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ExecuƟve Summary 

On-site (decentralised) sanitaƟon systems are a structurally important but frequently under-governed 
component of wastewater management in high-income countries with dispersed rural seƩlement 
paƩerns. Even where centralised sewerage achieves near-universal service coverage in urban areas, a 
persistent rural minority relies on household- or cluster-scale systems such as sepƟc tanks with soil 
inĮltraƟon, holding tanks, sand Įlters, and packaged treatment plants. These systems are essenƟal for 
rural housing viability and local economic acƟvity, yet they can also represent a signiĮcant source of 
diīuse polluƟon when poorly designed, inadequately maintained, or weakly supervised. 

This report provides a comparaƟve governance analysis of on-site sanitaƟon in Finland, Sweden, 
Norway, and Scotland, focusing on how legal mandates, insƟtuƟonal responsibiliƟes, enforcement 
capacity, and support mechanisms shape environmental performance and rural service equity. The 
comparison is designed to support Scotland’s Decentralised Water Technologies by idenƟfying 
governance arrangements that are potenƟally transferable (in whole or in part) to the Scoƫsh 
regulatory and insƟtuƟonal landscape. 

Scale and policy relevance 

In the three Nordic countries, approximately three million residents live outside centralised sewer 
networks—around 13% of their combined populaƟon—alongside a large stock of leisure homes 
(roughly half a million per country) that are also predominantly oī-grid. The Finnish Environment 
InsƟtute (SYKE) comparaƟve study emphasises that wastewater from non-connected properƟes can 
materially aīect local water quality and usability if not well managed, and that sanitaƟon policies have 
broad socio-economic implicaƟons (including aīordability and acceptability of upgrades). 

In Scotland, decentralised wastewater is likewise a non-trivial rural issue. ExisƟng analyses indicate 
22,459 private water supplies serving around 185,850 people, and esƟmate 180,000 to 468,000 
domesƟc sepƟc tanks naƟonally—concentrated in rural and highland areas beyond the central belt. 
While the report’s primary focus is on on-site sanitaƟon (wastewater), the Scoƫsh case cannot be fully 
understood without recognising that water and wastewater challenges oŌen co-exist in the same oī-
grid geographies and governance arrangements. 

ComparaƟve governance dimensions 

The comparaƟve framework developed in this study examines nine governance dimensions that jointly 
determine system performance: 1) regulatory and legal frameworks; 2) organisaƟonal arrangements; 3) 
compliance and enforcement mechanisms; 4) Įnancing and economic instruments; 5) technical 
standards and permiƩed system types; 6) data, monitoring and informaƟon systems; 7) stakeholder 
engagement and competence; 8) environmental and equity outcomes; and 9) emerging innovaƟons and 
good pracƟces. 

Key cross-country Įndings 

The analysis shows that Finland, Sweden, and Norway have all introduced naƟonal frameworks aimed 
at miƟgaƟng environmental pressures from oī-grid wastewater. These frameworks set treatment 
requirements, clarify stakeholder roles, and underpin permiƫng procedures; however, the SYKE study 
stresses that non-compliance remains a major barrier across all three. Sweden relies more heavily on 
municipality-led interpretaƟon and implementaƟon of naƟonal guidance, whereas Finland and Norway 
use more explicitly binding naƟonal requirements. Across the Nordic cases, coherence at naƟonal level 
helps deĮne expectaƟons, but coherence alone does not guarantee compliance without inspecƟon 
capacity, data, and owner support. 



 

 

 

Scotland operates through a robust environmental protecƟon regime, but the insƟtuƟonal centre of 
gravity diīers: decentralised wastewater systems sit largely outside the naƟonal uƟlity’s remit and are 
primarily the responsibility of owners, with regulators and local authoriƟes playing 
supervisory/authorising roles. This structural feature places high demands on individual capacity and 
willingness to maintain systems—especially where costs are high, perceived risks are low, and inspecƟon 
probabiliƟes are limited. 

A central Įnding from the Nordic comparaƟve evidence is that a substanƟal share of systems in 
regulated areas fail to meet requirements, and that “more than half” of on-site systems subject to 
treatment requirements are unlikely to comply. The report aƩributes this to capacity/resource 
constraints, knowledge and competence gaps, limited public awareness, and incomplete data. Scotland 
faces comparable dynamics, compounded by long-standing uncertainty about the true number, 
locaƟon, and condiƟon of sepƟc systems, which weakens targeted risk-based supervision. 

Across the Nordic cases, a wide range of technologies is available, but tradiƟonal reliance on sepƟc tanks 
without adequate secondary treatment remains common, and performance variaƟon is frequently 
linked to construcƟon errors and inadequate operaƟon/maintenance. Scotland’s decentralised 
wastewater similarly relies heavily on sepƟc tank systems, where performance depends on correct 
siƟng, soil condiƟons, and regular desludging—factors that are diĸcult to assure through owner 
responsibility alone at scale. 

In all four contexts, costs are largely borne by property owners. The Nordic report explicitly highlights 
socio-economic impacts where upgrade costs are high relaƟve to property values, creaƟng predictable 
resistance and delays. Scotland shows related equity concerns for rural communiƟes managing essenƟal 
services without consistent technical and insƟtuƟonal support, parƟcularly where decentralised water 
and wastewater responsibiliƟes intersect. 

Transferable lessons for Scotland 

Despite these challenges, the comparaƟve analysis suggests that improving environmental outcomes 
from on-site sanitaƟon requires more than “beƩer rules”. The most transferable governance lessons 
are: 

• Make systems governable through data: comprehensive, rouƟnely updated registraƟon and 
classiĮcaƟon of system types and risks. 

• Move from reacƟve to risk-based supervision: inspecƟon strategies that prioriƟse sensiƟve 
catchments and likely failure modes. 

• Strengthen competence across the chain: clearer expectaƟons for design/install standards, 
maintenance rouƟnes, and professional support. 

• Pair duƟes with support: guidance, user-facing services, and—where appropriate—targeted 
Įnancial mechanisms that reduce aīordability barriers. 

The overall implicaƟon is that Scotland can treat on-site sanitaƟon not as a peripheral private maƩer, 
but as a core component of naƟonal wastewater outcomes—aligned with environmental protecƟon, 
public health, and rural equity objecƟves in the wider decentralised technologies agenda. Taken 
together, the comparaƟve evidence indicates that improving governance of on-site sanitaƟon in 
Scotland will depend less on new technologies than on strengthening data visibility, supervision 
capacity, insƟtuƟonal coordinaƟon, and support for system owners. 
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IntroducƟon 

On-site sanitaƟon refers to the wastewater service chain in dispersed seƩlements outside centralised 
sewer networks, including system selecƟon and installaƟon, day-to-day operaƟon, rouƟne maintenance, 
sludge management, and Įnal disposal or discharge. In high-income countries, decentralised sanitaƟon 
is oŌen treated as a residual category—a technical subsƟtute where network extension is “not viable”. 
Yet comparaƟve evidence increasingly indicates that it is not marginal: it serves sizeable rural 
populaƟons, interacts with sensiƟve receiving environments, and can cumulaƟvely generate material 
diīuse polluƟon pressures when governance and maintenance are weak (Laukka et al., 2022).  

This challenge is parƟcularly visible in the Nordic region and in Scotland. In Finland, Sweden, and 
Norway, approximately three million residents live outside centralised sewerage, represenƟng around 
13% of their combined populaƟon, alongside extensive leisure-home stocks that are frequently located 
in non-sewered areas (Laukka et al., 2022). These seƩlement paƩerns make decentralised wastewater 
governance a persistent naƟonal policy problem rather than a temporary infrastructure gap. In Scotland, 
decentralised systems are likewise concentrated in rural and highland areas beyond the central belt. 
Contemporary assessments report 22,459 private water supplies serving about 185,850 people and 
esƟmate 180,000–468,000 domesƟc sepƟc tanks across the country (Lawson et al., 2024).1 While the 
present report focuses on sanitaƟon governance, the Scoƫsh evidence base shows that decentralised 
water and sanitaƟon are oŌen co-located, reinforcing the need for coherent governance arrangements 
and support structures across both service domains (Lawson et al., 2024).  

From an environmental perspecƟve, oī-grid wastewater systems are oŌen classiĮed as diīuse 
pressures because they are numerous, spaƟally dispersed, and individually small—yet collecƟvely 
consequenƟal. The Nordic comparaƟve assessment notes that wastewater from non-connected 
properƟes can substanƟally aīect local water quality and usability if not well managed, and that 
sanitaƟon governance has wide socio-economic implicaƟons, parƟcularly where upgrade costs are high 
relaƟve to property values (Laukka et al., 2022). From an implementaƟon perspecƟve, decentralised 
sanitaƟon presents a “governability” problem: responsibiliƟes are distributed across thousands of 
owners; inspecƟon is labour-intensive; technical performance is sensiƟve to site condiƟons and 
behaviour; and administraƟve datasets are frequently incomplete. These features can produce a 
predictable policy outcome: strong formal rules, persistent non-compliance, and limited visibility of 
cumulaƟve impacts (Laukka et al., 2022).  

The Scoƫsh context adds a disƟnct insƟtuƟonal dimension. Decentralised wastewater systems sit 
largely outside the operaƟonal remit of the naƟonal uƟlity, leaving primary responsibility with owners 
and users, while regulatory funcƟons are distributed across environmental regulaƟon and local 
authority funcƟons (Lawson et al., 2024). This can create uneven capacity to manage essenƟal services, 
parƟcularly in remote communiƟes where professional services are scarce and costs of maintenance 
are higher. The decentralised technologies agenda—exempliĮed by Scotland’s Oī-Grid Water 
programme—therefore raises a central governance quesƟon: what combinaƟon of regulatory 
standards, insƟtuƟonal responsibiliƟes, enforcement approaches, and support mechanisms is most 
likely to deliver safe, equitable, and environmentally protecƟve outcomes for rural populaƟons (Lawson 
et al., 2024)? 

 
1 Based on “modelled locaƟons”, Scotland’s Centre of ExperƟse for Waters (CREW) reports that there are 168,635 
locaƟons serving 172,805 properƟes (Akoumianaki & Ibiyemi, 2022). 
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Aim and approach of this report 

This report is designed as a policy-oriented analysis to support decision-making on decentralised 
wastewater governance in Scotland. It aims to inform policymakers, regulators, and stakeholders—
including Members of the Scoƫsh Parliament—by idenƟfying pracƟcal governance lessons that can 
strengthen environmental protecƟon, service equity, and rural resilience in oī-grid contexts. Rather 
than focusing on technological soluƟons alone, the report emphasises the insƟtuƟonal and regulatory 
condiƟons under which decentralised sanitaƟon systems perform eīecƟvely in pracƟce. 

The analysis is grounded primarily in the comparaƟve work of the Finnish Environment InsƟtute (SYKE), 
which provides a detailed cross-country assessment of on-site sanitaƟon governance in Finland, 
Sweden, and Norway (Laukka et al., 2022). While the SYKE report focuses speciĮcally on on-site 
sanitaƟon as a subset of decentralised wastewater systems, this disƟncƟon is explicitly taken into 
account in the present comparaƟve analysis. This core evidence base is complemented by addiƟonal 
academic literature, policy documents, and regulatory sources, as well as ongoing research conducted 
within the Decentralised Water Technologies (DWT) project in Scotland (Lawson et al., 2024). Together, 
these sources enable a structured comparison that is both empirically grounded and policy-relevant, 
while also acknowledging that regulatory frameworks and pracƟces conƟnue to evolve.  

The report adopts a comparaƟve governance approach, focusing on how diīerent insƟtuƟonal 
arrangements shape implementaƟon outcomes. It examines nine interrelated governance dimensions: 
(1) regulatory and legal frameworks; (2) organisaƟonal arrangements; (3) compliance and enforcement; 
(4) Įnancing and economic instruments; (5) technical standards and system types; (6) data, monitoring, 
and informaƟon systems; (7) stakeholder engagement and competence; (8) performance outcomes and 
environmental impacts; and (9) emerging innovaƟons and good pracƟces.2 The report then synthesises 
Įndings in a cross-country comparaƟve matrix and idenƟĮes policy-relevant lessons—especially those 
most applicable to Scotland’s decentralised technologies context.  

The purpose of this structured comparison is not to rank naƟonal systems, but to idenƟfy transferable 
governance features—including both strengths and limitaƟons—that can inform Scoƫsh policy 
development. In this sense, the report contributes to the wider decentralised water agenda by framing 
on-site sanitaƟon not as a residual or purely private maƩer, but as a core component of naƟonal 
wastewater governance, requiring coordinated insƟtuƟonal aƩenƟon, appropriate regulatory tools, and 
sustained policy support. 

