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▬ Farming must not only produce food but also en-

sure sustainable livelihoods for farmers and pro-

tect natural ecosystems and their services. 

▬ Several of the key elements of a sustainable agri-

cultural transition are discussed in this document: 

National and European policy actions (Chapter 2), 

interactions between biodiversity and agriculture 

(Chapter 1), importance of strengthening water re-

silience (Chapter 4), sustainable use of pesticides 

(Chapter 5) and the role of Agri-photovoltaics in 

advancing the energy transition. 

▬ The Common Agricultural Policy (CAP) Strategic 

Plan 2023–2027 has contributed to improvements 

in climate, biodiversity, and the quality of water, 

soil, and air. However, progress remains insuffi-

cient. Enhancing the measurement and reporting 

of clear benchmarks will enable a more accurate 

evaluation of policy effectiveness. At the same 

time, it is crucial to ensure that these measures do 

not add unnecessary administrative burdens on 

farmers. 

▬ Approximately half of all European animal and 

plant species depend on agricultural habitats but 

are also threatened by both agricultural intensifi-

cation and land abandonment. At the same time, 

all forms of agriculture rely on biodiversity and 

ecosystem services. To counter biodiversity loss, 

several national and international policy initiatives 

promote the sustainable use of ecosystems and 

aim to restore ecological balance with limited suc-

cess so far. 

▬ Agriculture is the largest net water consumer in 

Europe and a significant contributor to surface and 

groundwater pollution, particularly due to the ex-

cessive use of agro-chemicals, i.e. mineral fertiliz-

ers such as nitrogen and phosphorus and pesti-

cides. To address these challenges, expert com-

mittees on agriculture and water are currently dis-

cussing a series of national action plans. 
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▬ While pesticides help minimize crop losses and re-

duce labour demands, their use can pose signifi-

cant risks to human health and the environment. 

Various policy measures aim to regulate and re-

duce pesticide use, but several challenges re-

main. These include the vast diversity of active 

substances, their environmental persistence, the 

risk of importing pesticide-contaminated food and 

feed, and ensuring their availability and affordabil-

ity, particularly amid political crises. 

▬ Agri-photovoltaic installations enhance land use 

efficiency by integrating agricultural production 

with solar energy generation. They have the po-

tential to play a contributing role in ensuring en-

ergy security and reducing greenhouse gas emis-

sions. Various system designs can be tailored to 

Luxembourg’s context, minimizing impacts on 

crop yields and biodiversity while remaining com-

patible with existing farm machinery. 

▬ Innovative strategies are crucial for the transition 

to sustainable and resilient agriculture. However, 

their successful implementation requires active 

collaboration among policymakers, key institu-

tions, farmers, food chain operators, and civil so-

ciety.  
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1. General context, Objectives 

and Strategies 

1.1 – The Agricultural Sector Amid the Triple Planetary Crisis  

 

Agriculture and food supply chains are vulnerable to 

political and economic tensions, as well as the triple 

planetary crisis of climate change, biodiversity loss, 

and pollution (1). The frequency of heavy precipitation 

extremes and droughts has increased in Western and 

Central Europe and many studies estimated the im-

pacts of climate change on crop productivity and food 

security (2,3).  

The global agricultural growth and intensification is a 

major driver of biodiversity loss and ecosystem degra-

dation across Europe (4,5). It will exacerbate the envi-

ronmental impact of agriculture by increasing the use 

of fertilizers, pesticides and irrigation (Chapters 4 and 

5). On the other hand, nature conservation is not pos-

sible without agriculture and agriculture is crucial to 

maintain and restore biodiversity (Chapter 0).  

Significantly enhancing energy independence would 

strengthen Luxembourg’s resilience to geopolitical 

shocks and natural disasters. Renewable energy tech-

nologies such as photovoltaic modules and wind tur-

bines enable energy to be produced in the country, 

potentially reducing its fossil fuel dependence, lower-

ing its greenhouse gas emissions and enabling Lux-

embourg to fulfil its European climate commitments 

(Chapter 6). 

National and European policy actions steer the transi-

tion toward sustainable, competitive, and resilient ag-

riculture. Key objectives of the 2023-27 Common Ag-

ricultural Policy include improving environmental qual-

ity, promoting ecological balance, and ensuring fairer 

incomes for farmers (Chapter 2). Farming must not 

only produce food, safeguard natural ecosystems and 

their services, but also secure sustainable livelihoods 

for farmers and safeguard natural ecosystems and 

their services. To ensure a successful transition to-

ward more resilient, sustainable, and competitive ag-

riculture, shared responsibility is crucial. This requires 

active cooperation among all stakeholders: farmers, 

key institutions, civil society, and political leaders 

(Chapter 7).  

This document aims to: 

• Highlight the current challenges in agriculture 

and the complexities involved in transitioning 

to sustainable practices. 

• Examine the environmental impacts of agri-

cultural activities. 

• Explore agriculture's potential role in achiev-

ing climate goals and how this relates to food 

security. 

• Showcase practical strategies for balancing 

economic growth with environmental sustain-

ability. 

• Review existing policy measures and their ef-

fectiveness in supporting sustainable agricul-

ture

1.2 – Key sustainable agricultural practices 

 

Sustainable agricultural practices that improve 

productivity, while supporting environmental con-

servation already exist in Luxembourg, but could 

be further developed (Table 1). Some practices can 

have positive impacts on biodiversity, water and soil 

preservation while also reducing pesticide and ferti-

liser use. For instance, crop diversification improves 

both yields and biodiversity (6), benefiting several eco-

system services, such as water and soil quality, as 

well as pest and disease control. Similarly, organic 

farming is both in the interests of agricultural diversifi-

cation and the protection of nature and biodiversity. 

Due to time and space constraints, several essential 

elements were either only briefly discussed or omitted 

in this document, but they remain critical for a compre-

hensive approach to sustainable farming. Strengthen-

ing these practices through well-structured regula-

tions, incentives, and subsidy reforms will further sup-

port their adoption (Chapter 2). 
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Table 1 Elements of a sustainable agricultural transition 

ELEMENT EXAMPLES EXAMPLES OF IM-
PLEMENTATION IN 
LUXEMBOURG AND 
EUROPE 

RELATED RISKS 
AND CHALLENGES 

Adapting sustainable 
agronomical prac-
tices (Chapters 3, 4, 
5) 

Encouraging crop rota-
tion and diversification, 
buffer strips, mechani-
cal weeding, sustaina-
ble management of 
livestock effluents, reg-
ulation of livestock 
numbers, systematic 
use of rainwater  

ADAPT -Smart 
Cropping to Adapt Lux-
embourg Agriculture to 
Climate Change;  

Impact on soil erosion, 
fuel consumption and 
food security 

Digital transforma-
tion 

Smart or precision 
farming to help farmers 
increase the quantity 
and quality of agricul-
tural production while 
using fewer inputs 

Lux5GCloud -Lux-
embourg 5G Smart 
Country Data Cloud  

Digital Pilot Farms - 
Towards a network of 
pilot farms for demon-
strating, evaluating 
and implementing in-
novative techniques 
and decision support 
tools in crop protection  
Partnership with Lux-

innovation  

Excessive workload for 
IT support services, 
digital divide, signifi-
cant time for setup 

Monitoring biodiver-
sity, as well as intrant 
use and occurrence 
in the environment 
(Chapters 3, 4, 5) 

Research on the 
productivity and profit-
ability of agricultural 
practices, on the risk of 
intrant use for the envi-
ronment, farmers and 
society, on the effec-
tiveness of policy ac-
tions 

European regulation 
on “Statistics on agri-
cultural input and out-

put (SAIO) ” aims at 
providing statistics for 
the evaluation of the 
agricultural EU policies 
Service d’économie ru-

rale  

Challenges in measur-
ing long-term impacts, 
increase in administra-
tive burden for farmers 

Exploiting renewable 
energy sources 
(Chapter 6) 

Biogas production from 
agricultural waste, 
Agri-photovoltaics  

Ongoing and second 
call for tenders for Agri-
photovoltaics projects 
in Luxembourg.  

Potentially in competi-
tion with 
food and feed produc-
tion  

Promoting organic 
farming practices 
(Chapters 3, 4, 5) 

Advancing organic 
farming practices as a 
sustainable alternative 
or complement to con-
ventional agriculture 
helps reduce the use of 
antibiotics, thereby 
lowering the risk of an-
timicrobial resistance. 

PanBio 2025 : in-
crease the proportion 
of organically farmed 
land in Luxembourg to 
20% by 2025;  

Food security con-
cerns, access to or-
ganic foods for low-in-
come populations 

https://www.list.lu/en/environment/project/adapt/
https://www.list.lu/fr/recherche/projet/lux5gcloud/
https://www.list.lu/en/environment/project/digital-pilot-farms/
https://luxinnovation.lu/fr-lu/news/making-the-agricultural-sector-more-resilient
https://luxinnovation.lu/fr-lu/news/making-the-agricultural-sector-more-resilient
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-saio
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-saio
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-saio
https://ma.gouvernement.lu/fr/administrations/ser.html
https://ma.gouvernement.lu/fr/administrations/ser.html
https://bio2025.lu/fr/accueil/
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Table 1 (continued) 

ELEMENT EXAMPLES EXAMPLES OF IM-
PLEMENTATION IN 
LUXEMBOURG AND 
EUROPE 

RELATED RISKS 
AND CHALLENGES 

Economic Viability, 
Supporting local pro-
duction and the next 
generation of farmers 
(Chapter 7) 

Strengthening local 
markets to foster com-
munity-based econo-
mies, Addressing chal-
lenges and opportuni-
ties for young farmers. 

Flat-rate payment for 

young farmers  

 

Conservation cove-
nants (Chapter 3) 

Tailored contracts with 
farmers to implement 
biodiversity-friendly 
measures 

Biodiversity contracts

: Top-up for man-
agement of ecologi-
cally valuable habitats 
classified as biotope1  

Nature genéissen  
by SICONA: Contracts 
with local farmers to 
distribute their prod-
ucts when complying 
with conservation 
standards. 

No long-term solutions 

 

1 Règlement grand-ducal du 24 juillet 2024 relatif aux aides en faveur de la sauvegarde de la biodiversité en milieu rural  

https://ma.gouvernement.lu/fr/le-ministere.html
https://ma.gouvernement.lu/fr/le-ministere.html
https://environnement.public.lu/fr/publications/conserv_nature/2024/biodiversitaet-in-der-landwirtschaft.html
https://environnement.public.lu/fr/publications/conserv_nature/2024/biodiversitaet-in-der-landwirtschaft.html
https://sicona.lu/projekte/natur-geneissen/
https://legilux.public.lu/eli/etat/leg/rgd/2024/07/24/a329/jo
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1.3 – Opportunities and challenges for Agriculture and Rural Development 

in Luxembourg 

 

In 2023, agricultural land and meadows made up ap-

proximately 50% of Luxembourg's total surface area 

and was managed by 1,822 farms, with approximately 

half of these farms exceeding 50 hectares in size (7). 

The number of farms is decreasing (~-30% between 

200 and 2023), while the total utilized agricultural area 

remains relatively stable, leading to an increase in the 

average farm size. Livestock numbers are stable or 

decreasing, except for poultry (7). Similar changes 

have been observed across the EU-28 (8). In addition 

to the global challenges in agriculture, Luxembourg's 

agricultural sector faces distinct challenges and op-

portunities on the path to sustainability (Table 1). 

 

Table 2 Specific challenges and opportunities for sustainable agriculture in Luxembourg 

CHALLENGES RELATED TO  OPPORTUNITIES RELATED TO 

Agricultural development (7): Ongoing decline in the 
number of farmers, difficult access to farmland for new 
farmers, lengthy procedures; cross-border farmland 

 Small country size: Small number of well-con-
nected players and proximity between economic 
centres 

Difficult climatic situation : periods of water stress or 
excessive rainfall due to climate change, which remain 
insufficiently addressed by adaptation measures 

 Knowledge and innovation system : Excellent ac-
cess to high-speed internet do develop digital farm-
ing 

Organic farming: While on the increase, organic farm-
ing is struggling to meet the ambitious targets set by 
the government (9) 

 Landscape: High landscape diversity 

Greenhouse gas (GHG) emissions from a high live-

stock population : driven by relatively high meat con-

sumption  among Luxembourg residents 

 Funding : direct aid from the Common Agriculture 
Policy made up 24.0% of annual farm income, com-
pared to an EU-wide average of 18.8%. 

 

https://www.agrimeteo.lu/Agrarmeteorologie
https://agriculture.public.lu/de/betrieb/wissens-und-informationssystem-akis.html
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Agri-environmental_indicator_-_livestock_patterns
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Agri-environmental_indicator_-_livestock_patterns
https://agridata.ec.europa.eu/extensions/DashboardIndicators/FarmIncome.html
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2. Advancing sustainable 

agriculture in the EU via the 

Common Agricultural Policy 
 

• What are the main objectives of the Common Agricultural Policy (CAP) 2023–2027? 

• How does CAP combine mandatory and voluntary initiatives to achieve its goals? 

• How is the effectiveness of CAP evaluated, and what improvements are suggested for the post-2027 CAP? 

 

2.1 – Key objectives and strategic approach of the CAP 2023–2027  

 

The Common Agricultural Policy (CAP) 2023–2027 

shifted its focus towards policy performance and 

tangible environmental benefits across key areas 

such as climate, water, soil, biodiversity, and ani-

mal welfare (10). This approach aims to enhance the 

sustainability and resilience of the agricultural sector 

in the EU, aligning with the ambitious targets estab-

lished by the EU Green Deal and the Farm to Fork 

strategy. A core priority includes ensuring fairer in-

comes for agricultural producers while simultaneously 

boosting the competitiveness of agricultural and agri-

food businesses (11). Under CAP, farmers receive 

payments through two main funds: (1) European Agri-

cultural Guarantee Fund (EAGF) and (2) European 

Agricultural Fund for Rural Development (EAFRD)2.  

All farmers receiving CAP support must adhere to 

EU standards on Good Agricultural and Environ-

mental Condition of land (GAEC) (12). CAP com-

bines mandatory conditionality with voluntary ini-

tiatives to comprehensively achieve its objectives 

(13) (Figure 1). Examples of conditionality under CAP 

include crop rotation improving soil health, buffer 

strips along watercourses reducing nutrient runoff and 

soil management practices improving soil organic 

matter. Voluntary schemes include eco-schemes 

(Section 2.2 – ), which lead to environmental benefits. 

For example, support for organic farming helps reduce 

chemical inputs, improves biodiversity and provides 

farmers with higher product prices. National priorities 

and strategies aligning with EU-wide objectives are 

discussed in Section 2.3 – .

 

Figure 1 Showing ten objective of CAP 2023-27 under general, specific and cross cutting objectives (data from (14) 

 

2 Luxembourg has lowest contribution to EAFRD 20%, EU average is 60% 
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2.2 – Eco-schemes and carbon farming enhance sustainability in agricul-

ture

Eco-schemes are designed to support farmers in 

the following areas of action: climate mitigation or 

adaptation, water management, soil management, 

biodiversity, animal welfare and anti-microbial re-

sistance (15). These schemes are tailored to the spe-

cific needs identified at national and regional levels. 

The national strategic plan of Member States must 

cover at least two of these areas through their eco-

schemes. Importantly, their ambitions should exceed 

baseline requirements while contributing to the EU 

Green Deal targets.  

To bring real-world impact and concrete achieve-

ments, 25% of direct payments are allocated to 

eco-schemes. Income support under eco-schemes 

also compensates for lost income resulting from farm-

ers commitment to environmentally friendly practices. 

To mobilise the support for organic farming (16), an 

additional stream of funding is provided through eco-

schemes, which includes technical assistance, 

knowledge exchange, and innovation sharing using 

Agricultural Knowledge and Innovation Systems 

(AKIS).  

Farmers can combine different eco-schemes, 

leading to a holistic transition of their farms while 

maximizing environmental benefits. For example, 

agroecology can be integrated with Carbon farming to 

enhance the productivity and biodiversity of degraded 

land, improving resilience to climate change (17). Car-

bon farming is a land management practice that re-

wards farmers for enhancing carbon capture in soil or 

reducing carbon emissions to the atmosphere (18). To 

ensure climate change mitigation, only carbon se-

questration beyond business-as-usual levels is eligi-

ble for compensation. However, farms that have long 

embraced agroecological practices may face chal-

lenges in demonstrating further improvements to earn 

carbon credits. To address this, a normative baseline 

is suggested to fairly recognize the efforts of sustain-

able farms while maintaining the integrity of carbon 

farming initiatives (19). 

 

Points-based eco-schemes can be designed to assign different weightings to various practices based on 

their expected positive impact. This approach encourages farmers to adopt practices that are most relevant to 

the environmental and climate-related needs of their farms and regions. Examples of such practices include 

pesticide management, organic farming, nutrient management through precision agriculture, and water 

management. Luxembourg has implemented eco-schemes for climate change mitigation, water, soil, 

biodiversity, and pesticide use; however, it currently lacks eco-schemes for climate change adaptation 

and animal welfare. 

 

2.3 – National strategic plan and performance monitoring in the CAP

Each Member State has elaborated its own CAP 

strategic plan to ensure coherence across CAP in-

struments and the strategic, complementary use 

of resources. These plans aim to improve farmers’ 

income and food security (20), drive climate action, 

safeguard natural resources, enhance biodiversity 

(15) and strengthen socio-economic aspects of rural 

areas. This is achieved through a mix of conditionality 

(GEACs) and voluntary interventions including. Stand-

ardized indicators that track environmental benefits 

(21) are used in the Performance Monitoring and Eval-

uation Framework to produce annual reports (14). 

