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Abstract—Household Recycling performance in the UK re-
mains uneven, driven in part by fragmented location-specific
guidance across local authorities (LAs) that contributes to citizen
confusion, wishcycling and contamination of recycling streams.
The introduction of England’s Simpler Recycling Policy in March
2026 represents a major step towards standardising household
waste collection; however, while the policy harmonises what coun-
cils must collect, it does not resolve how citizens receive accurate,
localised guidance on material acceptance and preparation. This
paper addresses this gap through the design and assessment
of a deployment-ready, citizen-facing mobile application that
harmonises recycling guidance across LA boundaries while
remaining responsive to local variation. Grounded in Design
Science Research (DSR), the study documents the transition from
a previously validated dynamic wireframe into a fully functional
cross-platform mobile application. Design decisions are informed
by prior user-centred evaluation, while the technical architecture
enables scalable, location-aware guidance through separation of
application logic and LA-specific content. The resulting artefact
is evaluated against Lau’s criteria of utility, quality and efficacy,
drawing on behavioural evidence from the earlier prototype
study.

Index Terms—Household Recycling; wishcycling; Simpler Re-
cycling Policy, Circular Economy.

I. INTRODUCTION AND MOTIVATION

Household recycling performance across the UK remains
uneven, shaped in part by inconsistencies in how local au-
thorities design and deliver their waste management services
[1]. Decentralised waste management governance delegates
responsibility for collection, material acceptance, and prepara-
tion requirements to individual Local Authorities (LAs), each
operating within the constraints of distinct Material Recovery
Facility (MRF) contracts [2]. This produces substantial varia-
tion in recycling services across LA boundaries, contributing
to widespread citizen confusion and preventable contamination
of recycling streams [3]. A key behavioural consequence of
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this fragmentation is wishcycling, the practice of placing non-
recyclable items into recycling bins in the hope they will
be processed [4] [5]. The Simpler Recycling Policy, which
came into force on the 31st of March 2026 in the UK,
represents the most significant reform to household waste
collection in England in twenty years [6]. By mandating that
all LAs collect a standardised set of waste streams (food
waste, paper and card, dry recyclables, and residual waste) the
policy directly targets the postcode lottery of bin collections
that has long undermined household compliance [6]. It forms
part of a broader circular economy ambition to recycle 65%
of municipal waste by 2035 [6]. Critically, however, Simpler
Recycling standardises what councils must collect; it does
not standardise the citizen-facing guidance that determines
whether households sort and prepare materials correctly in
the first place [7]. Councils retain flexibility over co-collection
arrangements, container configurations, and local preparation
requirements, meaning that location-specific guidance remains
necessary even within a standardised collection framework [6].
This distinction is significant: the policy creates the mandate
for consistent service delivery but does not itself close the
guidance gap at the point of household disposal. Furthermore,
implementation remains incomplete. Approximately 79 LAs
have received transitional extensions, with only 86% expected
to meet full requirements by end of 2026 [6], meaning
location-aware guidance is not merely complementary to the
policy, but essential to its success during the transition period
and beyond. A prior study [8] identified citizen pain points
in LA recycling service delivery and developed an interactive
prototype application providing location-specific guidance and
material-specific content, demonstrating a 60% improvement
in packaging assessment accuracy among focus group partic-
ipants. That study, however, could not fully resolve how a
validated, citizen-facing recycling solution can be transitioned
into a deployment-ready application and assessed against
circular economy outcomes beyond a single local authority
context. This paper addresses that gap directly, documenting



the transition from validated prototype to functional mobile
application and positioning citizen-facing digital tools as the
practical bridge between national recycling policy and local
household compliance at precisely the moment when that
bridge is needed most.

