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ABSTRACT
The Regulation (EU) 2020/741 on minimum requirements for water reuse is a key policy for sustainable water management 
under growing water scarcity in Europe. This paper examines expert perspectives on the challenges involved in implementing 
EU regulation for water reuse in agriculture, aiming to broaden existing research, which is largely focused on technical aspects, 
while governance and socio-economic perspectives remain less explored. The research adopts Stakeholder Theory as the analyt-
ical framework with an embedded case study design. A total of 23 semi-structured expert interviews were conducted to collect 
general stakeholder perspectives at European and national levels, complemented by an in-depth view of a water reuse scheme in 
Germany. The findings show that the implementation of the regulation is shaped by interlinked legal, technical, economic and 
social factors. From a legal perspective, results indicate concern about divergence between EU-wide standards and the potential 
introduction of stricter national rules that may reduce feasibility. From a technical and economic perspective, substantial in-
vestments in monitoring, disinfection and risk management could put pressure on small and resource-limited utilities. Socially, 
acceptance among farmers, retailers and consumers is crucial, since reclaimed water can only be used if it is viewed as safe, 
marketable and supported by transparent communication. This study underscores the importance of stakeholder engagement 
and provides insights to support the uptake of water reuse in Europe.

1   |   Introduction

Europe faces escalating pressure on water resources as climate 
change intensifies drought frequency and reduces water avail-
ability across many regions. Recent assessments estimate that 
nearly 40% of the European Union (EU) population already 
experiences water scarcity, and up to half of Europe's river ba-
sins may be affected by 2030 (European Commission  2024a; 
Rakovec et al. 2022). In response, the EU promotes water reuse 
as a strategy under the Water Resilience Strategy (European 
Commission  2025c). The Regulation (EU) 2020/741 on mini-
mum requirements for water reuse (hereafter: WRR) represents 
a central component of this policy. It establishes harmonised 

minimum requirements for reclaimed water quality, monitoring 
and risk management to ensure safe agricultural irrigation.

While the WRR provides a unified framework, its implementa-
tion is far from straightforward, particularly in Mediterranean 
EU countries with pre-existing national legislation and di-
verse institutional arrangements (Berti Suman et  al.  2023; 
Melchers 2024). Water reuse sits at the intersection of water, ag-
riculture, environmental protection and public health, and its 
institutional application requires coordination across multiple 
institutional domains. Moreover, its implementation involves 
multiple governance levels, similar to challenges faced under 
the Water Framework Directive (WFD) (Jager et al. 2016; Riazi 
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et al. 2023; Valin 2026; Zingraff-Hamed et al. 2020). The regu-
lation must be interpreted by national administrations, techni-
cally implemented by wastewater utilities, adopted by farmers 
and accepted by consumers.

Despite the demonstrated technical feasibility of water reuse 
treatment technologies, such as membrane bioreactors, ad-
vanced oxidation, photo-Fenton systems and UV disinfection 
(Antiñolo Bermúdez et al. 2022; Ferreiro et al. 2021; Miralles-
Cuevas et al. 2021; Truchado et al. 2021; Carabias et al. 2023), 
key governance questions remain insufficiently explored. 
Recent research highlights challenges related to the techno-
economic feasibility of water reuse systems (Di Marcantonio 
et al. 2025), persistent public resistance (Di Marco 2025) and 
institutional complexity arising from the interaction of mul-
tiple actors with different responsibilities, knowledge and in-
terests (Matos et al. 2025). In addition, there remains broader 
uncertainty as to whether the WRR will lead to a substantial 
increase in water reuse uptake across the EU (McLennan 
et al. 2024).

More broadly, governance-related aspects remain less explored 
in the WRR literature, where most studies focus on techno-
logical performance or environmental outcomes, while gov-
ernance dynamics, regulatory interpretation or stakeholder 
interactions are only marginally addressed (Berbel et al. 2023; 
Ramm and Smol  2023; McLennan et  al.  2024). Bibliometric 
analyses further show that the research field is dominated 
by environmental and engineering sciences, with fewer than 
10% of publications in the social sciences and fewer than 5% 
in economics (López-Serrano et al. 2020). Public resistance to 
water reuse persists even when framed as a circular economy 
measure, confirming that social acceptance remains a deci-
sive factor in reuse initiatives (Di Marco 2025; Grecksch 2021; 
Marks et al. 2008). Despite this, little is known about how ac-
ceptance interacts with institutional arrangements, risk man-
agement obligations and regulatory requirements introduced 
by the WRR. Empirical evidence is also limited regarding gov-
ernance challenges, particularly on how the WRR's risk-based 
framework is interpreted and implemented by multi-level 
stakeholders.

This study is motivated by the view that implementing EU water 
legislation is not merely a technical process, but is shaped by 
diverse actors with different interests, responsibilities and ca-
pacities. As such, it requires analytical tools that capture in-
terdependencies across institutions and sectors. Stakeholder 
Theory provides a suitable framework as it explores how actors 
influence and are affected by policy processes, how responsi-
bilities are allocated and how cooperation or conflict emerges. 
Originating in organisational studies (Freeman 2010) and fre-
quently applied in environmental governance (Grimble  1998; 
Mitchell et  al.  1997; Powell et  al.  2011), the theory allows for 
tracing how regulatory expectations are interpreted by differ-
ent actors within their institutional and socio-political contexts 
(Yin 2014).

Methodologically, the study applies an embedded case study 
design with two units of analysis: (1) general stakeholder per-
spectives at European and national levels and (2) a detailed ex-
amination of a long-running water reuse scheme. Across both 

units of analysis, 23 semi-structured expert interviews were con-
ducted with stakeholders involved in water governance, waste-
water treatment, agricultural use, regulation and research. This 
design enables the study to move beyond the technical focus of 
existing research and generate empirically grounded insights 
into the governance dynamics of implementation.

By integrating these perspectives, the paper offers a multi-level 
empirical examination of the WRR's implementation, showing 
how diverse stakeholders translate its requirements into oper-
ational practice, identifying key legal, technical, economic and 
social challenges, and addressing an important empirical gap in 
the literature.

2   |   The EU Water Reuse Regulation

2.1   |   Objectives and Scope

The WRR, adopted in 2020 and applicable from June 2023, es-
tablishes minimum requirements, a risk-based framework for 
using reclaimed water in agricultural irrigation, and reporting 
obligations to the European Environment Agency (EEA). The 
regulation defines water quality and monitoring requirements 
for four water quality classes depending on crop types and ir-
rigation methods used. It also requires the preparation of a risk 
management plan (RMP) that can identify additional parame-
ters for health and environmental protection. This risk-based 
approach reflects a shift towards a ‘fit-for-purpose’ approach, 
in which water quality requirements are tailored to specific 
uses and risk profiles rather than applied as uniform standards 
(Hamam et al. 2024; Rebelo et al. 2022). Under Article 2(2), the 
WRR allows Member States (MS) to determine whether water 
reuse is appropriate within their territorial and environmental 
context and to opt out of its implementation, in part or all of their 
territory, provided that such decisions are justified by climatic 
conditions, environmental pressures or the relative sustain-
ability of alternative water sources. National uptake has conse-
quently diverged significantly (see Figure  1). This shows that, 
although best practices developed under the WRR exist, their 
implementation varies widely across MS due to institutional and 
contextual differences (Melchers  2024). For example, by mid-
2023, Mediterranean MS with established reuse traditions—in-
cluding Greece, Cyprus, Portugal and Spain—had fully aligned 
their national frameworks with the requirements of the regula-
tion. In contrast, Germany, Poland and the Baltic States had not 
yet adapted or approved their domestic legislation or adminis-
trative procedures to operationalise the regulation, for example 
by designating competent authorities, defining permitting pro-
cedures or specifying enforcement mechanisms (Berti Suman 
et al. 2023; Ramm and Smol 2023).