Performance is measured by a set of 44 indicators 

mostly represented as payments per hectare and 

per livestock unit (22). For a holistic outcome, farm-

ers should integrate various eco-schemes with na-

tional schemes prioritizing ambitious conditionality 

standards. The initial situation of each Member State 

in terms of aid distribution must be considered, ex-

plaining the choices made. Luxembourg, for exam-

ple, supports 49% of its farmers (23) through basic 

income support for sustainability and 25% using 

eco-schemes (14).
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Table 3 The strategic planning of Luxembourg for each CAP objectives (23) 

CAP OBJECTIVES (25) SCHEMES IN LUXEMBOURG 

To ensure a fair income 
for farmers (24) 

• 19% of farmers received investment to modernize livestock buildings, integrat-
ing biogas production or photovoltaic panels 

• Special attention is given to the beef and veal production sectors  

• Support is directed towards medium-sized family farms 

To foster competitiveness  • Fostering agriculture modernization by supporting the digital transition on farms 
and in the agri-food sector.  

• Developing technological and institutional infrastructure to produce and ex-
change data, while also supporting agricultural investments in digitalization and 
technical innovation, such as aquaponics and vertical farming. 

To improve farmers posi-
tion in value chain (25) 

• Diversifying agri-food value chains by supporting programmes, knowledge, fi-
nance, technology, equipment, infrastructure, networks, markets, and business 
opportunities for the agri-food sector (Betrib 2030) 

• Support will be provided for farms in the poultry, fruit & vegetable sectors 

• Livestock reduction will be encouraged through payments under eco-schemes 

To take climate change 
action 
 

• Reducing greenhouse gas emissions, ammonia, and improving manure man-
agement per livestock unit 

• Modernizing livestock buildings with low-emission techniques 

• Providing financial support to farmers willing to raise livestock in a less intensive 
manner 

• Integrating renewable energy to support the production of beef, veal, fruits, veg-
etables, and cereals (Chapter 6) 

To protect natural re-
sources 

• Promoting the sustainable use of permanent pasture  

• Requiring all farms receiving CAP payments to maintain a portion of farmland 
with ecological importance 

• Rewarding farmers who refrain from using pesticides (50% reduction by 2030), 
(Chapter 5) 

To protect landscape and 
biodiversity 

• Maintaining permanent grasslands, ecological focus areas, and traditional land-
scapes to enhance biodiversity.  

• Farmers managing ecological interest areas will receive financial support, con-
tributing to ecosystem services and habitat conservation (Chapter 3) 

To support generational re-
newal  

• Addressing Luxembourg's ageing farming population and ensuring sector sus-
tainability.  

• Providing start-up grants of up to €100,000 to incentivize young farmers 

• Offering financial aid for 132 young farmers. 

To foster vibrant rural areas  
 

• LEADER initiative benefiting 72% of rural population to promote social inclusion 
(185) 

• Restoring, preserving, & enhancing ecosystems related to agriculture & forestry 
(25) 

To protect food quality, an-
imal welfare and anti-mi-
crobial resistance 

• Investment support is provided only if organic farming rules are respected. 

• Aiming to reduce antimicrobial use by 50% by 2030 

• Increasing land dedicated to organic farming by 20% (currently at 6%) 

To foster knowledge and 
innovation 

• Collaborating with Luxinnovation to boost agri-food competitiveness & sustain-
ability through innovation, digitalisation, & partnerships with research players 

• Providing financial support to improve farmers' expertise in managing bee dis-
eases and pests 

• Further advancing digitalisation in the agricultural sector 

• Creating an interface between researchers, farm advisors and farmers to im-
prove the quality and effectiveness of agricultural advice 

• Developing the Agricultural Knowledge and Innovation System (AKIS) and par-
ticipating in European Innovation Partnership for organic farming, alternative 
production, and related initiatives. 
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2.4 – Evaluation of the CAP 2023-2027 effectiveness 

The evaluation of CAP’s success in achieving its 

environmental and climate objectives depends on 

the actual implementation of eco-schemes and 

Agri-environment-climate Measures (AECM) (26), 

their uptake by farmers, and the application of 

conditionality. AECM payments are linked to the 

achievement of defined environmental outcomes 

through land management practices, allowing flexibil-

ity in choosing the most suitable practices to meet 

those results. The European Commission will conduct 

an interim evaluation by December 2026 with ex-post 

evaluation in 2031 (27) to assess the effectiveness, 

efficiency, relevance, coherence, and EU added value 

of the EAGF and EAFRD funds. 

The AECM evaluation requires sufficient scientific 

knowledge and data on the causal relationship be-

tween desired outcomes and land management, 

as well as a clear method for measuring and mon-

itoring farm-level indicators (28). Enhanced meas-

urement and reporting, leveraging diverse data 

sources such as satellite imagery, ground research, 

and farmer-reported practices are required to ensure 

the environmental benefits (29).  

Payments should be tied to verified environmental 

outcomes rather than merely adopting new tech-

nologies. Instead of flat-rate payments, eco-schemes 

should provide financial support proportional to the en-

vironmental benefits delivered by farmers (30).  

For future CAP reforms, priority should be given 

to transitioning toward extensive, regenerative 

livestock systems promoting pasture-based feed-

ing, rotational grazing, and reduced livestock den-

sities over minor improvements in intensive farm-

ing systems. Developing methodologies for seam-

less data sharing among stakeholders through a mo-

bile application can further enhance monitoring while 

ensuring farmer privacy is protected (31). 

To assess the fairness of CAP (Regulation 

2021/2115) in ensuring a more equitable distribution 

of income support among farmers through direct pay-

ments —particularly through capping and degressiv-

ity—social conditionality should also uphold the social 

and labor rights of agricultural workers. 

 

2.5 – Future outlook: post-2027 CAP and the Bioeconomy

By the end of the current CAP, the integration of bioe-

conomy principles is expected to drive significant pro-

gress in sustainability, resource efficiency, and rural 

development. Achieving these goals requires dedi-

cated research efforts to support contextual bioe-

conomic systems, evaluate bioeconomic transi-

tions, and identify effective implementation strat-

egies (26).  

Looking beyond 2027, the upcoming Bioeconomy 

Strategy will likely further promote carbon sequestra-

tion, the replacement of fossil-based products with 

bio-based alternatives, and the enhancement of waste 

valorisation. Biogas production from agriculture waste 

is instrumental in preventing methane emissions from 

waste decomposition through anaerobic digestion. It 

also reduces reliance on fossil fuels by integrating into 

gas grids, while its by-product, the digestate (32), can 

serve as a biofertilizer, supporting circular agriculture. 

The use of digestate also supports the EU Biodiversity 

Strategy 2030 by reducing nitrogen and phosphorus 

pollution from chemical fertilizers (33,34).  

Continued government support through attractive 

feed-in tariffs and investment aid for decentralized bi-

ogas plants will facilitate energy recovery from organic 

waste streams, enhancing circularity in the agricultural 

sector (35). 

. 

In Luxembourg efforts are focused on fostering a circular economy by leveraging synergies across various 

sectors for sustainably managing biodiversity, water, food, health and climate change. By integrating urban 

and rural resources, key focus areas include converting food waste into energy and developing sustainable 

construction materials through regional biomass value chains that can also contribute to carbon storage. To 

foster a sustainable bioeconomy, Luxembourg can build on insights from ongoing research in biomaterials, 

circular practices, and sustainability assessments conducted by national research institutes such as the 

University of Luxembourg, LIST, and LISER. 
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3. The role of agriculture in 

biodiversity & nature 

conservation 
 

• Why is biodiversity important for agriculture? 

• Why is farmland so important for biodiversity conservation? 

• What are the major drivers of biodiversity loss in farmland? 

• How can we improve the status of farmland biodiversity? 

 

3.1 – Biodiversity is essential to agricultural land use and human health 

 

All types of agriculture depend upon biodiversity 

and ecosystem services (Figure 2). These services 

include provision of soil health, nutrient cycling, polli-

nation, biocontrol, suppression of pathogens, water 

supply and purification, as well as climate regulation 

(36). With its ecosystem services, biodiversity is a pre-

condition for the long-term viability of farmland produc-

tion (37). Nature’s contributions to people are not fully 

replaceable, and some are irreplaceable (38).  

Biodiversity increases the stability of ecosystem 

functions through time (36). Species-rich ecosys-

tems, including meadows, are known to have a higher 

resistance against climatic extremes (39) as well as 

against invasions of non-native alien species (40).   

Diverse species communities are also more pro-

ductive. This is caused by differences in functional 

traits among organisms which increase total resource 

capture (36). Plant species diversity in grasslands en-

hances the production of fodder and resilience against 

climatic fluctuations. 

Soil organisms enhance agricultural productivity 

and sustainability. They improve crop yield, nutrient 

uptake and reduce nitrogen leaching losses (41). Soil 

is an essential, non-renewable resource for agricul-

ture, providing the basis for the production of food, fi-

bre, and other resources for a circular bioeconomy 

(42). Nutrient mineralization and soil organic matter in-

crease with plant richness (36).  

Dung- and carrion-feeding organisms help to pre-

vent spread of pathogens (43). Coprophagous and 

necrophagous insects, as well as soil bacteria help to 

reduce the risk of human pathogens. On the soil sur-

face, a diverse dung beetle community is capable of 

removing >90% of animal waste over several days. 

Organic farms maintain species-rich bacterial commu-

nities the effectively suppress persistence of patho-

genic E. coli (44).  

 

 

 

Figure 2 Ecosystem services. “Provisioning services are 

the products obtained from ecosystems, regulating services 

are the benefits obtained from the regulation of ecosystem 

processes, cultural services are the nonmaterial benefits 

people obtain from ecosystems and supporting services are 

those services that are necessary for the production of all 

other ecosystem services.”(45) 
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More than three quarters of global food crops rely 

to some extent on animal pollination. The vast ma-

jority of pollinators are wild insect species (46). The 

most important pollinator groups in Luxembourg are 

wild bees, flies, moths and beetles. Many of these in-

sect groups are poorly studied and neglected in biodi-

versity monitoring and conservation. 

Biodiversity loss leads to a decline of ecosystem 

services. There is unequivocal evidence that biodi-

versity loss reduces the efficiency by which ecological 

communities capture biologically essential resources, 

produce biomass, decompose and recycle biologically 

essential nutrients (36). 

 

3.2 – Agricultural ecosystems maintain a large proportion of Luxembourg’s 

biodiversity 

 

About half of all European animal and plant spe-

cies rely on agricultural habitats (47). Agriculture 

shapes habitats and supports a wide variety of spe-

cies among plants, animals, fungi and microorgan-

isms. These species have co-evolved with large wild 

herbivores, which were later replaced by livestock 

grazing and other types of agricultural land use (48). 

More than half (55%) of the native plant species in 

Luxembourg are associated with agricultural eco-

systems (Figure 3). In agricultural ecosystems, such 

as dry and wet grassland, heathland, fallow land and 

arable fields, 688 native species have been reported, 

while forests maintain 363 species (29%) (49). These 

species require agricultural land-use and are threat-

ened by both abandonment and intensification of agri-

cultural practices. 

Livestock grazing increases structural diversity of 

grassland habitats (50), The increasing structural 

complexity caused by livestock grazing promotes a 

higher diversity and abundance of invertebrates. More 

complex and species-rich grasslands allow greater 

opportunities for selective feeding. The impact of live-

stock on biodiversity is determined by the grazing live-

stock species and type, livestock density as well as 

the growth characteristics of the plant species. Too 

high livestock densities decrease structural heteroge-

neity of grassland habitats. 

Traditional farming systems have a high conservation 

value (26). Farming practices that have changed rela-

tively little over long periods of time maintain a high 

biodiversity. 

 

 

3.3 – Changes in agricultural land use are a major driver of biodiversity 

loss 

 

Due to the large extent of farmland in Luxembourg, 

any changes in agricultural land use have vast conse-

quences for biodiversity, this includes abandonment 

as well as intensification of land use. Larger farm sizes 

lead to a loss of diversity in agricultural land-use and 

larger fields, which translates to a loss of biodiversity 

(51–53), while smaller crop fields maintain a higher bi-

odiversity (53). Land abandonment is, therefore, a ma-

jor threat to biodiversity. 

A total of 48,500 species of animals, plants and 

fungi (out of 163,040 assessed species globally) 

are threatened by changes in agricultural land-use 

(54). These changes include homogenization of agri-

cultural practices, larger plots, larger and heavier ma-

chines, loss of field margins and similar structures, 

use of fertilizers and pesticides (Chapters 4 and 5), 

Figure 3 Major habitats of plant species in Luxembourg 

(data from (49)). 
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decreasing crop diversity, higher livestock densities, 

earlier and more frequent mowing, drainage, irrigation 

(Chapter 5), plowing, rolling, abandonment of histori-

cal management techniques, but also land abandon-

ment coupled with rural exodus (55). 

In Luxembourg, about half (47%) of the plant spe-

cies associated with dry grasslands, heathlands, 

arable fields, wet grassland, fallow land and rude-

ral habitats are either threatened or extinct (Figure 

4) (49). Species associated with dry grasslands are 

often adapted to nutrient-poor conditions and low live-

stock densities (49). Species associated with arable 

fields are threatened by the use of pesticides, fertiliza-

tion, larger fields and large machines. Species in wet 

grassland are threatened by drainage, frequent mow-

ing, high livestock densities. 13% (87 plant species) 

associated with these habitats are already extinct (49) 

About half (52%) of all threatened or extinct bird species 

in Luxembourg are associated with agricultural areas 

(64% among the extinct bird species) (56). Extinct bird 

species include species living in wet meadows (corn-

crake, common snipe, whinchat), orchards (woodchat 

shrike, hoopoe), arable fields & fallow land (crested lark, 

corn bunting, tawny pipit), and vineyards (wheatear). 

Several, formerly common species, are highly threat-

ened, such as grey partridge, northern lapwing, great 

grey shrike, common grasshopper-warbler, meadow 

pipit, common quail, common barn-owl, western yellow 

wagtail, Eurasian tree sparrow, Eurasian wryneck, little 

owl, red-backed shrike, and Eurasian skylark. The Euro-

pean Farmland Bird indicator has decreased by 61% be-

tween 1980 and 2022 ( 

Figure 5). 

 

Figure 5 Development of European Common Bird Indi-

cators from 1980 to 2023 (57). 

RE = Regionally Extinct; CR = Critically Endangered; EN = 

Endangered; VU = Vulnerable, NT = Near Threatened; LC = 

Least Concern; DD = Data Deficient 

Agricultural intensification has been identified as 

the major driver of butterfly declines in Luxem-

bourg (58). Major threats to butterflies are introduc-

tion of moto-mechanisation, chemical fertilizers, large-

scale plots, loss of crop diversity, loss of hedges and 

fringes, earlier mowing of meadows, higher livestock 

densities, conversion of wetland and heathlands into 

forests, as well as abandonment of marginal sites. 

In Luxembourg, agriculture is the major threat to 

species protected under The Habitats Directive 

, affecting almost nine out of ten species (59). 85% 

of the protected species and 64% of the protected 

habitats are threatened by agricultural land use 

changes. 83% of grassland habitats and 100% of 

heathland habitats in Luxembourg have a deteriorated 

status (49). 

High use of fertilizers has negative effects on bio-

diversity (60). Nitrogen and phosphorous influx in 

particular lead to eutrophication of grassland and 

freshwater habitats. This has led to a massive decline 

of plant species and associated insects (61) (Chapter 

4). 

Current agricultural practices promote erosion, 

leading to a decline of freshwater biodiversity 

(Chapter 4). Lack of field margins and riparian strips 

fosters erosion and lead to an accumulation of sedi-

ments (siltation) in Luxembourg’s running waters (62). 

This destroys microhabitats of freshwater organisms 

and prevents restoration of freshwater habitats, such 

as restoration of the Our river for threatened freshwa-

ter mussels. 

Homogenization of agricultural practices pro-

motes biotic homogenization (63). Ecosystems be-

come spatially more similar, often by replacement of 

locally adapted specialist species with more wide-

spread species. This is the consequence of global cul-

Figure 4 Percentage of threatened plant species in Lux-

embourg (49). 

https://environment.ec.europa.eu/topics/nature-and-biodiversity/habitats-directive_en
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tural homogenization, including similar agricultural 

techniques, similar crop types and livestock breeds. A 

higher diversity of crops promotes biodiversity. 

Drainage and regulation of water courses has 

massively reduced biodiversity in wetlands (64) 

(Chapter 4). Wetland species are particularly threat-

ened in Luxembourg, with 44% of plants associated 

with marshes, swamps and wet grassland, and 61% 

of the plants associated with freshwater margins, and 

58% of the plants associated with aquatic habitats be-

ing threatened (49). 

Intensification of grassland management has a 

strong impact on biodiversity (65). Higher livestock 

densities, earlier and more frequent mowing, as well 

as rolling impacts plants, birds and insects. 

Land abandonment is a major threat to biodiver-

sity (66). As a consequence of decreasing numbers 

of farms, marginal sites are often abandoned, leading 

to succession by shrubs and trees. This is a particular 

threat to sites which do not provide any economic ben-

efits.  

 

3.4 – Improving the status of farmland biodiversity through policy actions 

Recreating habitat heterogeneity is key to restore 

farmland biodiversity (67). Blanket solutions are not 

suitable for biodiversity restoration. Any restoration 

approaches must be adaptive and able to respond to 

requirements of both farmers and biodiversity. Resto-

ration of wetlands in combination with extensive cattle 

grazing leads to an increase in biodiversity (68). A res-

toration project at the Syr river had positive effects on 

plant diversity (68). 

Luxembourg is a member state of several interna-

tional conventions aiming at reversing the decline 

of biodiversity. The Kunming-Montreal Global Biodi-

versity Framework  of the convention for biological 

diversity includes several international goals, including 

the target to restore 30% of all degraded ecosystems 

by 2030, the target to effectively conserve 30% of all 

areas, the target to halt human induced extinction of 

threatened species, the target to reduce pollution to 

levels that are not harmful to biodiversity, and the tar-

get to enhance biodiversity and sustainability in agri-

culture. UN Sustainable Development goal 15  aims 

at protecting, restoring and promoting sustainable use 

of terrestrial ecosystems and halt and reverse land 

degradation and biodiversity loss. 

