2F HAaAMTI FYAYlFf LINRPRdzOGa | O02dzyiSR 7
products and 20% of imported agricultural produdturopean Comission, 2018a)However, the
majority of feed used in EU livestock production is imported from other parts of the world. Approximately
69% of proteirrich feed used in EU livestock production is importee Visser, Schreuder, & Stoddard,
2014) The increasing interdependencies of the EU food system with external actors and the perceived
G2ANBNDA L YyOSéE 2y A YLR Mladinal agdculliel abedecoghideddin thBiteratirei ag 3
key vulnerabiliies of EU food securityMoraguesFaus 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 anaichexternalisation of productioKok,
RipoltBosch, 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 mmbers 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 @amepean Environment Agenc

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, 2017h)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 feedstuffKok, RipoiBosch, et al., 2020urthermore, allowing
livestock production as part of heterogeneous landscapes in both case study sites was questioned as it is
often difficult to decide whether alivestocksa G SY |t f2¢6a (GKS fFyRaOl LIS G2 NE
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 likelit nesither a
shortage of animal products for growing global demand and increased ecologicaloffad&Vhile a
NERdAzOGAZ2Y 2F fA@SaG201 LINRPRAzOGAZ2Y A& F A2+t 2F (K¢
(EU, 2019)actionable implementation and cresempliance with biodiversity for this goal is yet unclear.

This demonstrated conflict between ecologicatissocioeconomic 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 -sogimmic
congderations are noincludedand 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. Howeveila the Habitats Directive, socioeconomic
considerations arencluded¥ 2 NJ G KS YI yIF 3SYSy i 2 &lnmeasiraztaken pusvamt a A G S
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 importanedilst taking account of economic, social and cultural requirements
FYR NBIAZ2Y I |y R(Edropegan Commigsion\ o AnSthek exampl@r digagreement
between different EU sectoral policies is the projected expansion of dedicated bioenergy crops on
GYFNBAYLFf @ §&RITEM EliFhateiOhahge Mitigation Strate@@lJ, 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 bioelec(Etity2018)Some
studies have identified agricultural intensification through integratof food and energy crop systems as
potentially beneficial to overall landscape biodiversity form heterogeneity, although it contradicts
traditional nature conservation goal®auber & Miyake, 2016{Verling 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 defidity et al., 2018)

The lack of cohesion among linked EU sectoral policies, such as biodiagsiylture and bioenergy,
indicates a need to reconcile proposexktensification strategies for biodiversity protection with
competing demands of increasing food production, ongoing livestock production and planned bioenergy
expansion through dedicated ergy crops. To improve cresempliance of standards simultaneously
across multiple sectors, soegronomic incentives must be considered in biodiversity policy that can
compensate or reconcile needs of production in other economic sectors dependent divdyse
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 assexsithe 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 meagtoés RipoiBogh, 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 (E@kéady 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 chirelated objectives
(European Court of Auditors, 2017; Kok, Rigalsch, et al., 2020)

3.2)D6.7 Alternative Water Resources (AWR)

By 2040, global water demand is expected to increase by (&B% (United Nations University), 2019)

The work of Cabello Villarejo et al. (2020) in D6.7 investigates the us&Vet,such as reclaimed

wastewater and desalinated water in agriculture it arid and drying regions, using the Canary Islands

Fa | OFasS addzRéd wSOfFAYSR glaidsSsldSNI Ada RSTAYSR
allows for its reuse in potableorndl2 G F 60t S 61 8 & 6 I RCabelldiffafrejo 6tHIS2020)Y Sy i a 0
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 dedalinated 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 pr@asoted
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 iragimg aridity and erratic rainfall patterns while maintaining
production. However, additional aspects of desalinated and reclaimed water mustrimderedwhen
promoting their use to overcome water scarcity. The suitability of water quality of theseneesofor 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 existingeissaf 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
AYONBI aAy3 SO2y2YAO IyR LJ2fA0& NPAs& st cdudtrythd y (G KS
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 causederexploitation of groundwater resources. Apart from the increasing demand
FNRY (GKS dz2NBFyYy YR (G2dz2NRAY aSOG2NI 60gKAOK O2yarail z
in the agricultural sector has notably increased to 44% of withdrawal&(CI2016; CIATF, 20d$cited

in Cabello Villarejo et al. (20P0 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 finding 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 prdéidacof tomato and banana for
exportation, both reclaimed and desalinated water were integrated to complement the existing-water

food nexus patterngCabellaVillarejo et al., 2020)Desalinated water accounts for approximately 55% of

water demand throughout the islandS$challenberdgrodriguez, Veza, & Blanbtarigorta, 2014)

The main narratives supporting the use of AWR in the Canaries are economic ones, focused on improving
f20Ff FINYSNDa AQPStAK22Ra GKNRdzZAK o022aiGAy3 SELJ
phenomenon of rural abandonment occurring in arid and highland farmland across the islandals®WR
contributes to physical adaptation of agriculture to climateanbe, 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 weer, 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 tf@ncrops that are consumed domestically. As

found by CabelleVillarejo (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
supporing 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 amongsth three objectives are not explicitly stated, in
practice, the last of these objectives takes agenstage, resulting in far greater support for products
destined for export, and therefore which are more profitable, than products destined for domestic
consumption.

Currently, the sefsufficiency of the islands is approximately 20% of the commercial food value, whereas
the World Food Programme (WFP) advises maintaining fooess#itiency for islands of 3%0% for
adequate selsupply and food securit§Caello-Villarejo et al., 2020; Godenau, D.;Nuez, 20A&hough

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 regi@ounterintuitive

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 extractiveystem. Furthermore, the Canari@dready 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 rgsgea levels and groundwater intrusion,
Fff 2F 6KAOK gAff LI OS FRRAGAZ2YIET &ddGNBaa 2y GKS
agriculture, AWR in the Canaries are often used in the tourism industry, including recreational and
aestheticfeatures such as golf courses and swimming pools. For example, while 66.4% of reclaimed
wastewater goes to agricultural plots, 21.9% goes to golf coiaiselleVillarejo 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 res@s 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 @mgzhasis

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 capacityn thisregard, themaintenance of ecological systems and water cycles are
key for ensuring adaptive capacity, as they play a key role in-scoimomic aspects such as food security

and adequate drinking water access.

The issues identified in Canaries as a cisdy 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 sallre water dependence within this complex
sector. In the adaptation context, magsurism 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 dedidategulatory 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, schedalesl to t
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 Rebise NS Ol A S Aa Ay O2NLJ2NI (SR
902y2Yé ! OGA2y tfly FYR A& AYyUGSYyRSR G2 YIS oSdad
resource. Currently only 1 billion cubic meters of treated wastewater is reused annually in the EU,
repreenting only 2.4% of all treated urban wastewat@klcalde Sanza & Gawlik, 2014; European
Commission, n.ed). Meanwhile, water scarcity already affects approximately 17% of EU territory, and
while some member states, such as Malta &yprus, reuse over half of their treated wastewater, other
member states highly prone to water scarcity, such as Italy, Spain and Greece, only reuse bet@#&en 5

of treated wastewate(European Commission, n.d). The Water Reuse Directive aims to cltss 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 setgrminimum 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 protiensacio

economic and ecological narratives

Two other, interlinking issues facing the sustainable, {@mn use of AWR for the adaptation of
agriculture and other industries is the energy demand of AWR technologies and their ecological effects.
Both deséination 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 sourcMeseithezAlvarez,
Martin-Gorriz, & SoteGarcia, 2016)incentives for using greater renewable power sources already exist

in Europe and in the case study regi@abelleVillarejo et al., 2020)This is especially true for the use of
solar energy in desalination technologg, rmany coastal EU regions that suffer from aridity also have high
potential for solar energ{Pugsley, Zacharopoulos, Mondol, & Smyth, 20E6grgy costs account for 50%

of the total operation and maintenance costs of desalination plgAiKaraghouli & Kazmerski, 2013;
MolinosSenante & Gonzéalez, 2019witching to desalinated water from traditional water sources
generally implies an increase of cost equal to @50 Y 2 NB LIS NJwételzMarthe2AlBalieS &t 2 F
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 waterhwgither 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 owrset 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 alongMartinezAlvarez et al., 2016Y his 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 weasgater, 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, 201 Desalination also brings similar concerns in terms girogucts

to the environment. The process of desationa 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 wiX#lifgenos, Moustakas,
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Malamis, & Loizidou, 2016For every lite of desalinated water, 12 litres of brine is produceUNU
(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 electyigharket rates for renewable energy and
carbon prices, costs of desalination decrease by approximatel®32dwhen the current electricity
production mix is changed to a predominantly renewable energy electricity produ@tiolinos-Senante

& Gonzalez, 2019Erergy demand and the use of renewable energy must be addrebyeAWR
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. Soratirkte
suggess limiting AWR use to crop varieties that produce particularly high economic values, such as
greenhouse products, given their high net marginal return. For most -Gieéh crops, the cost of
desalination is less than the economically feasthieshold cost of the irrigation water. Therefore, the
increased water costs of incorporatirdpsalinated water6 Yy S NI @ ndpn € YboO fSaa
marginal value of water close to zero in many agricultural reg{detinezAlvarez 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 Canaribe.Canaries, costs of
desalinated water range fro@58n1 ® T p3, while Wie prices for groundwater range from 0:A3bc c € K Y o
ORSLISYRAY3I 2y (KS RSANBS 2F LINAGIGATIGA2Y0 YR NB
(CabellaVillarejo 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 changéHernandez, Guimarédes Pereira, & Barbosa, 2qi&)es of desalinated water may result

as a limiting factor in sustaining agriculture and other watependent activities. Powering the total
desalination capacity of th€anaries, for example, consumes approximately 12% of overall energy
demand on the islandéSchallenberdrodriguez et al., 2014However, renewablenergy sources, such

as solar photovoltaics and wind, only account for 12% of total energy production in the i¢lactus

Soria & Rodriguellonroy, 20B). 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 provisionirapd distribution pipes of
desalinated water to irrigation areas still represent areas of improvement for use of desalinated water in
agriculture(MartinezAlvarez et al., 2016)

Besides enenguse, 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 distilletew and dried salt, both of which are
viable economic product§Xevgenos et al., 2016The main desalination technologies currently used
throughout the EU are thermal or membrane methods, with reverse osmosis being the most common,
particulaly in the Mediterranean(CabelleVillarejo et al., 2020; Xevgenos et &016) Regardless of
whether salt is separated thermally or via a membrane, the resultingrbgiuct from both methods is

highly concentrated brine, which must then be disposed of. With methods such as ZLD, potable water
recovery >90% can be achieveklile also producing economically viable secondary products such as dried
salts, nutrients and minerals with added val(®evgenos et al., 2016YLD can be combined with
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renewable energy to cut down on cost and emissions from its relativgly émergy usage compared to
other desalination technologies. One such pilot ZLD project was implemented in Greece as part ef the EU
LIFE SOL BRINE projé¢evgenos et al.,, 2016Bunlight responsive metals are another emerging
technology thatcan sustainably desalinate while reducing bri@al 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 poliepable it as an
effective technology for climate change adaptation. As indicated in the conclusions by Sé4liatkjo et

al., the viability of farming systems in the EU is receiving more attention and public policy support than
the desirability and sstainability of the water sources uséar 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 expord #rade 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 projectiafisncreasing rainfall
variability, water scarcityand rising temperaturegor arid regions such as the Canariesmparative
advantages for agriculture in arid regions must be considerbd wisdom oflesignaing alreadylimited

AWR for water hungry croghat areill-suited to the local climatic conditiorshould be questionedAWR

Ydzad LIX & | OSydaNlrt NRES Ay (GKS 9! Qa JprBdinglhe G A2y 2

CAP, rather than simply preserving expoaised intensive agricultural modeds is the present case in
many EU region&CabelleVillarejo et al., 2020)

3.3) D6.8: Watersaving irrigation

Deliverable 6.8VargasFarias, Hogeboom, Schyns, Verburg, & Hoekstra, 20206)cerned with different
innovations for saving water in irrigation and linkages with land use in relation toutigre. Globally,
agriculture is the largest consumer of freshwater resources which accounts for approximately 70% of total
freshwater withdrawals and 92% of water consumptiMargas-arias et al., 2020)rrigation is present

on 20% of global cropland and yet produces 40% of global food s(\gigas-arias et al., 2020)n the

EU water for agriculture, mainly irrigation, accosifioer 45% of water withdrawa(&uropein Commission,

n.d-c; EUROSTAT, n.d.; Varfasias et al., 2020Approximately 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, unke the mostly rairfed 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 scenar{@&ropean Environment Agency, 201dpwever, some degree of wate
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 a20{7) 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 cadaplive 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, studyestimating changes in EU member
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aidl 6SaQ | 3NRX O dzy dcdeNing to $SR prajdictiond Gwatdkea Bmi€illiges 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 change2 A f f A 3 SeésultSdiffer linfthis @rajection depending on the particular capital type
discussed in relation to agriculture. Regardinggation and natural capital specifically, central and
northern European member states are likely to face decreased adaptive capacityGnctir@ate due to

a lack of existing irrigation infrastructure, compared to widely used irrigation practicemfastructure
already wellestablished 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 watentensive, rainrfed 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 adaptatiorclimate 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 mar 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 filvigénfrastructure to
protect natural capital and future land productivity under drought conditions. This opens the opportunity
to make extensive initial investments in wateificient irrigation methods from the beginning, avoiding
past errors in agrictdiral 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 20@809, approximately 608 cubic kilomes were
O2yadzY SRSWYBNOALFffe&éx YSIyAya GKSeé gSNB t2aid RdzS
other interferences in the distribution or application of the wafddgermeyer et al., 2015)his amounts

to an approximate loss of 48% of water consumed for irrigation globally. Therefore, the need for rapid
upscaling of watesaving irrigation measuresagicularly 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 vunerable to heavy water losses due to the absorption of water through soil during transport in
dugout canals and evaporation losses to the opern(firropean Environment Agency, 2019; Graftbn e

al., 2018; Jagermeyer et al., 2015prinkler 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 bpgtion 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 aggtin efficiency is
approximately 80% and 89%, respectivélgermeyer et al.,, 20155tudies on the distribidn 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 (Jagermeyer et al., 2015pnly a few EU member states, such as Portugal and ltaly, still rely
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heavily on surface irrigation. These differences in @refices for irrigation methods are partly due to
limitations of using some irrigation methods on certain crop types due to crop morphology and planting
needs(Jagermeyer et al., 2015yor example, current drip irrigation systems are suitable for a relatively
small portion of common European crops, saspulses, soybeans and common plantation crépg.,
citrusand vine cropps 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 Elkréiture indicates that greater implementation of drip
irrigation could increase relative water productivity by15%, particularly in southern and eastern Europe.

2A0KAY GKS 9dzNRLISHY 9YGBANRYYSyYy(d ! 3SyOé Qanphass9 ! 0
is placed on adaptation measures implemented at fadewel as being the main driver of effective
adaptation, with national and regional level policies and incentives supporting these meédSurepean
Environment Agency, 201%fficient irrigation is among the kégrm-level measures recognized in the
report, alongside broader fardevel measures addressing soil health, biodiversity and nutrient use
(European Environment Agency, 201Djip irrigation is proposed as the most effective means to improve
irrigation efficiency throughieduced 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 impgpearbon 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 féemel due to increased irrigation
efficiency should not triggengansion 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 retdpwiater use that splits the
narratives surrounding watesaving irrigation measures.

The overarching narrative behind the use of wasawing irrigation methods is that of increasing water
productivity, which can be seen as the ratio of water used vecguantity of crops produced. Water
productivity can thereby be improved either by producing the sayantity of crops with less water, or

by increasing theguantity of crops produced with a given quantity of water. While both of these changes
can increasevater productivity, the tradeoffs 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 increase 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. Hower, this production/econond 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 whethex thés @S y
FY2dzyié 2F 61 GSNI A& |t NBIFTRe8 GAGKAY adzaidlAylofsS
and water scarcity status of the production region. Secondly, the production focused narrative does not
guestion the nature of the crops for vidh water is destined, and whether those crops ultimately facilitate
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improved nutrition, food security and societal wbking of the affected communities or rather crops
which are destined for export as commodities and high profit margins. Economibdivé$ 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 sexdmomic changes or shocks while

still meeting their basic needsam et al., 2019However, a narrative focused principally on incieg
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. Addregsthis 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 watancton emphasizes using

less water to produce a givegquantity 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 #acted and lost. This places analytical emphasis on both quantity and
guality 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 foatioig 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 séGarfén, Scott, Wilder,
Varady, & Merideth, 201 ¢ KS &I §SNJ NSRdzOGA 2y LISNELISOGABS I f &z
Agricultural Adaptation Report on the danger of using increased iroigafficiency to expand overall
irrigation use. Literature recognizes a trend towards maximization of profit by farmers when-seatieig
irrigation methods are implemented, either by expanding area under irrigation or shifting production to
higher valuecrops (Jagermeyer et al., 2015; Pfeiffer & Lin, n.dhis is a phenomenon known as the
rebound effect (Paul, Techen, Robinson, & Helmin2019) whereby technological progresser
government policy increases thedficiencywith which aresourceis used, butte rate ofconsumptionof

that resource rises due to subsequent increasttegnand (D. Bauer & Papp, 20Q9or example, if
technological advancements allow for reducing the water neettegrow 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.