2.2   |   Integration Into the EU Water Acquis

The EU Water Acquis comprises the legal framework through 
which the EU regulates the protection and sustainable manage-
ment of its water resources. The WRR forms part of the broader 
EU Water Acquis and interacts closely with two foundational di-
rectives: the Water Framework Directive (WFD) and the Urban 
Wastewater Treatment Directive (UWWTD). Understanding 
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these interactions is essential for explaining both the potential 
and the constraints of the new regulation.

The WFD (2000/60/EC) establishes the overarching goal of 
achieving good ecological and chemical status for all EU waters. 
While it does not explicitly regulate agricultural water reuse, it 
recognises reuse as a potential measure to reduce abstraction 
pressures and supports integrated, basin-level decision-making. 
The WRR contributes to its objectives by addressing water scar-
city, aligning with river basin planning and embedding risk 
management requirements to ensure water reuse is done while 
protecting the environmental status of water bodies. It thereby 
operationalises this potential by providing a legal pathway, al-
though its contribution to WFD objectives depends on national 
and local uptake.

The (recast) Directive (EU) 2024/3019 concerning urban waste-
water treatment governs the collection, treatment and discharge 
of wastewater. Adopted in November 2024, the revised ver-
sion requires MS to introduce an additional quaternary treat-
ment stage in urban wastewater treatment plants to remove 

micropollutants such as pharmaceutical residues, pesticides and 
microplastics. Improved treatment, monitoring and pollution 
control, together with new financing mechanisms under the ex-
tended producer responsibility (EPR), are expected to enhance 
effluent quality and support water reuse while encouraging its 
inclusion in national water resilience strategies. These changes 
are expected to facilitate compliance with the quality and risk 
management requirements set out in the WRR and to make im-
plementation more cost-effective for utilities.

The positioning of the WRR within the wider EU Water Acquis 
creates a complex governance landscape. Effective imple-
mentation requires coordination and a clear allocation of re-
sponsibilities across wastewater utilities, agricultural users, 
environmental and food safety authorities, and regional ad-
ministrations. Divergent national interpretations, overlapping 
regulatory logics and the legal uncertainty around direct and 
indirect (de facto) reuse contribute to uncertainty. As a result, 
water reuse emerges not only as a technical endeavour but 
as a multi-level governance challenge (Melchers  2024; Riazi 
et al. 2023).

FIGURE 1    |    Overview of the implementation status of Regulation (EU) 2020/741. Source: https://​water.​europa.​eu/​fresh​water/​​europ​e-​fresh​water/​​
water​-​reuse​.

https://water.europa.eu/freshwater/europe-freshwater/water-reuse
https://water.europa.eu/freshwater/europe-freshwater/water-reuse
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3   |   Methodology

3.1   |   Research Design and Embedded Case Study 
Approach

The study applies a qualitative, embedded case study design 
following Yin (2014). The WRR is treated as a single case sit-
uated within its real-life policy context, structured through 
two embedded units of analysis: (1) general stakeholder per-
spectives at European and national levels and (2) context-
specific perspectives in Germany, illustrated through the 
long-established water reuse scheme in Braunschweig. This 
design allows for linking broader governance dynamics with 
the concrete implementation challenges observed in a mature 
reuse system.

Germany provides a relevant setting due to its federal structure, 
which distributes responsibilities for water, agriculture and en-
vironmental protection across multiple administrative levels. 
Environmental policies are largely implemented at the level 
of the 16 German states (Bundesländer), resulting in hetero-
geneous institutional arrangements. This creates negotiation 
spaces in which responsibilities under the WRR must be in-
terpreted and assigned. Within this context, the Braunschweig 
scheme represents a long-standing and information-rich case 
for examining governance challenges. Several decades of ex-
perience in using reclaimed water for agricultural irrigation 
offer insight into how established practices, monitoring sys-
tems and risk management arrangements are reinterpreted 
under the new EU requirements. While the focus on Germany 
and Braunschweig limits statistical representativeness, the 
purpose is analytical generalisation. The case serves to iden-
tify governance mechanisms and tensions that may be relevant 
for other MS with comparable institutional and socio-political 
conditions.

3.2   |   Stakeholder Analysis Framework for Water 
Reuse Governance

To examine how diverse actors shape the implementation of 
the WRR, the study employs a stakeholder-oriented method-
ology grounded in the ‘participatory turn’ in environmental 
governance (Bäckstrand 2006; Wilsdon and Willis 2004). This 
approach emphasises inclusive, deliberative engagement and 
is well-suited to capturing the diverse interests and capacities 
that shape water reuse governance. It also reflects recent work 
highlighting the value of participatory approaches such as co-
creation for identifying problems, developing solutions and 
designing governance strategies for water reuse (Giannoccaro 
et al. 2025; Matos et al. 2025).

Stakeholders are defined as actors who either (i) are affected by 
policy outcomes or (ii) have the capacity to influence decision-
making (Freeman  2010; Grimble  1998; Mitchell et  al.  1997; 
Powell et al. 2011). In water reuse governance, this includes ac-
tors involved in planning, permitting, producing, distributing, 
applying or regulating reclaimed water. To identify these actors 
systematically, the study adapts the Five-Step Method developed 
by André et  al.  (2012) for climate adaptation and applies it to 
agricultural water reuse.

1.	 Specify stakeholder types: Four analytical criteria guide 
identification: functional responsibilities (e.g., water man-
agement, agriculture, environmental protection, public 
health), geographical relevance (e.g., drought-affected 
regions or existing reuse sites), knowledge and abilities 
(technical, legal, economic or experiential expertise) and 
hierarchical level (EU, national, regional, local). These 
criteria yield a comprehensive set of institutions, utilities, 
agricultural organisations, associations and scientific 
experts.

2.	 Specify stakeholder roles: Actors were assigned institutional 
roles following André et al. (2012): supporters, knowledge 
providers, disseminators, funders, experts, implementers, 
coordinators, regulators and affected stakeholders. These 
roles clarify each actor's relevance and contribution.

3.	 Select stakeholders: Selection combined document analy-
sis, theoretical sampling and snowball sampling to ensure 
inclusion of actors with formal mandates, practical experi-
ence and specialised knowledge.