The new EU restoration law  makes it mandatory 

to put in place restoration measures to enhance 

biodiversity in agricultural ecosystems. The law 

also includes the obligation to restore at least 30% of 

threatened habitat types, including semi-natural dry 

grasslands, species-rich Nardus grasslands, and low-

land hay meadows. Article 10 of the Restoration Law 

makes it mandatory to improve pollinator diversity and 

reverse the decline of pollinator populations by 2030. 

Luxembourg’s biodiversity strategy (PNPN3)  

aims at restoring farmland ecosystems. It also con-

tains goals to restore freshwater habitats and soil eco-

systems, reduce pollution and re-establish habitat 

connectivity. 

Some CAP direct payment requirements, notably 

greening, and cross-compliance, have potential to 

improve biodiversity. However, the Commission and 

Member States have often favoured low-impact op-

tions (69) (Chapter 2). 

Financial instruments exist to promote biodiver-

sity-friendly measures. In Luxembourg, the “Règle-

ment grand-ducal du 24 juillet 2024 relatif aux aides 

en faveur de la sauvegarde de la biodiversité en milieu 

rural ” provides an additional payment for sites un-

der the biodiversity contract (70). This payment in-

creases with higher conservation status of the site and 

provides funding for a wide range of measures, includ-

ing biodiversity-friendly management and restoration 

of grassland, orchards, hedgerows, flower strips, and 

other elements supporting biodiversity. 

 

 

 

 

https://www.cbd.int/gbf
https://www.cbd.int/gbf
https://sdgs.un.org/goals/goal15
https://environment.ec.europa.eu/topics/nature-and-biodiversity/nature-restoration-regulation_en
https://environnement.public.lu/content/dam/environnement/documents/natur/biodiversite/pnpn/pnpn-version-3.pdf
https://legilux.public.lu/eli/etat/leg/rect/2024/07/24/a378/jo
https://legilux.public.lu/eli/etat/leg/rect/2024/07/24/a378/jo
https://legilux.public.lu/eli/etat/leg/rect/2024/07/24/a378/jo
https://legilux.public.lu/eli/etat/leg/rect/2024/07/24/a378/jo
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4.Agricultural challenges for 

water resilience 
 

• How have societal and economic transformations in Europe over the 20th century impacted water re-

sources? 

• What are the main sources of water pollution in Luxembourg and Europe? 

• How does agriculture contribute to water quality issues in Luxembourg? 

• What policies and strategies are in place to manage agricultural water use and improve water quality? 

 

4.1 – Water – a resource under intense and increasing pressure 

 

Over the 20th century, Europe has undergone pro-

found societal and economic transformations that 

have significantly impacted its water environment 

(71). The continent's demographic growth, agricultural 

intensification, rapid industrialisation, urban develop-

ment and energy production, among many others, 

have exerted mounting pressures on rivers, lakes, 

transitional waters, coastal waters and groundwaters 

(71). 

The proportion of humanity’s demand for freshwa-

ter used to meet agricultural and food production 

needs is estimated at around 80% (72). Agriculture 

is also by far the largest net water consumer in Europe 

and, without changes in practices, demand from irri-

gated agriculture is likely to increase with climate 

change (71). Water resources are thus globally vulner-

able to pollution from human activities. European 

countries report that the main pressures on surface 

waters are related to pollution from diffuse sources 

such as agriculture (29%), changes to the physical 

features and natural flow of waterbodies (51%) and 

pollution from point sources such as from wastewater 

discharges (13%) and excessive abstraction leading 

to increased pollutant concentrations (8%) (71). The 

main pressures on groundwater are reported to be 

diffuse pollution, especially from agriculture (32%), 

and abstraction (18%), including agriculture, public 

water supply and industry (71). 

Soil erosion and degradation also leads to microbial 

and chemical contamination of water bodies and loss 

of biodiversity (73). It also increases the risks of diffuse 

runoff, soil fertility decline, nutrient and crop productiv-

ity loss, landslide, and most importantly sediment ac-

cumulation in waterways and reservoirs. This leads to 

increased risk of flooding, clogging and disturbance of 

ecosystems and degradation of water quality (73). 

 

4.2 – Luxembourg’s water and agriculture landscapes bear specific char-

acteristics 

 

In contrast to most European countries, most of 

the water used in Luxembourg is dedicated to do-

mestic purposes and the service and industrial 

sectors (74–76).The agricultural pressure on water is 

of qualitative rather than quantitative concern. After 

all, agriculture uses only about 8% of the total volume 

of water in Luxembourg (77). Water usage for irriga-

tion is also relatively low, with less than 1.5% (<0.5 

million m3) of total surface water and groundwater be-

ing abstracted annually by the agricultural sector (76). 

Luxembourg’s water bodies are not exempt from diverse pollution 

Today, more than 90% of Luxembourg’s physical 

agricultural areas are covered by agri-environ-

ment-climate measures (AECM) programmes, 

placing it in the 1st place among the EU-27 Member 

States (data from 2017) (78). However, this does not 

prevent the country’s water resources from suffering 

from point and diffuse pollutions of various origins and 

magnitudes. Recent surface water quality data for 

Luxembourg indicate that none of the national and 

transboundary surface water bodies are in a very good 
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or good state, 42% having satisfying quality, whereas 

59% are of insufficient (20%) or bad (39%) quality 

(79). Groundwater quality was evaluated as 50% good 

and 50% poor, with groundwater quantity being 100% 

good. 

The most widespread pollutants of agricultural 

origin are nitrates, phosphates and pesticides 

(Chapter 5) (71). This leads to the contamination of 

groundwater and surface water sources and threatens 

our water resources, biodiversity and soil quality. On 

average, more than 100 notified water pollution inci-

dents occur annually in Luxembourg of which a signif-

icant and increasing proportion are of agricultural ori-

gins (leakages, technical problems, accidents, etc.) 

(Question parlementaire 5583/2022 ). 

Out of Luxembourg’s 250 groundwater resources, 

around 100 are currently unusable because of pol-

lution (77). These locations of poor condition have a 

cumulative flow rate of about 13 million litres per day, 

which corresponds to the drinking water needs of 

around 65,000 people (based on a consumption of 

200 litres/inhabitant/day) (Question parlementaire 

5937/2022 ). 

4.3 – Nutrient input fosters water quality issues 

 

Nitrogen (N) and phosphorus (P) are essential in-

puts that promote soil fertility and support plant 

growth. However, excessive nutrient inputs, can lead 

to surpluses that can contribute to groundwater and 

surface water pollution and eutrophication (80). 

 

Nitrogen issues in Europe’s and Luxembourg’s water bodies 

Despite reduced nitrogen balances per hectare and 

reduced nitrate concentrations in rivers (minus 20 % 

since 1990; (81)), EU27 levels still exceed critical lim-

its and pose risks of acidification and eutrophication of 

freshwaters, reduced richness in plant and animal 

species, and atmospheric emissions such as ammo-

nia and greenhouse gases (82). 

Of the 114 parameters regularly measured in Luxem-

bourg’s groundwater sources, nitrate is among the 4 

that regularly exceed threshold values (83). Luxem-

bourg has the highest percentage of nitrate con-

centrations in drinking water, ranging from 10 to 

50 mg/L (89% of sources; with the remaining 11% 

even above the threshold value of 50 mg/L), while 

the vast majority of European countries measure ni-

trate concentrations below 10 mg/L in at least 50% of 

their drinking water resources (84). 

Nitrogen inputs from urban wastewater have been 

halved since 2004, thanks to investment in 

wastewater treatment (85). In the agricultural sec-

tor, measures related to drinking water protection 

zones and agri-environmental programmes are 

bearing fruit, even though the long-term effect still 

needs confirmation due to the long infiltration 

times in the water column and turnover in the wa-

ter cycle. Nevertheless, more needs to be done to 

achieve the objectives of the Nitrate Directive (85). Ef-

forts also need to continue in the urban sector (85). 

Changes are mainly driven by the decrease in manure 

excretion due to reduced livestock numbers and re-

duced use of mineral fertiliser, while the adoption of 

agricultural practices has only a minor impact (82,86).  

 

 

 

 

 

 

 

 

 

 

https://www.chd.lu/fr/question/22920
https://www.chd.lu/fr/question/23324
https://www.chd.lu/fr/question/23324
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4.4 – Phosphorus issues in Europe’s and Luxembourg’s water bodies 

Phosphorus issues in water, particularly in relation to 

agriculture, can be significant. Even though the 

phosphorus surplus at EU level decreased by 70% 

between 2004 and 2015, excess phosphorus from 

fertilizers can run off into water bodies (87). (Sus-

tainable agricultural practices and methods – Agricul-

ture and Rural Development). This leads to excessive 

growth of algae, which depletes the oxygen in the wa-

ter and harms aquatic life. The filtering capacity of 

soils generally results in an efficient retention in soils, 

except during major rainfall events in winter or spring. 

In Luxembourg, soil samples are taken every 5 years 

at farm level and analysed for the presence of phos-

phorus and other elements that determine soil fertility. 

At national level, median phosphorus concentrations 

have decreased in the 2016-2024 reference period 

compared to the 2008-2016 reference period (from 16 

to 14 mg P2O5/100 g dry soil in arable land and from 

13 to 10 mg in permanent grassland) (Question parle-

mentaire 1080/2024 ). 

Regulatory measures are intended to prevent agricul-

tural phosphorus inputs into the tributaries (88). Re-

strictions on grazing and feeding, together with the 

maximum levels of phosphate (particularly in maize) 

and nitrate fertilisers, limit potential leakages into wa-

ter protection zones, specifically in the catchment area 

of the Upper-Sûre reservoir. Wastewater treatment 

projects will further reduce the discharge of phospho-

rous into watercourses (Question parlementaire 

1080/2024 ). Specific agricultural advice aims at re-

ducing phosphate inputs in animal feed (83). The 

LAKU – “Landwirtschaftlech Kooperatioun 

Uewersauer ” - cooperative has set up a specialised 

farm advisory service, backed up by a programme of 

measures and budgetary resources, to promote water 

protection techniques. 

4.5 – Agriculture-centred levers for water resilience in Luxembourg 

Efforts to improve water use efficiency and to manage 

water resources in a sustainable way are needed on 

many levels, especially with regard to agriculture, cli-

mate change and its potential impact on water availa-

bility (76). National water policies need to be adjusted 

to local contexts in a geographically and climatically 

diverse European Union (82). 

The coalition agreement of the current govern-

ment in Luxembourg foresees several strategic 

measures aim at bridging agricultural and water 

related issues (89): 

• Drawing up a national strategy for water in agricul-

ture 

• Involvement of farmers, winegrowers and horticul-

turalists in the development of national climate, 

environmental and water protection objectives, 

according to scientific criteria 

• A national water strategy for groundwater and sur-

face waters under increasing pressure from cli-

mate change, prolonged droughts and irregular 

rainfall, in addition to strong demographic and 

economic growth, to avoid water allocation con-

flicts 

• Creation of retention basins and underground wa-

ter reservoirs into which water can drain in the 

event of heavy rainfall, thus preventing flooding 

during the winter. These water reserves can sub-

sequently be used during periods of drought for 

irrigation purposes, for example 

A number of action plans are currently being dis-

cussed in the expert committees for agriculture 

(“Landwirtschaftsdësch ”) and water (“Waasser-

dësch ”):  

• Instauration of an “Ammonia taskforce” consider-

ing adaptation of urea-based fertilisers, addition of 

additives when spreading and storing slurry, opti-

misation of nitrogen feed for cattle and herd man-

agement 

• Reduction in ammonia emissions with a national 

target of -22% by 2030 

• Modification of the drinking water protection zones 

and nitrates regulations 

• Preparation of a guide to best practice for water 

protection in agricultural areas 

The development of horticultural production is an im-

portant issue in meeting the growing public demand 

for home-grown fruit and vegetables, with the neces-

sity to provide access to the required quantity and 

quality of water. 

The new law on drinking water, transposing the EU 

Drinking Water Directive of 2020, provides for the 

adoption of a risk-based approach in water protection 

https://www.chd.lu/fr/question/27380
https://www.chd.lu/fr/question/27380
https://www.chd.lu/fr/question/27380
https://www.chd.lu/fr/question/27380
https://www.naturpark-sure.lu/projects/laku/
https://www.naturpark-sure.lu/projects/laku/
https://agriculture.public.lu/de/aktuelles/2024/maerz/landwirtschaftsdesch.html
https://gouvernement.lu/fr/actualites/agenda.gouvernement2024+fr+actualites+toutes_actualites+communiques+2021+01-janvier+27-schneider-dieschbourg-waasserdesch.html
https://gouvernement.lu/fr/actualites/agenda.gouvernement2024+fr+actualites+toutes_actualites+communiques+2021+01-janvier+27-schneider-dieschbourg-waasserdesch.html
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zones and water supply infrastructures through Water 

Safety Plans (Lux-WSP ) and the “Drëpsi” excel-

lence certificate from 2023 (83). 

 

4.6 – Agricultural policies at EU-level guide water management actions 

 

According to the European Court of Auditors 

(ECA), EU policies are failing to ensure that farm-

ers use water sustainably. Less than 40% of surface 

water currently meet the requirement of good quality 

(71). This raises concerns about the potential for pol-

icy changes to counteract the increasing scale of pro-

duction and consumption, in terms of impacts on water 

quality (90). Some of the Farm to Fork targets, such 

as reducing the overall use of pesticides, fertilisers 

and antimicrobials, are directly related to water quality. 

At the same time, the Farm to Fork does not seem to 

systemically address the sustainable management of 

water resources (82). 

Potential of joint agriculture-water initiatives and research 

Addressing agricultural water pressures will require 

going beyond the strict remit of water policy (91). Sus-

tainable management practices have multiple ben-

efits, helping to reduce the magnitude of pres-

sures on water, while also reducing greenhouse 

gas emissions, improving the long-term resilience 

of agriculture to climate pressures and benefiting 

biodiversity (91). Together they pave the way to a 

non-toxic environment, set multiple targets for input 

reduction and promote more sustainable agricultural 

production overall. 

The main strategies for increased water resilience 

through agricultural action include (72,92–97): 

 

 

 

• Practices to increase water availability for crops and livestock 

• Farm resilience to water scarcity 

• Adapting agricultural practices to local conditions 

• Developing innovative solutions for the use of alternative water sources in agriculture 

• Developing economically viable on-farm water recycling and implementing grey/black water reuse strate-

gies 

• Evaluation of vertical closed-loop systems that use little land and water 

• Eco-schemes to support farmers who introduce or maintain farming practices that contribute to EU environ-

mental and climate goals 

• Investment measures that can be used to cover the costs of capital-intensive changes, e.g. non-productive 

investments such as the restoration of wetlands and peatlands or the creation of landscape features 

• Conservation of natural resources that benefit to the public and are not reflected in market prices 

• Transboundary water cooperation and funding of basin-scale research projects aimed at introducing mod-

ern, environmentally friendly agricultural practices and reducing the deposition of nutrients and pesticides 

from international sources 

• Promoting the digitisation and analysis of agricultural data to improve water quality assessment, including 

the identification of possible correlations, and to optimise the early detection of new pollutant loads 

Finally, the Water Framework Directive requires Mem-

ber States to take into account of the principle of cost 

recovery for water services, including environmental 

and resource costs, in line with the polluter-pays-prin-

ciple. Resilient water pricing will also ensure that the 

right incentives for water use, and conservation are in 

place (82). 

 

 

https://luxwsp.lu/
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5.Sustainable use of pesticides  
 

• What are the benefits and drawbacks of pesticide use in agriculture? 

• How can pesticide use in other regions impact European agriculture, particularly in the context of trade 

agreements like the EU-Mercosur Free Trade Agreement? 

• What challenges arise in regulating pesticide use, especially regarding PFAS-containing pesticides and 

Glyphosate, in Luxembourg and other countries? 

 

5.1 – The downsides of rising pesticides use 

 

Agricultural intensification came along with an in-

creasing use of pesticides3 and fertilizers4. The ad-

vantages of using those intrants in agriculture encom-

pass minimizing crop loss, reducing workload, extend-

ing the shelf life of agricultural products and lessening 

soil disruption (98,99) (Figure 6). 

 

Figure 6. Drivers for the use of fertilizers and pesticides 

Inappropriate use of pesticides may however rep-

resent a risk to human health and the environment 

(98,100). The environmental and health risks associ-

ated with a specific pesticide depend on the charac-

teristics of its active substance(s), e.g. the toxicity and 

persistence of residues in the environment and the ap-

plication method, volume and timing. Environmental 

pollution can occur through various pathways, such as 

 

3 “A 'pesticide' prevents, destroys, or controls a harmful organism ('pest') or disease, or protects plants or plant products during production, storage and 
transport”(197). They can be grouped into different categories, depending on their target (herbicides against weeds, insecticides against insects, etc.), the origin of 
their active substances (chemical or non-chemical), or their hazard to health and the environment (134).  
4 A 'fertiliser' compensates the deficit in key nutrient thereby supporting healthy plant growth and enhancing the production of biomass in the plant. Without replen-
ishing these nutrients, the soil's fertility diminishes with each harvest. The primary components of fertilizers are nitrogen, phosphorus, and potassium (98,198). 

wind drift, surface runoff, and infiltration (99). Short 

(acute) and long-term (chronic) effects of occupational 

and unintended (e.g. dietary) exposure to pesticides 

potentially include various diseases, e.g. childhood 

leukaemia (101), Parkinson’s disease (102) and hor-

mone/endocrine disruption (103), congenital abnor-

malities (104) and adverse birth outcomes (105). 