II. BACKGROUND

A. Digital Tools in Local Authority Waste Management

Existing citizen-facing digital tools for recycling guidance
fall into two broad categories: national platforms and LA-
specific deployments [9]. At the national level, RecycleNow,
the primary charity-supported recycling locator for England,
provides general material guidance and collection point infor-
mation, but cannot reflect the localised acceptance criteria and
preparation requirements that vary between LA MRF contracts
[10]. At the LA level, council-deployed tools provide location-
specific collection schedules and material lookup functionality
but remain siloed within individual authority boundaries and
are inconsistently deployed across England [11]. More recent
applications offer barcode-scanning guidance, bin day re-
minders, and point-of-disposal decision support, representing
incremental improvements in citizen engagement [12] [13].
Despite this diversity, a common limitation persists across
all three categories: no citizen-facing tool currently provides
unified, location-aware recycling guidance that scales across
LA boundaries while remaining responsive to local variation
in accepted materials. This gap has become acute following
the introduction of the Simpler Recycling Policy, which stan-
dardises what councils must collect but leaves the citizen-
facing guidance problem unresolved. This paper addresses that
gap directly, documenting the development and assessment of
a deployment-ready mobile application designed to operate
across LA boundaries at precisely the moment that gap is most
consequential.

B. Circular Economy and Waste Hierarchy

The circular economy (CE) framework positions waste
prevention and resource retention as priorities over end-of-life
disposal, operationalised through the waste hierarchy: reduce,
reuse, recycle, recover, and dispose [5]. Recycling, while
widely understood as the primary citizen-facing behaviour, sits
at the third tier of this hierarchy, below reduction and reuse.
This ordering forms a foundational design principle for the
application documented in this paper. Rather than positioning
recycling as the sole citizen-facing outcome, the application’s
content architecture is structured around the waste hierarchy
from the outset, with reduction and reuse guidance established
as active design priorities for subsequent iterations once the
core recycling guidance loop has been validated at scale.
This sequencing ensures the artefact advances CE outcomes
progressively, establishing accurate recycling behaviour as the
immediate citizen-facing contribution while preserving the
hierarchy’s higher-order ambitions as a defined development
trajectory rather than an incidental aspiration.

Fig. 1. Design Science Research Framework

III. MATERIALS AND METHOD

A. Design Science Research Framework

This study transitions a validated recycling prototype from
a dynamic wireframe [8] into a deployment-ready application
(the artefact), assessing whether the resulting artefact achieves
the CE outcomes the prior study could not address at scale.
Design Science Research (DSR) serves as the methodological
framework, specialising in the creation and evaluation of
artefacts as responses to identified real-world problems, with
the goal of demonstrating utility rather than simply generating
knowledge [14] (Fig. 1).

Unlike purely observational research traditions, DSR po-
sitions the designed artefact itself as a primary research
contribution, evaluated against the problem context it was
created to address. This makes DSR particularly well-suited
to the present study, where the transition from prototype
to deployment-ready application is both the process under
investigation and the contribution being claimed [15].

The framework is operationalised across three cycles. The
relevance cycle grounds the research in the real-world prob-
lem context established in Section I and II: fragmented
LA guidance, wishcycling behaviour, and the citizen-facing
gap left unresolved by the Simpler Recycling Policy. The
design cycle, documented in Section IV, encompasses the
transition from validated wireframe to mobile application,
with design decisions directly informed by the user-centred
methods applied in [8]. The rigour cycle, applied in Section V,
draws on Lau’s [16] evaluation criteria of utility, quality, and
efficacy to assess whether the application performs against its
intended outcomes. Together, these cycles ensure the research
is simultaneously grounded in citizen need, responsive to
prior evidence, and evaluated against an established theoretical
standard.

IV. DESIGN

The work documented in this section constitutes the design
cycle of the DSR framework, transitioning the validated pro-
totype from dynamic wireframe to deployment-ready mobile
application.



Fig. 2. Refined design: Home and Map primary navigation pages.

A. From Static Wireframe to Functional Application

The prior study [8] produced a validated dynamic wireframe
through a structured user-centred design process, establishing
a navigation architecture grounded in citizen mental models.
Participant evaluation identified recycling guidelines paired
with collection schedules as the core citizen-facing feature
grouping, directly informing the Map and Guide primary
pages of the mobile application. Further feedback indicated
that secondary features introduced navigation complexity and
competing content, and the mobile application was refined
accordingly to prioritise the core recycling guidance loop:
a location-aware map of recycling drop-off points filterable
by material type, and a material-specific guide providing
kerbside collection status and recyclability information (Fig.
2). This sequencing reflects a deliberate CE design decision:
improving the accuracy and consistency of citizen recycling
behaviour addresses the recycling tier of the waste hierarchy
directly, establishing the behavioural foundation on which
higher-order CE capabilities, including reuse guidance and
upcycling tutorials, will be introduced in subsequent iterations
as the application scales across LA boundaries.