4.	 Associate stakeholders with roles: Each actor may hold 
multiple roles. Utilities, for example, act simultaneously as 
technical experts, implementers and coordinators; agricul-
tural associations may represent both affected stakehold-
ers and knowledge providers.

5.	 Analyse stakeholder influence, interest and capacity for 
change: Influence refers to the ability to shape how the 
regulation is interpreted; interest reflects the degree to 
which actors are affected; capacity for change captures in-
stitutional authority and willingness to engage. The anal-
ysis draws on power-interest logics similar to the salience 
framework by Mitchell et al. (1997).

3.3   |   Data Collection: Semi-Structured Expert 
Interviews

Data collection followed a qualitative expert-oriented ap-
proach consistent with the embedded case study design. 
Semi-structured interviews allowed experts to articulate spe-
cialised knowledge while maintaining comparability across 
responses. Interviews were conducted between May 2023 and 
January 2024 and addressed interpretations of the regulation, 
perceived opportunities and constraints, institutional roles, 
planning and permitting procedures, cooperation between au-
thorities and utilities, and anticipated needs for policy devel-
opment. The emphasis of each interview was adapted to the 
interviewee's institutional role.

In total, 23 expert interviews (IEs) were conducted with partic-
ipants from Germany, Spain, Italy, Belgium and Jordan. Most 
of the IEs were based in Germany. Participants held senior 
positions and had direct responsibilities in wastewater man-
agement, regulation or research, with professional experience 
ranging from 2 to over 50 years. Interview duration ranged from 
12 to 58 min. For the Braunschweig unit, interviews additionally 
focused on historical development, operational models, agro-
nomic practices and the perceived implications of the new regu-
lation for monitoring and risk management.
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All interviews were conducted in person or online, recorded 
with informed consent and anonymised according to institu-
tional ethical procedures.

Table 1 summarises actor classifications, roles and assessments 
of influence, interest and capacity. Stakeholders from the food 
sector and consumer organisations were not included because 
the regulatory boundary requirements end at the irrigation-field 
level. Although relevant for market acceptance, downstream 
value-chain perspectives fall outside the WRR's formal scope.

3.4   |   Data Analysis: Thematic Coding 
and Stakeholder Roles

Data from interviews were analysed following a thematic ap-
proach combining deductive and inductive elements (Braun and 
Clarke 2013). Transcripts were imported into NVivo for system-
atic coding. A deductive coding framework was developed from 
existing literature on water reuse governance and prior analysis 
of the WRR, including categories related to public perception, 
water governance, risk management and financing.

The framework was refined inductively as new issues emerged, 
such as liability, contractual arrangements, monitoring capac-
ities and cross-sectoral coordination. Codes were merged and 
reorganised to maintain analytical coherence.

Higher-order themes were consolidated under four dimensions: 
legal, technical, economic and social aspects of implementation. 
Within each dimension, the analysis considered stakeholder 
roles, interests, capacities and interactions. The thematic anal-
ysis and the stakeholder framework were mutually informative: 
roles helped to interpret themes, while themes clarified how ac-
tors shape and experience governance processes (see Table 1).

Finally, the two units of analysis—European and national 
perspectives, and the context-specific insights from the 
Braunschweig case—were compared to identify areas of conver-
gence and divergence.

4   |   Results

The results section presents the opinions of IEs organised into 
two units of analysis. The first unit synthesises general stake-
holder perspectives on the implementation of the WRR across 
European and national governance levels. The second unit ex-
amines the specific context of Germany, illustrated through the 
case study in Braunschweig.

4.1   |   General Stakeholder Perspectives (Unit 
of Analysis 1)

4.1.1   |   Legal Aspects

The legal dimension of implementing the WRR concerns three 
issues: (i) the feasibility of the regulatory timeline, (ii) national 
application of minimum requirements and (iii) the perceived 
legal gap regarding indirect irrigation.

4.1.1.1   |   Regulatory Timeline.  Stakeholders frequently 
described the three-year implementation period (2020–2023) 
as difficult to meet, particularly for operators responsible 
for upgrading treatment infrastructure. A German utility rep-
resentative (IE10) argued that decades-old systems require 
extensive planning and investment, which cannot be completed 
within 3 years. A similar view was reported from Spain, where 
an interviewee (IE5) cited short preparation periods, operational 
constraints and delays caused by the COVID-19 pandemic.

Other stakeholders offered different interpretations. Some in-
terviewees argued that facilities, such as those in Braunschweig 
and another German water reuse scheme, had sufficient time to 
prepare but did not prioritise early action. One interviewee sug-
gested that compliance efforts often intensify only when dead-
lines approach. This interpretation reflects a broader pattern 
in public administration, where regulatory attention increases 
when enforcement becomes imminent.

4.1.1.2   |   National Application.  A second legal issue con-
cerns how MS interpret and apply the WRR within national 
frameworks. The regulation permits identification of additional 
measures, if justified under risk assessment. Some stakeholders 
believed that this allows contextual adaptation but also creates 
tensions. For example, one IE assumed that German authorities 
are inclined to introduce stricter national requirements, partic-
ularly for bacteriological parameters and trace substances. In 
their view, this tendency reflects what they perceive as a cau-
tious administrative culture.

Operators and local practitioners, however, often questioned 
the proportionality of these stricter rules. An IE from the 
Braunschweig reclamation facility (IE4) described the tight-
ening of national standards as unrealistic and financially un-
sustainable. A colleague from another German facility (IE1) 
warned that efforts to regulate trace substances without a clear 
legal basis or feasible technology could jeopardise water reuse 
entirely.

A further perspective emerged from interviewees concerned 
with market integration. One IE questioned whether additional 
national standards are compatible with the principle of free 
movement of goods. The point was that the potential rejection 
of food irrigated with reclaimed water that is legally compliant 
in another MS could violate EU rules on the free movement 
of goods.

4.1.1.3   |   Regulatory Gap and the Governance of Indirect 
Irrigation.  A third issue concerns a perceived regulatory gap: 
the WRR focuses on planned reuse, while indirect irrigation 
remains largely unregulated. Several IEs expressed concern 
that this situation creates misleading expectations of safety, as 
stricter requirements apply for planned reuse than for water 
abstracted after discharge. As IE12 noted, there is no specific 
European or German legislation governing the quality of water 
used for agricultural irrigation in such indirect practices.

On the practical side, this legal gap allows treated wastewa-
ter to be discharged into surface water and later abstracted by 
farmers without meeting the WRR quality standards. While 
this complies with discharge requirements under the UWWTD, 
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it circumvents the minimum thresholds set for reuse and may 
involve additional risks, for example due to salinity or microbio-
logical contamination (IE5).

Interviewees ascribe this situation to a misalignment between 
the two frameworks: the UWWTD regulates water quality at the 
point of discharge, whereas the WRR sets requirements at the 
point of compliance, usually the outlet point at the reclamation 
facility. As a result, indirectly reused water may fall outside the 
WRR's scope while still being used for irrigation. Interviewees 
further noted that this ambiguity contributes to inconsistent 
public narratives, for example in debates about the safety of im-
ported products irrigated with reclaimed water, despite limited 
awareness of irrigation water quality used for similar crops in 
the importing country.