Moreover, accumulation in non-target organisms and 
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decrease in biodiversity have also been linked to pes-

ticides, e.g., decline in European bird populations 

(106), insects (107,108) and pollinators (109)

5.2 – The global energy, food and intrant supply chains are interconnected 

 

Food production and security is depending on the 

availability and affordability of essential inputs 

like pesticides and mineral fertilizers, whose costs 

are closely tied to energy prices (110)5. As Russia 

and Ukraine play a major role in global crop and ferti-

liser supply, Russia’s invasion of Ukraine in 2022 has 

led to a price rise and consumption drop of mineral 

fertilizers consumption affecting farmers in Luxem-

bourg and elsewhere in Europe (111–116). Markets 

for agricultural products and inputs stabilized during 

2023. 

Consumption of pesticides and fertilizers remains 

stable or decreases in Luxembourg and other 

Western European countries (117–119). Neverthe-

less, nearly a quarter of all pesticides continue to be 

sold within the European Union (120) and detection 

frequencies of pesticides continue to increase in sur-

face waters in Europe (121). 

 

EU-Mercosur Free Trade Agreement (FTA) and European Agriculture 

On December 6, 2024, the European Commission and Mercosur's four founding members (Argentina, Brazil, 

Paraguay, and Uruguay) finalized negotiations on the EU-Mercosur Free Trade Agreement (FTA) (122). This 

agreement, decades in the making (123), aims to enhance trade by eliminating customs duties on 91% of EU 

goods exports to Mercosur and 92% of import duties on Mercosur exports to the EU (124). While the FTA 

would create the largest free trade zone ever established by the EU, it also introduces trade restrictions for 

sensitive agricultural sectors, such as beef, through tariff rate quotas. Additionally, more than 350 EU products 

will be protected by a geographical indication (125). Currently, multiple ratification scenarios for the FTA are 

under consideration (126). 

The agreement is expected to have significant economic implications, benefiting key European industries, 

while providing Mercosur’s agribusiness sector with expanded market access. However, concerns were risen 

regarding its environmental and sanitary impacts, including deforestation, emissions, soil contamination, and 

the use of pesticides (123,127–131). 

Despite several amendments to protect the environment in Mercosur countries and the agricultural sector in 

Europe, the FTA still permits Mercosur exports to enter the EU under existing import standards without 

adhering to EU production standards (123,125,132). Critics from agricultural associations (among others) fear 

that the agreement could encourage increased trade and use of hazardous pesticides, including those banned 

in the EU (123). Although many developed countries have reduced or banned the use of Highly Hazardous 

Pesticides (HHPs)6, HHPs are exported by European companies to developing countries where pesticides are 

less strictly regulated (120). 

 

5 The cost for natural gas represents 60-80 % of the operating costs for producing nitrogen-based fertiliser, which is the most used fertiliser in the EU in volume. 

Natural gas is used as source of hydrogen, with the remainder employed to power the synthesis process (199). 

6 Highly Hazardous Pesticides are “pesticides that are acknowledged to present particularly high levels of acute or chronic hazards to health or environment according 
to internationally accepted classification systems such as WHO or GHS or their listing in relevant binding international agreements or conventions. In addition, 
pesticides that appear to cause severe or irreversible harm to health or the environment under conditions of use in a country may be considered to be and treated 
as highly hazardous” 

https://www.unep.org/topics/chemicals-management/pollution-and-health/highly-hazardous-pesticides-hhps
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5.3 – Challenges in regulating pesticide use at national and global levels 

 

Many policy elements attempt to reduce the pro-

duction and use of pesticides (Figure 7). Under the 

Farm to Fork strategy (part of the European Green 

Deal), the European Commission announced two non-

legally binding pesticide reduction targets by 2030: a 

50 % reduction in the overall use of and risk from 

chemical plant protection products, and a 50 % reduc-

tion in the use of more hazardous pesticides (133). 

The proposal for the Sustainable Use Regulation  

attempted to set legally binding reduction targets at 

EU level, but was rejected by the European Parlia-

ment in November 2023, and officially withdrawn by 

the European commission in May 2024 (134). 

 

 

Extensive EU legislation governs the marketing 

and use of plant protection products and their res-

idues in food7 (134). “Plant protection products are 

pesticides that are mainly used to keep crops healthy 

and prevent them from being destroyed by disease 

and infestation”(135). Every active substance in a 

plant protection product undergoes a dual authorisa-

tion process: it must receive approval from the Euro-

pean Commission before it can be authorised at na-

tional level. The European Food Safety Authority 

(EFSA) is tasked with conducting pesticide risk as-

sessments (135,136). Member States remain how-

ever responsible for national authorisation of plant 

protection products. Moreover, Member States are re-

 

7 a listing of European and international instruments in the field of chemical management, environmental and health protection, sustainable development and inter-
national trade can be found in the Report on Proceedings of the Workshop on Alternative Business Models for Pesticide Reduction (195) and the Annex I of The 
International Code of Conduct on Pesticide Management (200) 

quired to control whether food items sold in the market 

comply with legal limits (‘maximum residue levels’). An 

annual report assessing the pesticide residue levels in 

foods on the European market is published by EFSA 

(137). While all food samples from Luxembourg ana-

lysed for pesticide residues in the framework of the EU 

multiannual control programme (EU MACP) were 

compliant with the legal limits (138), it is worth noting 

that the current maximum residue levels are based 

solely on absorption through the digestive tract and fo-

cus on a single active ingredient at a time, without ac-

counting for combined exposure or other exposure 

pathways (120). 

Figure 7 National and European policy actions steering the transition to a sustainable use of plant protec-

tion products 

https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-sustainable-use-of-pesticides-%E2%80%93-revision-of-the-eu-rules
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Per- and polyfluoroalkyl substances (PFAS) 

PFAS (139) are widely recognized for their persistence, environmental mobility and potential toxicity (28). 

PFAS are primarily used as additives in pesticide formulations to enhance the spread and adhesion of plant 

protection agents on insect and plant surfaces(140). Despite the European Union’s intent to ban all PFAS 

chemicals (141), pesticides containing PFAS are exempt from the REACH Regulation, designed to safeguard 

human health and the environment from chemical risks. Instead, they are classified as registered plant 

protection products, with their active ingredients regulated under Regulation (EC) 1107/2009 (142). One 

example is the active substance Flufenacet (143), which is present in 13 plant protection products authorized 

in Luxembourg for professional use (144). 

Several organizations, including the German Umweltbundesamt , have highlighted regulatory shortcomings 

in assessing PFAS in pesticides, particularly regarding their degradation products, such as trifluoroacetic acid 

(TFA). Due to their persistence and accumulation in the environment, some experts advocate for binding 

regulatory actions to reduce emissions of TFA and its precursors, improved risk assessment methodologies, 

and continued surveillance of PFAS contamination in food and the environment (145). 

 

According to the coalition agreement 2023/2028, 

the Luxembourgish government is promoting the 

sustainable use of plant protection products and 

the phasing out of glyphosate at European level 8. 

Since 2009, the "Ouni Pestiziden" campaign  coor-

dinated by Ëmweltberodung Lëtzebuerg and 

representing partners of the private and public sectors 

works towards the elimination of pesticides from state, 

municipal, agricultural and private land (146). Funding 

from the EU’s Common Agricultural Policy provides 

incentives to farmers for not using plant protection 

products (147). A Grand-Ducal Regulation bans the 

use of pesticides in most protected areas of national 

interest (148). Various plans, directives and agri-

environmental measures9 contribute to the 

implementation of the Plan d’action national de 

réduction des produits phytopharmaceutiques (PAN 

PPP) (149): between 2017/18 and 2021/2022, a 

decrease of the use of the big movers10 by 47% 

and of all PPP by 27% was recorded. The amount 

of glyphosate used has even decreased by 91% 

(150,151). Since 2021, Luxembourg has success-

fully met the Farm to Fork strategy's target of re-

ducing the use of plant protection products by 

50%. 

 

Glyphosate 

The controversial broad-spectrum herbicide glyphosate was granted re-approval by the EU at the end of 2023 

for another ten years (152,153). While the International Agency for Research on Cancer classified it as 

“probably carcinogenic” (154,155), the European Food Safety Authority (EFSA) and the Committee for Risk 

Assessment (RAC) of the European Chemical Agency (ECHA) confirmed that the substance causes serious 

eye damage and is toxic to aquatic life with long lasting effects, but found no scientific evidence for its specific 

target organ toxicity, carcinogenicity or mutagenicity (153,156). The Ramazzini Institute highlights that a 

comprehensive study addressing long-term toxicity, carcinogenicity, and multi-generational effects, conducted 

independently of industry influence, is currently missing (157). In Luxembourg, the use of all products 

containing the herbicide glyphosate was banned on agricultural (between 2021-2023) and public (since 2016) 

land. While the marketing and use of glyphosate is again authorized since 2023, a subsidy encouraging the 

voluntary abandonment of glyphosate use was introduced. 

 

8 Accord de coalition 2023-2028 :« …Dans ce cadre, le Gouvernement promouvra une utilisation durable des produits phytosanitaires afin de garantir la préservation 
de la biodiversité et la protection de nos eaux de surface ainsi que de nos sources. La formation initiale et continue dans le cadre de la réduction des produits 
phytosanitaires sera développée et la sensibilisation à ce sujet sera renforcée… » et « …le Gouvernement s‘engagera en faveur de l’élimination progressive du 
glyphosate au niveau européen et soutiendra parallèlement l’abandon volontaire de celui-ci par le biais de subventions. …» 
9 E.g. La loi de l’eau et la directive cadre sur l'eau, le PAN-Bio 2025, Plan protection des pollinisateurs, Loi agricole, The strategic plan for the CAP 2023-2027 
10 « plant protection products that pose a particular risk or are widely used”(201) 

https://www.umweltbundesamt.de/search/content/pestizidzulassungen?keys=pestizidzulassungen
https://www.ounipestiziden.lu/
https://agriculture.public.lu/de/veroeffentlichungen/pflanzen-und-boeden/pflanzenschutz/pan-reduzierung-psm.html
https://agriculture.public.lu/de/veroeffentlichungen/pflanzen-und-boeden/pflanzenschutz/pan-reduzierung-psm.html
https://agriculture.public.lu/de/veroeffentlichungen/pflanzen-und-boeden/pflanzenschutz/pan-reduzierung-psm.html
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5.4 – Key considerations on pesticide use in Luxembourg 

 

This chapter provides a broad overview of the benefits and drawbacks of pesticides use in Luxembourg’s 

agriculture, as well as the potential impacts of pesticide use in other regions of the world. It emphasizes 

the need to differentiate the different active substances and carefully assess both their acute and chronic 

risks to the environment and human health. Currently, over 500 plant protection products are approved in 

Luxembourg (144). However, the risks associated with many substances, such as some PFAS-containing 

pesticides and possibly glyphosate, remain insufficiently studied. The diversity of these substances makes 

monitoring their presence and identifying their transformation products in surface water particularly chal-

lenging (158,159). While some substances could likely be replaced with physical control methods or alter-

native active ingredients, thorough evaluation is necessary to prevent unintended harm to non-target or-

ganisms, the environment, and crop yields if active substances were banned (160). 
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6.Energy transition and the role of 

Agri-photovoltaics 
 

• How can farmers benefit from Agri-photovoltaics? 

• How can Agri-photovoltaics aid the renewable energy transition? 

• What are the challenges and solutions of using Agri-photovoltaics in a sustainable way? 

6.1 – Agri-photovoltaics combines agricultural production with the genera-

tion of clean electricity 

Most plants and trees do not use all the sunlight 

that they receive and sometimes they can even 

benefit from shade. The excess sunlight can be ab-

sorbed by dispersed photovoltaic panels standing on 

the agricultural land to generate electricity, our most 

flexible power source. This combination of agriculture 

and photovoltaics (Agri-PV) has been trialled with high 

value crops such as salads, through to cereals, fruit 

bushes and even fruit trees (161). 

A pioneering German study found that potato 

yields in an Agri-PV field surprisingly exceeded 

those of a normal field and simultaneously the PV 

panels generated significant energy. Researchers 

found that the shade of the Agri-PV increased the po-

tato yield by 3% compared to the standard field during 

the heatwave of 2018 whilst the Agri-PV panels gen-

erated 83% of the electricity compared to the ground 

mounted PV panels completely covering a normal field 

(Figure 8) (162). Overall, the Agri-PV field with po-

tatoes achieved a land use efficiency of 186%11, as 

compared to 100% for the individual potato and PV 

field use cases.

 

 

Figure 8 In the summer heatwave of 2018 in a test site in Bavaria the potato yield increased under the protective shade 

of Agri-PV panels and generated considerable electricity.  

The diagrams represent the three cases tested, namely a field with just potatoes, a field with potatoes and Agri-PV panels and a field 

with just PV panels. The Agri-PV panels generated 83% of the electricity as compared to the field of standard PV panels optimised for 

generating as much electricity as possible. Overall, the dual land use achieved an efficiency of 186%, as compared to 100% of the 

single use cases (162). 

Land use efficiencies greater than 100% are demon-

strated using Agri-PV in neighbouring European coun-

tries with a variety of crops. Lettuce growers in France 

(163), a pear producer in Belgium (164) and a potato 

and wheat farmer in Germany (162) all achieved land 

use efficiencies greater than 100%. Studies on other 

crops and locations are given in this review paper 

 

11 Land use efficiency tries to combine the very different outputs of crops and electricity into a singular number. Land use efficiency is often expressed as Land 
equivalent ratio (LER) in the literature (161). It is the same number as the land use efficiency divided by 100, leading to numbers between 1 and 2. The LER expresses 
how much of the land would be needed to achieve the same crop yield and electrical power generation if both were done on separate fields. 

(161). In most Agri-PV cases the crop yield reduces 

below 100% but the land use efficiency is above 100% 

due to the compensating production of electricity. 

Agri-PV installations are available in multiple formats 

to suit the Luxembourg context (Figure 9a). Ground 

mounted panels can track the sun or hang vertically 
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and are suitable for meadows and cereals which con-

stitute 30% of Luxembourg’s agricultural land area 

(165) as exemplified by the first Agri-PV installation in 

Kehlen (Figure 9b). Elevated panels of the type in-

stalled in Dudelange are suitable for pasture (Figure 

9c) which constitute 42% of the agricultural land area 

(165). 

 

 

Figure 9 (a) Schematics of the different types of Agri-PV reproduced from (164); (b) Photograph of first Luxembourgish 

Agri-PV system installed in Kehlen in 2024, reproduced from (166), with a capacity of 2 MWp spread of 4.6 hectares 

leaving 90% of the land free as meadow and generating enough electricity to power between 120 and 500 households 

(see box below). The PV panels are mounted on a single tracker system that allows the panels to move in an East-West 

arc during the day to maximise energy yield. The panels may also be rotated vertically to allow farm machinery through 

to cut and collect the grass between the rows; (c) Photograph of the elevated 0.2 MWp PV tracking system suitable for 

use with animal livestock, although here installed in the Parc Laboratoire in Dudelange in this case (167). 

Understanding the capacity of photovoltaic installations, how much energy they can produce and the 

work that can be done. 

A photovoltaic installation capacity is the maximum or peak power of electricity it can produce in standard 

sunny conditions. Since power has units of watts, the peak power is given the symbol of Wp. Depending on 

the size of the installation different prefixes may be used such as k – kilo meaning 1.000, M - mega or 

1.000.000, or G – giga or 1.000.000.000.  

1 kWp of photovoltaic panels has a surface area of ~ 5 m2. The energy that they produce depends on the 

number of hours of sunshine that they receive. In one year in Luxembourg this would be around 1000 hours 

(h) leading to an energy generation of 1000 kWh per year for 1 kWp installed. This amount of energy would 

allow an average electric car with an energy consumption of 20 kWh / 100 km to drive ~ 5000 km per year.  

Note, when describing the energy produced by a photovoltaic installation often the number of family houses 

per year it could supply is specified. This is done by taking the energy produced by the installation for one year 

and dividing it by the electrical energy use for a single house, and for 2025 this is given as 4000 kWh (168). 

The calculated number of houses can be misleading since household consumption varies significantly. The 

electrical demand of a house using fossil fuel-based heating and transport will be vastly different to a house 

using an electric heat pump and car. The electrical demand of a heat pump can vary between 3.000 and 9.000 

kWh per year depending on the size and insulation of the house (168). An electric car travelling 20.000 km per 

year would require 4000 kWh. Therefore, the electricity demand of a house can be expected to vary between 

4.000 and 17.000 kWh per year. Thus, the use of 4000 kWh per year for a single household will start to 

overestimate the numer of households powered through the year as electrification accelerates. 
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6.2 – Agri-photovoltaics offers multiple benefits to farmers beyond the gen-

eration of electricity 
Agri-PV structures may benefit both plants and 

livestock and reduce running costs. Photovoltaic 

panel shading has been found to decrease the amount 

of water that crops require, reduce daytime tempera-

tures protecting delicate crops such as raspberries 

(161), and provide shelter to livestock in the middle of 

the day improving their welfare (169). Other benefits 

such as larger produce, increased quality, double or 

extended harvests have been reported for specific 

crops in certain climatic conditions (161). In some in-

stances, crop yields on Agri-PV are higher than on ref-

erence fields but in the majority of cases crop yields 

decrease to below 80% if the ground coverage of PV 

panels is higher than 25% (170). 

Agri-PV electricity production gives the farmer a 

second income independent of the success or fail-

ure of the agricultural production. The estimated 

cost of Agri-PV electricity over the lifetime of the instal-

lation (levelized cost of electricity) is estimated to be 

between 5- and 11-euro cents/kwh which compares 

favourably with the estimated cost of household roof-

top solar being between 10- and 16-euro cents/kWh 

(171). The economics will mainly depend on the bal-

ance of the loss of crop yield and its market value, the 

cost of the Agri-PV infrastructure and the sales price 

of the electricity. 