 
2 These dimensions are informed by established water governance frameworks highlighƟng the role of legal, 
insƟtuƟonal, economic, and informaƟonal factors in shaping outcomes (Rogers & Hall, 2003; Tropp, 2007; OECD, 
2015; Jiménez et al., 2020), and adapted to the speciĮc characterisƟcs of decentralised wastewater systems 
idenƟĮed in recent comparaƟve studies (Laukka et al., 2022; Lawson et al., 2024). 
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Figure 1. Maps of the research focus 

Context: On-Site SanitaƟon in the Four Countries 

Finland, Sweden, Norway, and Scotland share a broadly comparable structural context in wastewater 
service provision: very high levels of connecƟon to centralised sewer networks in urban areas, combined 
with persistent reliance on on-site sanitaƟon systems in rural and low-density seƩlements. In all four 
cases, extending centralised sewerage to dispersed properƟes is oŌen economically prohibiƟve and, in 
some locaƟons, environmentally unjusƟĮable. As a result, on-site wastewater treatment systems form 
an enduring and structurally signiĮcant component of naƟonal sanitaƟon systems rather than a 
transiƟonal or marginal soluƟon. 

In the three Nordic countries, approximately three million people—around 13% of the combined 
populaƟon—live outside centralised sewer networks (Laukka et al., 2022). These populaƟons are 
complemented by a very large number of seasonally occupied leisure dwellings, the majority of which 
are also unsewered. In Scotland, although overall coverage by centralised services is high, a substanƟal 
rural minority conƟnues to depend on private sewage treatment systems, alongside private water 
supplies, reŇecƟng a similar paƩern of infrastructural exclusion shaped by geography, seƩlement 
history, and cost (Lawson et al., 2024). 

Finland 

Finland has a populaƟon of approximately 5.5 million, of whom around 15% live in areas without access 
to municipal sewer networks (Laukka et al., 2022). An esƟmated 286,000 permanent dwellings rely on 
on-site sanitaƟon systems, in addiƟon to approximately 441,000 leisure coƩages, many of which are 
located in environmentally sensiƟve areas near lakes or coastal waters. SepƟc tanks—oŌen combined 
with soil inĮltraƟon or sand ĮltraƟon—remain common, parƟcularly in older installaƟons, while dry or 
composƟng toilets are frequently used in seasonal dwellings. The high density of water bodies and 
widespread recreaƟonal use of lakes mean that diīuse polluƟon from on-site systems has long been a 
prominent policy concern in Finland. 
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Sweden 

Sweden’s populaƟon of approximately 10.3 million includes an esƟmated 12% living outside sewered 
areas (Laukka et al., 2022). Nearly 471,000 permanent residences and around 600,000 holiday homes 
rely on on-site wastewater treatment. The Swedish on-site sanitaƟon landscape is characterised by a 
diverse mix of technologies, including inĮltraƟon trenches, sand Įlter beds, sepƟc tanks, and small 
package treatment plants. Many systems serve clusters of properƟes organised through local user 
associaƟons, blurring the boundary between individual and collecƟve decentralised soluƟons. As in 
Finland, the prevalence of coastal and freshwater environments heightens sensiƟvity to nutrient 
discharges, parƟcularly phosphorus. 

Norway 

Norway, with a populaƟon of around 5.4 million, has approximately 14–15% of residents living in 
unsewered areas (Laukka et al., 2022). An esƟmated 377,000 permanent homes and approximately 
440,000 holiday cabins depend on on-site wastewater treatment. SepƟc tanks remain the dominant 
soluƟon, especially in less sensiƟve inland areas, although more advanced systems are increasingly 
required in vulnerable catchments. Norway’s challenging topography and cold climate—parƟcularly in 
northern regions—introduce addiƟonal technical constraints, as freezing temperatures and seasonal 
variability can impair biological treatment processes if systems are poorly designed or maintained. 

Scotland 

Scotland’s populaƟon of roughly 5.5 million exhibits a similar urban–rural divide in wastewater service 
provision. While the majority of households are connected to centralised sewerage operated by Scoƫsh 
Water, a non-trivial rural minority relies on private sewage treatment systems. EsƟmates suggest 
between 180,000 and 468,000 sepƟc tanks are in operaƟon naƟonwide, concentrated largely in rural 
and highland areas beyond the central belt (Lawson et al., 2024). Many of these systems consist of 
convenƟonal sepƟc tanks discharging to soakaways, although compact package treatment plants are 
increasingly used in new developments or sensiƟve locaƟons. Responsibility for these systems rests 
primarily with individual property owners, with environmental oversight provided by the Scoƫsh 
Environment ProtecƟon Agency and limited involvement from local authoriƟes. 

Cross-cuƫng implicaƟons 

Across all four countries, on-site sanitaƟon systems play a criƟcal role in sustaining rural habitaƟon and 
economic acƟvity, yet they also represent a signiĮcant source of diīuse polluƟon when inadequately 
designed, maintained, or supervised. Evidence from the Nordic countries indicates that a substanƟal 
proporƟon of exisƟng systems fail to meet current treatment requirements, while in Scotland the true 
performance and environmental impact of many systems remain uncertain due to historical under-
registraƟon and limited monitoring (Laukka et al., 2022; Lawson et al., 2024). 

Despite these challenges, all four countries operate within relaƟvely advanced environmental 
governance contexts, with strong overarching commitments to water quality protecƟon and public 
health. The key diīerences lie not in policy intent but in how on-site sanitaƟon is framed insƟtuƟonally, 
regulated legally, and supported in pracƟce. These diīerences provide a valuable basis for comparaƟve 
analysis, enabling the idenƟĮcaƟon of governance arrangements that enhance compliance, equity, and 
environmental performance. 

The secƟons that follow examine these governance dimensions in detail, beginning with a comparison 
of regulatory and legal frameworks, before moving on to insƟtuƟonal arrangements, enforcement 
mechanisms, Įnancing structures, data systems, and stakeholder capacity. 
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Regulatory and Legal Frameworks for On-Site SanitaƟon 

All four countries examined in this report have established legal frameworks aimed at controlling 
polluƟon from wastewater systems located outside centralised sewer networks. However, the legal 
form, degree of prescripƟveness, and allocaƟon of responsibility diīer markedly between the Nordic 
countries (Finland, Sweden, Norway) and Scotland. These diīerences shape not only environmental 
outcomes but also the pracƟcal governability of on-site sanitaƟon systems. 

Across the Nordic countries, on-site sanitaƟon is treated as an integral component of naƟonal 
wastewater regulaƟon and environmental regulatory frameworks, embedded within environmental 
protecƟon law and supported by explicit treatment performance requirements, although the legal force 
and implementaƟon model diīer between Finland, Sweden and Norway. In contrast, Scotland regulates 
on-site sanitaƟon primarily through a risk-based environmental permiƫng system, with fewer naƟonally 
standardised performance thresholds and a stronger emphasis on siƟng, design, and discharge controls 
rather than numeric treatment outcomes. This disƟncƟon has important implicaƟons for compliance, 
enforcement, and equity. 

Finland: binding naƟonal performance standards 

Finland operates one of the most explicit and legally binding regulatory regimes for on-site sanitaƟon in 
Europe. The core legal instruments are the Environmental ProtecƟon Act (527/2014), Chapter 16, and 
the Government Decree on TreaƟng DomesƟc Wastewater in Areas Outside Sewer Networks 
(157/2017), supplemented by the Water Act and the Land Use and Building Act and supported by 
related planning, building and water services legislaƟon (Laukka et al., 2022). 

The Finnish framework applies to on-site wastewater systems serving up to 100 populaƟon equivalents 
(PE) and establishes naƟonally uniform minimum treatment performance requirements. Two protecƟon 
levels are deĮned: 

• Standard level: minimum 80% reducƟon in biochemical oxygen demand (BOD), 70% 
phosphorus (P) removal, and 30% nitrogen (N) removal. 

• High protecƟon level: minimum 90% BOD, 85% P, and 40% N removal, applicable in 
environmentally sensiƟve areas such as shore zones and groundwater protecƟon areas. 

These numeric standards are legally binding and apply regardless of the speciĮc technology chosen. 
New buildings have been required to comply since the mid-2000s, while older properƟes were granted 
transiƟon periods, with limited exempƟons available on social or technical grounds (e.g. advanced age 
of residents, minimal wastewater generaƟon). 

A disƟncƟve feature of the Finnish approach is the inclusion of nitrogen removal requirements in 
naƟonal treatment standards, alongside phosphorus and organic maƩer reducƟons. These 
requirements apply broadly to on-site systems outside sewered areas and reŇect the role of 
decentralised wastewater in nutrient loading pressures on receiving waters (Laukka et al., 2022; 
Government Decree 157/2017). 

Sweden: Ňexible standards through general advice 

Sweden regulates on-site sanitaƟon primarily through the Swedish Environmental Code (SFS 1998:808) 
and the Ordinance Concerning Environmentally Hazardous AcƟviƟes and ProtecƟon of Public Health 
(SFS 1998:899). Detailed technical guidance is provided through General Advice (NFS 2006:7), originally 
issued by the Swedish Environmental ProtecƟon Agency and subsequently adopted by the Swedish 
Agency for Marine and Water Management (HaV/SwAM) aŌer responsibility shiŌed in 2011 (Laukka et 
al., 2022). 
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These General Advice documents establish recommended treatment performance levels, typically 
disƟnguishing between: 

• Normal protecƟon level (approx. 90% BOD, 70% P removal), and 

• High protecƟon level (approx. 90% BOD, 90% P removal, with nitrogen reducƟon required 
where locally jusƟĮed). 

While not legally binding, the General Advice are widely used by municipaliƟes as the basis for permit 
decisions. Swedish municipaliƟes have substanƟal discreƟon to determine which protecƟon level 
applies within their jurisdicƟon, allowing standards to be tailored to local environmental sensiƟvity (e.g. 
coastal zones, drinking water catchments). 

A notable feature of the Swedish framework is that on-site sanitaƟon may include systems serving up 
to 200 PE, meaning that some small collecƟve or uƟlity-operated systems can fall within the same 
regulatory category as household-scale systems. This creates a wider regulatory deĮniƟon of on-site 
sanitaƟon than in Finland or Norway, where the relevant thresholds are lower (Laukka et al., 2022). 

The Swedish approach gives municipaliƟes considerable discreƟon in translaƟng naƟonal guidance into 
permit condiƟons. This Ňexibility allows local adaptaƟon but can also contribute to variaƟon in 
enforcement pracƟce and compliance outcomes across municipaliƟes. 

Norway: naƟonally deĮned sensiƟvity classes 

Norway regulates on-site sanitaƟon through the PolluƟon Control Act and associated PolluƟon Control 
RegulaƟons, which set legally binding naƟonal requirements for wastewater discharges outside sewer 
networks (Laukka et al., 2022). 

The Norwegian framework applies to systems up to 50 PE and diīerenƟates requirements based on 
environmental sensiƟvity, categorising areas as: 

• Less sensiƟve areas: minimal requirements, oŌen saƟsĮed by sedimentaƟon alone. 

• Normal areas: minimum 70% BOD and 60% P reducƟon. 

• SensiƟve areas: stringent requirements, typically 90% P removal and 70–90% BOD reducƟon, 
with nitrogen removal imposed in selected catchments. 

Unlike Sweden, these categories are largely predeĮned at the naƟonal level, though municipaliƟes 
retain discreƟon to impose stricter condiƟons where jusƟĮed. InstallaƟon of on-site systems generally 
requires both a discharge permit and a building permit, reinforcing the integraƟon of environmental 
and construcƟon controls. 

Norway places parƟcular emphasis on professional competence, requiring cerƟĮed designers and 
installers for most systems and, in some cases, formal maintenance contracts for advanced treatment 
units. This regulatory design seeks to reduce failure at the installaƟon stage and improve long-term 
performance (Laukka et al., 2022). 

Scotland: risk-based environmental regulaƟon 

In Scotland, on-site sanitaƟon is regulated under the Water Environment (Controlled AcƟviƟes) 
(Scotland) RegulaƟons 2011 (CAR), administered by the Scoƫsh Environment ProtecƟon Agency (SEPA). 
Rather than prescribing naƟonal numeric treatment performance standards, the Scoƫsh framework 
relies on a registraƟon and licensing system linked to environmental risk (Lawson et al., 2024). 

Small domesƟc sewage discharges (typically serving fewer than 15 properƟes or <50 PE) are authorised 
through registraƟon, subject to compliance with General Binding Rules, while larger or higher-risk 
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discharges require a bespoke licence. Regulatory aƩenƟon focuses on siƟng, system design, and 
prevenƟon of polluƟon, with parƟcular emphasis on proximity to water bodies, groundwater 
vulnerability, and cumulaƟve impacts. 

Building standards legislaƟon further governs system construcƟon, including tank sizing, drainage Įeld 
design, and minimum separaƟon distances. However, once installed, ongoing responsibility for 
operaƟon and maintenance rests almost enƟrely with property owners, and Scoƫsh Water has no 
mandate over on-site systems (Lawson et al., 2024). 

Recent evidence suggests that a substanƟal proporƟon of sepƟc tanks historically remained 
unregistered, limiƟng regulatory visibility and enforcement capacity (Lawson et al., 2024). While 
Scotland’s approach is administraƟvely eĸcient and proporƟonate, the lack of explicit naƟonal 
performance benchmarks may weaken clarity for owners and complicate systemaƟc compliance 
assessment. 