4.1.2   |   Technical Aspects

The interviews identified technical aspects of the WRR, notably 
the distinction between disinfection requirements for reclaimed 
water and the applicable minimum quality standards.

4.1.2.1   |   Disinfection.  The regulation requires disinfec-
tion for all classes of reclaimed water used in irrigation. Sev-
eral interviewees described this requirement as a key strength 
of the new framework. A policy-oriented participant (IE13) saw 
harmonised disinfection standards as essential for creating uni-
form market conditions and improving acceptance across MS.

Practitioners responsible for implementation offered a different 
view. A utility representative (IE1) acknowledged the value of 
disinfection to ensure safety but emphasised constraints in up-
grading treatment plants, particularly in facilities with limited 
space or existing load conditions.

Economic considerations also shaped stakeholders' interpre-
tations. IE20 and IE9 highlighted the substantial costs and 
energy requirements associated with advanced disinfection 
technologies. Smaller treatment plants may face difficulties 
meeting the requirements without external support. Some 
interviewees proposed integrative technological approaches, 
suggesting that synergies with the UWWTD could reduce 
costs if disinfection processes are embedded into broader 
treatment upgrades.

In contrast, other stakeholders questioned the narrow focus 
on microbial parameters. A researcher (IE18) criticised that 
the regulation prioritises disinfection while overlooking other 
contaminants of emerging concern (CECs), including antibiotic 
resistant genes and medical substances. A complementary per-
spective was added by IE9, who pointed to a potential paradox: 
the strong emphasis on treatment may lead to reliance on pollu-
tion removal rather than prevention at the source.

4.1.3   |   Economic Aspects

The economic dimension of the WRR concerns two central is-
sues: (i) the costs of preparing and maintaining RMPs and (ii) 
the energy implications to achieve the required water quality.

4.1.3.1   |   Risk Management Plans.  The regulation 
requires all actors involved in a water reuse system to develop 
a RMP, introducing additional administrative responsibili-
ties for utilities, farmers and authorities. Interviewees from 
reclamation facilities described the associated workload as 
substantial. A representative from a German facility (IE22) 
emphasised the experienced bureaucratic intensity of the pro-
cess and explained that their first draft plan reached nearly 1000 
pages. However, the same interviewee also highlighted that 
the detailed plan had then enabled authorities to grant a tempo-
rary permit extension allowing reuse with a lower quality class.

Policymakers such as IE13 therefore considered this flexibility 
essential for protecting public health and the environment, as 
RMPs allow authorities to evaluate site-specific quality require-
ments rather than applying uniform standards.

IEs also highlighted the various economic implications of RMPs. 
Large utilities typically have greater technical capacity, while 
smaller facilities and farmers may face disproportionate bur-
dens due to the need for additional expertise and consultancy. 
At the same time, RMPs can prevent failures, reduce liability ex-
posure and strengthen trust among authorities and consumers, 
which can positively affect economic outcomes.

4.1.3.2   |   Energy Efficiency.  Energy demand was identi-
fied as a second major economic concern. Several IEs stressed 
that meeting the required water quality significantly increases 
energy use. IE19 highlighted that extensive energy is used to 
eliminate nitrogen in water, and significant amounts of energy 
are also used to produce nitrogen for field fertiliser.

IE19 described a governance challenge resulting from interac-
tions between EU water regulatory frameworks. While the WRR 
explicitly encourages nutrient recovery, local discharge obli-
gations under the UWWTD and the Nitrate Directive (91/676/
EEC) may limit such practices.

Another concern relates to the cumulative energy and chemi-
cal inputs resulting from potential national impositions to meet 
stricter quality thresholds. IE5 criticised what he perceived as 
‘excessive protectionism’, noting that this would increase con-
sumption of energy, chemicals and money. Importantly, this 
statement comes from the German context, where operators 
must comply not only with the minimum requirements of the 
WRR but also with additional national rules on micropollutants.

4.1.4   |   Social Aspects

The social dimension identified by the IEs concerns the accep-
tance of agricultural products irrigated with reclaimed water 
and the perceived public health implications.

4.1.4.1   |   Public Acceptance.  Public acceptance emerges 
as a central challenge, as many consumers associate reclaimed 
water with contamination, even when it meets strict quality 
requirements. Interviewees, such as IE12, described this percep-
tion as a major obstacle. They further noted that both the public 
and administrative actors often express greater concern about 
reclaimed water than about the use of manure on the same 
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fields, despite the latter containing substances at concentrations 
several orders of magnitude higher.

Several interviewees emphasised communication as a key strat-
egy to address this challenge. One participant noted that termi-
nology matters, stating: ‘We do not call it wastewater irrigation, 
because the understanding is that it is no longer wastewater 
when it is treated’.

Education and information were frequently mentioned as im-
portant tools for building trust. For example, IE15 pointed to the 
role of targeted communication campaigns, while IE9 suggested 
integrating water reuse into school programmes to foster long-
term awareness.

Resource scarcity also plays a decisive role in shaping accep-
tance. As IE15 explained: ‘Acceptance is always a question of 
scarcity. The greater the scarcity, the greater the acceptance’. 
This dynamic is particularly visible in regions such as Murcia 
(Spain), where transparency initiatives involving farmers, users, 
schools and international visitors enhance consumer trust.

4.1.4.2   |   Industry Acceptance.  Acceptance among farm-
ers and food retailers determines whether reclaimed water can 
be integrated into agricultural production and supply chains. 
Representatives from farming associations, such as IE15, 
emphasised that the sector is generally open to reuse, provided 
that it is financially viable.

Retailers, however, face reputational and liability concerns. 
Even minor or unrelated health incidents may affect consumer 
confidence. As IE15 noted, if a customer experiences illness and 
associates it with the consumption of a product such as salad, 
retailers are likely to adopt a precautionary approach to avoid 
potential risks.

Certification systems may also create structural barriers. IE21 
described the rigidity of existing quality schemes, noting that 
systems such as QS (certification system for food safety) implic-
itly treat the use of reclaimed water from wastewater as problem-
atic, thereby limiting market access for non-certified products. 
As a result, producers may be discouraged from using reclaimed 
water for irrigation even when it meets regulatory quality stan-
dards. Adjusting certification criteria is therefore crucial for en-
hancing supply-side acceptance. As one interviewee explained, 
farmers remain accountable regardless of regulatory changes: 
‘Farmers are the producers of food and feed. As such, they must 
register and as such they are obliged to comply with the stan-
dards that are set’.

4.1.4.3   |   Public Health.  Public health concerns both con-
sumer trust and regulatory design. While the WRR mandates 
disinfection for all classes of agricultural use, some interview-
ees questioned whether the strict thresholds are proportionate to 
actual risks. Several noted that products irrigated with treated 
water in countries such as Spain or Jordan have shown no evi-
dent health impacts, despite different quality requirements.