Combining batteries with Agri-PV installations 

would enable farmers to maximize their electricity 

sales price and encourage self-consumption re-

ducing CO2 emissions. In electricity markets with a 

time dependent price, farmers can maximise their 

profit by selling their electricity when prices are highest 

enabled by storing the energy in batteries. This addi-

tionally helps the electrical grid by injecting electricity 

when it is most needed. On-site batteries would also 

incentivise self-consumption of energy by electrifying 

farm vehicles, machinery and power generators on the 

farm, reducing and eliminating diesel combustion pol-

lution and noise emissions. The overall economics 

though should be considered on a case-by-case basis 

(172). 

 

6.3 – Agri-photovoltaics can play a role in providing energy security and 

reduce greenhouse gas emissions  

 

Covering 1% of the EU’s agricultural surface with 

Agri-PV would lead to a capacity of 1000 GWp 

(173), well above the EU 2030 target of 600 GWp for 

all photovoltaic installations (174). To achieve the 

EU’s goal of net neutrality by 2050 it is estimated that 

Europe requires a total of between 2000 and 7500 

GWp  (175,176) of photovoltaic installations12. Agri-PV 

is nascent with ~3 GWp of Agri-PV installed (177), 

which is 1% of all photovoltaic installations in Europe. 

The first largescale systems were installed in France 

and Italy in 2011, with the majority of the pioneering 

research taking place additionally in Germany, USA, 

China, Japan and South Korea (178).  

Covering 1.3% of Luxembourg’s agricultural sur-

face with Agri-PV would enable us to reach the 

2030 PNEC photovoltaic target of 1236 MWp
13 

 

12 The large spread of values in the estimation of the required photovoltaic installations by 2050 is because the first study assumes a wind turbine dominated energy 
transition whilst the second study assumes a photovoltaic dominated transition. 
13 At the time of writing 743 MWp is required to meet the 2030 power target of PV. If we assume all this demand is met by Agri-PV installations having a power density 
the same as the Kehlen installation (0.04 kWp/m2), 17 km2 of land would be required, or 1.3% of agricultural land. 
14 The PNEC estimates that Luxembourg’s final energy demand in 2030 will be 35.568 GWh. The targetted 1236 MWp of PV installations will generate approximately 
1236 GWh, or 3.5%. 
15 The EU estimates 0.06 kWp/m2 is possible, 50% higher than in Kehlen (173). The chosen power density depends on the climate and crop under consideration. 

(179). This additional 743 MWp would be added to the 

country’s already existing, predominately building roof 

mounted, 493 MWp (180). Luxembourg’s largest re-

newable energy resource is the sunlight that lands on 

the country’s surface and yet the 2030 capacity target 

of 1236 MWp would only generate 3.5% of the coun-

try’s required energy demand14 (179). By extension, if 

the national goal is to become near energy independ-

ent using photovoltaics in the majority,                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

careful consideration of the energy generated per unit 

area must be given. As discussed in section 6.1, Agri-

PV panels have to allow the sunshine to reach the 

crop below them and are thus less densely packed 

than normal PV panels on rooftops or facades. This 

means that a 1000 m2 area of Agri-PV panels would 

generate between 43 and 60 MWh/year 15 whilst 

closely pack panels would generate 200 MWh/year.  
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Luxembourg is examining the case for Agri-PV 

currently. A first call launched by the government in 

2022 (181) will install 53 MWp over 74 hectares of 

land across 14 project sites examining multiple use 

cases (Figure 10). 

Agri-PV installations require timely electrical grid 

connection to be impactful. The average wait time 

for PV installations to be connected to the grid in Eu-

rope is four years, wasting time, money and re-

sources. Strategic grid extension planning to maxim-

ise the number of grid connections of large installa-

tions would make economic sense.

 

 

6.4 – Careful installation of Agri-photovoltaics will avoid reductions in food 

security, biodiversity and ecosystems 

 

Thoughtless Agri-PV installations may reduce 

crop yields to unacceptable levels, be incompati-

ble with the farm’s current machinery, be a danger 

to birdlife, and disrupt local wildlife during con-

struction. Below is a table of the most important risks 

and mitigations (Table 4).  

Table 4 List of the most important risks and mitigations for Agri-PV installations. 

RISK  MITIGATION 

Too great a reduction in light levels or closeness of 
the panels in combination with a poor choice of crop 
reduces the yield and quality to unacceptable levels 
and may even invite weeds and disease 

 Match the crop to the coverage of photovoltaic pan-
els paying attention to the semi-transparency of the 
panels, a maximum of ~25% coverage of panels is 
recommended to keep crop yields of ~80%. Fruits, 
berries and green leaves tolerate higher levels of 
shading (170) 

Poor choice of panel placement and installation size 
/ height can block or hinder the type of farm machin-
ery used. 

 Check machinery dimensions to get proper panel 
placement (182)  

Electrical power lines act as obstructions or electro-
cution risk to birds 

 Add markers, change design or bury powerlines be-
neath the earth surface (183)  

Biodiversity and soil structure suffer during construc-
tion due to heavy machinery and chemicals use, with 
local wildlife disrupted due to light, noise and vibra-
tion. 

 Implement operational (minimize vehicles, limit 
roads and pathways, locate facilities away from sen-
sitive areas) and abatement (reduce emissions, 
chemical and light pollutants, stabilize soil erosion) 
controls to minimize impacts. Avoid scheduling con-
struction in sensitive time periods (breeding, hiber-
nation, migration) (184) 

 

Figure 10 Map of pilot Agri-PV projects in Luxembourg 
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Food production can be boosted by changing the 

type of agricultural production to more than offset 

any loss of yield caused by the implementation of 

Agri-PV. A meta study of academic research has 

found that crop yields grown under Agri-PV installa-

tions tend to decrease, with some exceptions (170). 

Legislatively, an Agri-PV installation in France, Japan, 

and Germany is not allowed if the crop yield falls below 

90%, 80%, and 66% respectively of the reference 

yield without Agri-PV (185). Since the amount of food 

needed by humans will only increase due to rising 

population, methods to increase food production or re-

duce inefficiencies are required. For example, not all 

animals convert fodder into edible protein with equal 

efficiency. The protein efficiency of beef (a major prod-

uct of Luxembourg), pork and poultry is 4, 9 and 20% 

respectively (186).That means for the same amount of 

fodder, five times as much poultry protein can be pro-

duced as beef protein. This factor of five would more 

than compensate for any loss of yield in fodder pro-

duction due to Agri-PV. Viewed differently, the land 

area required for 100 g of protein from beef, pork, and 

poultry is 164, 11, and 7 m2.year (area multiplied by 

years occupied) respectively. Contrastingly, 100 g of 

protein from peas which contains all necessary amino 

acids requires 3 m2.year (187). If more animals and 

humans eat legumes, less land area would be re-

quired overall to feed the human population. 

Agri-PV could be an opportunity to reset current mod-

ern monoculture agriculture production. Monoculture 

crops lead to a reduction in biodiversity and pollina-

tors. In certain contexts, agrivoltaics in combination 

with planting the right species underneath and around 

them and applying the right management may lead to 

improvements in biodiversity and pollinator popula-

tions (188) 

Successful Agri-PV requires new interdisciplinary re-

lationships both in the field and at the research level. 

Agri-PV is an emerging field, and new relations are re-

quired between photovoltaic companies, farmers, 

agronomists, engineers, government and research-

ers. The effect of the photovoltaic installations on crop 

yield, soil structure and pollinator health and well-be-

ing also need to be considered in the local context. 

Since Agri-PV is still nascent, further research into 

long term crop yields, sensors, crop types and biodi-

versity are required. The impact on soil life, microcli-

mate, and biodiversity also is not fully clarified, and the 

long-term influence on animals remains unclear. 

6.5 – Agri-photovoltaics offer benefits, and the pioneer installations should 

be studied to draw lessons for the improvement of future ones 

Agri-photovoltaics offers the opportunity to rap-

idly expand renewable electricity generation and 

contribute to the overall demand of Luxembourg 

whilst boosting the incomes of local farmers. The 

EU commission is expected to offer guidance on Agri-

PV in 2025 (189). Monitoring of the first Luxembour-

gish 2024-2025 Agri-PV installations (Figure 10) will 

improve understanding and inform further research 

and development to widen the crop base, increase bi-

odiversity and resilience of any future installations.  

Agri-PV alone does not represent a miracle solution 

for diversification in agriculture, our challenges in bio-

diversity, or in the energy transition. However, it rep-

resents a building block in the mosaic of solutions for 

a successful energy transition. With its ability to sup-

port adaptation to climate change, to strengthen the 

income options of farmers and contribute to energy 

security, Agri-PV is one of the key technologies for a 

sustainable future. 
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7.Conclusive remarks daring a 

glimpse on agriculture policy 

perspectives 
 

Recently, the global Agriculture Ministers’ Conference 

recognised that “sustainable and resilient agriculture 

and food systems are crucial for global food security 

and nutrition ”. 

Innovative strategies and technologies may contribute 

to the intensification of agricultural production while 

minimizing environmental impacts. However, their 

implementation must be carefully planned, con-

text-specific, and closely monitored through na-

tional and European policy measures. 

All EU institutions have recognized that farmers 

must be active partners in shaping the future of 

agriculture, as well as partners in environmental 

and biodiversity protection. Acknowledging the 

farmer’s reliance on EU and state subsidies, as well 

as the challenges they face regarding financial secu-

rity, long-term prospects, and social recognition, the 

EU has taken concrete steps to include farmers' 

voices. Initiatives such as online surveys  and the 

Strategic Dialogue on the Future of EU Agriculture  

have been launched to directly involve farmers and 

key stakeholders from across the agri-food sector.  

In December 2024, EU agriculture ministers an-

nounced that post-2027 CAP will place greater focus 

on farmers, guaranteeing stable incomes and robust 

support for the sector’s transition toward more sustain-

able practices (190). Several drivers to encourage 

farmers have been identified (120,191–195), such as 

compensating for yield losses related to the imple-

mentation of new approaches, defining pesticide-spe-

cific reduction targets and testing and demonstrating 

new approaches in pilot farms. 

In Luxembourg, initiatives like the Land-

wirtschaftsdësch  bring together representatives of 

Luxembourg's agricultural sector to collaboratively de-

velop solutions for the pressing challenges of agricul-

ture, today and the future. However, to address 

these challenges in a truly holistic manner also on 

national scale, all stakeholders—including food 

chain operators and civil society—need to be ac-

tively involved in the discussion. 

Global food demand is projected to rise by 35% to 

56% between 2010 and 2050 (196) driven by popula-

tion growth. Policy measures encouraging behav-

ioural change not only among farmers but also 

consumers are essential. For instance, promoting 

the reasonable consumption of animal products would 

enable a larger share of agricultural land to be dedi-

cated to production of human food rather than animal 

feed. Moreover, encouraging the consumption of lo-

cally produced food that meets sustainable production 

standards would help ease pressure on water and soil 

resources—both locally and in regions where inputs 

are less regulated. 

In February 2025, the European Commission unveiled 

its “Vision for agriculture and food ” emphasizing 

that a successful future for EU agriculture depends on 

active collaboration with farmers, key institutions, food 

chain operators, and civil society. The Ministry of Ag-

riculture, Food and Viticulture in Luxembourg 

launched recently a consultation debate  on key top-

ics related to food. 

This is certainly promising. However, the current doc-

ument identifies significant knowledge gaps that must 

be addressed to enable an evidence-based policy-

making for sustainable agriculture and food. It also 

highlights the essential role of independent research-

ers in generating context-specific data and developing 

innovative solutions to enhance agriculture's adapta-

tion to the triple planetary crisis. 

 

 

 

https://www.bmel.de/SharedDocs/Downloads/EN/_International-Affairs/gffa-2025-communique-en.pdf?__blob=publicationFile&v=2
https://www.bmel.de/SharedDocs/Downloads/EN/_International-Affairs/gffa-2025-communique-en.pdf?__blob=publicationFile&v=2
https://www.bmel.de/SharedDocs/Downloads/EN/_International-Affairs/gffa-2025-communique-en.pdf?__blob=publicationFile&v=2
https://agriculture.ec.europa.eu/consultations-eu-initiatives-agriculture-and-rural-development/farmers-consultation-simplification_en
https://commission.europa.eu/topics/agriculture-and-rural-development/strategic-dialogue-future-eu-agriculture_en
https://agriculture.public.lu/de/aktuelles/2024/maerz/landwirtschaftsdesch.html
https://agriculture.public.lu/de/aktuelles/2024/maerz/landwirtschaftsdesch.html
https://agriculture.ec.europa.eu/vision-agriculture-food_en#:~:text=Shaping%20the%20future%20of%20farming%20and%20the%20agri-food,entire%20value%20chain%20within%20the%20EU%20and%20globally.
https://www.chd.lu/fr/debate/4428


Chambre des Députés | Cellule scientifique 33 Note de recherche scientifique PS-002 
 

8. Reference list 
 

1. Eardley F. Rising cost of agricultural fertiliser and feed: Causes, impacts and government policy [Internet]. 

[cited 2024 Aug 23]. Available from: https://lordslibrary.parliament.uk/rising-cost-of-agricultural-fertiliser-and-

feed-causes-impacts-and-government-policy/ 

2. Devot A, RL, AB, DD, CGE, GL, AV, and RJ, Rouillard J. The impact of extreme climate events on agricultural 

production in the EU [Internet]. 2023 [cited 2024 Nov 8]. Available from: https://www.europarl.eu-

ropa.eu/RegData/etudes/STUD/2023/733115/IPOL_STU(2023)733115_EN.pdf 

3. HRISTOV J, TORETI A, PEREZ DI, DENTENER F, FELLMANN T, ELLEBY C, et al. Analysis of climate 

change impacts on EU agriculture by 2050. EUR 30078 EN [Internet]. 2020 May 13 [cited 2024 Nov 

12];(26):1–29. Available from: https://publications.jrc.ec.europa.eu/repository/handle/JRC119632 

4. The European environment — state and outlook 2020 — European Environment Agency [Internet]. [cited 

2024 Nov 12]. Available from: https://www.eea.europa.eu/soer/publications/soer-2020 

5. Crenna E, Sinkko T, Sala S. Biodiversity impacts due to food consumption in Europe. J Clean Prod. 2019 

Aug 1;227:378–91.  

6. Beillouin D, Ben-Ari T, Malézieux E, Seufert V, Makowski D. Positive but variable effects of crop diversifica-

tion on biodiversity and ecosystem services. Glob Chang Biol [Internet]. 2021 Oct 1 [cited 2024 Nov 

19];27(19):4697–710. Available from: https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.15747 

7. Rapport annuel 2023 - Landwirtschaftsportal - Luxembourg [Internet]. [cited 2025 Mar 12]. Available from: 

https://agriculture.public.lu/de/veroeffentlichungen/agrarpolitik/rapport-annuel/2023.html 

8. Statistiques sur la structure des exploitations agricoles - Statistics Explained [Internet]. [cited 2024 Nov 15]. 

Available from: https://ec.europa.eu/eurostat/statistics-explained/index.php?oldid=442609 

9. Bilan intermédiaire du PAN-Bio 2025 - Le gouvernement luxembourgeois [Internet]. [cited 2024 Nov 15]. 

Available from: https://gouvernement.lu/fr/actualites/toutes_actualites/communiques/2023/05-mai/17-bilan-

panbio.html 

10. Sotte F, Vergamini D. The Green Deal and the CAP 2023–2027. European Agricultural Policy [Internet]. 

2025 [cited 2025 Mar 17];219–35. Available from: https://link-springer-com.proxy.bnl.lu/chap-

ter/10.1007/978-3-031-83313-7_11 

11. Matthews A. The EU’s Common Agricultural Policy Post 2020: Directions of Change and Potential Trade 

and Market Effects. [Internet]. Geneva; 2018 [cited 2025 Mar 17]. Available from: https://web.uvic.ca/~koo-

ten/Agriculture/EUPolicyMatthews(2018).pdf 

12. Memo on the Commission’s package of support to EU farmers [Internet]. [cited 2025 Mar 17]. Available from: 

https://ec.europa.eu/commission/presscorner/detail/en/qanda_24_1494 

13. Supporting a transition to sustainable farming systems: Reflecting on the CAP implementation and the use 

of crisis responses - IEEP AISBL [Internet]. [cited 2025 Mar 17]. Available from: https://ieep.eu/publica-

tions/supporting-a-transition-to-sustainable-farming-systems-reflecting-on-the-cap-implementation-and-the-

use-of-crisis-responses/ 

14. GmbH Ö, Münch A, Badouix M, Gorny H, Messinger I, Schuh B, et al. Comparative analysis of the CAP 

Strategic Plans and their effective contribution to the achievement of the EU objectives STUDY Requested 

by the AGRI Committee Policy Department for Structural and Cohesion Policies Directorate-General for 

Internal Policies PE.  

15. CAP Strategic Plans - European Commission [Internet]. [cited 2025 Mar 17]. Available from: https://agricul-

ture.ec.europa.eu/cap-my-country/cap-strategic-plans_en 



Chambre des Députés | Cellule scientifique 34 Note de recherche scientifique PS-002 
 

16. Organic action plan - European Commission [Internet]. [cited 2025 Mar 17]. Available from: https://agricul-

ture.ec.europa.eu/farming/organic-farming/organic-action-plan_en 

17. DÍaz M, Concepción ED, Morales MB, Alonso JC, Azcárate FM, Bartomeus I, et al. Environmental Objectives 

of Spanish Agriculture: Scientific Guidelines for their Effective Implementation under the Common Agricul-

tural Policy 2023-2030. https://doi.org/1013157/arla6822021.fo1 [Internet]. 2021 Jun 29 [cited 2025 Mar 

17];68(2):445–60. Available from: https://bioone.org/journals/ardeola/volume-68/issue-

2/arla.68.2.2021.fo1/Environmental-Objectives-of-Spanish-Agriculture--Scientific-Guidelines-for-

their/10.13157/arla.68.2.2021.fo1.full 

18. Cavallin E. Carbon Farming and the Commission Proposal for a Regulation on a Certification Framework for 

Carbon Removals: a Legal Perspective. Journal for European Environmental and Planning Law. 