The revised Figma design, informed directly by participant
evaluation in [8], adopted a bottom sheet navigation pattern
in which the map serves as the unified primary interface
and contextual recycling centre information surfaces within a
collapsible panel, eliminating the competing content that prior
evaluation identified as a usability barrier [17]. The mobile
application was developed from this design, with the Flutter
build replicating the validated interaction model through a
modular widget architecture. Content management and appli-
cation logic are fully separated, with LA-specific recycling
data residing in Firebase Firestore and the application layer
querying and displaying it independently, enabling LA datasets
to be updated without changes to the application itself.

B. Technical Implementation

The technical architecture is determined by three func-
tional requirements established in [8]: location-aware guid-
ance responsive to individual LA boundaries, cross-platform

reach across a demographically diverse citizen population, and
centrally managed dynamic content updatable across all LA
datasets without application redeployment. The selected stack
addresses each requirement directly.

Flutter and Dart provide a single codebase that compiles
to native ARM code on both Android and iOS, avoiding
the JavaScript bridge overhead present in alternative cross-
platform frameworks [18]. This compilation target is relevant
for a citizen-facing application that must perform consistently
across the range of device specifications found across LA
populations, including lower-specification handsets. Beyond
performance, Flutter’s widget system was selected for its direct
correspondence to the application’s usability requirements:
discrete, self-contained widgets map cleanly onto the feature
groupings identified through participant evaluation in [8],
reinforcing the citizen mental models that informed the naviga-
tion architecture and making individual features immediately
recognisable within the interface [19].

Firebase Firestore serves as the backend, with LA recycling
content structured as a document model keyed by standard-
ised authority identifier [20]. Accepted materials, preparation
requirements, and collection schedules are stored as nested
subcollections within each LA document, enabling the mobile
application to query only the dataset relevant to the user’s
location at runtime. This architecture ensures that as councils
update their requirements, content changes propagate imme-
diately to all application instances within the relevant LA
boundary without a redeployment cycle, a material advantage
for a platform that must remain accurate across authorities
with differing update schedules.

Location resolution is handled by matching device GPS
coordinates against LA boundary polygons via the Google
Maps API, which determines the authority identifier used to
query the correct Firestore document at session initialisation
[21]. The selection of a Google-integrated stack was therefore
driven by a functional dependency: correctly resolving a user’s
LA from a GPS coordinate requires both a comprehensive, reg-
ularly maintained administrative boundary dataset and a low-
latency matching mechanism capable of returning the correct
authority identifier before content loads. The Google Maps
API satisfies both requirements natively within the Flutter and
Firebase ecosystem, eliminating the integration overhead and
boundary accuracy risks that a third-party mapping service
would introduce.

C. Accessibility and Finalised Artefact

Design decisions, including colour selection, were made
from an accessibility standpoint rather than an aesthetic one,
reflecting a priority requirement that the mobile application
be usable across as broad a citizen demographic as possible.
The mobile application meets WCAG 2.2 Level AA standards
for screen reader compatibility, colour contrast ratios, and
touch target sizing [22]. As user profiles are introduced in
future iterations, personalised display settings will extend
this baseline to a wider range of access needs. The mobile



application constitutes the artefact assessed against Lau’s [16]
evaluation criteria in Section V.

V. EVALUATION

The DSR evaluation framework defined in Section IV pro-
vides the evaluative lens for the evaluation of the application
developed. Consistent with Lau’s criteria [16], the finalised
application was assessed across three dimensions (utility, qual-
ity, and efficacy) using the evidence base established in [8] as
the foundation for that assessment. This approach positions
the mobile application as the primary research contribution of
this paper, with [8] providing the evidential grounding that
validates its design decisions and intended outcomes.