IE2 pointed to what they described as double standards in 
German risk perception: ‘In Germany, the responsible author-
ities worry about concentrations in the range of nanograms per 

litre, like amoxicillin […] because they do not want it entering 
the wastewater treatment plant and ultimately the food chain up 
to my carrot or my potato on my plate’.

IE18 identified antibiotic resistance and medical contaminants 
and CECs as key concerns for human health. At the same time, 
interviewees acknowledged scientific uncertainty regarding 
long-term effects. IE18 therefore stressed the need for continued 
research: ‘It is true that we do not know the effect of some con-
taminants, so we have to follow and try to investigate and look 
at the effects on health’.

4.2   |   Case-Specific Insights: The Braunschweig 
Reuse Scheme (Unit of Analysis 2)

This section presents the second unit of analysis by examining 
the Braunschweig reuse scheme, one of the most established ex-
amples of agricultural water reuse in Germany. The case was 
selected because its long operational history, advanced waste-
water infrastructure and strict regulatory context provide a well-
developed setting in which the implications of the WRR can be 
observed in practice. As such, it offers a valuable opportunity 
to analyse how EU-level requirements are interpreted and op-
erationalised within existing governance structures shaped by 
national legislation and established practices.

In Germany, treated wastewater reuse for irrigation was previ-
ously largely prohibited and permitted only on an exceptional 
basis. The WRR therefore marks a significant shift by enabling 
reuse under stricter regulatory conditions, creating both oppor-
tunities for infrastructure modernisation and challenges for es-
tablished operational routines.

Empirically, the case draws on three IEs directly involved in the 
Braunschweig scheme, complemented by additional German 
participants from utilities, authorities and professional associa-
tions, who situate the case within the broader governance con-
text of water reuse in Germany. Most interviewees held senior 
positions in wastewater utilities, professional associations or 
public administrations.

4.2.1   |   Legal Aspects

Legal dynamics in Braunschweig show how European require-
ments could intersect with long-established local practices. 
Interviewees consistently highlighted that current investment 
pressure is driven not only by the WRR but even more strongly 
by the UWWTD, indicating that reuse obligations operate 
within a broader regulatory framework that collectively raises 
infrastructure standards.

Perceptions of regulatory timelines vary depending on the insti-
tutional role. A government IE stresses that Braunschweig had 
enough preparation time. By contrast, IE10, involved in oper-
ational planning, describes the timeline as challenging, given 
decades-old practices and the comprehensive planning required.

National adaptation introduces an additional layer of tension. 
IE4 criticised the potential introduction of stricter national 
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requirements, noting that these could raise quality standards to 
levels comparable to drinking water, particularly when defin-
ing minimum bacteriological criteria for reused water. They also 
warned that tighter thresholds for trace substances could reduce 
the attractiveness of reuse for agricultural applications. By con-
trast, IE3 offered a more optimistic perspective on the flexible ap-
proach of the WRR: ‘We only irrigate fruit that is intended to be 
processed and are confident that we can fulfil the requirements of 
class C, without achieving the highest water quality classes A or B’.

At the same time, local expertise feeds into national rulemaking. 
IE3 is involved in drafting the national code of practice M1250, 
which incorporates operational experience from Braunschweig. 
According to them, this co-design process helps ensure that regu-
latory standards remain realistic and implementable. At the same 
time, the case illustrates that tightening national criteria without 
considering local feasibility may limit implementation in long-
established reuse systems.

4.2.2   |   Technical Aspects

The technical dimension in Braunschweig illustrates how the 
WRR introduces new operational requirements for a long-
established reuse system. Interviewees identified additional dis-
infection processes and related infrastructure upgrades as the 
most immediate challenge. IE3 provides a detailed description 
of the technical steps planned to ensure compliance. They de-
scribe a phased approach that combines interim and long-term 
measures: ‘Due to the EU regulation, we are currently planning 
to construct a fourth treatment stage. Until this is completed, 
and we can continue irrigation, we are temporarily relying on 
disinfection with a chemical disinfectant, which can be imple-
mented in the short term. In the medium term, we will switch 
to UV disinfection. Our aim is to complete this fourth stage by 
around 2029–2030 and thus fulfil the hygiene requirements on 
a permanent basis’.

4.2.3   |   Economic Aspects

The economic implications of the WRR in Braunschweig pri-
marily concern the costs of new disinfection and the distribu-
tion of costs among farmers. IE4 explained that the introduction 
of additional disinfection steps generates direct operational 
expenses for the wastewater treatment plant. These costs have 
so far been balanced by revenues from the agricultural use of 
sewage sludge, creating a form of internal compensation that 
benefits local ratepayers: ‘The costs of disinfection are borne by 
agricultural water use’. This cross-financing has helped justify 
the necessary investments.

However, IE4 also noted that this financial equilibrium is vul-
nerable. Under the UWWTD, the agricultural spreading of sew-
age sludge may be restricted or prohibited in the future. If this 
occurs, the compensation mechanism that currently offsets dis-
infection costs will erode, leaving the wastewater utility and its 
customers with higher expenses.

A second concern relates to the cost distribution among farm-
ers. According to IE4, stricter national quality standards may 

increase operational expenses that are passed on to farmers: 
‘Farmers' membership fees are likely to increase depending on 
how much water they use’. This could put pressure on farmers' 
financial capacity, particularly in regions where irrigation is al-
ready cost-sensitive.

4.2.4   |   Social Aspects

The social dimension in Braunschweig is shaped by the city's 
long-standing familiarity with water reuse. IEs generally agreed 
that the WRR provides a coherent legal framework that can 
strengthen confidence in the safety and standardisation of reuse 
practices.

At the same time, local acceptance has remained stable for de-
cades. According to IE10, the population is well accustomed to 
the reuse system, which is deeply embedded in regional agricul-
tural routines. From this perspective, the regulation primarily 
adds legal clarity rather than fundamentally altering local ac-
ceptance dynamics. This highlights the importance of contex-
tual social factors, such as long-term experience and established 
practices, in shaping how regulatory frameworks translate into 
practice.

5   |   Discussion

This section analyses and interprets the findings from the inter-
views in the broader context of water governance, highlighting 
how the implementation of the WRR intersects with legal, tech-
nical, economic and social dimensions. By situating stakeholder 
experiences within the EU's multi-level regulatory framework, 
the discussion provides insights into the practical challenges, 
opportunities and governance mechanisms that shape the up-
take of water reuse across different contexts.

5.1   |   Legal Aspects

The interviews highlight a key governance-related challenge for 
implementing the WRR. Their perspectives show how a directly 
applicable EU instrument is interpreted and operationalised at 
different levels, and how it interacts with other frameworks (the 
recast UWWTD and WFD). Overall, three issues recur in stake-
holder dialogues: (i) implementation timeline, (ii) proportional-
ity of national practice and (iii) indirect reuse.