ComparaƟve insights 

Taken together, the four cases reveal two broad regulatory models: 

1. Performance-based naƟonal standards (Finland, Norway; parƟally Sweden), where treatment 
outcomes are explicitly deĮned and legally enforceable; and 

2. Risk-based environmental permiƫng (Scotland), where compliance is assessed primarily 
through siƟng, system type, and polluƟon prevenƟon rather than measured treatment 
eĸciency. 

The Nordic experience demonstrates that binding standards provide clarity and legal certainty, but do 
not automaƟcally ensure compliance without adequate inspecƟon and owner support. Scotland’s 
model oīers Ňexibility and proporƟonality but risks fragmentaƟon and uneven outcomes in the absence 
of robust data, monitoring, and guidance. 

For the Decentralised Water Technologies project, this comparison highlights that regulatory design is 
not merely a technical choice but a governance decision with direct implicaƟons for equity, 
enforceability, and long-term environmental protecƟon. 

InsƟtuƟonal and OrganisaƟonal Arrangements 

While regulatory frameworks deĮne legal obligaƟons and environmental objecƟves, it is insƟtuƟonal 
and organisaƟonal arrangements that determine whether on-site sanitaƟon governance funcƟons 
eīecƟvely in pracƟce. Across Finland, Sweden, Norway, and Scotland, on-site sanitaƟon is governed 
through mulƟ-level insƟtuƟonal systems involving naƟonal ministries, regulatory agencies, local 
authoriƟes, and private actors. However, the allocaƟon of roles, coordinaƟon mechanisms, and levels 
of insƟtuƟonal support vary substanƟally, shaping implementaƟon capacity, compliance, and equity 
outcomes. 

A shared characterisƟc across all four countries is that on-site sanitaƟon is not delivered as a public 
uƟlity service in the same manner as centralised sewerage. Instead, responsibility is fragmented across 
environmental regulaƟon, building control, and private ownership. The key diīerence lies in how far 
naƟonal and local insƟtuƟons acƟvely support, supervise, and integrate on-site sanitaƟon within the 
wider water governance system. 
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Finland: shared responsibiliƟes with naƟonal coordinaƟon 

In Finland, governance of on-site sanitaƟon involves clear role diīerenƟaƟon between naƟonal, 
regional, and municipal authoriƟes, supported by strong coordinaƟon mechanisms (Laukka et al., 2022). 

At the naƟonal level, the Ministry of the Environment is responsible for policy development and 
legislaƟon, while the Finnish Environment InsƟtute (SYKE) plays a central role in research, technical 
guidance, and knowledge disseminaƟon. SYKE has been parƟcularly inŇuenƟal in translaƟng regulatory 
requirements into accessible guidance for municipaliƟes, property owners, and service providers. 

At the regional level, the Centres for Economic Development, Transport and the Environment (ELY 
Centres) supervise and guide municipaliƟes, handle appeals, and may grant exempƟons in special cases. 
This intermediate Ɵer provides technical and legal backstopping, reducing the burden on small 
municipaliƟes. 

MunicipaliƟes themselves hold the primary responsibility for implementaƟon. Typically, duƟes are 
divided between: 

• municipal building control authoriƟes, which issue building permits and approve system design; 
and 

• municipal environmental authoriƟes, which supervise environmental compliance and manage 
exempƟons. 

Importantly, Finland deliberately separates regulatory oversight from system design, discouraging 
municipaliƟes from providing technical design services in order to preserve regulatory imparƟality. 
Property owners are responsible for operaƟon and maintenance, oŌen supported by private consultants 
and licensed waste contractors. The Finnish insƟtuƟonal model is characterised by strong naƟonal 
guidance and regional support, which parƟally compensates for limited municipal capacity. 

Sweden: strong municipal autonomy and enforcement responsibility 

Sweden’s insƟtuƟonal arrangement places strong responsibility at the municipal level, with local 
authoriƟes responsible for permiƫng, supervision, and enforcement of on-site systems (Laukka et al., 
2022). 

NaƟonal agencies, notably the Swedish Agency for Marine and Water Management (Havs och VaƩen 
myndigheten, HaV), provide policy direcƟon and issue guidance, but day-to-day governance of on-site 
sanitaƟon rests almost enƟrely with municipal environmental and health authoriƟes. These authoriƟes 
are responsible for: 

• permiƫng new and upgraded on-site systems, 

• determining applicable protecƟon levels, 

• supervising compliance, and 

• enforcing correcƟve measures where standards are not met. 

Unlike Finland, Swedish municipaliƟes typically combine permiƫng and supervision within the same 
department. A disƟncƟve insƟtuƟonal feature is the legal requirement for municipaliƟes to adopt mulƟ-
year supervision plans for on-site sanitaƟon, ensuring that inspecƟon and enforcement are planned 
rather than purely complaint-driven. 

Regional County AdministraƟve Boards provide oversight of municipal performance and oīer technical 
support but do not intervene rouƟnely. This insƟtuƟonal design grants municipaliƟes signiĮcant 
discreƟon but also exposes dispariƟes in capacity and poliƟcal prioriƟsaƟon. Larger municipaliƟes with 
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environmental experƟse tend to implement systemaƟc inspecƟon regimes, while smaller or resource-
constrained municipaliƟes oŌen struggle to fulĮl their supervisory role. 

Norway: professionalisaƟon and technical oversight 

Norway’s insƟtuƟonal framework combines strong municipal authority with an explicit emphasis on 
professional competence and technical standardisaƟon (Laukka et al., 2022). 

NaƟonal policy is set by the Ministry of Climate and Environment, with technical guidance and 
coordinaƟon provided by the Norwegian Environment Agency. Unlike Finland, Norway has a less 
prominent regional Ɵer, and responsibility is concentrated at the municipal level. 

MunicipaliƟes act simultaneously as: 

• polluƟon control authoriƟes issuing discharge permits; and 

• building authoriƟes approving system construcƟon. 

This dual role is legally separated but oŌen administered by the same small teams in rural municipaliƟes. 
To compensate for limited administraƟve capacity, Norway places signiĮcant responsibility on the 
private sector, requiring cerƟĮed professionals to design, install, and in some cases maintain on-site 
systems. Industry organisaƟons such as Norsk Vann and research insƟtuƟons like NIBIO play a crucial 
role in producing manuals, training materials, and standardised procedures. 

This emphasis on professionalisaƟon reŇects a governance strategy that seeks to prevent non-
compliance upstream, by reducing installaƟon errors and ensuring adequate maintenance, rather than 
relying solely on inspecƟon and sancƟons. 

Scotland: fragmented insƟtuƟonal responsibility 

In Scotland, insƟtuƟonal responsibility for on-site sanitaƟon is more fragmented than in the Nordic 
countries, reŇecƟng historical governance arrangements and the strong separaƟon between centralised 
and decentralised services (Lawson et al., 2024). 

Environmental regulaƟon of on-site sewage discharges is the responsibility of the Scoƫsh Environment 
ProtecƟon Agency (SEPA), which administers registraƟon and licensing under the Controlled AcƟviƟes 
RegulaƟons. SEPA’s role is primarily regulatory and risk-based, with limited rouƟne inspecƟon capacity 
for domesƟc systems. 

Local authoriƟes play a secondary but important role through: 

• Planning departments, which assess development proposals and enforce sewer connecƟon 
requirements3; and 

• Building Standards departments, which approve the technical design and installaƟon of sepƟc 
tanks and drainage systems. 

Once systems are installed, responsibility for operaƟon and maintenance rests primarily with property 
owners. No public body provides universal ongoing operaƟonal oversight or support for on-site systems, 
although limited services—such as sepƟc tank emptying—may be oīered on a commercial basis by 
providers including Scoƫsh Water, subject to local capacity and access constraints. Scoƫsh Water does 
not have a regulatory or service obligaƟon for private on-site systems, creaƟng a clear insƟtuƟonal 
boundary between centralised and decentralised wastewater services. 

 
3 In pracƟce, however, stakeholders report challenges in verifying connecƟon commitments at the planning stage, 
parƟcularly where developers indicate future connecƟon to sewer networks that may not materialise in 
implementaƟon (Environmental Oĸcer, private communicaƟon). 
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Evidence from Scotland indicates that this fragmented insƟtuƟonal landscape contributes to limited 
monitoring, weak feedback loops, and persistent inequaliƟes between urban populaƟons served by 
public uƟliƟes and rural households responsible for their own sanitaƟon infrastructure (Lawson et al., 
2024). 

Cross-country comparison and insƟtuƟonal implicaƟons 

Across all four countries, municipaliƟes and property owners are central actors in on-site sanitaƟon 
governance. However, the degree of insƟtuƟonal support, coordinaƟon, and professionalisaƟon diīers 
markedly. 

The Nordic countries demonstrate that strong municipal responsibility can be eīecƟve only when 
supported by naƟonal guidance, technical backstopping, and professional service ecosystems. Finland’s 
regional support structures and Norway’s competence requirements parƟally miƟgate the challenges 
of governing dispersed systems. Sweden’s reliance on municipal autonomy highlights both the strengths 
and vulnerabiliƟes of decentralised enforcement. 

Scotland’s insƟtuƟonal model, by contrast, places comparaƟvely greater responsibility on individual 
owners within a risk-based regulatory framework, with limited insƟtuƟonal capacity for proacƟve 
supervision or support. This arrangement reduces administraƟve burden but also constrains the 
eīecƟveness of governance in pracƟce. 

These insƟtuƟonal diīerences help explain observed variaƟons in compliance, data availability, and 
environmental outcomes, and underscore the importance of aligning regulatory ambiƟon with 
insƟtuƟonal capacity—an issue explored further in the following secƟon on Compliance and 
Enforcement Mechanisms. 

Compliance and Enforcement Mechanisms 

Across all four countries examined, a persistent challenge in on-site sanitaƟon governance is the gap 
between regulatory intent and actual compliance. Although legal frameworks deĮne treatment 
requirements and insƟtuƟonal responsibiliƟes, evidence consistently indicates that a substanƟal 
proporƟon of on-site sanitaƟon systems do not meet applicable standards (Laukka et al., 2022). This 
compliance gap reŇects not only technical failures but also the inherent diĸculty of enforcing 
environmental regulaƟon across large numbers of small, privately operated systems dispersed over rural 
landscapes—a challenge widely recognised in the governance of decentralised environmental systems 
(Mazur, 2011; Reymond et al., 2020). 

Compliance and enforcement mechanisms vary considerably between Finland, Sweden, Norway, and 
Scotland, shaped by diīerences in legal design, inspecƟon regimes, insƟtuƟonal capacity, and the 
balance between puniƟve and supporƟve regulatory approaches. 

Finland: formal obligaƟons with limited systemaƟc inspecƟon 

In Finland, compliance with on-site sanitaƟon requirements is legally mandatory and clearly deĮned 
through naƟonally binding performance standards. In principle, municipaliƟes possess the authority to 
require system upgrades, issue enforcement orders, and apply sancƟons where treatment requirements 
are not met (Laukka et al., 2022). 

In pracƟce, however, systemaƟc inspecƟon of exisƟng installaƟons is limited. Municipal enforcement 
acƟviƟes are oŌen triggered by: 

• applicaƟons for building permits or major renovaƟons, 
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• changes in property ownership, 

• complaints from neighbours, or 

• observed polluƟon incidents. 

RouƟne inspecƟons of all on-site systems are uncommon due to limited municipal resources and the 
logisƟcal challenges of accessing remote properƟes. As a result, compliance is frequently inferred 
indirectly from system age or type rather than veriĮed through eŋuent monitoring. NaƟonal esƟmates 
suggest that more than half of systems subject to treatment requirements fail to meet them, parƟcularly 
older installaƟons relying solely on sepƟc tanks without secondary treatment (Laukka et al., 2022). 

Finland’s experience illustrates the limits of performance-based regulaƟon without an accompanying 
inspecƟon infrastructure, even where legal clarity is high. 

Sweden: planned supervision with uneven implementaƟon 

Sweden adopts a more explicitly structured approach to enforcement by requiring municipaliƟes to 
develop mulƟ-year supervision plans for on-site sanitaƟon. These plans are intended to prioriƟse 
inspecƟons based on environmental risk and system age, thereby introducing a degree of predictability 
and strategic focus into enforcement (Laukka et al., 2022). 

Municipal environmental authoriƟes have the power to: 

• deny permits for non-compliant systems, 

• issue improvement noƟces, 

• impose deadlines for upgrades, and 

• levy Įnes or other sancƟons in cases of persistent non-compliance. 

Despite this formal structure, enforcement outcomes vary substanƟally across municipaliƟes. Larger or 
environmentally sensiƟve municipaliƟes tend to conduct more frequent inspecƟons, while smaller or 
resource-constrained municipaliƟes oŌen struggle to implement their supervision plans in full. As in 
Finland, direct measurement of eŋuent quality is rare, and compliance assessments rely heavily on 
system characterisƟcs and documentaƟon. 

Studies indicate that a majority of inspected systems do not fully meet applicable protecƟon levels, 
highlighƟng persistent compliance challenges despite Sweden’s comparaƟvely proacƟve regulatory 
design (Laukka et al., 2022). 