Forexample, many irrigation modernization projects implemented in Spain over the last decade resulted
in increased water consumptiod. Berbel & Mateos, 2014; Fernandez Garcia, Rodriguez Diaz, Camacho
Poyato, Montesinos, & Berbel, 2014; Gonzdlebollada, 2015)increased energgonsumption for
operation of closed, pressurized irrigation systefRerndndez Garcia et al., 2014; Gonzélebollada,

2015; Rodriguez Diaz, Perez Urrestarazu, Camacho Poyato, & Montesinosa2f)i@jpansion of
irrigated crop produdbn into otherwise marginal landgulio Berbel, Gutierreidarin, & Expésito, 2018;

Julio Berbel, Gutiérreilartin, Rodriguebiaz, Camacho, & Montesinos, 2Q1#ereby negating any
cumulative reduction in water useDther 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 crogBernandez Garcia et al., 2014; Rodriguez Diaz et al.,.2012)
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Depending on the initial and substituted crops, a switch to production based solely on valueathay le
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 farmeraaintegrity of water resources under current and
future stressors, it is imperative that watsaving irrigation methods be accompanied by institutional
regulations governing priorities for water use in agriculture and incentivising reduced water usglhro
proper water pricinglJagermeyer et al., 2015Restrictions 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 biodive3itBerbel & Mateos, 2014;
Pellegrini & Fernandez, 2018furthermore, suitability of different crops to irrigation systems differ,
therefore incentives andunding for watersaving irrigation require tailoring to different regions and
dominant crop types to be successflfigermeyer et al., 2018}rops adapted to projected future climatic
conditions and water scarcity should be prioritized in areas of existing and projected water stress
(European Environment Agency, 2019)

Figure7: Main narrativessurrounding use of watesaving irrigation to improve water productivity from a product&ide vs.
reductionside perspective

Improving Water
Productivity
Food security Environmental Protection
Increase domestic crop production Reduce environmental impact of

s agriculture through less water
Market competitiveness 2o A

Enhance economic development
through agricultural trade

Climate mitigation

Reduce GHG emissions & boost
renewable energy generation through
increased energy crop production

= =

Increase overall Reduce overall
crop production water use

SourceOwn elaboration

3.4)Overall adaptation potential of innovations

As identified in the analyses of each individual adéiph innovation, each has a high potential to
contribute to adaptive capacitgf the agricultural sectorimproving food security as well as economic
livelihoods. Both of the waterelated innovations focus on saving and reusing water for irrigation,hwhic
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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;sawxtey

irrigation measures both contribute to a reductiofo I ANX Odzf G dzZNBQ ¢ G SNJ F22 0L
sustainability of such measures must be considered when they are used to further agricultural
AYUSYaArATFAOLI A2y ® 'a Yy20SR AY 5¢codnQa 62N] 2y O0A2RAL
protecting biodiversity is to reduce agricultural intensification, both in terms of a reduction in inputs and

in terms of the land used for agricultu(gok, RipoliBosch, et al., 2020yWhen watefrsaving measures in

agriculture are used to grow an increasgdantity 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 disturbancdstatsha

and providing adequate water supply for vegetative growth and ecosystem cycles. However, if the water

saving innovations are used to expand agriculture to wategssed lands where plant cultivation would

have previously been possible, then thisua be in conflict with current EU biodiversity conservation

tactics (Julio Berbel et al., 2018, 2014)While watersaving and reuse measures for irrigation can
contribute to sustainable agricultural and wateonservation policies, they may indirectly contribute to

GKS AYOGSYaAaATAOrGA2Y 27F | IANRK Odz § dzZNFEurep&aNBazahiksion, K S & NJ
2012; Pauletal.,, 201®) LJ | OAy3 GKSY Ay O2yFftAO0G 6AGK GNIRAGA?Z
protection. The European Commission (EC) has recognized the dangers of shohral reffect due to
technological gains in agricultural efficiency since 22Zropean Commission, 2012)n their report,

G. fdzSLINAY G G2 {IFS3dzr NR 9dz2NRPLISQa 2| G1SNJ wSaz2dz2NOSa¢
adequately reflects the value and vulnerability of water and can redwedmund 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 efficiencgains do not jeopardize water quality or supply for ecosystems nor cause
uncontrolled expansion of irrigated land.

Expanding into previously watstressed landue to irrigation may place pressure on ecosystems and
native species that may be pushed outreduced 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 regiortsdiffitrent strategies
affecting biodiversity in each region differently due to global food trade and changes in market prices
(Zabel et al., 2019While extensification will likely help preserbediversity at homejt is uncertain
whether this will simply result in an outsourcing of agricultural expansion elsewhere, such as the tropics,
still resulting in biodiversity logZabel 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! likglihood, a

mix of different strategies tailored to different regions will be needed to achieve multiple objectives,
including food production, water saving and biodiversity protectiggli 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 settig can be clarified to coherently achieve the most needed objectives across
the nexugqJ. Fischer et al., 2017; Scott et al., 2015)
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Overall, each of the three innovations has the potential to significaotiyribute to adaptive capacity by

either reducing reliance on stressed water resources or contributing to ecosystem resilience and thereby
F22R aSOdNAGed |1 26SPHSNE 620K GKS AYyGSYRSR aSyR dzi
considered Inthe 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, @aghes towards biodiversity conservation must

consider the objectives of agriculture and ensure crosmpliance between sustainably feeding the

population while enabling biodiverse species to adapt to changes in climate and human use.
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4) Evaluatingnnovations with the EU Taxonomy for Sustainable
Finance

In the following sectionwe will assess the previously described innovations under the EU Taxonomy for
SustainableActivities(Taxonomy) To do so, we first explain the origin and relevance ofTtagonomy
andwhat are the criteria and thresholds to consider that an activity substantially contribmiggating

GHG emissions line with the climateneutral target by 205@r substantially contributes adapting to

or reducingthe riskof climate change negativeffects Afterwards, werealisea crosscheck analysis of
activities considered in th&@axonomy and the activities involved in the value chain of each innovation
technology with the aim to define the environmental and climate performancsach technology

4.1) European Taxonomy for sustainable activities

TheTaxonomy is a fundamental part of tEeiropean Green Deal strategy to transform Europeto the

first climateneutral region by 2050. As part of the Green Deal, on January 14, 2020, the Commission
presented theEuropean Green Deal InvestmeRtarE ¢ KA OK | AYa (G2 Y20AfAas
sustainable investments over the next decade, facilitating public and private investments needed for the
transition to a climateneutral, green, competitive and inclusive econo(&yropean 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) rearient capital flows towards sustainable investments in order to achieve sustainable and inclusive
growth; and (iii) foster transparency and letgymism in financial and economic activifieuropean
Commission, 2020)To achieve these goals, the action plan sets out 10 specific actionsirsthe fo
establish a common language in a unified classification system, the Taxonomy, to define which economic
activities are considered green and aligned to azerib economy by 2050 and subsequently reach a 1.5°C
scenario pathwayEU Technical Expert Group on Sustainable Finance, 2020a)

The Technical Expert Group on Sustainable Financé)(pglished its finaleport 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. Acent@l2 YLI2 Yy Sy (i 2 F ¢and Benok théfiRal reabraniehdations

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 andra@maental
performance and resilience of all sectors of the economy which do not directly undermine environmental
goals(EU Technical Expert Group on Sustainable Finance, 2020Db)

“The TEG has 35 membererir civil society, academia, business and the finance sector, as well as 10 additional
members and observers from EU and international public bodies.
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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 sectotbiesholds for the transition

towards netzero emissions economy. These economic activities are based on the Statistical Classification
{eaidsSYy 2F 902y2YAO ! OUAGAGASAE AYy G(GKS 9dzNRPLISIY /[ 2YY
économiques dansSla / 2YYdzy | dziSa 9dz2NRLISSyySaséo O2RSa GKI G
activities divided into sectors with a hierarchical classification system that associates each economic
activity to a statistical unitEuropean Commission, 2008)ccording 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 chaacterised by the input of resources, a production process, and the output of products (goods or
services). The classification system has afevel structure from level one consisting of 21 broad sectors,

level two of divisions, level three of sectionsda 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 fBofar PV,

belongs to the section D35:Electric power generation, transmission and distribution from division D35

- Electricity, gas, steam and air conditioning supply of the secterHRctricity, gas, steam and air
conditioning suppl{European Commission, 2008)

An activity as defined in the NACE code system may consist of one simple process; for example,
OGN yaLR2NIAYy3I OSNIFAY LINRRdzOGO FTNRY LRAYyG al ¢ G2 LR
or subproceses 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 thensa 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 timgectors and avoid doubdccounting climate and
envirormental contributions of a specific activity.

¢KS ¢l E2y2Yé 4S04 LISNF2NXIYyOS (KNBaK2fRasz Ffaz 1Y:
economic activity is green. To state that an activity is aligned with the Taxonomy it requires to meet
simultaneously three features:

9 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.

1 Second, the Taxonomy requires that economic activiiesot significantly harm (DNSH)y of
the environmental objectives. Qunt 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 adaptatiory a technical annexthat contains updated technical
screaning 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 screeniitgr. 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 by the end of 2021.

9 Third, economic activitiesnader 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 Taxonadh@g meet the thresholds criteria, have the potential

to open financial channels under sustainable finance instruments such as green bonds, green leans, eco
labels, etcetera. Finally, it is planned that the Taxonomy will be implemented as a voluntalgticegu
within the EU in 2022.

In the following section we will expand on those criteria that contribute to the first two objectives (climate

OKIy3aS YAGAIIGA2Y FYR OtAYFIGS OKFy3asS RELIGFGAZ2YOS

harm (DN§ 0 € ®

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 carbonThese activities are already compatible with a 2050z8zb
carbon economy based on their own performance. Examples include zero emissions transport, near
to zerocarbon electricity generation, and afforestation.

I OO2NRAY3I G2 GKS ¢dcthify ghalbeé considered to Sodtabyite sabs@ntially 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 goaltbé Paris Agreemegt(EU Technical
Expert Group on Sustainable Finance, 2020a)

2) Activities that contribute to a transition to a nezero emissions economy in 2036ut are not
currently operating at that level. Examples include electricity generation with an emission threshold
of <100g CekWh or cars with emissions below 5@f/km.

According to the Taxonomyd ! y SO2y2YAO I OGA@GAGE F2N 6KAOK
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 climageatral economy consistent with

a pathway to limit the temperature increase to 1.5 degrees Celsius abownqustrial levels

AyOf dzZRAYy3a o6& LKIaAy3d 2dzi INBSYK2dza S (BUTachricsA & a4 A 2y
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 pathwayzenogby

2050. Meanwhile, these activities must complyhwhree 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 ofdcavbon alternatives; and

¢) does not lead to a logk in carbonrintensive assets considering the economic lifetime of those
assets.

3) Activities that are enablers for the previous twdalhese economic activities enable other economic
activities that substantially contribute or help in the transition to a-neto economy byhe provision
of products or services. For example, the manufacture ofdavbon technologies and information
and communications technologies for climate change mitigation, someifeeimsurance products,
and professional, scientific and technical aitiéés 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 objentes, and where that activity:

a) does not lead to a lodh in assets that undermine lortgrm environmental goals, considering
the economic lifetime of those assets;

b) has a substantial positive environmental impact on the basis afy\ifee consideations.

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
¢FE2y2Y@Qa 202S8S00A0Sad h&&hnkd ereenihg\tiitefidxakedhtGSaccduynti dzNB &
more than one dimension in solving environmental or climate problems, excluding activities that
represent an important tradeff 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 EatioeguiOn

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 magb Ay adzFFAOASY G G2 YSSG GKS ¢
contributing to the transition to a netero emission economy by 2050.

4.4) Substantial contribution to climate change adaptation

Contrary to mitigation activities, adaptation measures included in thed@xy do not have a specific

long-term objective (e.g. nezero 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 measuteéaselines or accepted metrics for adaptation have not yet been developed. The

¢9D NBO23yAil Sa GKFG GKSNB INBE GSOKyAOFf AaadsSa Ay
fully adapted to climate change. For these reasons the Taxononsyders a qualitative approach in form

of a structured procesbased 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 onSustainable 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 ineheconomic 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;
WRIFELIISRQ OUAGAGASE YR FOUGAGAGASAE GKIG SyrofS | RI
criteria consist in describing specific characteristics of an action or a set of actions that can be used to
determine whether an economic actiyiprovides a substantial contribution to adaptation (see T&hle

Table2: Adapted activities

Criterion Description

Al: Reducing materia The economic activity must reduce all material physical climate tisl
physical climate risks that activity to the extent possible and on a best effort basis.

Al.l The economic activity integrates physical and pdrysical measure:
aimed at reducing to the extent possible and on a best effort basa|
material physical climate risks to that activity, which have been identi
through a risk assessment.
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Al.2 The abovementioned assessment has the following characteristics:

Considers both current weather variability and future climate char

including uncertainty;

Is based on robust analysis of available climate data and projec

across a range difiture scenarios;

Is consistent with the expected lifetime of the activity.

A2:  Supporting systen The economic activity and its adaptation measures do not advel
adaptation affect the adaptation efforts of other people, nature and assets.

A2.1 The economic activity and its adaptation measures do not increase
risks of an adverse climate impact on other people, nature and asse
hamper adaptation elsewhere. Consideration should be given to
viability of 'green’ or 'naturébasedsolutions’ over 'grey’ measures t

address adaptation.

A2.3 The economic activity and its adaptation measures are consistent

sectoral, regional, and/or national adaptation efforts.

A3: Monitoring adaptation The reduction of physical climate ristan be measured.

results

A3.1 Adaptation results can be monitored and measured against defi
indicators. Recognising that risk evolves over time, updated assesst
of physical climate risks should be undertaken at the appropr
frequency where possible.

SourceEUTaxonomy

Ly GKS OFas$ 2F WIOGABAGASE SylotAay3

F RFLIGI G

i. The economic activity does not lead to a lackin assets that undermine lortgrm
environmental goals, considering the economic lifetime of those assets; and
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ii. Theeconomic activity has a substantial positive environmental impact on the basis-of life
cyck considerations.

Additionally, the economic activity shall demonstrate how it contributes to support adaptation of other
economic activities under the following criteria (see Table 3).

Table3: Activities enabling Adaptation

Criterion Description

B1. Supporting adaptatior The economic activity reduces material physical climate risk in c

of other economic economic activities and/or addresses systemic barriers to adapta

activities Activities enabling adaptatiomclude, but are not limited to, activitie
that:

Promote a technology, product, practice, governance process
innovative uses of existing technologies, products or practices (inclt
those related to natural infrastructure); or,

Removeinformation, financial, technological and capacity barriers
adaptation by others.

B1.1 The economic activity reduces or facilitates adaptation to phys
climate risks beyond the boundaries of the activity itself. The activity
need to demonstratdow it supports adaption of others through:

an assessment of the risks resulting from both current weather variat
and future climate change, including uncertainty, that the econo
activity will contribute to address based on robust climate data;

an assessment of the effectiveness of the contribution of the econc
activity to reducing those risks, taking into account the scale of expo
and the vulnerability to them.

B1.2 In the case of infrastructure linked to an activity enabling adaptation,
infrastructure must also meet the screening criteria A1, A2 and A3.
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SourceEUTaxonomy

4.5) Do No Significant Harm (DNSH) principle for adaptation activities

In line with theTaxonomy, an economic activity shall be considered as significantly harming climate
OKIy3S FRILIWGIGAZ2Y a6KSNBE GKFG | OGA@AGe fSFRa G2 |\
Ot AYF(dSET 2y AGASETF 2N F2N 2axéndnNdddfii®® ddiferSSimpgdtsif:dzNE | y |

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 abdifidapt 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 beinglidered in a way that adversely affects the adaptation efforts
of otherdEU Technical Expert Group on Sustainable Finance, 2020c)

The Taxonomy acknowledges thatagtation 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 ntarial physical climate risksThe 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 nphysical measures aimed at reducintp the
extent possible and on a best effort basall 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 adpefittme 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 abovementioned climate risk assessment has the following characteristics:

1.2.1 considers both current weather variabjliand 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 s consistent with the expected lifetime of the activity.

Criterion 2: Supports system adaptain: 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 otherpeople, nature and assets or hamper adaptation elsewhere.
Consideration should be given to the viability of 'green’ or 'natt@sedsolutions' over ‘grey'
measures to address adaptation.