5.1.1   |   Timeline and Transitional Practice

Operators perceived the three-year implementation period 
(2020–2023) as difficult to align with ageing infrastructure, a 
long planning phase and investment constraints, while other 
actors attributed delays primarily to institutional prioritisation. 
Comparative research similarly identified a ‘patchwork’ of the 
WRR implementation across MS at the time of its entry into 
force (Ramm and Smol 2023). Evidence from the EEA's WISE 
Freshwater Water Reuse map further shows that only a subset 
of countries intends to apply the WRR for agricultural irrigation 
(European Environment Agency (EEA)  2025). Together, this 
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finding supports IEs' view that uniform compliance within the 
original implementation period was unlikely. More broadly, this 
pattern reflects the importance of institutional and organisa-
tional alignment for effective implementation. Regulatory com-
plexity, unclear incentives and limited administrative capacities 
can delay or hinder adoption where governance arrangements 
are poorly aligned (Santos 2025). As Melchers (2024) shows, this 
heterogeneity is rooted in differences in national governance 
structures, regulatory design and contextual conditions. In the 
Braunschweig case study, some authorities reportedly resorted 
to time-limited or ad hoc authorisations to operate existing 
schemes while national guidance and administrative proce-
dures were still being developed.

5.1.2   |   National Application, Proportionality 
and the Internal Market

IEs disagreed on how far national practice should go beyond the 
EU minimum requirements, depending on their institutional 
role. Authorities emphasised precaution and legal liability, 
while operators stressed feasibility and the risk that very con-
servative interpretations, as seen in parts of the German debate, 
could incentivise reliance on groundwater and surface water, 
undermining water resource-saving objectives. Furthermore, 
they highlighted that stricter national conditions might conflict 
with the free movement of goods irrigated with reclaimed water 
treated differently across borders, a concern echoed in broader 
discussions of regulatory heterogeneity and market fragmenta-
tion in the water reuse domain (Malinauskaite et al. 2024).

Legally, the WRR seeks to avoid fragmentation. As a Regulation, 
it is directly applicable and sets harmonised minimum require-
ments for reclaimed water quality classes and monitoring. These 
‘minimum requirements’ are not interpreted as an open licence 
for arbitrary national gold-plating; rather, they establish a baseline 
that can be complemented where necessary through site-specific 
risk assessment in the water reuse RMP (Article 5, Annex II), 
and, more generally, through alignment with national measures 
adopted in accordance with EU legislation on health and envi-
ronmental protection (European Parliament and Council  2020). 
The Commission's technical guidance, together with Commission 
Delegated Regulation (2020) (EU) 2024/1765 specifying key ele-
ments of risk management, further clarifies how risk manage-
ment should be carried out through the systematic identification 
of hazards, exposure routes and combinations of treatment and 
non-treatment barriers across the entire reuse system, rather than 
through generic national add-ons (European Commission 2024a). 
In this sense, stakeholder concerns about proportionality and 
internal-market coherence are attributable less to flaws in the 
WRR's design and more to the risk that its risk-based tools are 
not fully or consistently interpreted and applied in national prac-
tice. Several operators argued that national practice should avoid 
‘over-tightening’ the minimum requirements set by the WRR. At 
the same time, regulators and health authorities point to remain-
ing uncertainties in microbiological and aerosol risks (Bonetta 
et al. 2022; Hamilton et al. 2018). From a governance perspective, 
such evidence does not justify uniformly raising the WRR stan-
dards. Instead, it highlights the need for the systematic identifi-
cation of hazards, including potentially additional substances or 
CECs. These should be explicitly addressed in site-specific risk 

assessments and multi-barrier designs that account for local hy-
drogeological conditions, rather than assuming that generic, 
stricter requirements are sufficient in all cases (Rebelo et al. 2020).

5.1.3   |   Indirect Reuse, Multi-Barrier Approach 
and Alignment With the UWWTD

Stakeholder interviews also raised the problem of planned reuse, 
which is tightly regulated under the WRR, and indirect irriga-
tion, where treated wastewater is discharged into a river or canal 
and later abstracted for irrigation.

The multi-barrier concept embedded in the WRR provides a par-
tial response. Annex II frames risk assessment across the entire 
water reuse system and allows treatment and non-treatment 
barriers to be used after the point of compliance to achieve an 
equivalent higher water quality class. The RMP should include a 
system-wide description and assessment, which also includes stor-
age, distribution, blending and on-farm practices. The Delegated 
Regulation (EU) 2024/1765 explicitly recognises additional treat-
ments or other appropriate barriers applied downstream of the rec-
lamation facility (European Commission 2024a). Whenever water 
produced in a reclamation facility is intended for reuse, ‘indirect-
like’ elements of the system, such as canals or reservoirs prior to re-
abstraction, should thus be assessed under the risk-management 
framework. These elements could be, where appropriate, used in 
combination with downstream barrier measures to achieve an 
equivalent level of protection.

In parallel, the recast UWWTD (Directive (EU) 2024/3019) in-
troduces quaternary treatment for micropollutant removal in 
large agglomerations, particularly where discharges may affect 
drinking-water abstraction, bathing, aquaculture or reuse for ag-
riculture, gradually improving effluent quality at the point of dis-
charge (European Commission 2024b). Finally, Article 12 of the 
WRR mandates the European Commission to assess in its 2028 
evaluation the feasibility of extending the Regulation's scope to 
indirect use of treated wastewater (European Parliament and 
Council  2020). Together, these elements acknowledge the struc-
tural concerns raised by stakeholders and create a formal pathway 
for progressively integrating indirect reuse into a more coherent 
governance framework.

5.2   |   Technical Aspects

The interview material shows that the key challenges of imple-
menting the WRR arise from integrating new treatment and 
monitoring obligations into existing infrastructures. Three is-
sues dominate stakeholder accounts: (i) upgrading disinfection 
capacity, (ii) balancing water quality with nutrient recovery and 
(iii) aligning national practice with the WRR's risk-based, multi-
barrier logic.

5.2.1   |   Upgrading Disinfection Capacity 
and Infrastructural Constraints

Stakeholders repeatedly highlighted that, even where disinfec-
tion systems are already in place, additional investment is often 
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unavoidable. Consistent with Carabias et al. (2023), this reflects 
not a lack of available technologies but the need to retrofit and 
upgrade existing disinfection systems to meet the WRR require-
ments, often under conditions of constrained space, ageing 
infrastructure and long procurement timelines. Stakeholder ac-
counts therefore suggest that implementation bottlenecks stem 
primarily from infrastructural and organisational constraints 
rather than technological limitations.

One way to address these constraints is to operationalise the 
RMP as a delivery instrument, linking hazard and pathway 
assessment to sequenced interventions (e.g., interim con-
trols, commissioning steps and longer-term upgrades), thereby 
making transitional configurations explicit and auditable. In 
parallel, technological innovation can enhance feasibility by 
expanding disinfection options and, in some contexts, reduc-
ing energy demand, although its deployment remains strongly 
context-dependent. In governance terms, this reinforces that 
harmonised minimum requirements need to be complemented 
by locally viable technological and investment pathways.