A. Evidence Base from Prior Study

The prior study [8] established three core findings that di-
rectly informed the application evaluation. First, a fundamental
attitude-behaviour gap was identified among UK householders:
while 64% of survey respondents strongly agreed that recy-
cling was important, only 4% actively engaged with local recy-
cling initiatives. Expert interviews attributed this gap to three
specific barriers: confusion caused by inconsistent recycling
logos and symbols, physical and logistical constraints includ-
ing limited bin capacity and infrequent collection schedules,
and information gaps regarding what materials can be recycled
within a specific LA area. Second, focus group evaluation
of the dynamic wireframe demonstrated that a technology-
enabled solution directly addressing these barriers produced a
60% improvement in packaging assessment accuracy among
participants, alongside an 18.18% improvement in recycling
knowledge quiz performance and a 25% improvement in upcy-
cling task accuracy. Third, participant feedback identified the
upcycling tutorials feature as particularly effective, evidenced
by a 49.72% reduction in task completion time, while the
guidelines and logo pages were identified as requiring further
streamlining to reduce navigation friction.

B. Evaluation against Defined Outcomes

Assessed against Lau’s three evaluation dimensions [16],
the finalised application meets its intended outcomes across
all criteria. On the utility dimension, the application directly
addresses LA fragmentation and wishcycling by consolidating
location-specific recycling guidance within a single citizen-
facing platform. The three barriers identified in [8] (logo
confusion, logistical constraints, and local information gaps)
are each mapped to specific application features: a packaging
symbol guide, bin collection day reminders, and location-
aware material guidance respectively. The 60% improvement
in packaging assessment accuracy demonstrated in [8] pro-
vides the primary evidence that the solution addresses these
barriers effectively.

On the quality dimension, the application meets its defined
design criteria. WCAG 2.2 Level AA compliance ensures
the application is accessible across citizen demographics,
responding directly to the equity concerns raised in [8].

The Flutter and Firebase technology stack delivers a cross-
platform, scalable architecture appropriate for public sector
deployment. The content architecture elevates reduction and
reuse guidance alongside recycling information, through the
upcycling tutorials feature, positioning the application as a
response to the full waste hierarchy rather than recycling alone.

On the efficacy dimension, the transition from dynamic
wireframe to mobile application represents the advancement
that [8] explicitly identified as necessary. The guidelines pages,
identified in [8] as the highest-friction area of the wireframe,
were subject to targeted design revision in Section IV. Full
efficacy validation of the mobile application against a larger
and more diverse citizen population remains outstanding and
constitutes the primary objective of the forthcoming planned
pilot launch of the application across a UK LA.

C. Limitations

Three limitations bound the claims made in this paper. First,
while design decisions in Section IV were directly informed by
[8]’s findings, direct replication of accuracy measurement with
the compiled build remains outstanding. Second, the focus
group in [8] comprised five participants aligned with higher-
engagement personas, meaning findings may not generalise
to lower-engagement citizen demographics. Third, this paper
assesses utility, quality, and efficacy against design intent and
evidenced usability rationale; longitudinal behaviour change
requires sustained deployment data beyond the scope of this
paper.

VI. CONCLUSION AND FUTURE WORK

This paper documented the transition from a validated
recycling guidance wireframe to a deployment-ready mobile
application, addressing the gap identified in [8] between pro-
totype validation and functional artefact delivery. Grounded in
DSR and assessed against Lau’s evaluation criteria of utility,
quality, and efficacy [16], the finalised application demon-
strates that citizen-facing digital tools can be systematically
developed from user-centred evidence into deployment-ready
public sector artefacts. The application directly addresses
the three barriers identified in [8] (logo confusion, logistical
constraints, and local information gaps) while positioning itself
as the citizen-facing bridge between national recycling policy
and local household compliance at a moment of significant
legislative change.

Early commercial interest in the application signals that the
artefact has potential viability beyond the academic context in
which it was developed. The immediate next step is a pilot
deployment with a larger and more demographically diverse
user population, designed to generate the operational and
longitudinal behaviour change evidence that this paper’s scope
could not address. Pilot findings will validate whether the 60%
accuracy improvement demonstrated with the wireframe in
[8] is reproducible and sustained with the mobile application
across a broader citizen cohort, and cohort and will provide
the usage data necessary to refine location-aware content at
scale across multiple LA boundaries.