2.2 The activity is consistent with sectoral, regional, and/onarzl 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 differentiteria 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 considegritiee 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 potentiahegative impacts on climate change or low potential to enable the
transition to a netzero economy. The Taxonomy does not set minimum thresholds in order to minimize
the negative climate or environmental impacts of economic activities but rather only darssa
GLRAAGADSE FLIWINRBIFOK 2F SO02y 2 YA O -Zer® énfisgidn thieshald by K I {
2050 or transition activities where thresholds are dynamic and should meeataretemission projections

or enables activities that facilitatidne 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 invohiaceach innovation technology from its production, use,
and end of life and disposal or recyclitige so called life cycle assessment (LCA), which is a methodology
to identify the environmental burden of a product or process over its entire(Eeoil, 2006)Not all
innovations considered in this deliverable can be analysed undetGA approach. In the case of
innovations that primarily contribute to mitigation, no limitations were found to use this approacHeWhi
with innovations that primarily contribute to climate change adaptation, it was not possible to describe
them throughLCA due to fact that they represent activities or measures, not products or processes. We
therefore assessed the three adaptation irmations 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 orligerature review, we describe a simplified LCA to analyse all the economic
activities involved in each technology. Afterwards we cicdsscked which activities are considered under
the Taxonomy, and what is the rationale behind their inclusion, as wétleametrics and thresholds that

are considered to meet the netero 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 wher@A FFSNByY i ¢l E2y2YeQa ONRGSNAILF | LILX & 6i
mitigation and/or different regulations compliance under the DNSH principle). Economic activities that

are considered by the Taxonomy may be activities that are already aligitbdawetzero emission

threshold by 2050, transition activities where thresholds are dynamic and should meeéreemission

projections or enabler activities that facilitate the previous two. Each economic activity has its own
rationale on how it conibutes to mitigate GHG and meet the lotegm climate targets. Additionally,

each economic activity considered in the Taxonomy must comply with the DNSH principle.

5.1.1) Biofuels

As we mention irsection 2.1 biofuels are recognised as a renewable altéineato fossil fuels in the
transportation sector for the E(European Commission, 2018&)owever, the REDII iiwdtes that it is
necessary to transit towards the exclusive use of advanced biofuels in order to minimise the overall direct
and indirect landuse change impacts or other potential negative externalities such as food competition
or unbalancing the agricwiral/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 vadirain of this innovation are considered in the
Taxonomy. LCA anabgsofbiofuels found in the literature have the objective to compare the entire life

cycle of a certain biofuel developed withcertain technology versus obtaining the same resuth a

fossil fuels technology. To define on what result the two technologies are c@tlea 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 wit biofuels versus other available technology or current fdasil 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. ofike of ethanold M n 0> f S Ay 3 (KS GSKAOf
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@ame vehicles modes that use biofuels. FollowBarion et al.(2012)and
Gnansounou et a{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 feedstockaisethe c

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 Figjure
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Figure8: Lifecycle Assessment of Biofuels
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baseline should be included to determine the carbon emissions from thisuaadhangeOn one hand,

direct land use change for biofuel production tbilead to the conversion of land that stores carbon (e.g.
grasslands, native ecosystems) into cultivated ldydcontrast, if feedstock is produced on degraded soil,

it can contribute to improve the soil carbon balance (Panichelli and Gnansounou, 2@ad&equently,

the choice of the previous state of the lande system can significantly affect the GHG balance of the
biofuel.

¢tKS ¢LFE2y2Yé R2Sa y2( O2yaARSNI GKS FANBRG LINROSaa
economic activity, howeweit sets criterion for economic activities that may use biomass feedstock as in
the case of firsgeneration biofuels. These criteria are based on the REDII current regulation iwvigere
guaranteed that agricultural raw material does not originate frioiodiverse 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 thaibmass 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

57



Deliverable 6.1Report on the carboimtensity of casestudy technologies

is banned on land that had in or after January Z00@ status (regardlessf 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, bioliquigisd 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 shoulddispligicement effects of

food and feal-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 susthility 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 feedstockahis produced directly from agricultural biomass or feedstock that

is derived from other economic activities in form of-oducts, ceproducts, residues and waste. If
feedstock is biomass, studies based on LCA approaches found a high risk of enviabamerclimate
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 soildepending on the marial, energy inputs and the type of bioma@sU Technical Expert
Group on Sustainable Finance, 202d@¢spite being a less mature technology, if feedstodersved

from indirect economic activities it reduces adverse effects and could potentially contribute to the
transition to a neizero carbon economy.

For agricultural feedstock used to produce bioenergy, the Taxonomy based its sustainability critexia in th
requirements set in REDII for the production of the feedstock used to produce bioenergy, and the
agricultural criteria set in the crogompliance measures of the Common Agricultural Policy (CAP), in
particular, the current proposals for the pe8020 CR per Annex Il of COM(2018)89Both REDII and
CAP includseveralsustainability requirementgelatedto the production of feedstock for various supply
chains, where agricultural practices must comply with Statutory Management Requirements and
Standardsfor good agricultural and environmental condition of lardcludingcriteria regardingfood
safety, climate change (mitigaticeind adaptation measures), waténse, availability and quality}oil
(protection and quality), biodiversity and landscape (potion and quality) and measures on animal

6According with the Taxonomy a eoff 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 landTEerequirement is

taken fom 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 foragricultural production purposes.

" Coproducts 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 Rptazhucts.

8 Available at:https://eur-lex.europa.eu/resource.html?uri=cellar:aa85fa88a011e8ab9c
0laa75ed71a1.0003.02/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 pesticiffasropean Commission, 2018d)

Both regulatory instruments recognize thitae production of crops to be used for bioenergy carries a high
risk of indirect laneuse change as a significant expansion of the production areas into land with high
carbon stock has been observed across Eufgpeopean Commission, 2018d#)s we mention above in

the docunent, REDII limits food and feed crepased biofuels and bioliquidespecially those produced

from cereals and other staretich crops, sugars and oil crops. However, the Taxonomy does not restrict
the production of crops for biofuels and bioliquids lang as it can be demonstrated that feedstock has a
low indirect landuse change impact, fulfils the greenhouse gas emissions saving criteria and comply with
the following requirements:

Figure9: Biomass production requirementsiged as a feedstock

A full traceability of sourcing through the corresponding chain of custody management system needs tt
place and its effectiveness proven through the corresponding certification systems;

Any forest biomass used in the procesalsbomply with EU Timber Regulation (EU/995/2010) and the EU F
Law Enforcement Governance and Trade (FLEGT), where applicable;

9 any forest biomass used in the process is committed any forest biomass used in the process is cor
to forest certifiation using independent thirgharty schemes that are regularly audited in the fore
areas. Forest management and chain of custody practices in sourcing areas that are not yet c¢
must be aligned (roadmap to certification) with the same certificastandards;

9 forest biomass coming from irrigated forest plantations shall not be used;

1 any biomass produced within the EU used in the process must be subject to a transparent, credibl
of custody and comply with biomass sustainability criteria defined in the cross complianc
conditionalities of the Common Agricultural Policy and as defined in the Common Fisheries Policy

9 Biomass used shall comply with align with the requirements defined under the directives RED
RED2+ as applicable for biass and biofuels and with the requirements for biomass defined in
forestry section the Taxonomy.

1 Biomass shall not come from agricultural land that has been the subject of land use change from
or pasture since 1994. The abenentioned certifi@tion schemes shall provide a robust chain of custc
audit system for the feedstock; products derived from new, greenfield oil palm tree plantatior
excluded from the scope;

9 Particular case of forest biomass certification: srsalile palm oil cultitars operating in existing fores
plantations should be able to be included in the certification system and ensure that they receive
fair share of profits.

Source: EU Taxonomy

¢tKS ¢l E2y2Ye NBO23IyArasSa GKIFG Ay 2NRSNI G2 YSSi
to prepare the transition towards the production of feedstock for advanced biofuels and minimise the
overall direct and indirect landse change impactnd the negative effects and trad#fs from biofuels,
produced from food and feed crops. Therefore, in line with current regulations, the Taxonomy

59

idKS



Deliverable 6.1Report on the carboimtensity of casestudy technologies

recommends to set a specific and gradually decreasind ionifirst-generation biofuels, while promatg

thedza S 2F SySNHE& FTNRY W!I RGIFIYyOSR . A2FdzStaQ dGKIFaG FNB
mixed municipal waste, cobs cleaned of kernels of corn, nutshells, etc. listed in part A of AfnéthixX

REDII (see Annex4).

The manufacture of acdinced 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
RSOINb2yAal GA2y 27T (K S-effoctive manteNangriprodhdldnteralB,@oefgiNl Ay |
diversification in while promoting innovation, growth and jobs and reducing reliance on energy
imports(EU Technical Expert Group on tdimable Finance, 202Qc)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 éhCommission 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 effts on markets for (bByproducts, wastes or
residues;

(c) the potential for delivering substantial greenhouse gas emissions savings compared to
fossil fuels based on a lifeycle assessment of emissions;

(d) the need to avoid negative impacts on the environmand biodiversity; and

(e) the need to avoid creating an additional demand for land.

It is important to mention thatdvanced generation biofuelsclude bomass wastes and residues from
forestry and forestbased industriesThe Taxonomyet criteria for thisactivity based orcurrent EU
regulations mainly; REDII, CAP and EU Forestywever actual regulation mayot be sufficientto
prevent unsustainablaise offorest feedstocks. The sustainability requirememts this activity are
assessed on the basissfstainable forest management only, whitlay varydrasticallydepending on its
design andts implementation. Sucimanagementplans provide an estimate but do not consider the

91n line with the Taxonomy, the share of biofuels and bioliquids, as well as of biomass fuels consumed in traheport,
produced from food and feed crops, shall be no more than one percentage point higher than the share of such fuels in the fina
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

10The Commission will constantly review that annex in order to assess whether new feedstock should biessedenh an
analysis of the potential of the raw material as feextdt 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 @aw Article 29(2) to (7); (c) the need to avoid significant distortive
effects on markets for (Byproducts, wastes or residues; (d) the potential for delivering substantial greenhouse gas emissions
savings compared to fossil fuels based on adifeleassessment 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 wopdlpwood andthinning - and
harvesting residues) there will be a link to the LULUC#toIsdacreased 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. Fischeet 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 sequestraijoates.

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 series of sustages along the processing chain such as feedstock handlingeptment,
hydrolysis and fermentation, and material recoverythis case, the Taxonomy grouped those activities

as a single manufacture activity.

In line with theTaxonomy 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 manufactubgdifiels is done incorrectly it can have

no net positive impact or even a negative environmental imp@et) Technical Expert Group on
Sustainable Finance, 2020dhus, 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 4%,

Moreover, the manufacture of biofuels has to comply with titeno significant harm criteria to the other
climate objectives. The Taxonomy emphasizes that the most significant environmental risks of this
activity are on the impact orlocal water (consumption and sewage), to meet the waste and recycling
criteria, andthe avoidance of direct impacts on sensitive ecosystems, species or habitats. Consequently,
it sets requirements (in line with the EU water legislation)id@entify and manage risks related to water
guality and/or water consumption at the appropriate Evand ensure the development of water

dza Sk 02y aASNBF GA2Y YIylF3SYSyid LXIFya sAGK NBt SOy

In addition, manufacture of biofuels must comply with regulations related to ecosystems where is
mandatory to carry on an Environmental lagt 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 Il (Directive (EU) 2018/2001). For other types of biofuels that ar
not advanced biofuels but may offer substantial climate mitigation benefits, the TEG request that the Platform undertakes fur
work to consider establishing criteria for ensuring substantial contribution to climate mitigation.
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(2001/42/EC) or in the case of activities located in-&hcountries other equivalent national provisions
or international standard¥’.

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 bidiversitysensitive 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 provisibtfsecdEU 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 measurds@iiversity management plans

and robust, appropriately desigd and longterm 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 finatput 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 roenewable primary energy of a given biofuel syst@ncl.
production and use) with respect to a conventional gasoline system. For a given fuel blend and vehicle/fuel
performance, the higher the neNBy Sgl 6t S LINAYINE SySNHeé dzasS (KS
ST T A QEysauaal et al., 2009 hus, savings in both energy and GHG balances in biofuels are
determined by the volume of gasoline displaced, as long as the net enseggr 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 ustenial 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 dedicatdtbets, 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 thele for low or net-zerocarbon 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, théFC Performance Standard 1: Assessment and Management of Environmental and SocialriRiskiing
ancillary services, e.g. transpamfrastructure and operations
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The operation of vehicle figs where fossil fuels are substituted with lewar net-zero carbon fuels such

as advanced biand synthetic fuels can make a substantial contributio©{@ net emissions savings in
0KS GNIyaALRNI aSOG2NJ o6& SyKly®rwS iodeeskitehi 16n@S dzi NI f
term vision for a prosperous, modern, competitive and climate neutral econetates that a variety of
fuels and powertrains are likely to be needed for long haul heavy goods vehicles astlidtamge coaches
(European Commission, 2018Burthermore, the Communitan from the Commission on the European
Green Dea(European Commission, 20189ts out the need to ramp up the production and deployment
of sustainable alternative transport fuels. In this context, the Commission has comrtotteansider
legislative options to boost the production and uptake of sustainable alternative fuels for the different
transport modes. As th&axonomy is developed in future to cover other activities, sustainable alternative
fuels (such as advanced biofs@nd electrefuels produced using renewable energy) may also have a role
to play especiallyin aviation and maritime shipping.

LY FTRRAGAZ2YSZ AO0 Aa y20SR Ay Wi [ Sy tftFySd F2NJ !
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 aselely 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 sabtai alternative fuels

(such as advanced biofuels and eledinels 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 demonste 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 smelypiofuels,

also establishing a verification system to enable ongoing monitoring (see Annex 1 for eligible activities for
freight transport).

Lifecycleand weltto-wheel considerations for thresholds are pending on the feasibility to develop and
agree acommon EU methodology, this is the casde@dvyduty CQ Regulation. It is important to assess
the full lifecycle emissions from headyty vehicles at EU level. To this end the Commission should no
later than 2023 evaluate the possibility of developgmgommon Union methodology for the assessment
and the consistent data reporting of the full litycleCQ emissions of heavgluty vehicles that are placed

on the Union market. The Commission should adopt follppameasures, 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 {oagl 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 tovmet-zero carbon fuels such
as advanced biand synthetic fuels can make a substantial contributioCf® net emissions savings in
the transport sector. These criteria only @p 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 orexisting 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 finanechay 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 useand production of advance biofuétare considered by the Taxonomy as a transitiotivity 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 internedmbustion engines a technology that is not aligned with
1.5C mitigation trajectories, and may limit lesarbon technologies sudselectrification of vehicles, or
behavioural changes such as transport modal shift. It considers a role foolamet-zerocarbon 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 thmplementation 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 fordonet-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 toedahd 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 passaeger w
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 Il (Directive (EU) 2018/2001)r Brestoé
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 mentiorin section 2.2the largescale deployment of EVs has been considered as one key mitigation
strategy in the transport sector that could detach its dependence on fdasis and bring environmental

and health cebenefits as EYin comparison with ICEVdo 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 valuehain. Two main LCA approaches have emerged. First, theoaglieel

(WtW) approach, that considers all the stages thater the lifecycle 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 eaofilife of vehicles and even road and urban
infrastructure(Sen, Onat, Kucukvar, & Tatari, 2Q18)this deliverable we focus on the second approach:
equipment life cycle.