Moreover, the WRR provides flexibility to address economic 
constraints through the multi-barrier approach. Achieving the 
highest water quality class (Class A) does not necessarily require 
the upgrade of existing treatment at the reclamation facility; in-
stead, lower quality classes can be complemented by additional 
barriers applied after the point of compliance. This allows, in co-
ordination with all the involved actors, higher treatment levels 
to be targeted only to the volumes used for crops consumed raw, 
thereby improving cost-effectiveness while maintaining safety.

5.2.2   |   Water Quality, Nutrient Recovery and the Risk 
of Over-Treatment

A second technical tension concerns balancing safety with 
the agronomic value of reclaimed water. Perulli et  al.  (2022) 
demonstrate that secondary treated water rich in nitrogen and 
phosphorus can support irrigation while reducing fertiliser de-
mand without increasing trace element accumulation in leaves 
or fruit. These findings reflect stakeholder concerns that overly 
stringent national thresholds, particularly when combined with 
enhanced nutrient removal without considering the local con-
text, may undermine the resource-efficiency benefits of reuse.

The interview material suggests that this tension is particularly 
evident in Germany, where debates on trace substances and 
bacteriological thresholds exceed the harmonised EU baseline. 
From a governance perspective, this indicates a risk of misalign-
ment: the WRR is designed to ensure safety through site-specific 
risk assessment, not through uniformly higher standards. Over-
treatment may improve compliance while reducing system-level 
sustainability and incentives to substitute freshwater with re-
claimed water.

5.2.3   |   Risk-Based Design and Alignment With 
the Multi-Barrier Approach

Operationalising the WRR's multi-barrier logic offers a practi-
cal route to feasibility, particularly where plant-level upgrades 

are constrained. Rather than treating compliance as end-of-pipe 
intensification, robust designs combine treatment barriers with 
exposure-reducing measures (e.g., irrigation practices, access 
restrictions, buffer zones) and with distribution/storage controls 
that maintain quality along the chain. The WRR and the 2024 
Delegated Regulation emphasise that compliance is achieved by 
combining different barriers across the entire system, allowing 
MS to design context-specific solutions without imposing na-
tionwide plant upgrades.

Literature and interviews together suggest that the challenge 
lies in operationalising this flexibility. Carabias et  al.  (2023) 
and Federigi et al.  (2023) illustrate that microbiological risks 
and aerosol exposure vary across systems, reinforcing the need 
for precise hazard identification rather than generic thresh-
olds. The interviews echo this logic: operators focused on plant 
upgrades, while regulators highlighted uncertainties in spe-
cific exposure pathways rather than in water quality param-
eters per se.

Overall, the technical challenges raised by stakeholders do not 
indicate inherent deficiencies in the WRR, but rather the dif-
ficulty of embedding a risk-based, multi-barrier approach into 
infrastructures built under earlier regulatory frameworks. The 
literature confirms that technological solutions exist, from UV 
upgrades to solar photo-Fenton processes, but their feasibility is 
shaped by climatic, infrastructural and institutional conditions 
(Corimanya-Yucra and Nolasco 2026). The central governance 
task is therefore to ensure proportionality: achieving safe irri-
gation water without undermining the resource-efficiency ben-
efits of reuse or imposing national interpretations beyond the 
Regulation's requirements.

5.3   |   Economic Aspects

The interview material shows that the economic implications of 
the WRR arise more from organisational adjustments than from 
stringent quality parameters. Two themes dominate stakeholder 
opinions: (i) the administrative and coordination effort required 
for preparing RMPs and (ii) the resource implications, especially 
energy use, of achieving the required water quality.

5.3.1   |   RMPs: Administrative Weight Versus 
Governance Value

Stakeholders consistently described preparing RMPs as a bu-
reaucratic burden. Berbel et al. (2023) also highlight challenges 
in documenting hazards, exposure pathways and mitigation 
options. Interviewees described lengthy documentation pro-
cesses requiring technical expertise, inter-institutional coordi-
nation and substantial time. Yet literature and regulatory design 
indicate that these plans provide critical governance value. 
Federigi et al. (2023) demonstrate, by using microbiological and 
physicochemical data, that structured risk assessment is essen-
tial for identifying realistic exposure pathways and ensuring 
public-health protection. Moreover, coordination among actors 
is complicated, as utilities and end-users usually have different 
expertise and needs regarding reclaimed water and risk man-
agement (Drei et al. 2025).
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Interestingly, the interview data show that this functional 
value was rarely acknowledged. Stakeholders tended to em-
phasise administrative cost while overlooking the flexibility 
embedded in the instrument: RMPs allow operators to tailor 
treatment to site-specific risks, avoid unnecessary treatment 
and combine technological and non-technological measures. 
In governance terms, risk management ensures proportional-
ity: its initial effort represents more of a learning phase requir-
ing additional training and expertise rather than structural 
inefficiency.

5.3.2   |   Energy and Chemical Inputs: Proportionality 
and Resource-Efficiency Trade-Offs

A second economic concern relates to the resource implications 
of achieving high water-quality classes. Stakeholders high-
lighted the cumulative energy and chemical inputs required by 
disinfection and advanced treatment. This aligns with broader 
evidence that certain treatment trains may generate significant 
operational costs, particularly in MS with older infrastructure or 
limited financial capacity. These costs reduce the competitive-
ness of reclaimed water relative to conventional sources, limit-
ing uptake in the absence of subsidies or strong policy incentives 
(McLennan et al. 2024).

Some interviewees raised country-specific concerns. In 
Germany, debates on micropollutants and bacteriological 
thresholds shape operators' expectations regarding future cost 
developments. These concerns underline that economic pres-
sures are not solely driven by the Regulation but by interactions 
with national priorities, discharge obligations and investment 
patterns under the recast UWWTD.

From a system-level perspective, these tensions point to a cen-
tral policy challenge: ensuring that the drive for safety does not 
inadvertently incentivise groundwater use, reduce the nutrient 
value of reclaimed water or increase energy demand beyond sus-
tainable levels.

Overall, the economic implications identified by stakeholders 
reflect the introduction of a new governance instrument and 
the adaptation of existing infrastructure rather than intrinsic 
inefficiencies in the WRR. RMPs create administrative costs but 
enable contextualisation, while advanced treatment improves 
safety at the cost of higher resource demand. Similar interde-
pendencies between governance, finance and infrastructure are 
highlighted in systemic studies of reuse adoption, where finan-
cial constraints transmit governance deficiencies into infrastruc-
tural barriers, underscoring the role of regulatory frameworks 
in enabling investment (Corimanya-Yucra and Nolasco 2026).

5.4   |   Social Aspects

The interview material demonstrates that the social dimension 
of the WRR is not peripheral but central to its feasibility. Three 
issues emerge from the synthesis of interviews and literature: (i) 
the framing effects of terminology, (ii) regionally embedded risk 
perceptions and (iii) the governance dilemma between transpar-
ency and market stability.