2024;21(1):41–71.  

19. Carbon Removals and Carbon Farming - European Commission [Internet]. [cited 2025 Mar 24]. Available 

from: https://climate.ec.europa.eu/eu-action/carbon-removals-and-carbon-farming_en 

20. Becker S;, Grajewski R;, Rehburg P. Where does the CAP money go? Design and priorities of the draft CAP 

Strategic Plans 2023-2027 Standard-Nutzungsbedingungen. [cited 2025 Mar 17]; Available from: 

https://doi.org/10.3220/WP1655118238000 

21. Country Factsheets [Internet]. [cited 2025 Mar 17]. Available from: https://agridata.ec.europa.eu/exten-

sions/CountryFactsheets/CountryFactsheets.html?memberstate=Luxembourg 

22. CMEF - European Commission [Internet]. [cited 2025 Mar 21]. Available from: https://agriculture.ec.eu-

ropa.eu/common-agricultural-policy/cap-overview/cmef_en#towardsthepmef 

23. Rapport Annuel de Performance 2023 plus Annexe QMS - Landwirtschaftsportal - Luxembourg [Internet]. 

[cited 2025 Mar 17]. Available from: https://agriculture.public.lu/de/veroeffentlichungen/agrarpolitik/gap-

2023-2027/rapport-annuel-performance-2023-plus-annexe.html 

24. Agriculture and Rural Development ENSURING VIABLE FARM INCOME CAP SPECIFIC OBJECTIVES 

…explained-Brief No 1.  

25. Legowski M, Brzezina N, Ciaian P, Lima M, Mondelaers K, Van De Pol L, et al. Agriculture and Rural Devel-

opment CAP SPECIFIC OBJECTIVES …explained-Brief No 3.  

26. Result-based approaches to AECM.  

27. Report on CAP 2023-2027 highlights shift towards a sustainable EU farming model - TOOLS4CAP [Internet]. 

[cited 2025 Mar 21]. Available from: https://www.tools4cap.eu/report-on-cap-2023-2027-highlights-shift-to-

wards-a-sustainable-eu-farming-model/ 

28. Schreefel L, Creamer RE, van Zanten HHE, de Olde EM, Koppelmäki K, Debernardini M, et al. How to 

monitor the ‘success’ of agricultural sustainability: A perspective. Glob Food Sec [Internet]. 2024 Dec 1 [cited 

2025 Mar 21];43:100810. Available from: https://linkinghub.elsevier.com/retrieve/pii/S2211912424000725 

29. European Partnership “Agriculture of Data”-Unlocking the potential of data for sustainable agriculture-Stra-

tegic Research and Innovation Agenda.  

30. Assurance and audit - European Commission [Internet]. [cited 2025 Mar 17]. Available from: https://agricul-

ture.ec.europa.eu/common-agricultural-policy/financing-cap/assurance-and-audit_en 

31. EU bioeconomy makes progress, but struggles on sustainability and climate change action - European Com-

mission [Internet]. [cited 2025 Mar 17]. Available from: https://joint-research-centre.ec.europa.eu/jrc-news-

and-updates/eu-bioeconomy-makes-progress-struggles-sustainability-and-climate-change-action-2024-12-

04_en 

32. LUKEHURST Peter FROST Teodorita AL SEADI CT, Rudolf BRAUN A, Guilherme SOARES B, Andrew Mc 

FARLAN C, Denmark nrcangcca. Utilisation of digestate from biogas plants as biofertiliser.  

33. Beyond energy-monetising biomethane’s whole-system benefi ts. 2023;  



Chambre des Députés | Cellule scientifique 35 Note de recherche scientifique PS-002 
 

34. Tsachidou B, Scheuren M, Gennen J, Debbaut V, Toussaint B, Hissler C, et al. Biogas residues in substitu-

tion for chemical fertilizers: A comparative study on a grassland in the Walloon Region. Science of The Total 

Environment. 2019 May 20;666:212–25.  

35. Fagerström A, Murphy JD, Centre M. IEA Bioenergy Task 37-Country Reports Summary. 2017;  

36. Cardinale BJ, Duffy JE, Gonzalez A, Hooper DU, Perrings C, Venail P, et al. Biodiversity loss and its impact 

on humanity. Nature [Internet]. 2012;486(7401):59–67. Available from: https://doi.org/10.1038/nature11148 

37. Altmayer A. Biodiversity and agriculture [Internet]. 2016 Jun [cited 2025 Mar 11]. Available from: 

https://www.europarl.europa.eu/RegData/etudes/BRIE/2016/583842/EPRS_BRI(2016)583842_EN.pdf 

38. E. S. Brondizio, J. Settele, S. Díaz, H. T. Ngo. IPBES (2019): Global assessment report on biodiversity and 

ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Ser-

vices. [Internet]. Bonn; 2019 [cited 2025 Mar 11]. Available from: https://www.ipbes.net/global-assessment 

39. Isbell F, Craven D, Connolly J, Loreau M, Schmid B, Beierkuhnlein C, et al. Biodiversity increases the re-

sistance of ecosystem productivity to climate extremes. Nature [Internet]. 2015;526(7574):574–7. Available 

from: https://doi.org/10.1038/nature15374 

40. Beaury EM, Finn JT, Corbin JD, Barr V, Bradley BA. Biotic resistance to invasion is ubiquitous across eco-

systems of the United States. Ecol Lett [Internet]. 2020 Mar 1;23(3):476–82. Available from: 

https://doi.org/10.1111/ele.13446 

41. Bender SF, van der Heijden MGA. Soil biota enhance agricultural sustainability by improving crop yield, 

nutrient uptake and reducing nitrogen leaching losses. Journal of Applied Ecology [Internet]. 2015 Feb 1 

[cited 2025 Mar 11];52(1):228–39. Available from: https://onlinelibrary-wiley-

com.proxy.bnl.lu/doi/full/10.1111/1365-2664.12351 

42. European Commission. Healthy soil. 2024.  

43. Jones MS, Wright SA, Smith OM, Besser TE, Headrick DH, Reganold JP, et al. Organic farms conserve a 

dung beetle species capable of disrupting fly vectors of foodborne pathogens. Biological Control [Internet]. 

2019 Oct 1 [cited 2024 Nov 19];137:104020. Available from: https://doi.org/10.1016/j.biocon-

trol.2019.104020 

44. Jones MS, Fu Z, Reganold JP, Karp DS, Besser TE, Tylianakis JM, et al. Organic farming promotes biotic 

resistance to foodborne human pathogens. Journal of Applied Ecology [Internet]. 2019 May 1;56(5):1117–

27. Available from: https://doi.org/10.1111/1365-2664.13365 

45. WWF. Living Planet Report 2016. Risk and resilience in a new era. [Internet]. Gland; 2016 [cited 2025 Mar 

11]. Available from: https://www.worldwildlife.org/pages/living-planet-report-2016 

46. S.G. Potts, V. L. Imperatriz-Fonseca, H. T. Ngo. IPBES (2016). The assessment report of the Intergovern-

mental Science-Policy Platform on Biodiversity and Ecosystem Services on pollinators, pollination and food 

production. [Internet]. Bonn; 2016 [cited 2025 Mar 11]. Available from: https://www.ipbes.net/assessment-

reports/pollinators 

47. European Commission. Enhancing agricultural biodiversity [Internet]. 2024 [cited 2025 Mar 11]. Available 

from: https://agriculture.ec.europa.eu/sustainability/environmental-sustainability/biodiversity_en 

48. VAN WIEREN SE. The potential role of large herbivores in nature conservation and extensive land use in 

Europe. Biological Journal of the Linnean Society [Internet]. 1995 Dec 1;56(suppl_1):11–23. Available from: 

https://doi.org/10.1111/j.1095-8312.1995.tb01114.x 

49. Colling GHTKYSSDL. Red List of the Vascular Plants of Luxembourg. Ferrantia [Internet]. 2025 [cited 2025 

Mar 11]; Available from: https://doi.org/10.1016/j.animal.2022.100671 

50. Fraser MD, Vallin HE, Roberts BP. Animal board invited review: Grassland-based livestock farming and 

biodiversity. animal. 2022 Dec 1;16(12):100671.  



Chambre des Députés | Cellule scientifique 36 Note de recherche scientifique PS-002 
 

51. Clough Y, Kirchweger S, Kantelhardt J. Field sizes and the future of farmland biodiversity in European land-

scapes. Conserv Lett [Internet]. 2020 Nov 1 [cited 2025 Mar 11];13(6):e12752. Available from: 

https://onlinelibrary-wiley-com.proxy.bnl.lu/doi/full/10.1111/conl.12752 

52. Raderschall CA, Bommarco R, Lindström SAM, Lundin O. Landscape crop diversity and semi-natural habitat 

affect crop pollinators, pollination benefit and yield. Agric Ecosyst Environ [Internet]. 2021 Feb 1 [cited 2025 

Mar 11];306:107189. Available from: https://doi.org/10.1016/j.agee.2020.107189 

53. Fahrig L, Girard J, Duro D, Pasher J, Smith A, Javorek S, et al. Farmlands with smaller crop fields have 

higher within-field biodiversity. Agric Ecosyst Environ. 2015 Feb 1;200:219–34.  

54. IUCN. IUCN Red List of Threatened Species [Internet]. 2024 [cited 2025 Mar 11]. Available from: 

https://www.iucnredlist.org/ 

55. Hochkirch A, Bilz M, Ferreira CC, Danielczak A, Allen D, Nieto A, et al. A multi-taxon analysis of European 

Red Lists reveals major threats to biodiversity. PLoS One [Internet]. 2023 Nov 8;18(11):e0293083-. Available 

from: https://doi.org/10.1371/journal.pone.0293083 

56. Natur & emwelt. Die Rote Liste der Brutvögel Luxemburgs 2024 [Internet]. Luxembourg; 2024 [cited 2025 

Mar 11]. Available from: https://www.naturemweltasbl.lu/de/rote-liste-der-brutvoegel-luxemburgs-2024/ 

57. Home | PECBMS - PECBMS [Internet]. [cited 2025 Mar 17]. Available from: https://pecbms.info/ 

58. Martin YLLVSCSLCM de STSSTNMX. A synthetic view of biotope management for butterflies in Luxem-

bourg . Ferrantia [Internet]. 2024 [cited 2025 Mar 11];90:269–84. Available from: https://ps.mnhn.lu/fer-

rantia/publications/Ferrantia90.pdf 

59. European Environment Agency. Article 17 National Summary Factsheet – Luxembourg [Internet]. Copenha-

gen; 2020 [cited 2025 Mar 11]. Available from: https://environnement.public.lu/dam-assets/documents/na-

tur/biodiversite/etat-nature/LU-Article-17-National-Summary.pdf 

60. Penuelas J, Coello F, Sardans J. A better use of fertilizers is needed for global food security and environ-

mental sustainability. Agric Food Secur [Internet]. 2023 Dec 1 [cited 2024 Nov 19];12(1):1–9. Available from: 

https://link.springer.com/articles/10.1186/s40066-023-00409-5 

61. Kleijn D, Kohler F, Báldi A, Batáry P, Concepción ED, Clough Y, et al. On the relationship between farmland 

biodiversity and land-use intensity in Europe. Proceedings of the Royal Society B: Biological Sciences [In-

ternet]. 2008 Nov 18 [cited 2024 Nov 19];276(1658):903–9. Available from: https://royalsocietypublish-

ing.org/doi/10.1098/rspb.2008.1509 

62. von Bertrab MG. The impact of deposited fine sediment on benthic macroinvertebrates in small headwater 

streams in Luxembourg [Internet] [PhD Thesis]. [Duisburg-Essen]: Universität Duisburg-Essen; 2012 [cited 

2025 Mar 11]. Available from: https://duepublico2.uni-due.de/receive/duepublico_mods_00030281 

63. Hessen DO. Biotic Deterioration and Homogenization: Why It Matters. Int J Polit Cult Soc [Internet]. 2024 

Oct 30 [cited 2024 Nov 19];1–23. Available from: https://link.springer.com/article/10.1007/s10767-024-

09498-x 

64. Blann KL, Anderson JL, Sands GR, Vondracek B. Effects of Agricultural Drainage on Aquatic Ecosystems: 

A Review. Crit Rev Environ Sci Technol [Internet]. 2009 Nov [cited 2024 Nov 19];39(11):909–1001. Available 

from: https://www.tandfonline.com/doi/abs/10.1080/10643380801977966 

65. Manning P, Gossner MM, Bossdorf O, Allan E, Zhang YY, Prati D, et al. Grassland management intensifi-

cation weakens the associations among the diversities of multiple plant and animal taxa. Ecology [Internet]. 

2015 Jun 1 [cited 2024 Nov 19];96(6):1492–501. Available from: https://onlineli-

brary.wiley.com/doi/full/10.1890/14-1307.1 

66. Daskalova GN, Kamp J. Abandoning land transforms biodiversity. Science (1979) [Internet]. 2023 May 12 

[cited 2024 Nov 19];380(6645):581–3. Available from: https://www.science.org/doi/10.1126/science.adf1099 



Chambre des Députés | Cellule scientifique 37 Note de recherche scientifique PS-002 
 

67. Benton TG, Vickery JA, Wilson JD. Farmland biodiversity: Is habitat heterogeneity the key? Trends Ecol 

Evol [Internet]. 2003 Apr 1 [cited 2024 Nov 19];18(4):182–8. Available from: http://www.cell.com/arti-

cle/S0169534703000119/fulltext 

68. Schaich H, Rudner M, Konold W. Short-term impact of river restoration and grazing on floodplain vegetation 

in Luxembourg. Agric Ecosyst Environ [Internet]. 2010 Oct 15 [cited 2024 Nov 19];139(1–2):142–9. Available 

from: https://doi.org/10.1016/j.agee.2010.07.012 

69. Special Report 20/2021: Sustainable water use in agriculture: CAP funds more likely to promote greater 

rather than more efficient water use | European Court of Auditors [Internet]. [cited 2024 Dec 18]. Available 

from: https://www.eca.europa.eu/en/publications/SR21_20 

70. ANF. Biodiversität in der Landwirtschaft - Leitfaden für Biodiversitätsverträge [Internet]. Diekirch; 2024 [cited 

2025 Mar 11]. Available from: https://environnement.public.lu/fr/publications/conserv_nature/2024/biodiver-

sitaet-in-der-landwirtschaft.html 

71. Europe’s state of water 2024 : the need for improved water resilience. 2024;108.  

72. McElwee PD, Harrison PA, van Huysen TL, Alonso Roldán V, Barrios E, Dasgupta P, et al. IPBES Nexus 

Assessment: Summary for Policymakers. [cited 2025 Mar 15]; Available from: https://zenodo.org/rec-

ords/13850290 

73. Braun C, Hitaj C, Martínez-Carreras N, Fourvel G. ONLINE WORKSHOP ON From assessing soil erosion 

to estimating its costs for Luxembourg society.  

74. Ferasso M, Bares L, Ogachi D, Blanco M. Economic and Sustainability Inequalities and Water Consumption 

of European Union Countries. Water 2021, Vol 13, Page 2696 [Internet]. 2021 Sep 29 [cited 2025 Mar 

15];13(19):2696. Available from: https://www.mdpi.com/2073-4441/13/19/2696/htm 

75. Water Action Hub | Country: Luxembourg [Internet]. [cited 2024 Dec 20]. Available from: https://waterac-

tionhub.org/geos/country/128/d/luxembourg/ 

76. Luxembourg | WISE Freshwater [Internet]. [cited 2024 Dec 18]. Available from: https://water.eu-

ropa.eu/freshwater/countries/water-resources/luxembourg 

77. State of Luxembourg’s water supply | Sustainability Mag [Internet]. [cited 2025 Mar 15]. Available from: 

https://sustainabilitymag.lu/en/nature/la-crise-de-lor-bleu/state-luxembourgs-water-supply 

78. Directorate-General for Agriculture and Rural Development. Evaluation of the impact of the CAP on habitats, 

landscapes, biodiversity [Internet]. Brussels; 2019 [cited 2025 Mar 17]. Available from: https://agricul-

ture.ec.europa.eu/document/download/b1594b04-da99-4853-a5bb-56e7929acf28_en?filename=ext-eval-

biodiversity-final-report_2020_en.pdf 

79. STATEC. Luxembourg en chiffres 2024 - Statistiques - Luxembourg [Internet]. 2024 [cited 2024 Dec 18]. 

Available from: https://statistiques.public.lu/fr/publications/series/luxembourg-en-chiffres/2024/luxembourg-

en-chiffres-2024.html 

80. Nutrients - European Commission [Internet]. [cited 2025 Mar 17]. Available from: https://agriculture.ec.eu-

ropa.eu/sustainability/environmental-sustainability/low-input-farming/nutrients_en 

81. Christiansen Trine, Rouillard Josselin. Water and agriculture : towards sustainable solutions, EEA Report 

17/2020 [Internet]. Publications Office of the European Union; 2021 [cited 2025 Mar 15]. Available from: 

https://www.eea.europa.eu/en/analysis/publications/water-and-agriculture-towards-sustainable-solutions 

82. OECD. Policies for the Future of Farming and Food in the European Union [Internet]. OECD Agriculture and 

Food Policy Reviews. Paris: OECD; 2023 Oct [cited 2024 Dec 18]. (OECD Agriculture and Food Policy 

Reviews). Available from: https://www.oecd.org/en/publications/policies-for-the-future-of-farming-and-food-

in-the-european-union_32810cf6-en.html 

83. Administration de la gestion de l’eau - Le gouvernement luxembourgeois. Rapport d’activité 2023 [Internet]. 

2023 [cited 2024 Dec 18]. Available from: https://eau.gouvernement.lu/fr/publications/2024/divers/rappor-

ter/rapport-dactivite-2023.html 



Chambre des Députés | Cellule scientifique 38 Note de recherche scientifique PS-002 
 

84. Wasser-Datenbank für Nitratgehalt des Leitungswassers in Deutschland und weiteren Ländern innerhalb 

Europas [Internet]. [cited 2025 Mar 17]. Available from: https://www.nitratdatenbank.de/ 

85. Administration de la gestion de l’eau. Rapport Nitrate 2020-2023. 2024.  

86. EC. EU agricultural outlook 2024-2035. Brussles; 2024.  

87. Archive:Agri-environmental indicator - risk of pollution by phosphorus - Statistics Explained [Internet]. [cited 

2025 Mar 17]. Available from: https://ec.europa.eu/eurostat/statistics-explained/index.php?oldid=496425 

88. Elaboration du 3e plan de gestion - Document final - Administration de la gestion de l’eau - Le gouvernement 

luxembourgeois [Internet]. [cited 2025 Mar 15]. Available from: https://eau.gouvernement.lu/fr/administra-

tion/directives/Directive-cadre-sur-leau/3e-cycle-(2021-2027)/elaboration-du-3e-plan-de-gestion-document-

final.html 

89. Accord de coalition 2023-2028 - Le gouvernement luxembourgeois [Internet]. [cited 2024 Dec 18]. Available 

from: https://gouvernement.lu/fr/publications.gouvernement2024%2Bfr%2Bpublications%2Baccord-coali-

tion%2Baccord-de-coalition-2023-2028.html 

90. Brockwell E, Elofsson K, Marbuah G, Nordmark S. Spatial analysis of water quality and income in Europe. 

Water Resour Econ. 2021 Jul 1;35:100182.  