Norway: professionalisaƟon as a compliance strategy 

Norway’s compliance strategy places relaƟvely less emphasis on rouƟne inspecƟon and greater 
emphasis on prevenƟve enforcement through professionalisaƟon. MunicipaliƟes issue discharge 
permits and building approvals, but enforcement acƟviƟes are oŌen integrated into the permiƫng and 
installaƟon process rather than applied retrospecƟvely (Laukka et al., 2022). 

Key compliance mechanisms include: 

• mandatory use of cerƟĮed professionals for system design and installaƟon, 

• requirements for maintenance contracts for certain advanced treatment systems, 

• and coordinaƟon between building control and environmental authoriƟes at the municipal 
level. 
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While municipaliƟes retain the power to impose sancƟons or require correcƟve acƟon, proacƟve 
inspecƟon of exisƟng systems is uneven and largely complaint-driven. NaƟonal surveys suggest that 
non-compliance remains widespread, parƟcularly among older systems installed before current 
regulaƟons were introduced (Laukka et al., 2022). However, Norway’s emphasis on competence 
requirements seeks to reduce future non-compliance by addressing technical failures at source. 

Scotland: risk-based authorisaƟon and reacƟve enforcement 

In Scotland, compliance and enforcement are structured around a risk-based environmental 
authorisaƟon system rather than rouƟne inspecƟon. Under the Controlled AcƟviƟes RegulaƟons, all 
private sewage discharges must be registered or licensed, and legal responsibility for compliance rests 
with the system owner (Lawson et al., 2024). 

SEPA has the authority to: 

• impose condiƟons on registraƟons and licences, 

• require system upgrades where polluƟon occurs, 

• issue enforcement noƟces, and 

• prosecute in cases of serious or repeated non-compliance. 

However, rouƟne inspecƟon of domesƟc sepƟc systems is not standard pracƟce. Enforcement is typically 
triggered by polluƟon incidents, complaints, development acƟvity, or informaƟon emerging through 
registraƟon processes. Historical under-registraƟon4 has further constrained enforcement capacity, as 
regulators cannot target systems that are not visible in oĸcial records. 

As a result, compliance outcomes for sepƟc systems are diĸcult to quanƟfy, but available evidence 
suggests that many legacy systems would not meet contemporary environmental protecƟon 
expectaƟons. The Scoƫsh experience highlights the limitaƟons of a regulatory model that relies heavily 
on owner responsibility and post-hoc intervenƟon in the absence of systemaƟc monitoring (Lawson et 
al., 2024). 

Cross-country comparison: common constraints and divergent strategies 

Across all four countries, several common paƩerns emerge: 

• Low inspecƟon frequency relaƟve to the number of systems undermines deterrence. 

• Indirect compliance assessment (based on system type or age) subsƟtutes for eŋuent 
monitoring. 

• High upgrade costs discourage voluntary compliance in the absence of enforcement. 

• Limited sancƟoning reduces the perceived risk of non-compliance. 

At the same Ɵme, the countries diīer in how they aƩempt to address these constraints. Sweden 
emphasises planning and systemaƟc supervision, Finland relies on clear legal obligaƟons, Norway 
prioriƟses professional competence, and Scotland adopts proporƟonality through risk-based 
authorisaƟon. 

The evidence suggests that no single enforcement mechanism is suĸcient. EīecƟve compliance 
depends on a combinaƟon of: 

• system visibility through registraƟon and data systems, 

 
4 See note n. 3. 
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• risk-based inspecƟon strategies, 

• credible enforcement powers, 

• enforced building and installaƟon standards at the point of construcƟon, 

• regular maintenance and desludging, oŌen supported by professional service providers, 

• and supporƟve measures that enable owners to comply. 

These Įndings underscore the importance of aligning enforcement mechanisms with insƟtuƟonal 
capacity and social realiƟes, a theme that becomes even more salient when examining Įnancing and 
economic instruments, the focus of the next secƟon. 

Financing and Economic Instruments 

Financing arrangements play a decisive role in shaping the eīecƟveness and equity of on-site sanitaƟon 
governance. Unlike centralised sewerage systems—typically Įnanced through public investment, user 
tariīs, and cross-subsidisaƟon—on-site sanitaƟon systems in all four countries examined are largely 
treated as private assets, with capital and operaƟonal costs borne primarily by individual property 
owners. This Įnancing model has profound implicaƟons for compliance, system performance, and rural 
equity. 

Across Finland, Sweden, Norway, and Scotland, regulatory frameworks impose legal obligaƟons on 
owners to install, upgrade, and maintain on-site systems, yet Įnancial support mechanisms are 
generally limited, fragmented, or absent. As a result, economic constraints frequently undermine the 
translaƟon of regulatory ambiƟon into real-world outcomes. 

Finland: owner responsibility with limited targeted support 

In Finland, the legal responsibility for Įnancing on-site sanitaƟon systems rests squarely with property 
owners. Costs include system design, installaƟon, upgrading to meet performance standards, rouƟne 
maintenance, and periodic sludge removal. These costs can be substanƟal, parƟcularly where advanced 
treatment systems or phosphorus-removal units are required in sensiƟve areas. 

While Finland has occasionally deployed targeted Įnancial instruments, such as temporary subsidies or 
tax deducƟons for system upgrades, these measures have been limited in scope and duraƟon (Laukka 
et al., 2022). MunicipaliƟes do not generally provide direct Įnancial assistance, and there is no naƟonal, 
permanent grant scheme dedicated to on-site sanitaƟon upgrades. 

The absence of sustained Įnancial support has contributed to widespread delays in compliance, 
parƟcularly among: 

• elderly homeowners, 

• owners of low-value rural properƟes, and 

• seasonal coƩage owners with limited incenƟve to invest in high-cost treatment systems. 

Although Finland’s regulatory framework allows for exempƟons or extended compliance Ɵmelines on 
social grounds, these mechanisms address aīordability indirectly rather than reducing the Įnancial 
burden itself. 
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Sweden: decentralised Įnancing with uneven local instruments 

Sweden follows a similar principle of owner-Įnanced on-site sanitaƟon, but with greater municipal 
variaƟon in the use of economic instruments. InstallaƟon and upgrade costs are borne by property 
owners, while rouƟne sludge removal is oŌen organised municipally and Įnanced through service fees. 

Some Swedish municipaliƟes have experimented with local Įnancial instruments, including: 

• low-interest municipal loans, 

• coordinated procurement arrangements to reduce unit costs, 

• or advisory services designed to help owners select cost-eīecƟve soluƟons. 

However, these iniƟaƟves are not naƟonally coordinated and depend heavily on local poliƟcal prioriƟes 
and Įscal capacity (Laukka et al., 2022). As a result, access to Įnancial support varies signiĮcantly 
between municipaliƟes, reinforcing spaƟal inequaliƟes. 

Importantly, Sweden’s reliance on municipal enforcement without consistent Įnancial assistance has 
generated resistance among property owners in some areas, parƟcularly where stricter protecƟon levels 
are imposed without corresponding economic support. 

Norway: selecƟve incenƟves and cost-sharing experiments 

Norway’s Įnancing model likewise places primary responsibility on property owners, but it has made 
more selecƟve use of targeted economic incenƟves, parƟcularly in environmentally sensiƟve 
catchments. In some regions, homeowners have been eligible for: 

• parƟal subsidies for installing enhanced phosphorus-removal systems, 

• support for upgrading failing systems near vulnerable water bodies, or 

• parƟcipaƟon in coordinated upgrading schemes. 

These measures are typically geographically targeted and Ɵme-limited, rather than embedded in a 
naƟonal Įnancing framework (Laukka et al., 2022). Norway’s emphasis on professional design and 
installaƟon also increases upfront costs, although proponents argue that this reduces long-term failure 
and maintenance expenses. 

Despite these eīorts, aīordability remains a barrier for many households, especially in remote areas 
with low property values and high construcƟon costs. 

Scotland: minimal Įnancial support and structural inequity 

In Scotland, the Įnancing of on-site sanitaƟon systems is almost enƟrely privaƟsed. Property owners are 
responsible for all costs associated with installaƟon, registraƟon or licensing, maintenance, desludging, 
and system replacement. Unlike users of centralised sewerage, on-site system owners do not beneĮt 
from tariī-based cost spreading or public investment in infrastructure. 

Limited Įnancial assistance exists in Scotland, but it is narrowly focused and insuĸcient to address 
sanitaƟon costs directly. For example, grants are available for improving private water supplies, but there 
is no equivalent naƟonal grant scheme dedicated speciĮcally to sepƟc tank or on-site wastewater 
upgrades (Lawson et al., 2024). This asymmetry reinforces a governance divide between drinking water 
and wastewater services in rural areas. 

The absence of robust Įnancial instruments has several consequences: 

• delayed upgrades of non-compliant systems, 
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• conƟnued operaƟon of ageing infrastructure, 

• increased risk of polluƟon incidents, and 

• heightened inequity between urban households connected to public sewerage and rural 
households responsible for private systems. 

From a governance perspecƟve, Scotland’s Įnancing model relies heavily on voluntary compliance and 
owner willingness to invest, despite limited economic incenƟves and weak enforcement. 

ComparaƟve assessment: Įnancing and compliance outcomes 

Across all four countries, a consistent paƩern emerges: high compliance costs combined with limited 
Įnancial support undermine regulatory eīecƟveness. Even where legal obligaƟons are clear and 
environmental risks are recognised, property owners frequently postpone or avoid investment due to 
aīordability concerns. 

The comparaƟve evidence suggests several key insights: 

• Regulatory stringency without Įnancial support produces resistance and non-compliance. 

• Targeted subsidies and cost-sharing arrangements can improve compliance, but only where 
they are predictable and well-communicated. 

• TreaƟng on-site sanitaƟon as a purely private responsibility overlooks its collecƟve 
environmental and public-health implicaƟons. 

These Įndings point to a fundamental governance tension: on-site sanitaƟon delivers public 
environmental beneĮts, yet is Įnanced almost exclusively through private expenditure. Without 
mechanisms to reconcile this mismatch, compliance gaps are likely to persist. 

ImplicaƟons for policy design 

The Įnancing experiences of Finland, Sweden, Norway, and Scotland suggest that eīecƟve on-site 
sanitaƟon governance requires integraƟng economic instruments into regulatory and insƟtuƟonal 
frameworks. PotenƟal opƟons include: 

• targeted grants or low-interest loans for upgrades in high-risk areas, parƟcularly for low-income 
and vulnerable households, 

• cost-sharing mechanisms coordinated at municipal or regional level, 

• linking Įnancial support to compliance milestones or maintenance contracts, and 

• exploring service-based models that reduce individual Įnancial burdens. 

These consideraƟons are parƟcularly relevant for Scotland, where emerging policy agendas around 
equity, resilience, and decentralised water technologies provide an opportunity to reframe on-site 
sanitaƟon Įnancing as a maƩer of public value rather than private obligaƟon alone. 

The next secƟon examines how technical standards and system types interact with governance and 
Įnancing arrangements to shape environmental performance. 

Technical Standards and System Types 

Technical standards are a central mechanism through which governance objecƟves for on-site sanitaƟon 
are operaƟonalised. They translate abstract environmental protecƟon goals into concrete design 
requirements, performance thresholds, and operaƟonal expectaƟons for treatment systems. Across 
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Finland, Sweden, Norway, and Scotland, technical standards play a dual role: they deĮne what 
consƟtutes “adequate treatment” and shape which technologies are considered acceptable in diīerent 
environmental and spaƟal contexts. 

Despite this shared funcƟon, the four countries adopt disƟnct regulatory philosophies. The Nordic 
countries rely predominantly on performance-based standards, expressed through pollutant removal 
eĸciencies or eŋuent quality thresholds, whereas Scotland emphasises design- and site-based 
standards, enforced through building regulaƟons and risk-based discharge controls. These diīerences 
have signiĮcant implicaƟons for system selecƟon, compliance monitoring, and long-term performance. 

Finland: naƟonally deĮned performance requirements 

Finland applies one of the most explicit and uniform performance-based approaches to on-site 
sanitaƟon among the countries studied. NaƟonal legislaƟon speciĮes minimum removal eĸciencies for 
organic maƩer (BOD), phosphorus, and nitrogen, with two levels of requirement—standard and high—
depending on environmental sensiƟvity (Laukka et al., 2022). 

Under this framework, acceptable system types include: 

• sepƟc tanks combined with secondary treatment (e.g. sand Įlters or inĮltraƟon Įelds), 

• packaged treatment plants, 

• constructed wetlands (limited use), 

• dry or composƟng toilets (mainly in seasonal dwellings). 

SepƟc tanks without secondary treatment are widely used historically, but they are generally insuĸcient 
to meet current performance standards in regulated areas. Finland’s framework explicitly links system 
adequacy to treatment outcomes, not merely to system type. In principle, any technology capable of 
achieving the required removal eĸciencies is acceptable. 