In order toanalysehow EVsand specificallBEVsare assessed anmatomoted under the Taxonomy, we
RSLIAOGSR GKS | OGAQGAGASE Ay@2f ISR A ylbseludntly@ve t dzS
compared the activities with those considered by the Taxondamgheckwhat the thresholds and
rationale behind those actities considered as greeare, and what activities lack sustainability criteria
and need furthedevelopment (See Figured).
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FigurelO: Lifecycle assessment of BEVs
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Source: Own elaboration based (C. Bauer, Hofer, Althaus, Del Duce, & Simons, 2015; Helmers, Dietz, & Weiss,
2020; Kawamoto et al., 2019; Tintelecan, Constantingsalora, & Martis, 2019; Wanithke & Hoffmann, 2020)

Equipment lifecycle

Resource extraction

Thisfirst stageof the LCA of BE\¢$ays a key role in comparing tinenvironmental performanceersus

conventional ICEV4&Inlike ICEVs, BEVs require a higher amount of raw matésiabmtteries and car
componentsL Yy (0 KS LI &bdard &nkr§y supplyrwiashasedonldadA RS YA O St LYSG I
ObAal 0T 2N 2y a2RAdzZYLYAO| St LOKE2NARS 0%9. w! 0 oF ¢
ion (Lion) batteries ast is the lightest of all metals and offers the greatest electrochemical potential,

which results in a high power and energy den§iymand & Tarascon, 200&)espite thatstudies have

found thatthe environmental burdens of mobility are dominated by the operation phase regardless of
whether a gasolinduelled ICEV or an electricity fuelled BEV is yd&adter et al., 201Q)However the
environmental impacts of the resource extractisunch as lithium, copper and aluminidor the necessary

BE\A édmponents 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 lacksaseind 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 t@mplete the criteria for this sector due to time constraints and the complexity of the
subject(EU Technical Expert Group on Sustainable Finance, 26&8ggverthe 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 sarcing 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 essentiatdarbow
technologies. BEVs, for exampheedaluminium for car pad, copper for electrics and motoyrgincfor

@ S K A datteGe®andgrid storage batterigsas well as several other metals sucltalsalt, lead, lithium,
manganese, and nickédr various components

Even thougla full evaluation of the mining arguarrying 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 lowcarbon technologies are considered as a sustainable actiViyever, addressing th
sectorby setting specific environmental and climate criterion is fundamental to enhance the consistency
of i KS OfAYIGS 0SYSTA-OENBZFY (i & S.CHHF giterka R BlERIMidelt 2 &
risk of tradeoffs between GHG emissionstigation and environmental depletion as resource extraction
has different negative environmental and climate impacts along its value .dhaandisrupt ecosystems

with a high risk of biodiversity loss, directly eroding soils, and going forward to er \wat energy
intensive production process that carries environmental risks such as water bodies acidificatian and

great amount of GHG emissions.

Equipment and vehicle manufacture
This activity considers the transformation of raw materials into-grdmucts 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 equipmeranufacture and the vehicle manufacture as different
stages of the valuehain, however, the Taxonomy contemplates these two LCA stages as the same
FOGAGAGEY Gal ydzFl OGdzZNBE 2F t2¢ Ol Nb2y (@Ridokshatt 234 Sa.
belong to the formal system of economic accountsvas developed by the TEGitwlude andsupport

the manufacture of key technologies that are considered as aligned with &ddwon trajectory(EU
Technical Expert Group on Sustainable Finance, 2028e)thresholds and metrics for this activity were
defined infour categories: manufacture of renewable energy materials and machinery, eligible low
carbon transportvehicles 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 8&\d all its relevant components including batteries in
multiple vehicle types such as private BENght commercial vehicles, rail fleets, large passenger fleets
and water transport (see Annex.2)

In case of equipment manufactured outside and imported int@ tEU it must comply with two
regulations. First, theREACH complianan the production and use of chemical substances where
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marufacturers, importers and also their customers are required to communicate information on
chemicals throughout the supply chamorder to be aware of information relating to health and safety
of the products supplied. Second, Regulations on thstittion of Hazardous Substances (RoHS) that
bansthe use of six different hazardous materials on manufacturing various types dfogliecand
electrical equipmentThe companyvho 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 mitigatesGHG
should avoid produetelr 6§ SR SYAaaizya Ay 20KSNJ aSO02NB 2F GKS
I @1 Af |l of S.Fdar &énplg, & fackmByahét produces electric cars but ottimenergy from coal

is not eligible.

It is important to mention that the Taxonomy doestrset additional criteria for BEVS manufacture and
neither differentiates between types of BEVs. As we mention abogeétion 2.1 some studies have
found that vehicle size can potentially diminish real emissions savings of BEVs if large vehiclas, such
SUWype vehicles, are chosen over smaller o(fesneida 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 infutsler the Taxonomy rationaléhe 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 @degn en
package, 70% of electricity in the EU is generated from decarbonized sources.iTROIEG recognizes

that alifecycleand weltto-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 activitieQxREional phase in private
transport is excluded. However, the Taxonomy considers the use of BEVs as an economic activity that
substantially contributes to mitigate GHG andssetiteria 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 watgyfreight transport (road, rail and water) (see Annex 2 for a dieddist).

The three categories must comply with DNSH activities (see Annex to for details). In the case of road
transport, he main potentiafor significant harm to other environmental objectives from the operational
phase of BEV is waste generationzdaous and nohazardous) during maintenance and eoflife of

the vehicle or rolling stocfsee Annex 2 for compliance activities). In the case of rail transport, under the
Taxonomy rationale, with the present energy mix, the overall emissions assbaiatie 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 attbuted 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 aisithgeits batteries and
componentsRecentLCA studiefHelmers et al., 2020; Kawamotoat, 2019; Wanitschke & Hoffmann,
2020)have estimated seconlife applications for batteries and have found that BEVs batteries could be
re-used for a period of 8 to 20 years depending on the seddadpplication.The Taxonomy did not set
thresholdsor criteria for battery recycling or battery secofite use. However, for the manufacture of
private transport and for the use of different transport modes propelled by electricity, they nmsstre
proper waste management both at the use phase (maintex@d and the enebf-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 legislatio
on hazardous waste generation, management and treatment, special focus on critical raw materials
recovery from batteries, and compliance with Directive 2000/53/EC ¢tttk of vehicles Directive") is
required.

Infrastructure for low carbon transport

As we mention abovehe 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 thfrastructure for lowcarbon transporby road

and by waterare 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 indlelesnstruction and
operation of nfrastructurerequiredfor zero diect 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 coslesgifically infrastrudure and
equipmentfor active mobility such asalking, cycling,-bikes and escooters(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 forw 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 infrastructurd).also considers categories of activities not
covered by NACE including: Other infrastructsueporting 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 thr@ghotds

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 daffrastructure 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 thenianry. 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 carleonissions 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 witieishtbids

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 transpioservice. However, it is recognised that wider ICT activities
in transport may have substantial contributieto climate change mitigation and this will require future
work to define criteria.

DNSH for low carbon water transport infrastructure

The maimotential significant harm to other environmental objectives from water infrastructure activities
are attributed to the alteration ofhydro morphologydue 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 managadalisation and fragmentation of rivers should

be avoided,and construction and demolition waste should beused, recycled or recoveretikewise,
infrastructure for low carbon water projects is a major factor of marine ecosystem deterioration and
biodiversity loss. Therefore, projects should ensume tompletion 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 biodiversityee Annex 2 for details and thresholds)

Electric vehicles ia nutshell

BEVs production and commercial use are considered activities that substantially contribute to mitigate
GHG and are aligned to a trajectory of climatutrality by 2050. In order to increase the number of zero
tailpipe emission vehicles, theaXonomy considers that all the equipment manufacture of BEVs is also
eligible, as well as, all the infrastructure needed to incentivizedaron transport form electric charging
points and electricity grid connection upgrades to the construction of soagd 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
FNI OlGdzNAYy3Is faz2 OFftSR aFNIO{AyIEd 9! O2dzy i NASa
from the banning of hydraulic fracturing France and Bulgaria to explanatory drillings and hydraulic
fracturing tests in Polan@vandecasteele et al., 2015lhe EU Communicatio@OM(2014) 23 final/2
establishes that the exploration and production of hydrocarboss@ 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 shorta@déadrid-Lopez, 2020)In line with this communication, the Taxonomy

does not support hydraulic fracting for resource extraction, however, it considers some activities that
involvegas (not exclusive to natural gas). To extract the economic activities involved in thechailn®f

shale gas, and what thresholds were established in the Taxonomy for eco@ativities derived from

this technology, we depictraLCA of shalgas production based on Costa et(@018)andVan de Graaf

et al.,(2018)

Figurell: Lifecycleassessment of shale gas
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Source: Own elaboration based Gosta et al. (2018) and Van de Graaf et al., (2018).

Well drilling and completion

In line with EU Communication CO014) 23 final/2, theTaxonomy does not consider well drilling

G K& RN} dNAQ AENI @G | & dza ( |, shgréfae it8id ndt@eveidp Yritefa neitlei fhrd A G &
mitigation contribution nor DNSHHowever, the Taxonomy considers some economic activities derived
from gas use in the energy sector.
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Gas production, processiramd 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 pastlecnate 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 IPE&CIp&cial Report and

its remarks on the urgency to transit to a retro carbon ecoomy 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, ageneration and generation of heat has been considered
insufficient tomeet EU climate neutrality targets by 2050.

However, the Taxonomy developed a technolagyostic criterion for electricity generation, heat
production and the cageneration of heat and electricity. The threshold is energy intensity of Cdg/

kwh. Tlis 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 Baomy, these criteria imply that unabated natwgds

fired power generation is not expected to meet the required threshold.-iGad 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
O2NNBAaALRYRAY3I 9! O9OYGPBANRBYYSyllt [AFoAfAGE S5ANBOGA
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 neeintion
above, are eligible as they support the transititm a netzero emissions economy. In order to
demonstrate that the activity is complying with the 100@§2e / kWh threshold andt$ subsequent
reductions in the near future, electricity and heat generation activities must follow an 1ISO 14067 or a GHG
Protacol 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/wellead to productiorof 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 Produetygfe Standard and the PCF methodologies are
periodically reviewd by the platform. Assets and activities must meet the threshold at the point in time
when taxonomy approval is sougfiEU Technical Expert Group on Sustainable Eaa020c)

As pointed out irD6.5 results fromthe casestudy of Polandshow that extraction of shale gas does not
seem to be economically profitable in any of the low or kigimsity extraction scenarios. If we add to
this, that the Taxonomy set additional restrictionggas production must be accompanied by CCS
technology deloyment to comply with the 1006QGe / 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 existicigcdin@ection)
and operation of transmissiogystems if they are aligned to a decarbonization trajectory where more
than 67% of newly connected generation capacity indystem is below the generation threshold value
of 100 gCQe/kWh measured on a PCF basis, over a rollingyidae period; or the averagg/stem grid
emissions factor is below the threshold value of 1@D@e/kWh measured on a PCF basis, over the same
period. Thenfrastructure that is dedicated to creating a@it connection orexpanding an existing direct
connection between a power production plant, a substation or network that is mi@antensive than
100 gCQe/kWh (measured on aLCE basjss not eligible under the Taxonomy.

Transmission and distributicactivities that comply with the threshold can be allocated on:
1 The extra higtvoltage and highvoltage interconnectedystem
1 Highvoltage, mediuravoltage and lowvoltage distributionsystems
1 Interconnections between separatgstems

Thesecriteria 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 lowarbon gases used in the gas system (e.g. abated natural gas or
hydrogen). Thus, it considers as a sustainable activity ttrefiteof gas networks for the distribution of
gaseous fuels through a system of mains, gas networks fordmtgnce transportation of gases by
pipelines. The repair of existing gas pipelines for the reduction of methane leakage is eligible if the
pipelines are hydrogemeady and/or other low carbon gassesady. 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.

Cogeneratin of Heat/Coahgand Power from Gas (not exclusive to natural gas)

This activity considers the construction and operation of facilities used fgeneration of heat/cooling

and power from Gas Combustion (not exclusive to natural gas). Any cogenermatinmotogy can be
included in the Taxonomy if it can be demonstrated, using an 1SO 14067 or a GHG Protocol Product
Lifecycle Standardompliant Product Carbon Footprint (PCF) assessment, that the life cycle impacts for
producing 1 kWh of heat/cool and poware 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 stotegessys

Finally, theTaxonomy 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 inuggin 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 secs#ixams,
species or habitats. Thus, activities in the vathain 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/consena@ti 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 ti@Eithunication CONR014) 23 final/2

where hydraulidracturing is only allowed in case of emergency shortage of gas. However, the Taxonomy
considers the use of gas for electricity production;gemeration electricity and heat. The Taxonomy
established an agnostic criterion on those activities of 1@Q¥e/kWh (threshold subject to periodical
update until meet 0 gQe/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 pipelsexgzansion 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 k@4 these are not products or process, but measures or
activities. Instead, to evaluatinem according to the Taxonomy, we selected the activities portrayed in
the Deliverable for each innovation. Then we aneti/gach 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 haveerat
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 strured processbased methodology to establish if an
economic activity provides a substantial contribution to climate change adaptation, instead of a
guantitative approach, as it was the case with mitigation related activities.

5.2.1) Environmental protecticthrough 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 activitiesahb e
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 considersragiltural economic activities such as growing of perennials and
non-perennial and animal production.
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Figurel2: Biodiversity conservation at a farm level
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It is important to mention mixed farming, whemmbinations 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 operakidiothit
livestock and crop production. Crops grown in mixed farming can be grown either to feed livestock or for
separate sale as a cash crop. In assessing mixed farming operations, cropland production should be
screened using criteria for growing of nperennials (e.g. if vineyards or orchards are included) or
perennial crops (e.g. if a farm grows cereals). Livestock production should be assessed according to the
animal production criteria. It is important to note that recoupling of crops and livestocleadrto greater
resource efficiency and reduced reliance on synthetic inputs, thus improving climate and environmental
performance

Land dedicated to Conservation forest

The Taxonomy defines this activity in line with the FAO FRA defioitioonservation forests whictine
primary designated management objectivd NB W0 A ohde@GioA A 2 &I Wa 2 OA | f
provisior@uch assuch as recreation, tourisneducation, research and the conservation of cultural
orspiritual sites(EU Technical Expert Group on Sustainable Finance, 2020c)

Users of the Taxonomy should identify and explain which criteria they are responding toeatmaunstive
list of examples of measures that can contribute to Adaptation of Forestry activitiesactivity itself can
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be made climateaesilient through different measures, such as: use of early warning systems or wildfire
control measures (to reduce damages due titdfires 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 &yyuksco

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 objetives are for mitigation to ensure the lorigrm ability of the forests to sequester carbon,

for water to dentify and manage risks related to water quality and/or water consumptifmm pollution

to prevent and minimizeollution to water, air, and soignd risks associated from the use of pesticides
and fertilize, and for ecosystems taninimize 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 bevinfed by applying forest certification using
independent thirdparty 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 Existinfiprest management

The Taxonomy defines forest management in accordance with the Sustainable Forest Management
principlesdefined by Forest Europe :assing 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 localpmeitiand global levels, and that
does not cause damage to other ecosystdfarest Europe, 2016)

' RELIGFGA2Y ONRGSNAI RSLISYRa 2y (GKS Looidply itkkhe 20 2SO
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 asppats across the DNSH five
objectives and are summarized as thilgility of forests to adapt to a changing climatejpact on water
resources as well as on water qualipgllution to water, air, and soil, and risks associated from the use
of pesticides andertilizer;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:

1 In designated conservation areas, actions should be demonstrated to be in line with the
conservation objectives for those areas.

76



MAGIC; GA 689669

1 No conversion of habitats specifically sensitive to biodiversity log$ bigh 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

91 Develop a forest management plan (or equivalent) thatlides provisions for maintaining
biodiversity

1 Evaluate the ecosystem service provision with the aim to not decrease the amount and quality of
ecosystem services provided.

9 Forests are monitored and protected to prevent illegal logging, in compliancenafithnal laws

1 Promote closdo-nature forestry or similar concepts depending on the local requirements and
limitations;

1 Select native species or species, varieties, ecotypes and provenance of trees that adequately
provide the necessary resilience to dita 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 perennialn&n-perennial crops

According to the Taxonomy, both perennial and #p@rennial agricultural activities must aintain
permanent grassland, no burning of arable stubble except where authority has granted an exemption for
plant health reasons, appropriatergtection 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 managenakn

tillage to reduce risk of soil degradation including on slopes and no bare soil in most sensitive period to
prevent erosion and loss of soails.

Key environmental aspects to be considered for investments in growing of perennial argkrermial

crops span across all other five objectives (DNSH) atglily of farming systems to adapt to a changing
climate; impact on water quantity, water quality and water ecosystenmapacts on air quality;
inefficiencies in the production system includimgtrient managementpollutant and nutrient ruroff 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 geqinically 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 Livestogkroduction

In the Taxonomy, the activity livestock production captures a distinct set ohstiNities that would
include intensive and extensive forms of livestock rearing, as well as the management of permanent
grassland. These come with different DNK¢§ environmental aspects that need to be considered for
investments in this sectolbility of farming systems to adapt to a changing climate; impact on water
quantity, water quality and water ecosystems, umihgwaste water treatment from intensive reag;
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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.

Areasof environmental risk are highly geographicaligriable; 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 manégks related to water quality and/or water
consumption at the appropriate levahd develop and implementater use/conservation management
plansin consultation with relevant stakeholders (an inet 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. Additionatliyities should not
lead to the conversion, fragmentation or unsustairalitensification of higinature-value farmland,
wetlands, forests, or other areas of higiodiversity value (see Annex 4 for details about highly biodiverse
grassland). Finally, activities should not result in a decrease in the diversity or abundapeeiet and
habitats of conservation importance or concern or contravene existing management plans or
conservation objectives. Where activities involve the production of novelnadive or invasive alien
species, their cultivation should be subject toiaitial risk assessment and @oing 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 iodiversity 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 fafrestry 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 odiversity. 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 resowes

As mentioned in Deliverable 6.7, regions with water scarcithérEU are increasingly exploring AWR to
meet the challenges related to water availabili§abelleVillarejo et al., 2020)Two main AWR are being
currently explored: sawater desalinatin (see Figure 3) and reclaimed water (see Figure)l The
Taxonomy did notdevelop 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 substactaltribution to
adaptation. In the case of reclaimed water, the Taxonomy considers two specific activities that address
adaptation objectiveswater collection, treatment, and supply with high energy efficiency of the system
andcentralized wastewater tratment.
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Figurel3: Alternative water sourcesDesalination
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Figurel4: Alternative water sourcesReclaimed water
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Source: Own elaboration based on Este®&ma(2015)
Water collection, treatment, and supply with high energy efficiency of the system.