91. European Environment Agency. Water and agriculture: towards sustainable solutions — European Environ-

ment Agency [Internet]. [cited 2024 Dec 18]. Available from: https://www.eea.europa.eu/publications/water-

and-agriculture-towards-sustainable-solutions 

92. Water & agriculture: adaptive strategies at farm level | EIP-AGRI [Internet]. [cited 2024 Dec 18]. Available 

from: https://ec.europa.eu/eip/agriculture/en/content/water-agriculture-adaptive-strategies-farm-level.html 

93. Closing the blue loops: Responsible and sustainable innovation in the fields of water and ocean | Panel for 

the Future of Science and Technology (STOA) | European Parliament [Internet]. [cited 2024 Dec 18]. Avail-

able from: https://www.europarl.europa.eu/stoa/en/document/EPRS_STU(2024)762845 

94. Westerhoff P, Boyer T, Linden K. Emerging Water Technologies: Global Pressures Force Innovation toward 

Drinking Water Availability and Quality. Acc Chem Res. 2019 May 21;52(5):1146–7.  

95. The nitrogen strategy and the transformation of the rural areas | Nature and biodiversity | Government.nl 

[Internet]. [cited 2024 Dec 18]. Available from: https://www.government.nl/topics/nature-and-biodiversity/the-

nitrogen-strategy-and-the-transformation-of-the-rural-areas 

96. CONSEIL PARLEMENTAIRE INTERREGIONAL INTERREGIONALER PARLAMENTARIERRAT Saarland-

Grand Est-Luxembourg-Rheinland-Pfalz-Wallonie-Communauté Française de Belgique-Deutschsprachige 

Gemeinschaft Belgiens.  

97. Water - European Commission [Internet]. [cited 2025 Mar 17]. Available from: https://agriculture.ec.eu-

ropa.eu/sustainability/environmental-sustainability/natural-resources/water_en 

98. World Health Organization the F and AO of the UN. Environmental and Health Impacts of Pesticides and 

Fertilizers and Ways of Minimizing Them [Internet]. 2021 [cited 2024 Aug 26]. Available from: 

https://www.unep.org/resources/report/environmental-and-health-impacts-pesticides-and-fertilizers-and-

ways-minimizing 

99. Tudi M, Ruan HD, Wang L, Lyu J, Sadler R, Connell D, et al. Agriculture Development, Pesticide Application 

and Its Impact on the Environment. Int J Environ Res Public Health [Internet]. 2021 Feb 1 [cited 2024 Aug 

26];18(3):1–24. Available from: /pmc/articles/PMC7908628/ 

100. How pesticides impact human health and ecosystems in Europe — European Environment Agency [Inter-

net]. [cited 2025 Mar 10]. Available from: https://www.eea.europa.eu/publications/how-pesticides-impact-hu-

man-health 



Chambre des Députés | Cellule scientifique 39 Note de recherche scientifique PS-002 
 

101. Van Maele-Fabry G, Gamet-Payrastre L, Lison D. Household exposure to pesticides and risk of leukemia in 

children and adolescents: Updated systematic review and meta-analysis. Int J Hyg Environ Health [Internet]. 

2019 Jan 1 [cited 2024 Aug 27];222(1):49–67. Available from: https://doi.org/10.1016/j.ijheh.2018.08.004 

102. Bloem BR, Boonstra TA. The inadequacy of current pesticide regulations for protecting brain health: the 

case of glyphosate and Parkinson’s disease. Lancet Planet Health [Internet]. 2023 Dec 1 [cited 2024 Aug 

29];7(12):e948–9. Available from: http://www.thelancet.com/article/S2542519623002553/fulltext 

103. Zhang C, Schilirò T, Gea M, Bianchi S, Spinello A, Magistrato A, et al. Molecular Basis for Endocrine Dis-

ruption by Pesticides Targeting Aromatase and Estrogen Receptor. Int J Environ Res Public Health [Inter-

net]. 2020 Aug 2 [cited 2024 Aug 27];17(16):1–18. Available from: https://pub-

med.ncbi.nlm.nih.gov/32764486/ 

104. Kalliora C, Mamoulakis C, Vasilopoulos E, Stamatiades GA, Kalafati L, Barouni R, et al. Association of pes-

ticide exposure with human congenital abnormalities. Toxicol Appl Pharmacol [Internet]. 2018 May 5 [cited 

2024 Aug 27];346:58. Available from: /pmc/articles/PMC6029725/ 

105. Larsen AE, Gaines SD, Deschênes O. Agricultural pesticide use and adverse birth outcomes in the San 

Joaquin Valley of California. Nature Communications 2017 8:1 [Internet]. 2017 Aug 29 [cited 2024 Aug 

27];8(1):1–9. Available from: https://www-nature-com.proxy.bnl.lu/articles/s41467-017-00349-2 

106. Rigal S, Dakos V, Alonso H, Auniņš A, Benkő Z, Brotons L, et al. Farmland practices are driving bird popu-

lation decline across Europe. Proc Natl Acad Sci U S A [Internet]. 2023 May 23 [cited 2024 Aug 

27];120(21):e2216573120. Available from: https://www.pnas.org/doi/abs/10.1073/pnas.2216573120 

107. Brühl CA, Bakanov N, Köthe S, Eichler L, Sorg M, Hörren T, et al. Direct pesticide exposure of insects in 

nature conservation areas in Germany. Scientific Reports 2021 11:1 [Internet]. 2021 Dec 16 [cited 2025 Mar 

12];11(1):1–10. Available from: https://www-nature-com.proxy.bnl.lu/articles/s41598-021-03366-w 

108. Serrão JE, Plata-Rueda A, Martínez LC, Zanuncio JC. Side-effects of pesticides on non-target insects in 

agriculture: a mini-review. The Science of Nature 2022 109:2 [Internet]. 2022 Feb 9 [cited 2025 Mar 

12];109(2):1–11. Available from: https://link-springer-com.proxy.bnl.lu/article/10.1007/s00114-022-01788-8 

109. Dicks L V., Breeze TD, Ngo HT, Senapathi D, An J, Aizen MA, et al. A global-scale expert assessment of 

drivers and risks associated with pollinator decline. Nature Ecology & Evolution 2021 5:10 [Internet]. 2021 

Aug 16 [cited 2025 Mar 10];5(10):1453–61. Available from: https://www-nature-com.proxy.bnl.lu/arti-

cles/s41559-021-01534-9 

110. BERTOLOZZI-CAREDIO D, SEVERINI S, PIERRE G, ZINNANTI C, RUSTOM R, SANTONI E, et al. Risks 

and vulnerabilities in the EU food supply chain. Publications Office of the European Union [Internet]. 2023 

Nov 21 [cited 2024 Sep 17]; Available from: https://publications.jrc.ec.europa.eu/repository/han-

dle/JRC135290 

111. Fertilisers in the EU Prices, trade and use Contents. 2019 [cited 2024 Aug 22]; Available from: http://ec.eu-

ropa.eu/agriculture/markets-and-prices/market-briefs/index_en.htm 

112. Use of fertilisers in EU agriculture down 10% in 2022 - Eurostat [Internet]. [cited 2024 Aug 22]. Available 

from: https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-20240628-1 

113. Beyond Gas. The Risks of Fertilizer Dependence for EU - Fertilizers Europe [Internet]. [cited 2024 Aug 26]. 

Available from: https://www.fertilizerseurope.com/beyond-gas-the-risks-of-fertilizer-dependence-for-eu/ 

114. Fertiliser prices [Internet]. [cited 2024 Aug 27]. Available from: https://agridata.ec.europa.eu/exten-

sions/DashboardFertiliser/FertiliserPrices.html 

115. Fertilizers Europe asbl. Forecast of food, farming and fertilizer use in the European Union 2023-2033 [Inter-

net]. 2024 [cited 2024 Aug 26]. Available from: https://www.fertilizerseurope.com/wp-content/up-

loads/2024/01/Forecast-2023-33-Studio-web.pdf 



Chambre des Députés | Cellule scientifique 40 Note de recherche scientifique PS-002 
 

116. Agri-environmental indicator - mineral fertiliser consumption - Statistics Explained [Internet]. [cited 2024 Aug 

26]. Available from: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Agri-environmen-

tal_indicator_-_mineral_fertiliser_consumption#Analysis_at_country_level 

117. European Commission | Agri Sustainability Compass [Internet]. [cited 2024 Sep 16]. Available from: 

https://agridata.ec.europa.eu/extensions/compass/compass.html 

118. LUSTAT Data Explorer • Consommation d’engrais chimiques [Internet]. [cited 2024 Nov 15]. Available from: 

https://lustat.statec.lu/vis?lc=fr&pg=3&tm=agriculture&df[ds]=ds-re-

lease&df[id]=DF_D2112&df[ag]=LU1&df[vs]=1.1&dq=.A.S46%2BS47%2BS48&ly[cl]=YEARS&ly[rw]=SPE

CIFICATION 

119. Rapport d’activité 2023 du ministère de l’Agriculture, de l’Alimentation et de la Viticulture - Le gouvernement 

luxembourgeois [Internet]. [cited 2024 Nov 15]. Available from: https://gouvernement.lu/fr/publications/rap-

port-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2023-rapport-activite-agricul-

ture.html 

120. Pesticide Atlas 2022 | Heinrich Böll Stiftung | Brussels office - European Union [Internet]. [cited 2024 Aug 

29]. Available from: https://eu.boell.org/en/PesticideAtlas 

121. Wolfram J, Stehle S, Bub S, Petschick LL, Schulz R. Water quality and ecological risks in European surface 

waters - Monitoring improves while water quality decreases. Environ Int [Internet]. 2021 Jul 1 [cited 2024 

Sep 2];152. Available from: https://pubmed.ncbi.nlm.nih.gov/33684734/ 

122. European commission. EU and Mercosur reach political agreement on groundbreaking partnership [Inter-

net]. 2024 [cited 2025 Feb 25]. Available from: https://ec.europa.eu/commission/presscorner/de-

tail/en/ip_24_6244 

123. Palmieri R, Amice C, Amato M, Verneau F. Beyond the Finish Line: Sustainability Hurdles in the EU–Mer-

cosur Free Trade Agreement. Social Sciences 2024, Vol 13, Page 362 [Internet]. 2024 Jul 8 [cited 2025 Feb 

25];13(7):362. Available from: https://www.mdpi.com/2076-0760/13/7/362/htm 

124. Carriages preview | Legislative Train Schedule [Internet]. [cited 2025 Feb 25]. Available from: 

https://www.europarl.europa.eu/legislative-train/theme-international-trade-inta/file-eu-mercosur-associa-

tion-agreement 

125. European commission. Questions and answers on the EU-Mercosur partnership agreement * [Internet]. 

[cited 2025 Feb 25]. Available from: https://ec.europa.eu/commission/presscorner/detail/en/qanda_24_6245 

126. Eprs. Ratification scenarios for the EU-Mercosur agreement. [cited 2025 Feb 25]; Available from: 

http://www.europarl.europa.eu/thinktank 

127. The EU-Mercosur Free Trade Agreement, its impacts on Agriculture | Greens/EFA [Internet]. [cited 2025 

Feb 25]. Available from: https://www.greens-efa.eu/en/article/study/the-eu-mercosur-free-trade-agreement-

its-impacts-on-agriculture 

128. Mendoza J, Flórez ;, Moshammer B. The EU-Mercosur agreement: Expectations and concerns in light of 

the new geopolitical situation. 2023 [cited 2025 Feb 25]; Available from: https://www.econstor.eu/han-

dle/10419/295134 

129. Ghiotto L, Echaide J. Analysis of the agreement between the European Union and the Mercosur [Internet]. 

Berlin; 2019 [cited 2025 Feb 25]. Available from: https://www.annacavazzini.eu/wp-content/up-

loads/2020/01/Study-on-the-EU-Mercosur-agreement-09.01.2020-1.pdf 

130. BURRELL A, FERRARI E, GONZALEZ MAA, HIMICS M, MICHALEK J, SHRESTHA SK, et al. Potential EU-

Mercosur Free Trade Agreement: Impact Assessment. 2011 [cited 2025 Mar 10]; Available from: https://pub-

lications.jrc.ec.europa.eu/repository/handle/JRC67394 

131. Max Mendez-Parra, Elitsa Garnizova, Daniela Baeza Breinbauer, Stefania Lovo, Jean-Baptiste Velut, Badri 

Narayanan, et al. Sustainability Impact Assessment in Support of the Association Agreement Negotiations 

between the European Union and Mercosur [Internet]. 2020 [cited 2025 Mar 10]. Available from: 



Chambre des Députés | Cellule scientifique 41 Note de recherche scientifique PS-002 
 

https://www.lse.ac.uk/business/consulting/reports/sia-in-support-of-the-association-agreement-negotia-

tions-between-the-eu-and-mercosur 

132. Dupré M, Kpenou S. Ce qu’il faut retenir de l’accord final UE Mercosur - Veblen Institute [Internet]. 2025 

[cited 2025 Feb 25]. Available from: https://www.veblen-institute.org/Ce-qu-il-faut-retenir-de-l-accord-final-

UE-Mercosur-2074.html 

133. European Commission. Farm to Fork Strategy for a fair, healthy and environmentally-friendly food system. 

2020 [cited 2025 Mar 10]; Available from: https://food.ec.europa.eu/document/download/472acca8-7f7b-

4171-98b0-ed76720d68d3_en?filename=f2f_action-plan_2020_strategy-info_en.pdf 

134. Halleux V. Sustainable use of plant protection products [Internet]. 2023 [cited 2025 Mar 10]. Available from: 

https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2022)739218 

135. Pesticides | EFSA [Internet]. [cited 2024 Aug 27]. Available from: https://www.efsa.europa.eu/en/top-

ics/topic/pesticides 

136. The Assessment of Plant Protection Products (PPPs) - European Commission [Internet]. [cited 2024 Aug 

27]. Available from: https://food.ec.europa.eu/plants/pesticides/authorisation-plant-protection-products/as-

sessment-plant-protection-products-ppps_en 

137. Carrasco Cabrera L, Di Piazza G, Dujardin B, Marchese E, Medina Pastor P. The 2022 European Union 

report on pesticide residues in food. EFSA Journal [Internet]. 2024 Apr 1 [cited 2024 Aug 27];22(4):e8753. 