However, empirical evidence indicates that actual system performance oŌen falls short of regulatory 
targets, due to construcƟon defects, poor maintenance, or inappropriate system selecƟon. Cold winter 
condiƟons further aīect biological treatment eĸciency, although Finnish regulaƟons assess compliance 
on an annual average basis, allowing seasonal variaƟon (Laukka et al., 2022). 

Sweden: performance guidance with local discreƟon 

Sweden’s technical standards for on-site sanitaƟon are arƟculated through naƟonal “General Advice” 
rather than binding legislaƟon. These guidelines deĮne expected treatment levels—typically 
corresponding to high reducƟons in BOD and phosphorus, and nitrogen where locally required—but 
allow municipaliƟes substanƟal discreƟon in implementaƟon (Laukka et al., 2022). 

Commonly permiƩed system types include: 

• inĮltraƟon trenches and sand Įlter beds, 

• sepƟc tanks with secondary treatment, 

• package treatment plants, 

• holding tanks (limited use), 

• alternaƟve systems such as urine-diverƟng toilets in speciĮc contexts. 

Sweden’s emphasis on soil-based post-treatment systems reŇects both hydrogeological suitability and 
long-standing pracƟce. However, reliance on inĮltraƟon systems can pose risks in areas with shallow 
soils, high groundwater tables, or sensiƟve receiving waters. 
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As in Finland, a substanƟal proporƟon of systems fail to meet expected performance levels in pracƟce. 
This underperformance is oŌen aƩributed to ageing infrastructure, inadequate maintenance, and weak 
follow-up rather than inherent technological limitaƟons (Laukka et al., 2022). 

Norway: diīerenƟated standards by environmental sensiƟvity 

Norway employs a Ɵered technical standard system, explicitly linked to environmental sensiƟvity 
classiĮcaƟons. Treatment requirements range from minimal sedimentaƟon in less sensiƟve areas to 
advanced nutrient removal in sensiƟve catchments, parƟcularly those aīecƟng drinking water sources 
(Laukka et al., 2022). 

PermiƩed technologies include: 

• sepƟc tanks (acceptable only in low-sensiƟvity areas), 

• soil inĮltraƟon systems, 

• phosphorus-removal units, 

• compact package treatment plants, 

• advanced biological or chemical treatment systems in sensiƟve zones. 

A disƟncƟve feature of the Norwegian approach is the strong emphasis on professional design, 
installaƟon, and in some cases maintenance, parƟcularly for package plants. This requirement aims to 
reduce technical failure rates and improve long-term system performance. 

Nonetheless, even in Norway, Įeld evidence suggests that many systems do not consistently achieve 
their theoreƟcal performance, underscoring the limits of technical standards in the absence of 
systemaƟc monitoring and enforcement. 

Scotland: design- and risk-based technical regulaƟon 

Scotland diīers markedly from the Nordic countries in its approach to technical standards. Rather than 
specifying pollutant removal eĸciencies, Scoƫsh regulaƟon focuses on: 

• system design and construcƟon standards, 

• siƟng and separaƟon distances, 

• hydraulic loading and soil inĮltraƟon capacity, 

• protecƟon of water bodies through risk-based controls. 

Technical requirements are enforced primarily through: 

• Building (Scotland) RegulaƟons and associated technical handbooks, and 

• the Water Environment (Controlled AcƟviƟes) RegulaƟons (CAR), administered by SEPA. 

Acceptable systems include: 

• sepƟc tanks with soakaway drainage, 

• small package treatment plants, 

• limited alternaƟve systems (e.g. reed beds) subject to site suitability. 

Environmental protecƟon is achieved indirectly by requiring appropriate dispersion of eŋuent and 
prohibiƟng direct discharges where polluƟon risk is high. While this approach oīers Ňexibility and 
reduces administraƟve burden, it also limits the ability to assess performance quanƟtaƟvely and makes 
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compliance assessment more dependent on professional judgement and complaint-based invesƟgaƟon 
(Lawson et al., 2024). 

ComparaƟve assessment: technology, standards, and outcomes 

Across all four countries, sepƟc tanks—oŌen without advanced treatment—remain the most 
widespread system type, despite widespread recogniƟon of their limited treatment eĸciency. More 
advanced systems are available and permiƩed, but uptake is constrained by cost, awareness, and 
enforcement. 

Several comparaƟve insights emerge: 

1. Performance-based standards provide clarity but require monitoring capacity: 
Finland and Norway clearly arƟculate what consƟtutes acceptable treatment, but weak 
monitoring undermines compliance. 

2. Design-based standards reduce regulatory burden but obscure environmental performance: 
Scotland’s approach prioriƟses feasibility and proporƟonality but lacks systemaƟc evidence on 
actual pollutant reducƟon. 

3. Technology alone does not guarantee outcomes: Across all cases, underperformance is oŌen 
driven by poor installaƟon, inadequate maintenance, and lack of user engagement rather than 
inappropriate technology choice. 

4. Climate and geography maƩer: Cold temperatures, variable soils, and dispersed seƩlement 
paƩerns shape system viability and long-term eīecƟveness, reinforcing the need for context-
sensiƟve standards. 

ImplicaƟons for governance 

The comparaƟve evidence suggests that technical standards are most eīecƟve when embedded within 
supporƟve governance systems that include: 

• professional competence requirements, 

• rouƟne inspecƟon or maintenance obligaƟons, 

• accessible guidance for system owners, 

• and alignment between technical expectaƟons and Įnancial capacity. 

For Scotland, Nordic experience highlights the potenƟal value of complemenƟng design-based 
regulaƟon with clearer performance expectaƟons—at least in high-risk areas—while maintaining 
proporƟonality and Ňexibility. Conversely, Nordic countries may learn from Scotland’s risk-based 
approach to tailoring technical requirements to local condiƟons. 

The next secƟon examines how data, monitoring, and informaƟon systems shape the capacity of 
authoriƟes to implement and enforce these technical standards in pracƟce. 

Data, Monitoring, and InformaƟon Systems 

IntroducƟon: visibility as a precondiƟon for governance 

Reliable data and monitoring systems are foundaƟonal to eīecƟve governance of on-site sanitaƟon. 
Without accurate informaƟon on the number, locaƟon, type, and condiƟon of systems, regulators lack 
the ability to assess environmental risk, target enforcement, evaluate policy eīecƟveness, or plan 
investments. Across Finland, Sweden, Norway, and Scotland, deĮciencies in data availability and 
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monitoring capacity consistently emerge as a core constraint, undermining even well-designed 
regulatory and insƟtuƟonal frameworks. 

A central challenge common to all four countries is that on-site sanitaƟon systems are small, privately 
operated, and spaƟally dispersed, making them inherently diĸcult to inventory and monitor. 
Consequently, governance systems oŌen rely on parƟal registries, indirect indicators of compliance, or 
complaint-driven informaƟon Ňows. 

Finland: fragmented records and limited performance data 

In Finland, data on on-site sanitaƟon systems are distributed across mulƟple administraƟve systems, 
including municipal building permit records, environmental permits, and waste management databases. 
While municipaliƟes possess informaƟon on newly installed or upgraded systems, comprehensive 
naƟonal or regional registries of exisƟng systems do not exist (Laukka et al., 2022) – with recent research 
indicaƟng that this fragmentaƟon persists (Nissilä, 2025). 

Monitoring of system performance is largely indirect. AuthoriƟes typically infer compliance based on: 

• system type and age, 

• documentaƟon submiƩed during permiƫng, 

• or reports from waste hauliers during sludge removal. 

RouƟne eŋuent sampling of domesƟc on-site systems is rare, due to both cost and logisƟcal constraints. 
As a result, esƟmates of non-compliance rely on targeted studies and inspecƟons rather than systemaƟc 
monitoring. The Finnish case demonstrates how even detailed performance-based regulaƟon can be 
undermined when data systems are insuĸcient to verify outcomes. 

Sweden: inspecƟon planning without comprehensive inventories 

Sweden has taken steps to strengthen data visibility through its requirement that municipaliƟes develop 
mulƟ-year supervision plans for on-site sanitaƟon. These plans necessitate that municipaliƟes idenƟfy 
and prioriƟse systems for inspecƟon, oŌen based on age, locaƟon, or perceived environmental risk 
(Laukka et al., 2022). 

Despite this, Sweden lacks a uniĮed naƟonal database of on-site systems. Municipal records vary in 
quality and completeness, reŇecƟng diīerences in historical permiƫng pracƟces and administraƟve 
capacity. Performance monitoring similarly relies on visual inspecƟons and documentaƟon review, with 
direct eŋuent sampling used sparingly and primarily in problem cases. 

While Sweden’s planning requirements improve strategic oversight at the local level, the absence of 
standardised naƟonal data limits cross-municipal learning and comprehensive assessment of 
cumulaƟve environmental impacts. 

Norway: system documentaƟon and professional reporƟng 

Norway’s data and monitoring approach is shaped by its emphasis on professional competence. 
Permiƫng processes require detailed technical documentaƟon, and in some cases system owners must 
submit maintenance or service reports for advanced treatment units (Laukka et al., 2022). 

MunicipaliƟes maintain records of permiƩed systems, but as in Finland and Sweden, legacy installaƟons 
predaƟng modern regulaƟons are oŌen poorly documented. Monitoring focuses on verifying that 
systems have been installed and maintained according to approved designs, rather than on rouƟne 
measurement of eŋuent quality. 
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Although Norway beneĮts from relaƟvely high-quality technical documentaƟon for newer systems, 
overall data completeness remains uneven, parƟcularly in remote municipaliƟes with limited 
administraƟve resources. 

Scotland: registraƟon-driven visibility with limited performance monitoring 

Scotland’s data infrastructure for on-site sanitaƟon has improved in recent years through the expansion 
of mandatory registraƟon of private sewage discharges under the Controlled AcƟviƟes RegulaƟons. This 
process has increased visibility of system locaƟons and types, addressing a long-standing gap in 
regulatory oversight (Lawson et al., 2024). 

However, registraƟon data primarily capture existence and authorisaƟon status, rather than operaƟonal 
performance. RouƟne monitoring of eŋuent quality from domesƟc sepƟc systems is not standard 
pracƟce. Enforcement and further invesƟgaƟon are typically triggered by: 

• polluƟon complaints, 

• development applicaƟons, 

• or informaƟon arising during registraƟon reviews. 

As a result, Scotland faces a similar challenge to the Nordic countries: improved system visibility has not 
yet translated into systemaƟc knowledge of environmental performance. Lawson et al. (2024) note that 
the true cumulaƟve impact of sepƟc systems on Scoƫsh water bodies remains poorly quanƟĮed. 

Cross-country comparison: common data deĮcits 

Across all four countries, several common paƩerns are evident: 

• Incomplete system inventories, parƟcularly for older installaƟons. 

• Minimal rouƟne performance monitoring, with eŋuent sampling used only in excepƟonal 
cases. 

• Reliance on proxy indicators (system age, type, locaƟon) rather than measured outcomes. 

• Fragmented data ownership, spread across mulƟple authoriƟes and administraƟve systems. 

These limitaƟons constrain the ability of regulators to implement risk-based regulaƟon, evaluate policy 
eīecƟveness, and prioriƟse investment. They also hinder transparency and accountability, as neither 
policymakers nor the public can easily assess whether on-site sanitaƟon systems are meeƟng 
environmental protecƟon objecƟves. 

ImplicaƟons for governance and policy 

The comparaƟve evidence indicates that strengthening data and monitoring systems is a prerequisite 
for improving on-site sanitaƟon governance. Key implicaƟons include: 

• RegistraƟon is necessary but not suĸcient: knowing where systems exist is a criƟcal Įrst step, 
but governance requires addiƟonal informaƟon on condiƟon and performance. 

• Risk-based monitoring oīers a pragmaƟc pathway: targeted inspecƟons and sampling in high-
risk areas can improve outcomes without imposing excessive administraƟve burdens. 

• IntegraƟon of data systems maƩers: linking building permits, environmental registraƟons, and 
maintenance records could substanƟally improve oversight. 

• Digital tools and standardised reporƟng hold promise for reducing monitoring costs and 
improving data quality. 
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For Scotland, the ongoing development of registraƟon systems provides a foundaƟon upon which more 
strategic, data-informed governance could be built, drawing on Nordic experience while remaining 
proporƟonate to insƟtuƟonal capacity. 

The next secƟon turns to stakeholder engagement and capacity, examining how awareness, professional 
competence, and user support shape the eīecƟveness of on-site sanitaƟon governance. 

Stakeholders, InsƟtuƟonal Arrangements, and Capacity 

Governance of on-site sanitaƟon involves a complex constellaƟon of actors operaƟng across mulƟple 
administraƟve levels, including naƟonal ministries, environmental regulators, local authoriƟes, private 
service providers, research insƟtuƟons, civil society organisaƟons, and—criƟcally—property owners 
themselves. Across Finland, Sweden, Norway, and Scotland, on-site sanitaƟon is governed through 
decentralised insƟtuƟonal arrangements in which primary responsibility for system operaƟon rests with 
private owners, while regulatory oversight is exercised largely at the municipal or local level. 