To justify that this activity substantially contributes to climate change adaptation, depending on the
primary objective of the activity it must comply with the criteria mention in the Adaptation section.

The main potential significant harm linked to thitivity is related to water abstraction. Thus, this activity
must comply with the relevant EU and respective national law as well as consistency with national,
regional, or local water management strategies and plans is a minimum requirement and aalfiition
identify and manage risks related to water quality and/or water consumption and ensure that water
use/conservation management plans, developed in consultation with relevant stakeholders, have been
developed and implemented (in the EU, fulfil the raguaients of EU water legislation).

It is important to mention that this activity must avoid mixing different source segregated waste fractions
in waste storage and transfer facilities. If waste collection is carried out by trucks, vehicles must at least
meet Euro V standard.
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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:

I Emissions to water from wastewater treatment;
1 Combined sewer overflow in case of heavy rainfall;
1 Sewage sludge treatment.

Compliancawith 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 anchizenpollution
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 wawater 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 py a fundamental role as a technology. Thus, recommends that all the
desalination facilities integrate energy inputs with renewable energy.

5.2.3) Watessaving irrigation

Agriculture strongly relies on irrigation. While irrigated land accounts for rougb®s 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 tireunsustainableusé . 2 N 622 w2al > al NAySftf2s3
However, according to the Taxonomy, wagaving in irrigation can deliver substantial adaptation or
mitigation benefitsbut not at a sufficient level to be recognised as making a substantial contribution to
climateadaptationat the level of the economiactivity as a wholeHowever, this activity may represent

a significant portion of lending portfolios for some invesi@s it is essential to develop appropriate
criterion. These measures or actions might include addressing energy or resource efficieland
management through:

9 [Irrigation modernisatiorandrefurbishments
1 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 agulture 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 ratenaés such as agricultural
by-products and biewastes.

Irrigation in a nutshell

The Taxonomy does not consider irrigation as an activity that msidestantial contribution to climate
adaptation or mitigation The only reference to the activity is tregricultural activities must comply with
the water directive and the CAP regulation.
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6) Synthesisind conclusions

After Section I, where we compiled the main findings of the Deliverables Under MMEXGS Innovation

cases and Section Il where we explored how these innovations are considered under the EU Taxonomy

for sustainable activities (main definition criteriaachieve climate neutrality in the Region by 2050), in

this Section we synthetise the potential benefits, tra@léfF T& 'y R 0200t Sy S01a NBf I (8
potential and what is the Taxonomy criteria and thresholds related to these innovations,fsidedng

their contribution to mitigate GHG emissions and to adapt to climate change.

6.1) Synthesis for mitigation innovation technologies

For innovationsstudied under Work Package 6 of the MAGIC projetdted to mitigation of GHG
emissionspnly one BEVs has shown compatibiliggth climate change mitigatiopathways b maintain
globalwarming at or below 1.5°C above gradustrial levelswhile the others are outweighed bine
trade-offs to the WEF nexus that they impose &he bottlenecks to develp the adequate innovation
potential (Tables).

Table4. Crosscutting synthesis on potential benefits, tradéfs, bottlenecks and Taxonomy's considerations for mitigation
innovations

BIOFUELS .91 0Q{ SHALE GAS EXTRACTI(

POTENTIAL An alternative to fossil fuels Reduce GHG emissions fror Reduce GHG emissions
BENEFITS that could reduce GHG road transport and is compared with solid fossil

emissions but is natligned  compatible with 1.5°C fuels and could servas a

with 1.5°Qmitigation pathways transition innovation

trajectories as the innovatior

perpetuate the use of Benefits of zerdail-pipe Availability of gas in EU coul

internal combustion engines emissions vehicles: reduced strengthen its energy

air and noise pollution, sovereignty
Could contribute to leading to healthier

/ 2dzy G NX SaQ Sy environments and disease
reducing dependence on fue reduction.
imports
Provide decentralized
Develop new markets for electricity storage solutions
farmers through VehicleTo-Grid and
VehicleTo-Home
mechanisms
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TRADEOFFS | Biofuels (particularly fist Raw materials extraction for Hydraulic fracturing has
generation) increase the manufacture process of several environmental
pressure on land use change¢ batteries and other car negative effets, especially ta
and could trigger the components poses threat land use and water, soil and
expansion of agricultural to water sources, and air emissions, including
land with negative environmental depletion. In  methane emissions, leakage
implications on water, soils, particular, Lithium of brine and fracturing fluids,

ecosystems and biodiversity extraction, requires large contamination of water,
quantities of water and is noise pollution and health.

Compete with food known for polluting its water

production that eventually ~ sources linked to land use  Increases demand for water

could lead to an increase in change

prices for staple foods

BOTTLENECKY The EU faces agricultural The electricity mix used to  There are very few wells in
landavailability constrains  LJ2 4 SNJ . 9+ Qa Y EU and the life cycle of wells

for the necessary upscale of from a majority share of is very short, wells are only

biofuels, as well as other renewable sources otherwis: productive in energy terms

natural constraints such as emissions would be for 1-2 years

water, solar radiation and transferred to another point

soil availability of the supply chain Strong public opposition,
difficult to set in the policy

Current technology for . 9+04a NXI dzA NE agenda

I R@lI yOSR 0 A2 ¥ infrastructure such as the
early stage. Firggeneration expansion of electric
biofuels, such as biéelsel or charging points and
bioethanol based on oil and electricity grid connection
starch crops have been the upgrades

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
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CONSIDERED | The use and production of BEVs production and Shale gas is not considered
IN THE EU advance biofuels are commercial use are the Taxonomy as in line with
TAXONOMY | considered by the Taxonomy considered activities that the EU Communication CON
FOR as a transition activityhiat substantially contribute to (2014) 23 final/2, where
SUSTAINABLE| could help to lower mitigate GHG and are aligne hydraulic fracturing is only
ACTIVITIES emissions in the transport  to a trajectory of climate allowed in case of emergenc
sector until climate neutrality neutrality by 2050. shortage of gas. However,
is met. Thus, the proposed Additionally, the Taxonomy the Taxonomy considers the
criteria limit biofuels considers that all the use of gas for electricity

eligibility for use in certain ~ equipment maufacture of  production, cegeneration
transport modes (freight by BEVs is also eligible, as well electricity and heat. The

road) and for dedicated as all the infrastructure Taxonomy established an
fleets as the threshold move needed to incentivize low agnostic criterion on those
to zero drect emissions carbon transport form activities of 100 g G@&/kWh
fleets. electric charging points and (threshold subject to

electricity grid connection periodical update until meet
upgrades to the construction 0 g C@e/kWh by 2050).

of roads and motorways,

railways, bridges and

tunnels.

Source: Own elaboration

After comparing andontrast the potential benefits, tradeffs and bottlenecks related to each mitigation
innovation BEVs hold the most potential to contribute to perusé.a’°Cpathway which includeclimate
neutrality by 2050.BEVs show promise for decarbonizing the tgaord sector and contributing
substantially to overall mitigation goals, but only when powered by renewable electricity and when
additional infrastructure and behavioural change surrounding transport chacedncentivised.The

other two innovationsdo not align well with the Paris Agreeme#tdvanced 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, howeytre innovatbn still perpetuatesthe use of internal
combustion enginesAdditionally biofuels are unlikely to effectively contribute to thes°Cvarming limit

due to 1) the uncertainty of emissions caused by their lifecycle, 2) uncertainty regarding the viable
avalable quantities of materials for the production of advanced, less harmful biofuels and 3) their inability
to costeffectively contribute to sectoral mitigation targets, such as in transport due to these concerns
regarding emissions and viability. Shals gaows clear negative effects on the achievement df54C
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 nasoraices such

as freshwater and ecosystems.

Biofuelsare considered by the Taxonomy as a transition activity that could help to lower emissions in the
transport sector until climate neutrality is meZriteria for manufacture of biofusbnd use of theséuels

in the transport sector is currently limited to advanced biofyéds other types of biofuels that may offer
substantial mitigation benefitshe TEG request that the Platform undertalfarther work to consider
establishing criteria for ensuring lsstantial contribution to climate mitigationln the case of modal
transport, the TEG considers a role for fmwnetzero carbon fuels in four activities where they can offer
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substantial mitigation benefitdJnder the Taxonomy, biofuels are not viabledarge 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 shadrm, they are neither desirable because they perpetuate

the use of internatombustion engines, a technology that is not consistent withsdCtrajectory 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 advandetliels for aviation and shipping in future.
Discussions in this topic were not concluded during the timeframe of the TEG analysis.

By contrastBEMA groduction and commercial use are considered activities that substantially contribute
mitigating GHG andare aligned to a trajectory of climatgeutrality by 2050. In order to increase the
number of zerdailpipe emission vehicles, the Taxonomy considers that all the equipment manufacture
of BEVs is also eligiblas well as all the infrastructure needed iiocentivize lowcarbon transport
However, mining activities for the resource extraction of minerals and metals for BEVs batterig® and
equipmentmanufacture are not addressed under the Taxonomy. Additionally, the energy mix from which
the electricity § generated determines the desirability of the innovation, howether Taxonomy assumes
that energy carries used by zero direct emissions transport will become low ocadyon in the near
future. With the current energy mix, BEVs are one of the legmitting 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 electricig and heat. The TEG recognises that unabated gas is very unlikely to meet that
threshold, makingt necessary to deploy CCS facilities for gas operators. Additionally, not a single pipeline
gas expansion is eligible under the Taxonomy. As mentioned béfisayill rise even more the economic

costs of gas. Under the Taxonomy, gas is not viable neither desirable since it leadmtandestructure

and emissions scenarid® not meet the target
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6.2) Synthesis foadaptationinnovation 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 tradeffs and bottleneckstill to be solved to fully develop each innovation

potential (Table 5).

Table5. Crosscutting synthesis on potential benefits, tradéfs, bottlenecks and Taxonomy's considerationsé@ptation

innovations

BIODIVERSITY
CONSERATION ON

ALTERNATIVE WATER
RESOURCES

WATER SAVINGS IN
IRRIGATION

AGRICULTURAL LAND

POTENTIAL Increases in the number of  Coping with watescarcity Alleviate pressure on
BENEFITS occurring species (species  (expected higher demand) & freshwater resources by
richness) adaptation to climate change reducing resource use
Increases the number of Mitigate overexploitation of Economic gains for farmers
individuals of a species aquifers stabilization of agricultural products and the
(species abundance) groundwater tables if reduced resource use costs
adequately managed
Contribute to the circular
economy by recycling
wastewater
[ 2y GNROdzG S (2
incomeas a reduced price of
inputs
TRADEDFFS | Losses in agricultural Desalination and reclaimed Food production and

productivity, as it could
reduce foodproduction

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

water are energy intensive
innovations, the energgnix
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, €
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

agricultural yields could be
affected

It could increase the use of
fertilisers by replacing water
which may reult into a
higher risk of water and soil
pollution
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BOTTLENECKY

CONSIDERED
IN THE EU
TAXONOMY
FOR
SUSTAINABLE
ACTIVITIES

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 tensionvith the
logic of the Common
Agricultural Policy

The Taxonomy considers five
activities for biodiversity
protection at afarmland

level: two directly for
conservation and three
agricultural activities. The
Taxonomy does not establisk
additional criteria to that
already established in the
regulation of the agricultural
practices under the CAP of
the forestry regulation.
Addtionally, there is no
differentiation among
livestock and its different
impacts on biodiversity.

Source: Own elaboration

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 monitorings required
as he use of reclaimed water
requires constant control of
its quality.

In the case of Alternative
Water Resources, not all
activities are considered in
the Taxonomy. Reclaimed
water is considered as an
activity that enhances
adapmation and resilience by
lowering the water stress anc
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 isot
considered, however, the
Taxonomy recognises that th
energy inputs for this activity
may play a fundamental role
as a technology.

Effective adoption of
agricultural management
practices and watesaving
innovations

Scattered policy instruments,
as the CAP seeks to integrat
objectives of the WFD.
However, a comprehensive
integration of the two policies
has not been fully achieved
and the water challenges
prove persistent.

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

Use of AWR, such as wastewater or desalinated water, wseteing irrigation measures both doibute

a2 I
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with competing goals must be considered. In the case of the water innovations destined for irrigation, the
overall sustainability of their iplementation 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 ensassampliance
between sustainably feeding the population while enabling biodiverse species to adapt to changes in
climate and human use.

Finally, ecloser analysis of the intersections among sectoral policies and-coosgliance is needed with
the key setors 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(dekischer et

al., 2017 Scott et al., 2015)Biodiversity conservation, AWR and water savimigation 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 desigghiacentives that discourage predatory pricing and
rebound effects.

For biodiversity protection at a farmland levidle Taxonomy does not establish additional criteria to that
already established in the regulation of the agricultural practices undeCie of the forestrylhis makes
this activityviable under the Taxonomy. Howevéoy desirability purposes additional criteria should be
introduced, for example, livestock effect differentiation and addressing incentives for land sharing.

For alternativewater resourcesnot all activities are considereahderthe TaxonomyWhile reclaimed
water is considered, desalination is not included as relevEm: same case applies to irrigation, which is
currently not included in the Taxonomy because there aresigaificant 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 traelifs, related to both ecological and socioeconomic aspects of the WEF
nexus, among all of the various inragions analysed in this repoare shown irFigure 5 below.
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Figurel5: Synergies & tradeffs within the WEF nexus among WP 6 innovations regarding both mitigation and adaptation
goals
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Given the many negative tradgfs presented in this repotemfrom 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 GH@issions, 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, algnléringing
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 engy mix scenarios. However, there are still environmental concerns

in the mining phase of the valughain of BEVS, as resource extraction lacks metrics and thresholds that
minimize its negative environmental impacts under the EU Taxonomy.

Likewise, the adagtion trifecta of biodiversity conservation, AWR and wasawing irrigation help to

boost adaptive capacity by protecting food supply, agricultural livelihoods and ecosystem services. Figure
14 shows the interlinkages between WEF nexus components entbaddiesach 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. Biofugland 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 viartletose 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 throughoti this report. Given the substantial impactahEVs 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 Agrent to reduce emissions to a level in line
with limiting warming t01.5°C, despite existing uncertainties regarding the role EVs will play in overall
transport infrastructure. AWR, wateraving irrigation and biodiversity conservation work synergisgicall

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, thegontribution to ongoing emissions from lanuge 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 ofPiés
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 undé¢he Paris Agreement by contributing to ongoing use of fossil
fuels and carbon emissions in the energy sector.

Figurel6: WEF nexus components related to each innovation and overall contribution of each innovation to goalRanisthe
Agreement

Contribution to
Paris Agreement
Water
Positive
Alternative water contribution
" resources ‘|
Water saving M@ter:E@ergy
irrigation . Lo
’ Food “ \
| | Energy ‘l

Sacatsly Electric vehicles

conservation

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
measues into adaptive agricultural policies, represent the best choices from these innovations for
contributing substantially and effectively to the goals of the Paris Agreement.

91



Deliverable 6.1Report on the carboimtensity of casestudy technologies

References

Abnett, K., & Straus$/. (2020). EU lawmakers ban nuclear from green transition fund, leave loophole
for gas.

Al-Karaghouli, A., & Kazmerski, L. L. (20B8&rgy consumption and water production cost of
conventional and renewablenergypowered desalination processeRenewal® and Sustainable
Energy Review24, 343;356. https://doi.org/10.1016/.rser.2012.12.064

Alcalde Sanza, L., & Gawlik, B. M. (200/ter Reuse in Europe: Relevant guidelines, needs for and
barriers to innovation. IIRC Science and Policy Repaitpsy//doi.org/10.2788/29234

Allen, M. R., Dube, O. P., Solecki, W., Ardg@aNJ Yy RX C®X / NI YSNE 2 &3 | dzYLIKNB
(2018). Chapter 1: Framing and Context. In and T. W. Md3slmnotte, V., P. Zhai, 4@. Portner,

D. Roberts, J. Skea, P.R. Shukl&irani, W. Moufoum®kia, C. Péan, R. Pidcock, S. Connors, J.B.R.
Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield
MassonDelmotte (Ed.)Global Warming of 1.5°C. An IPCC Special Report on the impactsabf glob
warming of 1.5°C above piadustrial levels and related global greenhouse gas emission pathways,
in the context of strengthening the global response to the threat of climate chaRgtieved from
file:///C:/Userslyouhe/Downloads/kdoc_o_00042_01.pdf

Almeida, A., Sousa, N., & CoutinRodrigues, J. (2019). Quest for sustainability-d¢yfde emissions
assessment of electric vehicles considering newarlLbatteries.Sustainability (Switzerland)

11(8), 1c19. https://doi.org/10.3390/su11082366

Armand,M., & Tarascon, J. M. (2008). Building better battefesture 451(1), 652,657.