Available from: https://onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2024.8753 

138. The 2022 European Union report on pesticide residues in food [Internet]. [cited 2024 Aug 27]. Available from: 

https://multimedia.efsa.europa.eu/pesticides-report-2022/ 

139. Wang Z, Buser AM, Cousins IT, Demattio S, Drost W, Johansson O, et al. A New OECD Definition for Per- 

And Polyfluoroalkyl Substances. Environ Sci Technol [Internet]. 2021 Dec 7 [cited 2025 Mar 

8];55(23):15575–8. Available from: https://pubs.acs.org/doi/full/10.1021/acs.est.1c06896 

140. Glüge J, Scheringer M, Cousins IT, Dewitt JC, Goldenman G, Herzke D, et al. An overview of the uses of 

per- and polyfluoroalkyl substances (PFAS). Environ Sci Process Impacts [Internet]. 2020 Dec 1 [cited 2025 

Mar 10];22(12):2345. Available from: https://pmc.ncbi.nlm.nih.gov/articles/PMC7784712/ 

141. Per- and polyfluoroalkyl substances (PFAS) - ECHA [Internet]. [cited 2025 Mar 8]. Available from: 

https://echa.europa.eu/hot-topics/perfluoroalkyl-chemicals-pfas 

142. Questions and answers - ECHA [Internet]. [cited 2025 Mar 10]. Available from: https://echa.europa.eu/sup-

port/qas 

143. Álvarez F, Arena M, Auteri D, Leite SB, Binaglia M, Castoldi AF, et al. Peer review of the pesticide risk 

assessment of the active substance flufenacet. EFSA J [Internet]. 2024 Sep [cited 2025 Mar 8];22(9). Avail-

able from: https://pubmed.ncbi.nlm.nih.gov/39345971/ 

144. Produits phytopharmaceutiques [Internet]. [cited 2025 Mar 8]. Available from: https://sat-

urn.etat.lu/tapes/tapes_fr_lst_mlt.jsp 

145. Arp HPH, Gredelj A, Glüge J, Scheringer M, Cousins IT. The Global Threat from the Irreversible Accumula-

tion of Trifluoroacetic Acid (TFA). Environ Sci Technol [Internet]. 2024 Nov 12 [cited 2025 Mar 

8];58(45):19925–35. Available from: https://pubs.acs.org/doi/full/10.1021/acs.est.4c06189 

146. Startseite | Ouni Pestiziden [Internet]. [cited 2024 Aug 30]. Available from: https://www.ounipestiziden.lu/ 

147. Plan stratégique national pour la mise en œuvre de la PAC 2023-2027 - Landwirtschaftsportal - Luxembourg 

[Internet]. [cited 2024 Sep 2]. Available from: https://agriculture.public.lu/de/veroeffentlichungen/agrarpoli-

tik/gap-2023-2027/psn-pac-2023-2027.html 

148. Government position following the annulment of the withdrawal of the authorisations for placing on the mar-

ket for plant protection products containing the active substance glyphosate - government.lu [Internet]. [cited 



Chambre des Députés | Cellule scientifique 42 Note de recherche scientifique PS-002 
 

2024 Aug 30]. Available from: https://gouvernement.lu/en/actualites/toutes_actualites/commu-

niques/2023/04-avril/07-annulation-retrait-glyphosate.html 

149. Aperçu sur la mise en œuvre du plan d’action national de réduction des produits phytopharmaceutiques 

(PAN PPP) - Landwirtschaftsportal - Luxembourg [Internet]. [cited 2024 Sep 2]. Available from: https://agri-

culture.public.lu/de/veroeffentlichungen/pflanzen-und-boeden/pflanzenschutz/apercu-mise-en-oeuvre-pan-

ppp.html 

150. Question Parlementaire | Chambre des députés du grand-duché de Luxembourg [Internet]. [cited 2024 Sep 

2]. Available from: https://www.chd.lu/fr/question/26560 

151. Utilisation de produits phytopharmaceutiques dans l’agriculture et la viticulture et différenciation des „big 

movers“ - Landwirtschaftsportal - Luxembourg [Internet]. [cited 2024 Sep 2]. Available from: https://agricul-

ture.public.lu/de/veroeffentlichungen/agrarstatistik/liste-big-movers.html 

152. Renewal of the approval of glyphosate * [Internet]. [cited 2024 Sep 2]. Available from: https://ec.eu-

ropa.eu/commission/presscorner/detail/en/QANDA_23_5793 

153. Glyphosate - European Commission [Internet]. [cited 2024 Sep 2]. Available from: https://food.ec.eu-

ropa.eu/plants/pesticides/approval-active-substances-safeners-and-synergists/renewal-approval/glypho-

sate_en 

154. Manservisi F, Lesseur C, Panzacchi S, Mandrioli D, Falcioni L, Bua L, et al. The Ramazzini Institute 13-week 

pilot study glyphosate-based herbicides administered at human-equivalent dose to Sprague Dawley rats: 

effects on development and endocrine system. Environ Health [Internet]. 2019 Mar 12 [cited 2024 Sep 

2];18(1). Available from: https://pubmed.ncbi.nlm.nih.gov/30857531/ 

155. Guyton KZ, Loomis D, Grosse Y, El Ghissassi F, Benbrahim-Tallaa L, Guha N, et al. Carcinogenicity of 

tetrachlorvinphos, parathion, malathion, diazinon, and glyphosate. Lancet Oncol. 2015 May 1;16(5):490–1.  

156. All news - ECHA [Internet]. [cited 2024 Sep 2]. Available from: https://echa.europa.eu/fr/-/glyphosate-no-

change-proposed-to-hazard-classification 

157. Global Glyphosate Study by The Ramazzini Institute [Internet]. [cited 2024 Sep 2]. Available from: 

https://glyphosatestudy.org/ 

158. Krier J, Singh RR, Kondić T, Lai A, Diderich P, Zhang J, et al. Discovering pesticides and their TPs in Lux-

embourg waters using open cheminformatics approaches. Environ Int. 2022 Jan 1;158:106885.  

159. Aurich D, Diderich P, Helmus R, Schymanski EL. Non-target screening of surface water samples to identify 

exposome-related pollutants: a case study from Luxembourg. Environ Sci Eur [Internet]. 2023 Dec 1 [cited 

2025 Mar 10];35(1):1–20. Available from: https://link-springer-com.proxy.bnl.lu/article/10.1186/s12302-023-

00805-5 

160. Gensch L, Jantke K, Rasche L, Schneider UA. Pesticide risk assessment in European agriculture: Distribu-

tion patterns, ban-substitution effects and regulatory implications. Environmental Pollution. 2024 May 

1;348:123836.  

161. Asa’a S, Reher T, Rongé J, Diels J, Poortmans J, Radhakrishnan HS, et al. A multidisciplinary view on 

agrivoltaics: Future of energy and agriculture. Renewable and Sustainable Energy Reviews. 2024 Aug 

1;200:114515.  

162. Schindele S, Trommsdorff M, Schlaak A, Obergfell T, Bopp G, Reise C, et al. Implementation of agrophoto-

voltaics: Techno-economic analysis of the price-performance ratio and its policy implications. Appl Energy. 

2020 May 1;265:114737.  

163. Elamri Y, Cheviron B, Lopez JM, Dejean C, Belaud G. Water budget and crop modelling for agrivoltaic 

systems: Application to irrigated lettuces. Agric Water Manag. 2018 Sep 30;208:440–53.  

164. Willockx B, Reher T, Lavaert C, Herteleer B, Van de Poel B, Cappelle J. Design and evaluation of an agri-

voltaic system for a pear orchard. Appl Energy. 2024 Jan 1;353:122166.  



Chambre des Députés | Cellule scientifique 43 Note de recherche scientifique PS-002 
 

165. LUSTAT Data Explorer • Agriculture surface area by product (in ha) [Internet]. [cited 2025 Mar 11]. Available 

from: https://lustat.statec.lu/vis?lc=en&fs[0]=Topics%2C1%7CEnterprises%23D%23%7CAgricul-

ture%20and%20forestry%23D2%23&pg=0&fc=Topics&df[ds]=ds-re-

lease&df[id]=DF_D2100&df[ag]=LU1&df[vs]=1.2&pd=2015%2C2023&dq=A. 

166. Projekt I Green Power Storage Solutions - GPSS [Internet]. [cited 2025 Mar 11]. Available from: 

https://www.gpss.lu/en/projekt/ 

167. Justine Blau D, Decker SA. INAUGURATION DU PARC ET DE DEUX OEUVRES D’ART. 2022;  

168. Prix de l’électricité à partir du 1er janvier 2025: Prolongation de la contribution de l’État au prix de l’électricité 

pour les ménages et introduction d’une nouvelle structure tarifaire pour l’utilisation des réseaux d’électricité 

- Le gouvernement luxembourgeois [Internet]. [cited 2025 Mar 11]. Available from: https://gouverne-

ment.lu/fr/actualites/agenda.gouvernement2024+fr+actualites+toutes_actualites+communiques+2024+12-

decembre+05-prix-electricite-contribution-etat.html 

169. Andrew AC, Higgins CW, Bionaz M, Smallman MA, Ates S. Pasture production and lamb growth in agrivoltaic 

system. AIP Conf Proc [Internet]. 2021 Jun 28 [cited 2025 Mar 17];2361(1). Available from: /aip/acp/arti-

cle/2361/1/060001/718160/Pasture-production-and-lamb-growth-in-agrivoltaic 

170. Dupraz C. Assessment of the ground coverage ratio of agrivoltaic systems as a proxy for potential crop 

productivity. Agroforestry Systems [Internet]. 2023 Dec 1 [cited 2025 Mar 11];98(8):2679–96. Available from: 

https://link.springer.com/article/10.1007/s10457-023-00906-3 

171. Agrivoltaics: Opportunities for Agriculture and the Energy Transition - Fraunhofer ISE [Internet]. [cited 2025 

Mar 17]. Available from: https://www.ise.fraunhofer.de/en/publications/studies/agrivoltaics-opportunities-for-

agriculture-and-the-energy-transition.html 

172. D’Adamo I, Gastaldi M, Luthra S, Rimoldi L. Agrisolar, incentives and sustainability: Profitability analysis of 

a photovoltaic system integrated with a storage system. Energy Reports. 2024 Dec 1;12:251–8.  

173. CHATZIPANAGI A, TAYLOR N, JAEGER-WALDAU A. Overview of the potential and challenges for Agri-

Photovoltaics in the European Union. 2023 [cited 2025 Mar 11]; Available from: https://publications.jrc.ec.eu-

ropa.eu/repository/handle/JRC132879 

174. EUR-Lex - 52022DC0221 - EN - EUR-Lex [Internet]. [cited 2025 Mar 11]. Available from: https://eur-lex.eu-

ropa.eu/legal-content/EN/TXT/?uri=COM%3A2022%3A221%3AFIN&qid=1653034500503 

175. Breyer C, Bogdanov D, Ram M, Khalili S, Vartiainen E, Moser D, et al. Reflecting the energy transition from 

a European perspective and in the global context—Relevance of solar photovoltaics benchmarking two am-

bitious scenarios. Progress in Photovoltaics: Research and Applications [Internet]. 2023 Dec 1 [cited 2025 

Mar 11];31(12):1369–95. Available from: https://onlinelibrary-wiley-

com.proxy.bnl.lu/doi/full/10.1002/pip.3659 

176. Jacobson MZ, von Krauland AK, Coughlin SJ, Dukas E, Nelson AJH, Palmer FC, et al. Low-cost solutions 

to global warming, air pollution, and energy insecurity for 145 countries. Energy Environ Sci [Internet]. 2022 

Aug 11 [cited 2025 Mar 11];15(8):3343–59. Available from: https://pubs.rsc.org/en/content/arti-

clehtml/2022/ee/d2ee00722c 

177. New agrisolar digital map presents over 200 projects across Europe - SolarPower Europe [Internet]. [cited 

2025 Mar 11]. Available from: https://www.solarpowereurope.org/press-releases/new-agrisolar-digital-map-

presents-over-200-projects-across-europe 

178. Ise F. Agrivoltaics: Opportunities for Agriculture and the Energy Transition. [cited 2025 Mar 11]; Available 

from: www.ise.fraunhofer.de 

179. Plan national intégré en matière d’énergie et de climat du Luxembourg pour la période 2021-2030 (PNEC) - 

Le gouvernement luxembourgeois [Internet]. [cited 2025 Mar 11]. Available from: https://gouverne-

ment.lu/fr/dossiers/2023/2023-pnec.html 



Chambre des Députés | Cellule scientifique 44 Note de recherche scientifique PS-002 
 

180. Energieauer : les chiffres clés de l’énergie au Luxembourg - Energieauer [Internet]. [cited 2025 Mar 11]. 

Available from: https://energieauer.lu/ 

181. Appel d’offres pilote pour centrales agrivoltaïques: nouveau coup de pouce pour la production d’énergies 

renouvelables au Luxembourg - Le gouvernement luxembourgeois [Internet]. [cited 2025 Mar 11]. Available 

from: https://gouvernement.lu/fr/actualites/toutes_actualites/communiques/2022/10-octobre/20-turmes-

agrivoltaiques.html 

182. New Agrisolar Handbook reveals benefits for the farming and energy sectors, including up to 60% crop boost 

- SolarPower Europe [Internet]. [cited 2025 Mar 11]. Available from: https://www.solarpow-

ereurope.org/press-releases/new-agrisolar-handbook-reveals-benefits-for-the-farming-and-energy-sectors-

including-up-to-60-crop-boost 

183. Raab R, Schütz C, Spakovszky P, Julius E, Schulze CH. Underground cabling and marking of power lines: 

conservation measures rapidly reduced mortality of West-Pannonian Great Bustards Otis tarda. Bird Con-

serv Int [Internet]. 2012 Sep [cited 2025 Mar 11];22(3):299–306. Available from: https://www-cambridge-

org.proxy.bnl.lu/core/journals/bird-conservation-international/article/underground-cabling-and-marking-of-

power-lines-conservation-measures-rapidly-reduced-mortality-of-westpannonian-great-bustards-otis-

tarda/8174B827D0B8A037D20641D798529E99 

184. Bennun L, van Bochove J, Ng C, Fletcher C, Wilson D, Phair N, et al. Mitigating biodiversity impacts asso-

ciated with solar and wind energy development: guidelines for project developers. Mitigating biodiversity 

impacts associated with solar and wind energy development: guidelines for project developers. 2021 Feb 

23;  

185. Williams HJ, Wang Y, Yuan B, Wang H, Zhang KM. Rethinking agrivoltaic incentive programs: A science-

based approach to encourage practical design solutions. Appl Energy. 2025 Jan 1;377:124272.  

186. Alexander P, Brown C, Arneth A, Finnigan J, Rounsevell MDA. Human appropriation of land for food: The 

role of diet. Global Environmental Change. 2016 Nov 1;41:88–98.  

187. Poore J, Nemecek T. Reducing food’s environmental impacts through producers and consumers. Science 

(1979) [Internet]. 2018 Jun 1 [cited 2025 Mar 11];360(6392):987–92. Available from: https://www-science-

org.proxy.bnl.lu/doi/10.1126/science.aaq0216 

188. Bai Z, Jia A, Bai Z, Qu S, Zhang M, Kong L, et al. Photovoltaic panels have altered grassland plant biodiver-

sity and soil microbial diversity. Front Microbiol. 2022 Dec 15;13:1065899.  

189. Roundtables Europe 2024 – pv magazine International [Internet]. [cited 2025 Mar 17]. Available from: 

https://www.pv-magazine.com/pv-magazine-events/rteu24/ 

190. A competitive EU farming sector based on a farmer-focused common agricultural policy: Council approves 

conclusions - Consilium [Internet]. [cited 2025 Mar 10]. Available from: https://www.consilium.eu-

ropa.eu/en/press/press-releases/2024/12/09/a-competitive-and-farmer-focused-common-agricultural-pol-

icy-council-approves-conclusions/ 

191. Hasler K, Olfs HW, Omta O, Bröring S. Drivers for the Adoption of Different Eco-Innovation Types in the 

Fertilizer Sector: A Review. Sustainability 2017, Vol 9, Page 2216 [Internet]. 2017 Nov 30 [cited 2024 Aug 

29];9(12):2216. Available from: https://www.mdpi.com/2071-1050/9/12/2216/htm 

192. Lechenet M, Dessaint F, Py G, Makowski D, Munier-Jolain N. Reducing pesticide use while preserving crop 

productivity and profitability on arable farms. Nat Plants [Internet]. 2017 Mar 1 [cited 2024 Aug 27];3. Avail-

able from: https://pubmed.ncbi.nlm.nih.gov/28248316/ 

193. Nielsen HØ, Konrad MTH, Pedersen AB, Gyldenkærne S. Ex-post evaluation of the Danish pesticide tax: A 

novel and effective tax design. Land use policy. 2023 Mar 1;126:106549.  

194. Mack G, Finger R, Ammann J, El Benni N. Modelling policies towards pesticide-free agricultural production 

systems. Agric Syst. 2023 Apr 1;207:103642.  



Chambre des Députés | Cellule scientifique 45 Note de recherche scientifique PS-002 
 

195. DataM - Report on Proceedings of the Workshop on Alternative Business Models for Pesticide Reduction - 

European Commission [Internet]. [cited 2024 Sep 17]. Available from: https://datam.jrc.ec.europa.eu/da-

tam/perm/news/5324e062-e86c-49c7-b5dc-8bc0a59ae658?rdr=1726563104445 

196. van Dijk M, Morley T, Rau ML, Saghai Y. A meta-analysis of projected global food demand and population 

at risk of hunger for the period 2010–2050. Nature Food 2021 2:7 [Internet]. 2021 Jul 21 [cited 2024 Nov 

14];2(7):494–501. Available from: https://www-nature-com.proxy.bnl.lu/articles/s43016-021-00322-9 

197. Pesticides - European Commission [Internet]. [cited 2024 Aug 26]. Available from: https://food.ec.eu-

ropa.eu/plants/pesticides_en 

198. Types of fertilizer - Fertilizers Europe [Internet]. [cited 2024 Aug 26]. Available from: https://www.fertilizer-

seurope.com/fertilizers-in-europe/types-of-fertilizer/ 

199. How fertilizers are made - Fertilizers Europe [Internet]. [cited 2024 Aug 26]. Available from: https://www.fer-

tilizerseurope.com/fertilizers-in-europe/how-fertilizers-are-made/ 

200. The International Code of Conduct on Pesticide Management | Pest and Pesticide Management | Food and 

Agriculture Organization of the United Nations | IPM and Pesticide Risk Reduction | Food and Agriculture 

Organization of the United Nations [Internet]. [cited 2024 Sep 16]. Available from: https://www.fao.org/pest-

and-pesticide-management/pesticide-risk-reduction/code-conduct/en/ 

201. Certains produits phytopharmaceutiques interdits - Landwirtschaftsportal - Luxembourg [Internet]. [cited 

2025 Mar 8]. Available from: https://agriculture.public.lu/de/aktuelles/2023/dezember/interdiction-ppp.html 

  

 

 

  



Chambre des Députés | Cellule scientifique 46 Note de recherche scientifique PS-002 
 

 

 

 Cellule scientifique 