While these insƟtuƟonal architectures are relaƟvely well deĮned in formal terms, comparaƟve evidence 
shows that governance eīecƟveness depends not only on who is responsible, but also on whether those 
actors possess the capacity, knowledge, resources, and incenƟves to fulĮl their roles in pracƟce (Rogers 
& Hall, 2003; OECD, 2015). This secƟon therefore integrates two dimensions of governance: 

(1) insƟtuƟonal roles and responsibiliƟes, 
(2) and stakeholder engagement and operaƟonal capacity. 

InsƟtuƟonal roles and responsibiliƟes by country 

Finland 

At the naƟonal level, the Ministry of the Environment establishes the legislaƟve framework governing 
on-site sanitaƟon, while the Finnish Environment InsƟtute (SYKE) supports implementaƟon through 
research, guidance, and naƟonal coordinaƟon iniƟaƟves. Regional Centres for Economic Development, 
Transport and the Environment (ELY Centres) provide supervisory oversight and guidance to 
municipaliƟes and may adjudicate appeals or grant excepƟons in speciĮc cases. 

At the local level, Finnish municipaliƟes divide responsibiliƟes between: 

• building control authoriƟes, which issue construcƟon permits for new or replacement on-site 
systems, and 

• municipal environmental authoriƟes, which supervise environmental compliance and may 
grant exempƟons or require system upgrades. 

Property owners are legally designated as system operators and bear responsibility for compliance, 
maintenance, and upgrading where required. The private sector plays a signiĮcant role in system design, 
installaƟon, and maintenance, although formal cerƟĮcaƟon of designers and installers is recommended 
rather than mandatory. Sludge removal is typically organised through licensed waste hauliers operaƟng 
under municipal waste management schemes. 

Sweden 

In Sweden, the Swedish Agency for Marine and Water Management provides naƟonal guidance and 
supports knowledge exchange, while County AdministraƟve Boards oversee and support municipal 
implementaƟon. However, municipaliƟes are the central operaƟonal actors, exercising both permiƫng 
and supervisory authority over on-site sanitaƟon systems. 

Municipal environmental health departments: 



 

22 

 

• approve new installaƟons and upgrades, 

• set locally applicable treatment requirements based on naƟonal guidance, 

• conduct inspecƟons and enforcement, 

• and are legally required to develop rolling supervision plans for on-site systems. 

Property owners remain responsible for system operaƟon and maintenance, typically arranging 
desludging services through municipally coordinated waste services. Private consultants and 
contractors are widely used, though not formally cerƟĮed at the naƟonal level. Sweden also features a 
range of user cooperaƟves and small collecƟve systems, which funcƟon similarly to uƟliƟes while 
remaining classiĮed as on-site systems. 

Norway 

Norway’s governance model places strong emphasis on professional competence. NaƟonal policy is set 
by the Ministry of Climate and Environment, with technical guidance issued by the Norwegian 
Environment Agency. ImplementaƟon is primarily municipal. 

MunicipaliƟes issue: 

• discharge permits under polluƟon control legislaƟon, and 

• building permits under planning and construcƟon law. 

Property owners are responsible for compliance but are generally required to engage accredited 
professionals for system design and installaƟon. In many cases, municipaliƟes also require maintenance 
contracts for advanced treatment systems. Sludge removal services are municipally organised but 
privately delivered, and service providers oŌen funcƟon as informal monitoring agents by reporƟng 
observed deĮciencies. 

The Norwegian model is notable for its close collaboraƟon between government agencies, research 
insƟtuƟons (such as NIBIO), and sectoral organisaƟons (notably Norsk Vann), which collecƟvely produce 
extensive guidance materials and training resources. 

Scotland 

In Scotland, governance of on-site sanitaƟon is more fragmented insƟtuƟonally. The Scoƫsh 
Environment ProtecƟon Agency (SEPA) is the primary regulator of private sewage discharges under the 
Controlled AcƟviƟes RegulaƟons, maintaining the public register of systems and enforcing 
environmental compliance. 

Local authoriƟes play a more limited role, primarily through: 

• planning control, determining whether connecƟon to the public sewer is required or whether 
a private system is permissible, and 

• building standards, ensuring that new systems meet technical design requirements. 

Unlike the Nordic countries, Scotland’s naƟonal water uƟlity (Scoƫsh Water) has no responsibility for 
on-site systems.5 Property owners are fully responsible for registraƟon, operaƟon, maintenance, and 
compliance. The private sector provides (with limited supplementary services oīered by Scoƫsh Water 

 
5 However, stakeholder evidence suggests that coordinaƟon between planning authoriƟes and Scoƫsh Water can 
present pracƟcal challenges, parƟcularly in relaƟon to verifying whether proposed connecƟons to the public sewer 
network are ulƟmately realised in pracƟce (Environmental Oĸcer, private communicaƟon). See note n. 3. 
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on a commercial basis) installaƟon, desludging, and maintenance services, but there is no dedicated 
naƟonal cerƟĮcaƟon scheme speciĮc to on-site sanitaƟon professionals. 

Stakeholder engagement and capacity constraints 

Across all four countries, comparaƟve evidence highlights persistent capacity gaps that limit the 
eīecƟveness of formal insƟtuƟonal arrangements. 

Property owners 

Assigning operaƟonal responsibility to private owners assumes levels of technical knowledge and risk 
awareness that are frequently absent, parƟcularly for older systems. Owners may be unaware of legal 
requirements, system limitaƟons, or environmental impacts, leading to inconsistent maintenance and 
delayed upgrades. These challenges are especially pronounced in rural areas and among ageing 
populaƟons. 

Municipal and regulatory capacity 

Local authoriƟes are central to governance but oŌen operate under severe resource constraints. Limited 
staĸng, large rural territories, and compeƟng prioriƟes reduce inspecƟon frequency and shiŌ 
enforcement toward complaint-driven approaches. Even where inspecƟon planning is mandated, as in 
Sweden, implementaƟon remains uneven. 

Professional competence 

The competence of service providers varies considerably. Norway’s mandatory professional 
requirements reduce installaƟon errors and improve reliability, while Finland, Sweden, and Scotland rely 
more heavily on market dynamics and voluntary standards. In the absence of formal accreditaƟon, 
system performance depends heavily on individual contractor quality. 

Knowledge intermediaries 

Civil society organisaƟons, research insƟtutes, and sectoral associaƟons play a crucial role in translaƟng 
regulaƟon into pracƟce. Finland’s naƟonal guidance programme, Sweden’s sectoral plaƞorms, and 
Norway’s collaboraƟve manuals illustrate the value of sustained engagement infrastructures. Scotland 
has historically lacked equivalent intermediary capacity, though recent research-policy iniƟaƟves 
suggest growing momentum (Hendry & Akoumianaki, 2016). 

ComparaƟve synthesis 

The integrated analysis reveals that formal responsibility alone does not guarantee eīecƟve 
governance. Across the four countries: 

• Property-owner responsibility requires structured support to avoid inequitable outcomes. 

• Municipal capacity is a recurring boƩleneck, regardless of regulatory stringency. 

• ProfessionalisaƟon of the service sector signiĮcantly improves system performance. 

• Knowledge intermediaries are criƟcal for building trust, competence, and compliance. 

For Scotland, Nordic experience suggests that strengthening advisory services, professional pathways, 
and engagement mechanisms could substanƟally improve outcomes without fundamentally 
restructuring the regulatory framework. Scotland would beneĮt from developing similar intermediary 
capacity as in the Nordic examples, designed to minimize transiƟonal costs and maximize eĸciency in 
diīerent condiƟons. 
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The next secƟon examines compliance and enforcement outcomes, assessing how these insƟtuƟonal 
and capacity dynamics translate into actual environmental performance and regulatory eīecƟveness. 

Performance Outcomes and Environmental Impact 

This secƟon reviews available evidence on how on-site sanitaƟon systems perform in pracƟce across 
Finland, Sweden, Norway, and Scotland, focusing on compliance with regulatory expectaƟons, impacts 
on water quality, and distribuƟonal implicaƟons (See Table 1 and Figure 2). While data availability varies 
signiĮcantly between countries, a consistent paƩern emerges: on-site sanitaƟon remains a major 
contributor to diīuse polluƟon, and governance systems struggle to translate formal standards into 
sustained environmental performance. 

Finland 

In Finland, despite a naƟonally binding regulatory framework with deĮned pollutant removal targets, 
empirical evidence indicates substanƟal underperformance of on-site systems. According to naƟonal 
assessments summarised by Laukka et al. (2022), more than half of systems subject to treatment 
requirements fail to meet sƟpulated standards for organic maƩer, phosphorus, or nitrogen removal. 

Environmental impacts are parƟcularly pronounced in areas with dense concentraƟons of unsewered 
properƟes near lakes, groundwater aquifers, and coastal waters. On-site systems have been shown to 
contribute disproporƟonately to nutrient loads compared with sewer-connected households, 
undermining naƟonal objecƟves for eutrophicaƟon control. Seasonal use of leisure coƩages further 
complicates performance, as intermiƩent loading and limited maintenance increase the likelihood of 
system malfuncƟon. 

Although Finland has invested heavily in guidance and awareness campaigns, the environmental 
beneĮts of regulatory reform have been slower to materialise than anƟcipated, largely due to 
incomplete upgrades and uneven enforcement. 

Sweden 

Sweden exhibits a similar paƩern of persistent non-compliance despite long-standing regulatory 
oversight. Studies cited by Laukka et al. (2022; Envall et al., 2023) esƟmate that approximately 50–70% 
of exisƟng on-site systems do not achieve the performance levels recommended under naƟonal 
guidance, parƟcularly with respect to phosphorus removal. 

The environmental consequences are most evident in nutrient-sensiƟve catchments, including inland 
lakes and the BalƟc Sea basin, where sepƟc eŋuent contributes to eutrophicaƟon pressures. While 
Sweden’s requirement for municipal inspecƟon planning has improved visibility of system failures, 
actual remediaƟon has been constrained by limited municipal resources and the high costs of system 
replacement for property owners. 

Sweden’s Ňexible, locally determined protecƟon levels have enabled stricter controls in sensiƟve areas, 
but have also resulted in uneven outcomes across municipaliƟes, with environmental performance 
strongly dependent on local enforcement capacity. 

Norway 

In Norway, performance outcomes for on-site sanitaƟon systems are highly variable and closely linked 
to local regulatory classiĮcaƟon. Laukka et al. (2022) report non-compliance rates ranging from 50% to 
as high as 90% in some surveys, parƟcularly for older sepƟc systems located in areas subject to upgraded 
treatment requirements (see also Tiwari et al., 2025). 
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Environmental impacts are signiĮcant in łords, lakes, and drinking water catchments, where nutrient 
and pathogen discharges from on-site systems pose risks to both ecosystems and public health. Cold 
climaƟc condiƟons exacerbate performance challenges, as freezing temperatures and reduced 
biological acƟvity impair treatment eĸciency in soil-based systems during winter months. 

Norway’s stronger emphasis on professional design and installaƟon has improved the performance of 
newer systems, but legacy installaƟons conƟnue to dominate the overall environmental footprint of on-
site sanitaƟon. 

Scotland 

In Scotland, evidence on performance outcomes is more limited and fragmented than in the Nordic 
countries. While registraƟon under the Controlled AcƟviƟes RegulaƟons has improved regulatory 
visibility, there is no systemaƟc naƟonal dataset on the operaƟonal condiƟon or pollutant removal 
eĸciency of domesƟc sepƟc tanks. 

Lawson et al. (2024) highlight that many Scoƫsh on-site systems are legacy installaƟons that would be 
unlikely to meet contemporary treatment expectaƟons if assessed against Nordic-style performance 
criteria. Reported polluƟon incidents, combined with the historical under-registraƟon of systems, 
suggest that environmental risks remain signiĮcant, parƟcularly in rural and highland areas. 

The environmental impacts of on-site sanitaƟon in Scotland are compounded by reliance on private 
responsibility for operaƟon and maintenance, limited inspecƟon frequency, and weak incenƟves for 
proacƟve upgrades. As a result, performance outcomes depend heavily on individual owner behaviour 
rather than systemaƟc governance. 

Cross-cuƫng observaƟons 

Across all four countries, several common paƩerns emerge: 

• High non-compliance rates persist despite formal regulaƟon. 

• On-site systems contribute disproporƟonately to nutrient and pathogen polluƟon relaƟve to 
their share of the populaƟon served. 

• Environmental impacts are most acute in sensiƟve catchments, yet enforcement capacity is 
oŌen weakest in remote rural areas. 

• Performance outcomes are shaped less by technical standards alone than by inspecƟon 
intensity, owner awareness, and Įnancial capacity. 

These Įndings underscore the need to treat on-site sanitaƟon not as a marginal issue, but as a 
structurally important component of naƟonal water quality management strategies. 