Bauer, C., Hofer, J., Althaus, H. J., Del Duce, A., & Simons, A. (2015). The environmental performance of
current and future passenger vehicles: Life Cycle Assessment tiasedovel scenario analysis
framework.Applied Energyl57, 871¢883. https://doi.org/10.1016/j.apenergy.2015.01.019

. FdzSNE 503 g tF LI Yd o0uHnngpod . 221 wSOASE t SNALISO
Efficiency Improvement$Sustainabiliy: Science, Practice, & PoJi{l), 4&54.
https://doi.org/https://doi.org/10.1080/15487733.2009.11908028

Ben Fradj, N., Jayet, P. A., & Aghajanzddatzi, P. (2016 ompetition between food, feed, and
(bio)fuel: A supphside model based assessmentla¢ European scalé.and Use Polic$2, 195
205. https://doi.org/10.1016/j.landusepol.2015.12.027

Berbel, J., & Mateos, L. (2014). Does investment in irrigation technology necessarily generate rebound
effects? A simulation analysis based on an aggronanic model Agricultural Systemd.28, 25¢34.
https://doi.org/10.1016/j.agsy.2014.04.002

Berbel, Julio, Gutierrelglarin, C., & Expésito, A. (201B)icroeconomic analysis of irrigation efficiency
improvement in water use and water consumptidkgriculturalWater Management
203(November 2017), 423129. https://doi.org/10.1016/j.agwat.2018.02.026

Berbel, Julio, Gutiérrellartin, C., Rodrigueiaz, J. A., Camacho, E., & Montesinos, P. (2014). Literature
Review on Rebound Effect of Water Saving Measures and Analysis of a Spanish Cagéatiudy.
Resources Managemert9(3), 66%678. https://doi.org10.1007/s11269014-08390

Bhandari, K. P., Collier, J. M., Ellingson, R. J., & Apul, D. S. (2015). Energy payback time (EPBT) and energy
return on energy invested (EROI) of solar photovoltaic systems: A systematic review and meta
analysisRenewable anduStainable Energy Reviewt, 133;141.
https://doi.org/https://doi.org/10.1016/j.rser.2015.02.057

Bicer, Y., & Dincer, I. (2017). Comparative life cycle assessment of hydrogen, methanol and electric
vehicles from well to wheelnternational Journal dflydrogen Energy#2(6), 376 ¢3777.
https://doi.org/https://doi.org/10.1016/j.ijhydene.2016.07.252

Borrion, A. L., McManus, M. C., & Hammond, G. P. (2012). Environmental life cycle assessment of
lignocellulosic conversion to ethanol: A revidRenewable an&ustainable Energy Reviews(7),

92



MAGIC; GA 689669

4638:4650. https://doi.org/10.1016/j.rser.2012.04.016

.2NERFG2T 90 w2alxy [ alNAyStf2Y CodX ¢FNREftAZ t ®
Irrigation: A Framework for Irrigation Practices Undemitéd Water AvailabilityFrontiers in
Sustainable Food SysteméFebruary), £16. https://doi.org/10.3389/fsufs.2020.00017

Boysen, L. R., Lucht, W., & Gerten, D. (200radeoffs for food production, nature conservation and
climate limit the terrestrihicarbon dioxide removal potentigBlobal Change Biolog®3(10), 4308
4317. https://doi.org/10.1111/gcb.13745

Butkovskyi, A., Bruning, H., Kools, S. A. E., Rijnaarts, H. H. M., & Van Wezel, A. P. (2017). Organic
Pollutants in Shale Gas Flowback and PceduVaters: Identification, Potential Ecological Impact,
and Implications for Treatment Strategi€sivironmental Science and Technol|&dy9), 474,
4754, https://doi.org/10.1021/acs.est.6b05640

CabelleVillarejo, V., Savic, A. M., Manrique, D. R., \Aii3)., Pereira, A. G., & Suarez, B. P. (2020).
Project Deliverable 6.7: Solving water problems vs. creating new ones: the use of alternative water
resources for irrigation; Quality check of the alternative water resources innovation

Child, M., Kemfert, CBogdanov, D., & Breyer, C. (2019). Flexible electricity generation, grid exchange
and storage for the transition to a 100% renewable energy system in EltRepewable Energy
139, 80¢101. https://doi.org/10.1016/j.renene.2019.02.077

Clarke, R., Sosa,, & Murphy, F. (2019). Spatial and life cycle assessment of bioedevgy landuse
changes in Irelandcience of the Total Environme®é4, 262;275.
https://doi.org/10.1016/].scitotenv.2019.01.397

Costa, D., Neto, B., Danko, A. S., & Filza, A. (20f8Tycle Assessment of a shale gas exploration and
exploitation project in the province of Burgos, Sp&nience of the Total Environmeéd5, 130
145. https://doi.org/10.1016/j.scitotenv.2018.07.085

Cox, B., Mutel, C. L., Bauer, C., Mendoza Belrai& Van Vuuren, D. P. (2018nhcertain
Environmental Footprint of Current and Future Battery Electric VehiEsronmental Science
and Technologyb2(8), 498€4995. https://doi.org/10.1021/acs.est.8b00261

Creutzig, F., Jochem, P., Edelenbosch, O. Y., Mattauch, L., Van Vuuren, D. P., McCollum, D., & Minx, J.
(2015). Transport: A roadblock to climate change mitigatisaience350(6263), 91£912.
https://doi.org/10.1126/science.aac8033

Dauber, J., & Miyak&. (2016). To integrate or to segregate food crop and energy crop cultivation at the
landscape scale? Perspectives on biodiversity conservation in agriculture in BEtmepgy,
Sustainability and Societ§(1). https://doi.org/10.1186/s1370916-00895

deVisser, C. L. M., Schreuder, R., & Stoddard, F. 205 9! Qa RSLISYyRSyOe 2y azel
the animal feed industry and potential for EU produced alternati@sl.21(4). Retrieved from
https://doi.org/10.1051/0cl/2014021

Di Felice, L. J., Ripd,, Renner, A., Velasdeernandez, R., Pereira, G., & Giampietro, M. (2020).
Decarbonisation of transport through innovation: the case of electric vehicles

Ecoil. (2006)Life Cycle Assessment (Lca) Isa Me T Hodol OglcalFRaMEWORKFoORB ST Ima
and Assessi Ng the En V Ironmental Impacts At Tr Ibuta BIE To the L | F E C Ycle af a Product

Egli, L., Meyer, C., Scherber, C., Kreft, H., & Tscharntke, T. 204&rs and losers of national and
global efforts to reconcile agricultural intefisation and biodiversity conservatio@lobal Change
Biology 24(5), 2212,2228. https://doi.org/10.1111/gcb.14076

Ellingsen, L. A. W., Singh, B., & Stramman, A. H. (2016). The size and range effect: Lifecycle greenhouse
gas emissions of electric vehicl&vironmental Research Lettetd(5).
https://doi.org/10.1088/17489326/11/5/054010

EstevezOlea, A. (2015). Life Cycle Assessment of Reclaimed Water for Potable and Nonpotable Reuse in
California by (The University of San Francisco). Retrieved frotdriiersity of San Francisco

EU. (2017aDirect Payments for Farmers 202820 (May). Retrieved from

93



Deliverable 6.1Report on the carboimtensity of casestudy technologies

file:///C:/Users/Bridget/Desktop/new/CAP EXPLAINED DIRECT PAYMENTS FOR FARMERS 2015
2020.pdf

EU. (2017b)EU Agricultural Outlook 2032030 https://doi.org/10.2762/715

EU. (2018)A Clean Planet for all: A European ldagn strategic vision for a prosperous , modern ,
competitive and climate neutral economy (EU LTSPERTH ANALYSIS IN SUPPORT OF THE
COMMISSION COMMUNICATION COM ( 2018 (Nok@mbey.

EU. (2019)EC COM (2019) 640 Frnm@OMMUNICATION FROM THE COMMISSION TO THE EUROPEAN
PARLIAMENT, THE EUROPEAN COUNCIL, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIA
COMMITTEE AND THE COMMITTEE OF THE REGIONS: The European Green Deal

EU Technical ExpigGroup on Sustainable Finance. (202@a). E2 y2Y& Y CAy Il f NBLR2 NI 2
Expert Group on Sustainable Finance

EU Technical Expert Group on Sustainable Finance. (2020ionomy: Final report of the Technical
Expert Group on Sustainable Finance

EU Technical Expert Group on Sustainable Finance. (2028chomy Report: Technical Ann@Warch),

593. Retrieved from https://ec.europa.eu/info/files/2003@stainablefinanceteg-final-report-
taxonomyannexes_en

European Commission. (n-a). ARoadmap for moving to a competitive low carbon economy in 2050

European Commission. (r:bl). Frequently Asked Questions on Natura 2000. Retrieved July 23, 2020,
from https://ec.europa.eu/environment/nature/natura2000/faq_en.htm

European Commissiofn.d-c). Protecting Water in the CAP.

European Commission. (red). Water Reuse.

European Commission. NACE ReaySktatistical classification of economic activites in the European
Community. , Office for Official Publications of the European CommuBi{i2808).

European Commissioh. . f dzSLINAY G G2 {F ¥FS3dzl, @R2)9 dzNR LISQa 2 | G4 SNJ

European Commission. An EU strategy on adaptation to climate change. , COM(2013) 216 final § (2013).

European Commission. (2018a). A closer look at EU agriciipaits and imports.

European Commission. (2018b). Action Plan: Financing Sustainable Gra@@MMUNICATION FROM
THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE EUROPEAN COUNCIL, THE COUNCIL, T
EUROPEAN CENTRAL BANK, THE EUROPEAN ECONOMIC AQMIIOTER. AND THE
COMMITTEE OF THE REGIR8&IBeved from https://ewiex.europa.eu/legal
content/EN/TXT/?uri=CELEX:52018DC0097

European Commission. Directive (EU) 2018/2001 of the European Parliament and of the Council on the
promotion of the use of enesgfrom renewable sources. , Official Journal of The European Union §
(2018).

European Commission. (2018dhe way towards REDBState of affairs on biofuel related aspects
Retrieved from https://ec.europa.eu/energy/sites/ener/files/documents/12_berndegler.pdf

European Commission. The European Green Deal. , 53 COMMUNICATION FROM THE COMMISSION TO
THE EUROPEAN PARLIAMENT, THE EUROPEAN COUNCIL, THE COUNCIL, THE EUROPEAN
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS § (2019).

European Comission. European Green Deal Investment Plan. , Communication From The Commission
To The European Parliament, The Council, The European Economic And Social Committee And The
Committee Of The RegionSustainable Europe Investment Plan § (2020).

European @mmission (EC). (n.d.). Common Agricultural Policy: Sustainable land use (greening).

Retrieved May 12, 2020, from https://ec.europa.eu/info/fod@mingfisheries/key
policies/commonagriculturatpolicy/incomesupport/greening

European Court of Auditor2@17). Greening: a more complex income support scheme, not yet
environmentally effectiveEU Court of Auditoy287(21), 197¢2017. Retrieved from
file://IC:/Users/sophie/Documents/Beef and Sheep/Court of Auditors SR_GREENING_EN.pdf%0D

94



MAGIC; GA 689669

European Environmemigency. (2013). EU animal feed imports and land dependency (infographic).

European Environment Agency. (2019). Climate change adaptation in the agriculture sector in Europe.
EEA Repor(04/2019), 112. https://doi.org/DOI: 10.2800/537176

European Parliamm. (2019). CO2 emissions from cars: facts and figures (infographics). Retrieved June
26, 2020, from News: European Parliament website:
https://www.europarl.europa.eu/news/en/headlines/society/20190313STO31218/eailssions
from-carsfactsandfiguresinfographics

EUROSTAT. (n.d.). Agmvironmental indicator: irrigation.

EUROSTAT. (2020). International trade in goods.

Fajardy, M., & Mac Dowell, N. (2017). Can BECCS deliver sustainable and resource efficient negative
emissionsEnergy and Environmental Soce 10(6), 13891426.
https://doi.org/10.1039/c7ee00465f

Fernandez Garcia, I., Rodriguez Diaz, J. A., Camacho Poyato, E., Montesinos, P., & Berbel, J. (2014).
Effects of modernization and medium term perspectives on water and energy use in irrigation
didgtricts. Agricultural Systemd.31, 56¢63. https://doi.org/10.1016/j.agsy.2014.08.002

Fischer, G., Prieler, S., van Velthuizen, H., Berndes, G., Faaij, A., Londo, M., & de Wit, M. (2010). Biofuel
production potentials in Europe: Sustainable use of cultidgdéed and pastures, Part Il: Land use
scenariosBiomass and Bioenerg¥4(2), 17%187.
https://doi.org/10.1016/j.biombioe.2009.07.009

CAAO0KSNE Wz ! 0az2ys>s 5 Wdr . SNHadGSys> ! o3 CNBYyOK /[ ;
Reframng the FoodBiodiversity Challengdrends in Ecology & Evoluti@g(5), 33%345.
https://doi.org/https://doi.org/10.1016/j.tree.2017.02.009

Forest Europe. (2016). Relevant Definitions Used for the ImprovedtBapean Indicators for
Sustainable Forest ManagemeMinisterial Conference on the Protection of Forest in Europe

Forster, D., & Perks, J. (201Q)imate impact of potential shale g@roduction in the EWDelft,

Netherlands.

Garfin, G. M., Scott, C. A., Wilder, M., Varady, R. G., & Merideth, R. (2016). Metrics for assessing
adaptive capacity and water security: common challenges, diverging contexts, emerging
consensusCurrent Opinio in Environmental Sustainabili®1, 86¢89.
https://doi.org/https://doi.org/10.1016/j.cosust.2016.11.007

Gnansounou, E., Dauriat, A., Villegas, J., & Panichelli, L. (2009). Life cycle assessment of biofuels: Energy
and greenhouse gas balanc8soresoure Technologyl00(21), 49194930.
https://doi.org/10.1016/j.biortech.2009.05.067

Godenau, D.;Nuez, J. (2013). Feeding two million residents and ten million tourist: Food (in)sufficiency in
the Canary Island§hima: The International Journal of Researth Island Cultures/(2), 1€38.

Gonzalezebollada, C. (2018)ater and energy consumption after the modernization of irrigation in
Spain 168, 457%465. https://doi.org/10.2495/sd150401

DN} Fi2yZ wd vos 2AffAFIYaZ WPI t SNNBZ / & Wods az2ffs.
paradox of irrigation efficiencyscience361(6404), 748750.
https://doi.org/10.1126/science.aat9314

Hanson, C., & Searchinger, T. I. M. (20&uring Crop Expansion is Limited To Lands With Low
Environmental Opportunity Cos{September), 432.

Heidrich, O., Hill, G. A., Neaimeh, M., Huebner, Y., Blythe, P. T., & Dawson, R. J. (2017). How do cities
support electric vehicles and what differendees it makeTechnological Forecasting and Social
Change123May), 1%23. https://doi.org/10.1016/j.techfore.2017.05.026

Helmers, E., Dietz, J., & Weiss, M. (208@hsitivity analysis in the lHfgycle assessment of electric vs.
combustion engine cangnder approximate realvorld conditions Sustainability (Switzerland)

12(3), 1¢31. https://doi.org/10.3390/su12031241

95



Deliverable 6.1Report on the carboimtensity of casestudy technologies

Hernandez, Y., Guimardes Pereira, A., & Barbosa, P. (2018). Resilient futures of a small island: A
participatory approach in Tenerife (Gary Islands) to address climate changavironmental
Science and Policg0(November 2017), 287. https://doi.org/10.1016/j.envsci.2017.11.008

HoeghDdzf RO SNHSX WI 0263 hod 5dT ¢lFe&f2NE ad>X . AYRAI aodx
of 1.5°C of Global Warming on Natural and Human Systems CoordinR@@Q.SPECIAL REPORT
Global Warming of 1.5C 175311.