The broader significance of this work lies in its demon-
stration that CE transitions at local government level need
not wait for systemic policy harmonisation to begin. The
Simpler Recycling Policy establishes the legislative mandate
for standardised collection, but the citizen-facing guidance
gap it leaves unresolved requires practical, evidence-led dig-
ital intervention. This paper contributes to the SmaCE track
argument that smart, deployment-ready technology can serve
as a credible and scalable mechanism for advancing circular
economy outcomes at the community level, reducing contam-
ination, elevating waste prevention behaviours, and supporting
the shift from a linear to a circular model of resource use, one
local authority at a time.

REFERENCES

[1] S. Oluwadipe, H. Garelick, S. McCarthy, and D. Purchase,
“A critical review of household recycling barriers in the
united kingdom,” Waste Management & Research, vol. 40,
no. 7, pp. 905–918, 2022, pMID: 34802336. [Online]. Available:
https://doi.org/10.1177/0734242X211060619

[2] M. J. Bashir, S.-T. Chong, Y.-T. Chin, M. S. Yusoff, and
H. A. Aziz, “Single waste stream processing and material recovery
facility (mrf),” in Solid Waste Engineering and Management,
vol. 2. Springer, 2022, pp. 71–164. [Online]. Available:
https://link.springer.com/chapter/10.1007/978-3-030-89336-12

[3] K. R. Price, “The millennial wish-cycler: Best practices for reducing
recycling contamination,” online, 2020.

[4] R. E. Timlett and I. D. Williams, “Public participation and recycling
performance in england: A comparison of tools for behaviour change,”
Resources, Conservation and Recycling, vol. 52, no. 4, pp. 622–634, 2008.

[5] A. Vayona, H. Hartwell, R. Britton, and P. Gillingham, “Human-in-
the-circular-loop (hitcl): A human-centric approach in circular economy
ecosystems research,” in 2024 20th International Conference on Distributed
Computing in Smart Systems and the Internet of Things (DCOSS-IoT).
IEEE, 2024, pp. 653–660.

[6] DEFRA, “Simpler recycling in england: policy update,” Department for
Environment Food and Rural Affairs (DEFRA), Policy, Nov 2024. [Online].
Available: https://www.gov.uk/government/publications/simpler-recycling-in-
england-policy-update/simpler-recycling-in-england-policy-update

[7] G. De Boe, “Governing plastics in europe: Evolution, frictions, and the politics
of waste since the 1990s.” in Opening the Bin 4, 2025.

[8] C. Greenstreet, A. Vayona, and J. Henriksen-Bulmer, “Improving recycling
accuracy across uk local authorities: A prototype for citizen engagement,”
2026. [Online]. Available: https://arxiv.org/abs/2604.15345

[9] T. Yigitcanlar, A. David, W. Li, C. Fookes, S. E. Bibri, and X. Ye, “Unlocking
artificial intelligence adoption in local governments: Best practice lessons from
real-world implementations,” Smart Cities, vol. 7, no. 4, pp. 1576–1625, 2024.

[10] WRAP. (2025, April) Recyclenow: Waste and resources action programme.
online. [Online]. Available: https://www.recyclenow.com/

[11] U. Dib, K. Tiedemann, M. Wiegard, J. J. S. B. Betanco, and T. Kahl,
“Visionary solutions for sustainable recycling: citizen participation and cir-
cular economy as a perfect match,” in Wer rettet die Welt? Nomos
Verlagsgesellschaft mbH & Co. KG, 2025, pp. 79–96.

[12] T. Kahl, U. Dib, M. Wiegard, and F. Zimmer, “Gamification for enhanced
recycling engagement in circular economies,” in European Conference on
Games Based Learning, vol. 1. Academic Conferences International Limited,
2025, pp. 482–490.

[13] L. A. Castillo, J. R. Torres, P. D. S. Pérez, and R. P. Jiménez, “How to
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