Emerging InnovaƟons and Good PracƟces 

The preceding secƟons reveal a common set of implementaƟon challenges across all four countries, 
including persistent non-compliance, limited monitoring capacity, aīordability constraints, and uneven 
professional and user capacity. This secƟon idenƟĮes governance, technical, and organisaƟonal 
innovaƟons that have emerged in Finland, Sweden, Norway, and Scotland to address persistent 
challenges in on-site sanitaƟon. Rather than focusing on novel technologies alone, the analysis 
emphasises insƟtuƟonal and governance pracƟces that have demonstrated potenƟal to improve 
compliance, environmental performance, and equity. These pracƟces are parƟcularly relevant for 
Scotland’s Decentralised Water Technologies agenda, where improving outcomes depends as much on 
governance reform as on technical change. 
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Finland 

Finland has been a pioneer in developing service-oriented and advisory approaches to on-site sanitaƟon 
governance. One of the most frequently cited good pracƟces is the naƟonal on-site sanitaƟon guidance 
programme coordinated by the Finnish Environment InsƟtute (SYKE) and regional partners between 
2011 and 2019. As documented by Laukka et al. (2022), this iniƟaƟve mobilised environmental NGOs 
and regional actors to provide free, neutral, property-level advice to homeowners. 

Rather than relying solely on enforcement, advisors visited households, assessed exisƟng systems, 
explained legal requirements, and discussed technically and Įnancially appropriate upgrade opƟons. 
This approach improved awareness, reduced resistance to regulaƟon, and helped property owners 
make informed decisions. While it did not eliminate non-compliance, it signiĮcantly strengthened the 
social legiƟmacy of on-site sanitaƟon regulaƟon. 

Finland has also piloted alternaƟve sanitaƟon technologies—including composƟng toilets for leisure 
coƩages, compact bioĮlters, and nature-based treatment systems—combined with systemaƟc 
evaluaƟon of their performance in cold climates. Importantly, underperforming soluƟons (such as 
willow evapotranspiraƟon beds in northern regions) were openly reassessed and, where necessary, 
discouraged, illustraƟng a commitment to adapƟve, evidence-based policy learning. 

Sweden 

In Sweden, a notable governance innovaƟon is the insƟtuƟonalisaƟon of mandatory municipal 
inspecƟon planning. The requirement that each municipality adopt a rolling three-year supervision plan 
for on-site sanitaƟon has increased the visibility of non-compliant systems and embedded inspecƟon 
within rouƟne municipal work (Laukka et al., 2022). 

Although implementaƟon capacity remains uneven, this planning requirement represents a shiŌ from 
reacƟve enforcement toward systemaƟc, risk-informed oversight. Some municipaliƟes have further 
enhanced this approach by prioriƟsing inspecƟons in nutrient-sensiƟve catchments and coupling 
enforcement noƟces with technical guidance. 

Sweden has also developed strong knowledge-exchange plaƞorms, notably sector-wide guidance 
networks linking regulators, researchers, and technology suppliers. These plaƞorms disseminate lessons 
from pilot projects, share inspecƟon pracƟces, and support conƟnuous professional development for 
municipal staī (VA-guiden, 2024). While not eliminaƟng governance dispariƟes, such networks help 
reduce fragmentaƟon and improve consistency across municipaliƟes. 

Norway 

Norway’s most disƟncƟve innovaƟon lies in the professionalisaƟon of on-site sanitaƟon design, 
installaƟon, and maintenance. NaƟonal regulaƟons require that systems be planned and constructed by 
qualiĮed professionals, and many municipaliƟes further require maintenance contracts for advanced 
treatment units. This competence-based approach aims to prevent failure at source by ensuring that 
systems are appropriately designed for site condiƟons and correctly installed. 

Laukka et al. (2022) highlight the role of collaboraƟve insƟtuƟons—parƟcularly naƟonal water and 
bioeconomy organisaƟons—in producing comprehensive technical manuals and governance guidance 
for both regulators and pracƟƟoners (Norsk Vann, 2020). These materials standardise expectaƟons 
across municipaliƟes and reduce reliance on individual discreƟon. 

In addiƟon, some Norwegian municipaliƟes have experimented with targeted Įnancial incenƟves in 
sensiƟve catchments, oīering parƟal subsidies or low-interest loans to support upgrades where 
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environmental beneĮts are greatest. Although not universal, these place-based instruments 
demonstrate how economic tools can complement regulatory controls. 

Scotland 

In Scotland, innovaƟon has been driven primarily through regulatory integraƟon and risk-based 
approaches, rather than through prescripƟve performance standards. The requirement to register all 
private sewage discharges under the Controlled AcƟviƟes RegulaƟons has laid the foundaƟon for 
improved visibility of on-site sanitaƟon systems, a criƟcal precondiƟon for eīecƟve governance (Lawson 
et al., 2024). 

Scotland has also integrated on-site sanitaƟon governance into building standards and planning 
controls, ensuring that new systems meet minimum siƟng and design requirements at the point of 
construcƟon. This upstream intervenƟon reduces the risk of future failure and shiŌs regulatory aƩenƟon 
from remediaƟon to prevenƟon. 

More recently, iniƟaƟves under the Decentralised Water Technologies programme and related research 
have begun to reframe on-site sanitaƟon as part of a broader agenda encompassing rural equity, climate 
resilience, and human rights (Lawson & Amezaga, 2026). Lawson et al. (2024) note that Scotland’s 
emerging policy discourse—parƟcularly around the human right to water and sanitaƟon and net-zero 
commitments—creates space for more proacƟve, service-oriented models of decentralised water 
management. This shiŌ is also reŇected in recent Scoƫsh Parliament research and policy discussions 
on water resilience and equitable service provision (SPICe, 2025a; 2025b; 2025c) 

Public awareness campaigns, such as guidance on sepƟc tank maintenance and polluƟon prevenƟon, 
represent further steps toward normalising on-site sanitaƟon as a shared environmental responsibility 
rather than a purely private maƩer. Emerging iniƟaƟves such as the Rural Water Agenda provide 
accessible informaƟon and support for private water and wastewater users, helping to raise awareness 
and improve user pracƟces (Rural Water Scotland, 2026). However, these iniƟaƟves remain relaƟvely 
modest compared with Nordic advisory programmes. 

Cross-cuƫng lessons and relevance for Scotland 

Across the four countries, several transferable lessons emerge: 

• Advisory and service-based approaches (Finland) can complement regulaƟon by improving 
owner understanding and acceptance. 

• SystemaƟc inspecƟon planning (Sweden) enhances regulatory visibility and accountability, even 
where resources are constrained. 

• Professional competence requirements (Norway) improve technical performance and reduce 
long-term failure risks. 

• Integrated, risk-based regulaƟon (Scotland) provides Ňexibility but requires stronger feedback 
loops to translate visibility into improved outcomes. 

Taken together, these pracƟces suggest that eīecƟve governance of on-site sanitaƟon depends less on 
any single innovaƟon than on bundling regulatory clarity, professional capacity, owner support, and 
data-driven oversight. For Scotland, Nordic experience points toward the value of expanding beyond 
registraƟon toward advisory services, targeted inspecƟons, and enhanced technical support—without 
abandoning the Ňexibility that characterises its current regulatory model. 
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Conclusion: policy recommendaƟon for Scotland 

Based on the comparaƟve analysis of governance arrangements in Finland, Sweden, Norway, and 
Scotland, several pracƟcal policy prioriƟes emerge for improving the governance and environmental 
performance of on-site sanitaƟon systems in Scotland. 

1. Improve naƟonal inventories of on-site systems 

Establish more comprehensive and regularly updated records of sepƟc tanks and other decentralised 
wastewater systems. Improved data visibility would enable regulators and local authoriƟes to idenƟfy 
high-risk areas, target intervenƟons, and support catchment-level environmental management. 

2. Expand risk-based supervision strategies 

Strengthen targeted inspecƟon and monitoring programmes in environmentally sensiƟve catchments 
and areas with high densiƟes of on-site systems. Risk-based supervision can improve regulatory 
eīecƟveness without requiring universal inspecƟon coverage. 

3. Strengthen technical competence across the service chain 

Enhance expectaƟons for professional design, installaƟon, and maintenance of on-site systems. This 
could include clearer technical guidance, training programmes for installers and maintenance providers, 
and stronger professional standards for system design. 

4. Improve guidance and support for property owners 

Develop accessible, user-focused advisory services to help property owners understand maintenance 
requirements, idenƟfy potenƟal failures, and access professional support. Improved guidance can 
reduce non-compliance caused by lack of awareness or technical knowledge. 

5. Address aīordability and rural equity concerns 

Consider targeted Įnancial support mechanisms for system upgrades or replacements where 
environmental risks are high and household resources are limited. Financial incenƟves can complement 
regulatory requirements and reduce resistance to necessary improvements. 

6. Strengthen coordinaƟon across governance actors 

Improve coordinaƟon between environmental regulators, local authoriƟes, and naƟonal policy 
insƟtuƟons involved in decentralised wastewater management. More integrated governance 
arrangements can reduce fragmentaƟon and support consistent regulatory outcomes. This should 
include ensuring that decentralised sanitaƟon is fully integrated into naƟonal wastewater management 
strategies, rather than treated as a peripheral or residual service. 

7. Develop intermediary service ecosystems for on-site sanitaƟon 

Support the development of a structured network of intermediary actors—including cerƟĮed designers, 
installers, maintenance providers, desludging services, and independent advisory organisaƟons—to 
assist property owners in meeƟng regulatory requirements. ComparaƟve evidence from Nordic 
countries suggests that eīecƟve governance of on-site systems depends not only on formal regulaƟon, 
but also on the availability of competent professional and advisory services that translate regulatory 
requirements into pracƟce. Strengthening these intermediary systems would reduce the burden on 
individual households while improving compliance and environmental performance. 
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Message to Parliamentarians 

Scotland’s environmental ambiƟons, including commitments to protect water quality and support 
sustainable rural communiƟes, depend not only on large-scale infrastructure but also on the eīecƟve 
governance of decentralised systems. Hundreds of thousands of households across Scotland rely on on-
site wastewater treatment systems such as sepƟc tanks. These systems are essenƟal for rural housing 
and economic acƟvity, yet their performance remains diĸcult to oversee due to incomplete data, 
fragmented insƟtuƟonal responsibiliƟes, and limited inspecƟon capacity. 

The comparaƟve evidence from Finland, Sweden, and Norway shows that these challenges are not 
unique to Scotland. However, it also demonstrates that governance improvements—parƟcularly in data 
visibility, risk-based supervision, and support for system owners—can signiĮcantly strengthen 
environmental outcomes without requiring large-scale infrastructure investment. 

For Scotland, the issue is not primarily technological but insƟtuƟonal. Improving oversight of 
decentralised wastewater systems would help protect rivers, lochs, and coastal waters while supporƟng 
rural households who depend on these systems. Addressing this governance gap aligns directly with 
Scotland’s broader environmental objecƟves and its commitment to sustainable water management. 
Strengthening technical competence across the design, installaƟon, and maintenance chain—and 
supporƟng the development of intermediary service networks that can assist property owners—will 
also be essenƟal for ensuring consistent environmental outcomes. 

Members of the Scoƫsh Parliament have an important role to play in strengthening this area of policy. 
Parliamentary aƩenƟon can help ensure that decentralised sanitaƟon is recognised as a core 
component of Scotland’s water infrastructure, deserving of the same strategic consideraƟon as 
centralised systems. This may involve supporƟng improved system inventories, encouraging more 
coordinated governance arrangements, and ensuring that rural communiƟes receive the guidance and 
support needed to maintain essenƟal sanitaƟon services. 

Taking acƟon in this area would contribute to protecƟng Scotland’s water environment, strengthening 
rural resilience, and ensuring that environmental standards are applied fairly and eīecƟvely across both 
urban and rural contexts. Recognising and governing decentralised sanitaƟon as a core component of 
Scotland’s water infrastructure will help close an important policy gap and ensure that environmental 
protecƟon standards are applied consistently across both urban and rural Scotland. 
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Table 1. ComparaƟve Governance Matrix 

Governance 
dimension 

Finland Sweden Norway Scotland 

1) Regulatory & 
legal 
frameworks 

• NaƟonal framework sets obligaƟons for 
small systems 

• Strong “public interest” framing 
(protect lakes/coastal waters; diīuse 
impacts). 

• NaƟonal environmental framework + 
municipalised permiƫng logic; 
standards commonly implemented 
through local decisions 

• Emphasis on tailoring requirements to 
sensiƟvity (local protecƟon levels). 

• Binding naƟonal requirements for small 
discharges under PolluƟon Control 
RegulaƟons; <50 PE focus. 

• SensiƟvity zoning enables stricter local rules 
where WFD objecƟves not met. 

• Governed under CAR: authorisaƟon via registraƟon 
and licensing Ɵed to environmental risk rather than 
naƟonal numeric eŋuent benchmarks. 

• DomesƟc discharges: registraƟon required for 
small sepƟc tanks (<15 PE); simple licence if serving 
>9 domesƟc properƟes. 

2) InsƟtuƟons & 
role allocaƟon 

• MulƟ-level governance: naƟonal 
guidance + municipal implementaƟon; 
owners/operators carry day-to-day 
responsibility. 

• Local authoriƟes are the pracƟcal 
“engine room” (permits, follow-up), 
with naƟonal framework enabling 
discreƟon. 

• MunicipaliƟes supervise legislaƟon and issue 
permits; local regulaƟon can replace baseline 
requirements with stricter ones. 