Hof, C., Voskamp, A., Biber, M. F., BohiiigS 4 S Y ®X 9y 3Sf KI NRGX 9d Y®I bA
Bioenergy cropland expansion may offset positive effects of climate change mitigation for global
vertebrate diversityProceedings of the Nationatademy of Sciences of the United States of
America 11552), 1329413299. https://doi.org/10.1073/pnas.1807745115

Holmatov, B., Hoekstra, A. Y., & Krol, M. S. (2019). Land, water and carbon footprints of circular
bioenergy production systemRenewable an&ustainable Energy Reviews1(April), 224235.
https://doi.org/10.1016/j.rser.2019.04.085

Holmatov, B., Schyns, J. F., Krol, M. S., Geilbssses, W., & Hoekstra, A2020). Biofuels for
transport: global lignocellulosic bioethanol production potah&nd its environmenta] land,
water and carbon footprint{Submitted)

Holmatov, Bunyod, & Hoekstra, A. Y. (2020). The Environmental Footprint of Transport by Car Using
Renewable Energ9. I NJi K Q,3(2) Clazihtdpkt#&ioi.org/10.1029/2019ef001428

Intergovernmental ScieneBolicy Platform on Biodiversity and Ecosystem Services. (Z0i9ylobal
assessment report on of the IPBES global asessment report on biodiversity and ecosystem services:
summury on policymakergttps://doi.org/https://doi.org/10.5281/zenodo.3553579

IPCC. (2012). Glossary of terms. In: Managing the Risks of Extreme Events and Disasters to Advance
Climate Change Adaptation. Retrieved from https://www.ipcc
data.org/guidelines/pages/glossary/glossary_Im.html

Jagermeyer, J., Gerten,,Bleinke, J., Schaphoff, S., Kummu, M., & Lucht, W. (20E5r savings
potential of irrigation systems: global simulation of processes and linkatyelsology and Earth
System Sciencek9, 3073;3091.

Jaramillo, M. F., & Restrepo, |. (2017). Wasteweatase in agriculture: A review about its limitations
and benefits Sustainability (Switzerland(10). https://doi.org/10.3390/su9101734

Kawamoto, R., Mochizuki, H., Moriguchi, Y., Nakano, T., Motohashi, M., Sakai, Y., & Inaba, A. (2019).
Estimation of ©2 Emissions of internal combustion engine vehicle and battery electric vehicle
using LCASustainability (Switzerland)1(9). https://doi.org/10.3390/su11092690

Kluts, I., Wicke, B., Leemans, R., & Faaij, A. (2017). Sustainability constraints in dejdfmiopean
bioenergy potential: A review of existing studies and steps forwRemhewable and Sustainable
Energy Review§9(November 2016), 7XF34. https://doi.org/10.1016/j.rser.2016.11.036

Kok, A., de Olde, E. M., de Boer, I. J. M., & Rasith, R(2020). European biodiversity assessments in
livestock science: A review of research characteristics and indic&ooogical Indicatord 12,

105902. https://doi.org/https://doi.org/10.1016/j.ecolind.2019.105902

Kok, A., Oostvogels, V. J., de Oldé).E& RipolBosch, R. (2020). Balancing biodiversity and
agriculture: Conservation scenarios for the Dutch dairy seétgriculture, Ecosystems &
Environment302, 107103. https://doi.org/https://doi.org/10.1016/j.agee.2020.107103

Kok, A., RipeBosch, R., de Olde, E. M., Muscat, A., & de Boer, I. J. M. (Ro@ext Deliverable 6.4:
Intervention directed towards environmental protection: Biodiversity conservation on agricultural
land.

Lutsey, N. (2015). Global climate changegation potential from a transition to electric vehicles |
International Council on Clean Transportatidhe International Council on Clean Transportation
20155), 5. Retrieved from https://theicct.org/publications/globaimate-changemitigation-
potential-transition-electricvehicles

96



MAGIC; GA 689669

Macchi, L., Decarre, J., Goijman, A. P., Mastrangelo, M., Blendinger, P. Gt Gavidr NN2>X D® L PT
Kuemmerle, T. (2020). Traadfs between biodiversity and agriculture are moving targets in
dynamic landscapesournal & Applied EcologyNovember 2019),c10.
https://doi.org/10.1111/13652664.13699

Madrid-Lopez, C. (2020project deliverable 6.9: Quantitative Story Telling of shale gas extraction
scenarios in the EU

MartinezAlvarez, V., MartitGorriz, B., & Sot@Garda, M. (2016). Seawater desalination for crop
irrigation - A review of current experiences and revealed key isdbesalination381, 58;70.
https://doi.org/10.1016/j.desal.2015.11.032

Mathioudakis, V., Gerberseenes, P. W., Van der Meer, T. H., & Hoakét. Y. (2017Y.he water
footprint of secondgeneration bioenergy: A comparison of biomass feedstocks and conversion
techniguesJournal of Cleaner Productid8, 571¢582.
https://doi.org/10.1016/j.jclepro.2017.02.032

Meijer, B. H. (2019). Netherlants halt Groningen gas production by 2022. Retrieved June 17, 2020,
from Reuters website: https://www.reuters.com/article/usetherlandsgas/netherlandgo-halt-
groningengasproductionby-2022idUSKCN1VV1KE

Mekonnen, M. M., Gerbenkeenes, P. W., & Hoekat A. Y. (2016} uture electricity: The challenge of
reducing both carbon and water footprirficience of the Total Environmegb69¢570, 1282;1288.
https://doi.org/10.1016/].scitotenv.2016.06.204

Messina, R. (2019). Impact of Climate Change on VWRdsources: A New Modelling Study for the Arab
Region.

Molinos-Senante, M., & Gonzalez, D. (2019). Evaluation of the economics of desalination by integrating
greenhouse gas emission costs: An empirical application for Reitewable Energ$33, 132%

1337. https://doi.org/10.1016/j.renene.2018.09.019

MoraguesFaus, A., Sonnino, R., & Marsden, T. (2017). Exploring European food system vulnerabilities:
Towards integrated food security governang&gvironmental Science and Palicy(May), 184
215.https://doi.org/10.1016/j.envsci.2017.05.015

Moro, A., & Helmers, E. (2017). A new hybrid method for reducing the gap between WTW and LCA in
the carbon footprint assessment of electric vehiclesernational Journal of Life Cycle Assessment
22(1), 414. https://doi.org/10.1007/s11367015-0954z

Muscat, A., de Olde, E. M., de Boer, I. J. M., & Rosith, R. (2020). The battle for biomass: A
systematic review of foodeed-fuel competition.Global Food Securjt25(April 2019).
https://doi.org/10.1016/j.¢'s.2019.100330

bl GdzNy wHnnnX 9 dzNPubiSaiicns QfficdiofldheEU. Tri2dNIR@Errivid October 11, 2020,
from https://op.europa.eu/en/publicationdetail/-/publication/12c5f3d161a446238938
a9ec38bd3adl/languagen/format-PDF/sourcesearch

Notter, D. A., Gauch, M., Widmer, R., Wéager, P., Stamp, A., Zah, R., & Althaus, H. Cdabijtion
of LHion batteries to the environmental impact of electric vehiclEavironmental Science and
Technology44(17), 655@6556. https://doi.org/10.1@1/es903729a

hdzz wods %KFEy3I: | &3 ¢NH2Yy3IEX +d - &Y %KIyaAIT [ X | STL
responsive metalorganic framework system for sustainable water desalinatidaiure
Sustainability https://doi.org/10.1038/s41893)20-0590x

Paul, C., Techen, A. K., Robinson, J. S., & Helming, K. (2019). Rebound effects in agricultural land and soll
management: Review and analytical framewalurnal of Cleaner Productid2?7, 1054;1067.
https://doi.org/10.1016/j.jclepro.2019.04.115

Pedroli, B 9f 0 SNESY>X . ®X CNBRSNA]14SYy>Z t®d®X DNIYRAYZI | ®:
energy cropping in Europe compatible with biodiversit@@pportunities and threats to biodiversity
from landbased production of biomass for bioenergy posps.Biomass and Bioenergyb, 7386.

97



Deliverable 6.1Report on the carboimtensity of casestudy technologies

https://doi.org/10.1016/j.biombioe.2012.09.054

Pellegrini, P., & Fernandez, R. J. (2018). Crop intensification, land use fanch@mergyuse efficiency
during the worldwide spread of the green revolutid®roceethgs of the National Academy of
Sciences of the United States of Amerld#y(10), 23352340.
https://doi.org/10.1073/pnas.1717072115

Pfeiffer, L., & Lin, C. Y. (n.dDpes efficien irrigation technology lead to reduced groundwater
extraction?se Consequeas?Agricultural Resource Economiég, 189208.
https://doi.org/doi:10.1016/j.jeem.2013.12.002, 2014.

Pugsley, A., Zacharopoulos, A., Mondol, J. D., & Smyth, M. (2016). Global applicability of solar
desalination Renewable Energ$8, 200;219. https://doi.org/10.1016/j.renene.2015.11.017

RipoltBosch, R., & Giampietro, M. (Editors). (20R®port on Quality Check of Biofuels Assessment

Rodriguez Diaz, J. A., Perez Urrestarazu, L., Camacho Poyato, E., & Montesinos, P. (2012). Modernizing
water distribufon networks: Lessons from the bembézar MD irrigation district, S@aitiook on
Agriculture 41(4), 22%236. https://doi.org/10.5367/0a.2012.0105

w23Sfexr Wods {KAYRStf> 5dX WAFY3IAZ YdI CATEdGEIZEI { &
Pathways Compatible with 1.5°C in the Context of Sustainable DevelopiP€@.Special Report
Global Warming of 1.9C 82pp. Retrieved from
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/02/SR15 Chapter2_Low_Res.pdf

Sam, S., Abbas, A., Padmaja, S. S., Kaechele, H., Kumar, R., & Muller, KiR@gHood Security with
| 2dzaSK2f RQa ! RFLIWGAGS /LI OAGe IyR S5NRdAAKGI wAialy
Social Indicators Researdi2, 363;385. https://doi.org/https://doi.org/10.1007/s11208018
19250

{IFNR Y20 (ax wodr I fSYidAyAEI wods . 2dzSNE [ ® adI DS;
IPCC 2014: Europe. In and L. L. W. Barros, V.R., C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J.
Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S.
MacCracken, P.R. Mastrandrea, and L.L. WhiteBarros, V.R., C.B. Field, D.J. Dokken, M.D (Ed.),
Climate Change 2014: Impacts, Adaptation, and Vulnéalilart B: Regional Aspects.
Contribution of Working Group Il to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Changéop. 126%1326). New York, NY, USA: Cambridge University Press.

Schallenbergrodriguez, J., Veza, J. M., & BéaM@arigorta, A. (2014). Energy efficiency and desalination
in the Canary IslandRenewable and Sustainable Energy Revid®s7/41c748.
https://doi.org/https://doi.org/10.1016/j.rser.2014.07.213

Scaott, C. A., Kurian, M., & Wescoat, J. L. (2015). The \WadegyFood Nexus: Enhancing Adaptive
Capacity to Complex Global Challenges. In M. Kurian & R. Ardakaniand@&dshing the Nexus
https://doi.org/https://doi.org/10.1007/9783-319-0574+7_2

Searchinger, T., & Heimlich, R. (2015). Avoiding Bioenergpéiition for Food Crops and Land | World
Resources InstitutalVorld Resource Institut¢January). Retrieved from
https://www.wri.org/publication/avoidingbioenergycompetitionfood-cropsandland

Sen, B., Onat, N. C., Kucukvar, M., & Tatari, O. (2d&8rial footprint of electric vehicles: A
multiregional life cycle assessmegaurnal of Cleaner Productid209, 1033,1043.
https://doi.org/10.1016/j.jclepro.2018.10.309

Staddon, P. L., & Depledge, M. H. (2015). Fracking Cannot Be Reconciled with Chiamgfe Mitigation
PoliciesEnvironmental Science and Techno|@®(14), 826€8270.
https://doi.org/10.1021/acs.est.5b02441

Stephenson, E., & Shaw, K. (2013). A dilemma of abundance: Governance challenges of reconciling shale
gas development and climathange mitigationSustainability (Switzerland)(5), 221@2232.
https://doi.org/10.3390/su5052210

¢Chyeer .o INFXGE 1 ¢dx . FfGlF OP2€fdz 90X 3 | 8RPY X

98



MAGIC; GA 689669

hydrogen fuel cell electric vehicldaternational Journal of Hydrogen Enerdy(20), 1012Q
10128. https://doi.org/https://doi.org/10.1016/j.ijhydene.2018.10.112

Tilman, D., Balzer, C., Hill, J., & Befort, B. L. (2011). Global food demand and the sustainable
intensification of agricultureProceedingsf the National Academy of Sciences of the United States
of America108(50), 2026Q20264. https://doi.org/10.1073/pnas.1116437108

Tintelecan, A., Constantines@obra, A., & Martis, C. (2019). LCA Indicators in Electric Vehicles
Environmental Impact Assesment.2019 Electric Vehicles International Conference, EV, 2049
https://doi.org/10.1109/EV.2019.8892893

UcheSoria, M., & Rodriguedonroy, C. (2018). Special regulation of isolated power systems: The
Canary Islands, SpaRustainability Switzerland)10(7). https://doi.org/10.3390/su10072572

United States Department of Transportatidfederal Highway Administration (FHWA). (2018). Average
Annual Miles per Driver by Age Group. Retrieved June 12, 2019, from
https://www.fhwa.dot.gov/ohim/onh00/bar8.htm

UNU (United Nations University). (2019). UN warns of rising levels of toxic brine as desalination plants
meet growing water needs.

Valin, H., Peters, D., van den Berg, M., Frank, S., Havlik, P., Forsell, N., & Hamelinck, C. (2015). The land
use change impact of biofuels in the EU: Quantification of area and greenhouse gas impacts.
August 261. Retrieved from https://ec.europa.eu/energy/sites/ener/files/documents/Final
Report_ GLOBIOM_publication.pdf

Van de Graaf, T., Haesebrouck, T., & Deba&eré&018)Fractured politics? The comparative regulation
of shale gas in Européournal of European Public Pol2%(9), 12761293.
https://doi.org/10.1080/13501763.2017.1301985

Van Mierlo, J., Messagie, M., & Rangaraju, S. (2017). Comparative envitahassessment of
alternative fueled vehicles using a life cycle assessnieanhsportation Research Procedis,
34353445, https://doi.org/10.1016/j.trpro.2017.05.244

Vandecasteele, I., Mari Rivero, I., Sala, S., Baranzelli, C., Barranco, R., Eatefahayalle, C. (2015).
Impact of Shale Gas Development on Water Resources: A Case Study in Northern Poland.
Environmental Managemen55(6), 12851299. https://doi.org/10.1007/s0026015-0454-8

VargasFarias, A., Hogeboom, R. J., Schyns, J. F., Veth@gA., & Hoekstra, A. Y. (20P®)ject
Deliverable 6.8: Quality Check of Saving Water in Irrigation

G2y | 2aaStz ady 2F3IYSNE adr [FA&1Z WoXI al ISyl dzZ 9 @]
Prospects of bioenergy cropping systems ffAa NS a2 OA+F ft nSO2f 23A 0Lt f & &2dz
Agronomy(Vol. 9). https://doi.org/10.3390/agronomy9100605

Wanitschke, A., & Hoffmann, S. (2020). Are battery electric vehicles the future? An uncertainty
comparison with hydrogen and combustion engineésviramental Innovation and Societal
Transitions35, 509523. https://doi.org/https://doi.org/10.1016/j.eist.2019.03.003

2 SNIAY3IE . tdr 520142y ¢d [dx Lall O0azr wdx DFAYS:
Perennial grasslands enhancediiersity and multiple ecosystem services in bioenergy
landscapesProceedings of the National Academy of Sciences of the United States of America
111(4), 1652,1657. https://doi.org/10.1073/pnas.1309492111

Wesseler, J., & Drabik, D. (2016). Prices ma#tealysis of food and energy competition relative to land
resources in the European UniddJAS Wageningen Journal of Life Sciend@%$2016), 1¢24.
https://doi.org/10.1016/j.njas.2016.03.009

Wettengel, J. (2020). Spelling out the coal eXit S NJY | pfiasedat plan. Retrieved July 16, 2020,
from Clean Energy Wire website: https://www.cleanenergywire.org/factsheets/spedlingoal
phaseout-germanysexit-law-draft

Williges, K., Mechler, R., Bowyer, P., & Balkovic, J. (ZDdwards an assessment afaptive capacity of
the European agricultural sector to drough@®imate Serviced, 47¢63.