5.4.1   |   Terminology and the Social Construction 
of Safety

Stakeholders emphasised that regulatory compliance is insuf-
ficient if consumers, retailers or farmers perceive reclaimed-
water products as unsafe or commercially risky, a concern also 
reflected in recent literature (Hamam et al. 2024). This echoes 
Berbel et  al.  (2023), who argue that the WRR's technological 
focus risks overlooking acceptance dynamics across the agri-
food chain. Both interviewees and literature highlight that ac-
ceptance is also shaped by the terminology used for reclaimed 
water. Berbel et al. (2023) show that terms such as recycled or 
eco-friendly evoke more positive associations than reclaimed or 
treated wastewater. Interviewees similarly noted that avoiding 
the term wastewater, e.g., by referring simply to treated water, 
can reduce intuitive rejection without altering the underlying 
process.

These observations underscore that perceptions of clean water 
and contamination are socially constructed. Terminology 
thus becomes a governance instrument that influences how 
reclaimed water is interpreted before risk information is con-
sidered. While linguistic adjustments cannot replace techni-
cal safety, they can support acceptance by reducing cognitive 
barriers.

5.4.2   |   Information, Experience and Regionally 
Embedded Risk Perceptions

Interviewees described how acceptance varies across regions 
depending on water scarcity, familiarity with reuse and histor-
ical exposure to drought. Existing literature confirms that will-
ingness to consume products irrigated with non-conventional 
water differs significantly across contexts, ranging from an 87% 
decline in the United States to around 20% in Israel, reflecting 
variations in cultural norms, institutional trust and exposure 
to climate impacts (Berbel et al. 2023). Similar patterns are ob-
served at the farm level, where acceptance is shaped by the in-
teraction of trust, individual risk attitudes and local experience 
(Giannoccaro et  al.  2025). Public distrust and limited knowl-
edge further influence acceptance, highlighting the importance 
of communication and information strategies in governance 
(Corimanya-Yucra and Nolasco 2026).

These findings suggest that acceptance is not static but evolves 
through experience and context. Where water scarcity is visi-
ble, interviewees noted that public outreach tends to be more 
effective, as observed in regions such as Murcia. In contrast, 
in regions without a history of reuse, actors reported concerns 
about potential public backlash, which may constrain proac-
tive communication and undermine long-term trust. The WRR 
seeks to enhance public awareness and acceptance by requiring 
transparency, information provision and data reporting by MS.

Taken together, this indicates that social acceptance cannot be 
addressed through uniform approaches but requires regionally 
adapted strategies that link technical safety to lived experience. 
Education and stakeholder engagement are therefore critical 
for overcoming social and psychological barriers to water reuse 
(Giannoccaro et al. 2025; Ramm and Smol 2024).
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5.4.3   |   Transparency Dilemmas and Long-Term 
Trust Building

A recurring tension from the interviews concerns transparency 
and market stability. Berbel et al.  (2023) show that consumers 
may prefer ambiguity, being more willing to buy products ir-
rigated with unspecified water sources than those explicitly 
labelled as reclaimed water. Interviewees reported similar di-
lemmas: detailed disclosure may deter consumers, but withhold-
ing information risks future distrust if practices become more 
visible. In this context, the introduction of common minimum 
quality requirements is expected to strengthen consumer con-
fidence and improve acceptance of reclaimed water (McLennan 
et al. 2024). Governance design also matters: participatory mod-
els involving farmers in decision-making can significantly in-
crease adoption (Giannoccaro et al. 2025), while education and 
stakeholder engagement are essential to overcome social and 
psychological barriers (Ramm and Smol 2024).

Overall, the social challenges associated with the WRR reveal 
that acceptance is an institutional and cultural process rather 
than a simple function of water quality. Evidence from other 
studies similarly highlights public distrust and limited knowl-
edge as key barriers, underscoring the importance of com-
munication, information and engagement strategies in reuse 
governance (Corimanya-Yucra and Nolasco  2026). Together, 
these findings suggest that short-term discretion may stabilise 
markets, but long-term legitimacy depends on transparent stan-
dards, stakeholder participation and public education to prevent 
abrupt shifts in risk perception.

6   |   Conclusion

This study examined how actors across governance levels in-
terpret and operationalise Regulation (EU) 2020/741 on water 
reuse. The findings show that implementation is shaped by 
interconnected legal, technical, economic and social dimen-
sions. They illustrate how harmonised EU standards intersect 
with national regulatory approaches, how monitoring and risk 
management obligations introduce significant organisational 
and resource demands, and how acceptance among farmers, 
retailers and consumers remains central to operational feasibil-
ity. Implementation is further influenced by partial or defensive 
interpretations of the Regulation, particularly regarding risk-
management provisions, alongside infrastructural, financial 
and social constraints. The study also highlights the relevance 
of the post-compliance multi-barrier approach as a practical 
strategy to manage economic and technical challenges, allow-
ing flexibility in achieving water-quality objectives while main-
taining operational feasibility.

Water reuse operates at the nexus of water, agriculture, environ-
mental protection and public health, demanding coordination 
across multiple institutional domains and governance levels. 
This is a challenge reminiscent of the complexities faced under 
the WFD (Jager et al. 2016; Zingraff-Hamed et al. 2020; Riazi 
et  al.  2023). Comparative studies highlight the heterogeneity 
of EU wastewater reuse regulation, shaped by divergent gov-
ernance structures, regulatory designs and national contexts 
(Melchers 2024). At the same time, water reuse is transitioning 

from a voluntary practice to a conditionally expected component 
of integrated environmental, climate and energy policy frame-
works, underscoring its growing strategic importance within 
EU governance (Di Marco 2025).

The study contributes to water-governance research in three 
ways. First, it conceptualises implementation as a multi-level 
process negotiated between EU-wide standards, national reg-
ulatory logics and local operational arrangements. Second, 
it demonstrates that effective uptake depends on sustained 
stakeholder engagement and interpretive clarity. Third, the 
Braunschweig case shows that mature reuse systems can both 
enable adaptation through established routines and constrain 
flexibility due to long-standing institutional practices. Taken to-
gether, these insights indicate that successful operationalisation 
of the WRR requires legal clarity, context-sensitive governance 
and shared understanding among the actors responsible for ap-
plying the framework.

The focus on established institutional networks, the German 
context and the Braunschweig case provides a rich, in-depth 
perspective on operational challenges, while also highlight-
ing how governance structures, local routines and stakeholder 
engagement shape implementation. Excluding downstream 
actors such as retailers, certification bodies and consumers 
further identifies a promising avenue for research to explore 
market governance and acceptance. Similarly, cross-national 
comparisons and longitudinal studies could illuminate how 
risk-management practices, indirect reuse and national adap-
tations evolve over time. Practice-oriented efforts on capacity 
building, training and multi-barrier planning will be crucial to 
reduce misinterpretations and support the institutionalisation of 
risk-based reuse. Recent European Commission initiatives, such 
as the European Water Academy under the Water Resilience 
Strategy (European Commission  2025a, 2025b), exemplify ef-
forts to strengthen skills and practical uptake, ultimately sup-
porting coherent, feasible and socially legitimate water reuse 
governance across the EU.
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