• Scoƫsh Water has no responsibility; responsibility 
sits with users/owners; regulaƟon split across SEPA 
+ local authoriƟes. 

3) Compliance 
& enforcement 

• Compliance hinges on municipal 
capacity + owner behaviour. 

• Compliance model relies heavily on 
municipal follow-through; unevenness 
emerges from variable local capacity. 

• Permit requirement for new/expanded 
systems; municipaliƟes can impose special 
condiƟons/prohibiƟons in speciĮc areas. 

• Enforcement is structurally risk-based: 
authorisaƟon condiƟons + polluƟon prevenƟon; 
visibility depends on registraƟon. 

• Known governance challenge: maintenance 
failures are common drivers of risk. 

4) Financing & 
economic 
instruments 

• Owner-Įnanced installaƟons/upgrades 
dominate; equity stress arises where 
upgrade costs are high vs. property 
value. 

• Predominantly private Įnancing; 
municipal variaƟon in how 
costs/requirements fall on households. 

• Primarily owner-Įnanced, with scope for 
targeted measures in sensiƟve areas. 

• Users bear rouƟne costs; example: Scoƫsh Water 
desludging service (priced per visit type). 

• Structural issue: rurality increases service access 
costs (contractors, travel). 

5) Technical 
standards & 
system types 

• Technology choice must meet 
regulatory expectaƟons; performance 
sensiƟve to site/operaƟon. 

• Wide mix of systems; permiƫng oŌen 
Ɵes system choice to local sensiƟvity. 

• Explicit naƟonal removal requirements by 
sensiƟvity class 

• Design must allow representaƟve 
sampling/measurement in relevant cases. 

• Typical domesƟc model: sepƟc tank + soakaway; 
eīecƟveness strongly depends on maintenance + 
design adequacy. 

• Scotland regulates mainly through siƟng/design 
condiƟons within CAR authorisaƟons rather than 
numeric eŋuent targets. 

6) Data, 
monitoring & 
informaƟon 
systems 

• Persistent issue: incomplete 
inventories/records + limited measured 
performance data. 

• Monitoring constrained by incomplete 
inventories; inspecƟon capacity oŌen 
determines what is known. 

• RegulaƟon anƟcipates 
documentaƟon/measurement capacity 
(sampling/Ňow measurability for some units). 

• RegistraƟon creates baseline visibility but does not 
automaƟcally create performance monitoring; 
historic evidence of weak maintenance visibility. 

7) Stakeholder 
engagement & 
capability 

• Governance requires owner 
understanding + competent installers; 
capacity gaps are a recurring boƩleneck. 

• Heavy reliance on municipal 
interpretaƟon means guidance/training 
ecosystems maƩer; capacity varies. 

• Strong professionalisaƟon logic: “expert” 
design/build/operate expectaƟons embedded 
in law for some discharges. 

• Scotland’s decentralised agenda links to rights, net-
zero, and community empowerment framing; 

8) Performance 
outcomes & 
environmental 
impacts 

• Diīuse cumulaƟve impacts on local 
water quality are a core policy concern; 
performance depends on upkeep and 
site condiƟons. 

• Environmental sensiƟvity 
(coastal/freshwater) makes 
nutrient/bacteria pressures salient; 
outcomes vary with local enforcement. 

• Risks include odour, bathing water reducƟon, 
hygienic issues; municipaliƟes can intervene 
via condiƟons/prohibiƟons. 

• Public health risk pathway emphasised: 
malfuncƟon oŌen Ɵed to design Ňaws + lack of 
desludging; sepƟc risks correlate with waterborne 
disease pathways. 

9) Emerging 
innovaƟons & 
good pracƟces 

• Value of coordinated guidance/tooling 
to support local implementaƟon 
(capacity-building as “innovaƟon”). 

• PracƟce innovaƟon oŌen shows up as 
risk-based local tailoring + inspecƟon 
planning cultures. 

• Local regulaƟons can Ɵghten standards where 
WFD objecƟves are not met—built-in 
adapƟve mechanism. 

• Scotland’s “good pracƟce” pathway is regulatory 
integraƟon + registraƟon-led visibility, and 
reframing decentralised systems within broader 
policy agendas (net-zero/rights/just transiƟon). 
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Figure 2. InsƟtuƟonal governance of on-site sanitaƟon systems across Finland, Sweden, Norway and Scotland. 

All four countries combine naƟonal regulatory frameworks with local implementaƟon and private ownership of systems. However, governance authority is more strongly 
municipal in the Nordic countries, whereas Scotland relies on a combinaƟon of environmental regulaƟon (SEPA), planning and building authoriƟes, and owner responsibility. These 
structural diīerences inŇuence inspecƟon pracƟces, data availability, and compliance outcomes. 
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    Environmental regulator 

    Local government 

    Professional service providers 

    Property owners

Finland

Ministry of the Environment

National wastewater policy and 

regulation

Finnish Environment Institute/ELY 

Centres

Municipal Environmental Authorities

Permitting and supervision

Certified Designers / Installers

Technical design and system 

installation

Property Owners

Operation and maintenance 

responsibility

strong national standards

compliance gap

Sweden

Ministry of Climate and Enterprise

Swedish Agency for Marine and Water 

Management (HaV)

Municipal Environmental & Health 

Departments

Permitting and inspection

Designers / Contractors

Property Owners

strong municipal 

autonomy

Norway

Ministry of Climate and Environment

Norwegian Environment Agency

Municipal Environmental Authorities

Local permitting and supervision

Licensed Consultants / Installers

Property Owners

professionalisation 

emphasis

Scotland

Scottish Government

Environmental and water policy

Scottish Environment Protection 

Agency (SEPA)

Environmental regulation (CAR)

Local Authorities

Planning and building standards

Designers / Installers / Contractors

Property Owners

fragmented governance 

chain



 

32 

 

References 

Akoumianaki, I., & Ibiyemi, A. (2022). Understanding Problems Associated with Small-Scale Private 
Sewage Systems (PSS) from Regulators’ PerspecƟves. CRW2020_07. Scotland’s Centre of ExperƟse for 
Waters (CREW). 

Envall, I., Fagerlund, F., Johansson Westholm, L., Bring, A., Land, M., Åberg, C., ... & Gustafsson, J. P. 
(2023). ExisƟng evidence related to soil retenƟon of phosphorus from on-site wastewater treatment 
systems in boreal and temperate climate zones: a systemaƟc map. Environmental Evidence, 12(1), 6. 

European Union. (1991). Urban Waste Water Treatment DirecƟve (91/271/EEC). 

European Union. (2000). Water Framework DirecƟve (2000/60/EC). 

European Commission. (2019). EvaluaƟon of the Urban Waste Water Treatment DirecƟve. 

Finland. (2014). Environmental ProtecƟon Act (527/2014). 

Finland. (2017). Government Decree on TreaƟng DomesƟc Wastewater in Areas Outside Sewer Networks 
(157/2017). 

Finland. (2001). Water Services Act (119/2001). 

Geagea, D., Kaika, M., & Dell’Angelo, J. (2023). Recommoning water: Crossing thresholds under ciƟzen-
driven remunicipalisaƟon. Urban Studies, 60(16), 3294-3311. 

Grebot, B., Illes, A., Madzharova, G., Scarlat, A., Anderson, N., & Fribourg-Blanc, B. (2019). Urban Waste 
Water – Non-Connected Dwellings, Final report. European Environment Agency (EEA). 

Hendry, S., & Akoumianaki, I. (2016). Governance and Management of Small Scale Rural water Supplies-
A ComparaƟve Study. Centre of ExperƟse for Waters (CREW) FacilitaƟon Team, James HuƩon InsƟtute. 

Jiménez, A., Saikia, P., Giné, R., Avello, P., Leten, J., Liss Lymer, B., ... & Ward, R. (2020). Unpacking water 
governance: A framework for pracƟƟoners. Water, 12(3), 827. 

Laukka, V., Kallio, J., Herrmann, I., Malila, R., Nilivaara, R., & Heiderscheidt, E. (2022). Governance of on-
site sanitaƟon in Finland, Sweden and Norway. Finnish Environment InsƟtute. 

Lawson, E., Robbie, J., Sloan, W. T., & Amezaga, J. (2024). Challenges and opportuniƟes for decentralised 
water technologies in Scotland. Water Policy, 26(2), 189-205. 

Lawson, E., & Amezaga, J. (2026). Policy IntegraƟon for Enabling Environments: Decentralised Water 
Technologies for Rural Water Reuse. Environmental Policy and Governance, 1–12. 
hƩps://doi.org/10.1002/eet.70080. 

Mazur, E. (2011). Environmental Enforcement in Decentralised Governance Systems: Toward a 
NaƟonwide Level Playing Field, OECD Environment Working Papers, No. 34, OECD Publishing, 
Paris, hƩps://doi.org/10.1787/5kgb1m60qtq6-en. 

Nissilä, J. (2025). Jätevesihuoltodata vaikutusten arvioinƟin Suomessa–kansallisen ja alueellisen datan 
skaalautuvuus tapauskohteessa Tenojoen valuma-alueella (Master's thesis, J. Nissilä). 

Norway. (1981). PolluƟon Control Act. 

Norway. (2004). PolluƟon Control RegulaƟons (FOR-2004-06-01-931). 

Norsk Vann. (2020). Etablering og driŌ av mindre avløpsanlegg [Establishment and operaƟon of small 
wastewater systems] (Report 257/2020). 

https://doi.org/10.1787/5kgb1m60qtq6-en


 

33 

 

OECD. (2015). OECD Principles on Water Governance Welcomed by Ministers at the OECD Ministerial 
Council MeeƟng on 4 June 2015; Directorate for Public Governance and Territorial Development, 
OrganizaƟon for Economic CooperaƟon and Development: Paris, France, 2015. 

Rural Water Scotland. (2026). Rural Water Agenda in Scotland. hƩps://www.ruralwater.scot/.  

Reymond, P., Chandragiri, R., & Ulrich, L. (2020). Governance arrangements for the scaling up of small-
scale wastewater treatment and reuse systems–lessons from India. FronƟers in Environmental 
Science, 8, 72. 

Rogers, P., & Hall, A. W. (2003). EīecƟve water governance (Vol. 7). Stockholm: Global water 
partnership. 

Scoƫsh Government. (2011). The Water Environment (Controlled AcƟviƟes) (Scotland) RegulaƟons 
2011 (SSI 2011/209), as amended. 

SPICe. (2025a). LegislaƟng for water resilience (Part 3): How can we ensure water services for all of 
Scotland? hƩps://spice-spotlight.scot/2025/10/28/legislaƟng-for-water-resilience-part-3-how-can-we-
ensure-water-services-for-all-of-scotland/. 

SPICe. (2025b). LegislaƟng for water resilience (Part 4): Should there be a human right to water in 
Scotland? hƩps://spice-spotlight.scot/2025/10/28/legislaƟng-for-water-resilience-part-4-should-there-
be-a-human-right-to-water-in-scotland/. 

SPICe. (2025c). Scotland’s water industry: overview of regulaƟon and key challenges. Scoƫsh Parliament 
InformaƟon Centre. 
hƩps://digitalpublicaƟons.parliament.scot/ResearchBrieĮngs/Report/2025/10/28/50cd1cc7-b177-
4564-b032-afc96aeeebc7. 

Sweden. (1998). Environmental Code (SFS 1998:808). 

Sweden. (2010). Planning and Building Act (SFS 2010:900). 

Tiwari, A., Valkama, K., Krolicka, A., Mieƫnen, I. T., & Pitkänen, T. (2025). Coverage and treatment 
pracƟces in nordic wastewater treatment plants under the recast EU urban wastewater treatment 
direcƟve. Discover Water, 5(1), 105. 

Tropp, H. (2007). Water governance: Trends and needs for new capacity development. Water Policy, 
9(S2), 19–30. 

United NaƟons Economic Commission for Europe (UNECE). (1999). Protocol on Water and Health. 

VA-guiden. (2024). VA-guiden – knowledge plaƞorm for water and wastewater professionals in Sweden. 
hƩps://vaguiden.se. 

 

 

https://www.ruralwater.scot/
https://spice-spotlight.scot/2025/10/28/legislating-for-water-resilience-part-3-how-can-we-ensure-water-services-for-all-of-scotland/
https://spice-spotlight.scot/2025/10/28/legislating-for-water-resilience-part-3-how-can-we-ensure-water-services-for-all-of-scotland/
https://spice-spotlight.scot/2025/10/28/legislating-for-water-resilience-part-4-should-there-be-a-human-right-to-water-in-scotland/
https://spice-spotlight.scot/2025/10/28/legislating-for-water-resilience-part-4-should-there-be-a-human-right-to-water-in-scotland/
https://digitalpublications.parliament.scot/ResearchBriefings/Report/2025/10/28/50cd1cc7-b177-4564-b032-afc96aeeebc7
https://digitalpublications.parliament.scot/ResearchBriefings/Report/2025/10/28/50cd1cc7-b177-4564-b032-afc96aeeebc7
https://vaguiden.se/