99



Deliverable 6.1Report on the carboimtensity of casestudy technologies

https://doi.org/10.1016/j.cliser.2016.10.003

Xevgenos, D., Moustakas, K., Malamis, D., & Loizidou, M. (2016). An overview on desalination &
sustainability: renewable eneregriven desalination and brine managemebiesalination and
Water Treatment57(5), 2304,2314. https://doi.org/10.1080/19443994(14.984927

Zabel, F., Delzeit, R., Schneider, J. M., Seppelt, R., Mauser, W., & Vaclavik, TGI(2el3npacts of
future cropland expansion and intensification on agricultural markets and biodiveXsityre
Communicationsl0(1), 2844. https://doi.0g/10.1038/s41467019-10775z

Zhou, J., Chang, V. W. C., & Fane, A. G. (2014). Life Cycle Assessment for desalination: A review on
methodology feasibility and reliabilityVater Researcl6l, 210;223.
https://doi.org/10.1016/j.watres.2014.05.017

10C



MAGIC; GA 689669

Annex 1. Biofuels

1.1 Types ofgricultural production for any purpose is banned on land that had in or after Januar}#2008

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 rawiahate
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 wégéesio recycling
targets under point (a) of Article 11(2) of Directive 2008/98/EC.

(c) Biowaste as defined in Article 3(4) of Directive 2008/98/EC from private households subj
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 me
from retail and wholesale and the agfood and fish and aquaculture industry, and exclud
feedstocks listed in part B of the REDII Annex IX

(e) Straw

() Animal manure and sewage sludge

(g) Palm oil mill effluent and empty palm fruit bunches

14According with the Taxonomy a eoff 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 landTierequirement 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 Il, namely to ensure high carbon stock land is not
convertedfor agricultural production purposes.
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(h) Tall oil pitch

(i) Crude glycerine

(i) Bagasse

(k) Grape marcs and wine lees

() Nut shells

(m) Husks

(n) Cobs cleaned of kernels of corn

(o) Biomass fraction of wastes and residues from forestry and féna@std industries, i.e. barl
branches, precommerciathinning, leaves, needles, tree tops, saw dust, cutter shavings, black li
brown liquor, fibre sludge, lignin and tall oil

(p) Gher nonfood cellulosic material as defined in point (q) of the second paragraph of Article

(q) Other lignecellulosic material as defined in point (p) of the second paragraph of Article 2 e
saw logs and veneer logs

Source: REDII ANNEX part Amfex IX

1.3 Mitigation measures for protecting biodiversity and/or-sggtems, especially those in sites/operations located in or near to
biodiversitysensitive areas, the activity must comply with.

w a sitelevel biodiversity management plan exists anaiiplemented in alignment with the IFC
Performance Standard 6: Biodiversity Conservation and Sustainable Management of Living
Natural Resources;

w all necessary mitigation measures are in place to reduce the impacts on species and habitats;
and

w arobust, appopriately designed and loAggrm biodiversity monitoring and evaluation
programme exists and is implemented.
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w In case of AD plants treating over 100 t/day, emissions to air and water are within the Best
Available TechniquesAssociated Emission Levels TB¥EL) ranges set for anaerobic treatment
of waste in the BREF for waste treatment.

w 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 natiogizld¢ion.

w 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 servicéy road, ehicles with tailpipe emission intensity of max 50@/km (WLTP)

are eligible until 2025 and from 2026 onwards only vehicles with emission intensityG®Ggn (WLTP)

are eligible. Thus, this activity is seen as an enabler for Increasingjtwidys of fossil fuels with
sustainable alternative and neero carbon fuels. Dedicated vehicles solely using advanced biofuels or
renewable liquid and gaseous transport fuels of #smological origin as defined in Art. 2 (34) and Art. 2
(36) as well akow indirect landuse changeisk biofuels as defined in Art 2(37) in line with Directive (EU)
2018/2001) must:

W Guaranteed either by technological design or ongoing monitoring and-gairty verification.

w In addition, for an investment in new vehicleslypvehicles with efficiency corresponding to
direct CQ emissions (€€Q/ km) (biogenicCQ) below the referenceCQ emissions of all
vehicles in the same stdroup are eligible. Eligibility should be reviewed latest by 2025.or
when Directive (EU) 2018/2001) is reviewed.

W 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

9 Private transport:All the manufacture of BEVs and its key components

9 Passenger cars and light commercial vehiclestil 2025, all the equipment manufactures and
final products, vehicles with tailpipe emission intensity of max &3km (WLTP) following the
CQ Regulation for cars and vans (EU) 2019/631are eligible under the Taxonomy. From 2026
onwards, only vehicles with emission intensity of@@/km (WLTP).

{ For category L vehiclé& Only zero tailpipe emission vehicles are eligible including BEVSs,
hydrogen ad full cell.

S Mopeds and motorbikes, as well astaltrain vehicles (quads) and other small vehicles with 3 or 4 wheels
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1 Heavy

Duty Vehicles: N2 and N3 vehidfesas defined by (Heavy du§Q Regulation (EU)

2019/1242):

1 Manufacture of zero direct emission heasyty vehicles that emits less than G3/kWh (or 1g
CQ/km for certain N2 vehicles) and all islevant components.

1 Rail Fleets manufacture of zero direct emission trains and their relevant equipment, including
railcars, batteries and components.

M Urban,

suburban and interurban passenger land transport fleetsanufacture of zero direct

emissions lad transport fleets such as light rail transit, metro, tram, trolleybus, bus and rail and
their respective equipment.

1 Water transport: manufacture of zero direct emission waterborne vessels and its equipment

2.2 Types of vehicles wittriteria in the Taxoomy

0 Urban and suburban passenger land transport (public transpof@ro direct emissions
land transport activities (e.g. light rail transit, metro, tram, trolleybus, bus and rail) are
eligible.

o0 Passenger cars and light commercial vehicles (M1, N1 apdtégories): Zero tailpipe
emission vehicles (incl. hydrogen, fuel cell, electric) are automatically eligible under the
rationale of increasing clean or climateutral mobility, and phasing out anthropogenic
emissions of greenhouse gases, including ffossil fuels.

o Freight transport services by roadero direct emission heaxuty vehicles that emits
less than 1¢CQ /kWh (or 1gCQ /km for certain N2 vehicles) are automatically eligible.
Fleets of vehicles dedicated to transport fossil fuels or feissi$ blended with alternative
fuels are not eligible.

o Interurban scheduled road transporZero tailpipe emission vehicles (incl. hydrogen, fuel
cell, electric) are automatically eligible.

1 Byrail:

o Passenger rail transporifhe use of zero direct emiess trains is eligible.

o Freight rail transport:Zero direct emissions trains (e.g. electric, hydrogen) are eligible.
1 By water:

18 Vehicles designed to carry goods, grouped by size. Essentially lorries and vans.
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o Inland freight and passenger water transporEZero direct emissions inland waterway
vessels are eligible.

2.3 Additionahctivities 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+hazardous) during maintenance and eofllife 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 Directiv@@/53/EC ("Enaf-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 msisteqaroper waste
management both at the use phase (maintenance) and theafdie for the rolling stock, e.g. reuse and
recycle of parts like batteries, in compliancettwEU 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, gil 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 andharardous) during
maintenance and endf-life of the vessel. Direct and indirect emission of pollutants in wadentify and
manage risks related to water quality and/aater consumption at the appropriate level; Ensure that
water use/conservation management plans, developed in consultation with relevant stakeholders, have
been developed and implemente€Compliance with EU and national legislation on hazardous waste
genertion, management and treatment during both the use and the -efphase of a
vessel382.Compliance with Regulation 1257/2013383 ("Ship recycling Regulafioa'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 ahspread of invasive alien species.

2.6 Eligibility for the construction and operation of transport infrastructure for water

91 Infrastructure that is required for zero direct emissions transport (e.g. electric charging points,
electricity grid connection ugrades, hydrogen fuelling stations or electric highways).

1 Infrastructure and equipment (including fleets) for active mobility (walking, cyclibikes and
e-scooters)
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1 Infrastructure that is predominantly used for lesarbon transport if the fleet thatises the
infrastructure meets the thresholds for direct emissions as defined in the relevant activity
measured inCQ emissions per kilometre (6Q/km), CQe emissions per tonnrkilometre (g
CQel/tkm), or CQe emissions per passengtometre (gCQe/pkm). .

1 Nonelectrified 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 hat 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

1 Contamination of water during construction and unsustainable use of water during construction
andoperations

1 Unsustainable use of resources during constructions, e.g. generation of high amount of waste, no
recycling/reuse of construction waste

1 Noise pollution can be relevant for both rolling stock and railway infrastructure as noise can be
generatedby both rolling stock and poor conditions of rail tracks.

1 Construction of infrastructure can cause significant harm when taking place in protected areas or
areas of high biodiversity values outside protected areas.

9 Infrastructure can cause fragmentation and degradation of the natural and urban landscape due
02 0KS a0l NNASNE STFSOGa 2F GKS Ay TFNIF adNUzOUG dzNB
collisions. Railway infrastructure (in particular tunnelsh 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 eged to water quality and/or water consumption at th
appropriate level. Ensure that water use/conservation management pl
developed in consultation with relevant stakeholders, have been developed
implemented. In the EU, fulfil the requirements df lvater legislation.
Identify and manage risks related to water quality and/or water consumption ai
appropriate level. Ensure that water use/conservation management pl
developed in consultation with relevant stakeholders, have been developed
implemented. In the EU, fulfil the requirements of EU water legislation.
Circular Reuse parts and use recycled material during the renewal, upgrade
construction of infrastructure.

At least 80% (by weight) of the ndrazardous construction and denitadn waste
(excluding naturally occurring material defined in category 17 05 04 in the EU
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list) generated on the construction site must be prepared feuse, recycling ang
other material recovery, including backfilling operations using waste bstgute

other materials. This can be achieved by executing the construction works i
with the good practice guidance laid down in the EU Construction and Demqg
Waste Management Protocol354

Pollution Minimise noise and vibrations from use of infrastructure by introducing o
trenches/ wall barriers/ other measures and comply with the Environmental N
Directive 2002/49/EC
Minimise noise, dust, emissions pollution during construction / maintenara&sy
Ecosystems Infrastructure for low carbon transport is land use intensive and is a major fact

ecosystem deterioration and biodiversity loss. Projects should ensure that:
Environmental Impact Assessment (EIA) has been completed in accoridm&s)
Directives on Environmental Impact Assessment (2014/52/EU) and Strq
Environmental Assessment (2001/42/EC) or other equivalent national provisiq
Such impact assessments should, at the very least, identify, evaluate, and m
any potentid negative impacts of the designated activities, projects, or asset
ecosystems and its biodiversity and should be assessed and conduct
compliance with the provisions of the EU Habitats and Birds Directives.
Invasive plants are appearing very oftatong transport infrastructure and ar
sometimes even spread duo to transport infrastructure, which might negati
impact natural ecosystems (e.g. natural fauna). Care should be taken not to s
any invasive plants through proper maintenance.

Wildlife collisions is a problem and should be considered. Solutions developg
should be applied for the detection and avoidance of potential traps that may ¢
the unnecessary death of animals.

Mitigation options exist and different types of measures can beneficial for
wildlife, such as:

w 2AfREATS 4 NYyAya aeaiasSvya O2Yo0AyS
collisions.

w CSyoO0Sa Ff2y3 IINBlFra gAGK KAIK aidNd
w *AlRdzOG&X GdzyyStaz 2@0SNLI aaSa I yH
w 2 NYAy3 a3y ldbysappiosching traffidJparticudiyInTh@as]
high strike risk.

Source: EU Taxonomy

2.9 Eligibility for the construction and operation of transport infrastructure for water

9 Infrastructure that is required for zero direct emissions water transport (e.g. batteries or
hydrogen fuelling facilities) is eligible

1 Infrastructure dedicated to supporting the renewable energy sector

1 Infrastructure that is predominantly used for lesarbon 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

91 Identify and manage risks related to tea quality and/or water consumption at the appropriate
level. Ensure that water use/conservation management plaeseloped in consultation with
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relevant stakeholders, have been developed and implemented. In the EU, fulfil the requirements
of EU watetegislation.

Canalisation and fragmentation of rivers should be avoided.

Reuse parts and use recycled material during the renewal, upgrade and construction of water
projects.

At least 80% (by weight) of the ndrazardous construction and demolition wagexcluding
naturally occurring material defined in category 17 05 04 in the EU waste list) generated on the
construction site must be prepared for-tese, recycling and other material recovery, including
backfilling operations using waste to substitutdnet 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 accerdiéth 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 amtygbote
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 Framkeldoective, 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 valuehain of Gas production for electricity generationgemeration and geeration of heat/cool must
comply with the following:

10¢
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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 {BAThalled BREF(s))

¢ 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 Asseent (2014/52/EU) and Strategic Environmental
Assessment (2001/42/EC) or in the case of activities located wEhboountries other equivalent
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national provisions or international standards for activities in 4t countries (e.g. IFC
Performance Standdrl: Assessment and Management of Environmental and Social Risks)
including ancillary services, e.g. transport infrastructure and operations). Ensure any required
mitigation measures for protecting biodiversity/esystems have been implemented.

Annex Biodiversity

4.1 Additional agricultural economic activities considered in the taxonomy

1 Growing of nomperennials: including cereals, rice, leguminous crops and oil seeds, vegetables,
melons, roots and tubers, sugar cane and fibre crops.

1 Growing of perennials: including grapes, tropical andtsapical 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.

1 Animal produdbn: 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 longerm ability of the forests to sequester carbon; the Taxonomy points out
GKIFG AGQa AYLRNIIFIYGd G2 FRRNBaa GKS Nxala 2F FRFLW
longterm reduction of the carbon sink. Therefore, adaption responses ghoul

1 Not undermine the londerm ability of the forests to sequester carbon
1 Not undermine the longerm maintenance of existing forest carbon sinks, both above and
below ground

A criterion by which the activity can be judged as Taxonomy compliant is@asdqlin line with existing
EU legislation:

1 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 atefst 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:

91 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.

1 Inthe EUfulfil 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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1

Minimise the use of pesticides and favour alternative approaches or tegbsjcguch as nen
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 whatheeded 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 Depletthe Ozone Layer, or that are listed as classification la 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 theimpacts 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 statubelandscape level:

1

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 nmagtai
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 closdo-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 disaatershe 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 forestanagemenimeasurego ensuresustained or improved long term conservation status at the
landscape level

11C
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In designated conservation areas, actions should be demonstrated to be in line with the
conservation objectives for those areas.

No conversion of habitats specifically sensitiwebtodiversity 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 plgior equivalent) that includes provisions for maintaining
biodiversity
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1 Evaluate the ecosystem service provision with the aim to not decrease the amount and quality of
ecosystem services provided.

9 Forests are monitored and protected to prevent illegal logging, in compliance with national laws

1 Promote closdo-nature forestry or similar concepts depending on the local requirements and
limitations;

9 Select native species or species, varieties, ecatyqad 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 localonditions, current and projected climate change.

4.4 Additional activities to identify regionally in the case of land for growing of perennial-gemennial crops

1 Activities should minimise raw material use per unit of output, including energy through
increased resource use efficiency.

9 Activities should minimise the loss of nutrients (in particular nitrogen and phosphate) leaching
out from the production system into the environment.

9 Activities should use residues andpducts in the production onarvesting 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 perenniak@erenmial crops

9 Activities ensure that nutrients (fertiliserahd 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 othechemical
methods if posdile) 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.

1 The use only of plant protection products with actaubstances 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 perennigb&ermal crops

Activities ensure the protection of soils, particularly owénter, to prevent erosion and runff into water
courses/bodies and to maintain soil organic matter.

1 Activities do not lead to the conversion, fragmentation or unsustainable intensification of high
nature-value land, wetlands, forests, or other aredshigh-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 ecalogical
characteristics and processes; or

ii. non-natural, namely grassland that would cease to be grassland in the absence of human
intervention and that is speciaich and not degraded and has been identified as being
highly biodiverse by the relevanbmpetent authority.

1 Activities should not:
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i. resultin a decrease in the diversity or abundance of species and habitats of conservation
importance or concern;
ii. contravene existing management plans or conservation objectives.
1 Where activities involve thproduction of novel nomative or invasive alien species, their
cultivation should be subject to an initial risk assessment argang monitoring in order to
ensure that sufficient safeguards are in place to prevent escape to the environment.

4.7 DNSH geific activities for highlgiodiverse 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 ad processes; or

ii. non-natural, namely grassland that would cease to be grassland in the absence of human
intervention and that is speciasch and not degraded and has been identified as being
highly biodiverse by the relevant competent authority.

iii. Ensure enssions 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 Natubased solutions, separate rainwateollection 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

1 Ensure emissions to water are within the ranges set in the Urban Waste Water Treatment
Directive 91/271/EEC.

1 Implement appropriate measures to avoid and mitigate coredirsewer overflow in case of
heavy rainfall, such as Natubased solutions, separate rainwater collection systems, retention
tanks and / or treatment of the first flush.

1 Ensure sewage sludge is managed/used (e.g. anaerobic digestion, land applicatodingdo
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-hhcounties other equivalent national provisions

or international standards for activities in ndlJ countries (e.g. IFC Performance Standard 1: Assessment
and Management of Environmental and Social Rigk#jcluding ancillary services, e.g. transport



