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Introduction





Chapter 1. Research Framework





1.1 Research Background & Motivation



1.2 Problem Focus







1.3 Research Objectives



1.4 Thesis Structure
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Figure 3. Thesis Structure Overview (Authorˇs own illustration)



Chapter 2. Foundation





2.1 Technical Foundation
This design project does not start from a technological invention developed from scratch, but builds upon a solid foundation of interdisciplinary research. A research team led by Prof. Costa, Congestri, and their collaborators has, through a series of studies�including The Jetsons' Kitchen project and related academic publications�successfully validated the core technological pathway for recycling dishwasher wastewater at the domestic scale (Costa & Nebuloni, 2021; Alabiso et al., 2023; Congestri et al., 2020). This section synthesizes the key scientific findings that establish the feasibility of the Zero Mile concept, providing the technical foundation that defines the design space for subsequent investigation.


Key Technical Principles
Key findings from existing research can be summarized in three main aspects:

Wastewater Characteristics and Reuse Potential(Dishwasher wastewater contains plant nutrients (nitrogen and phosphorus) while maintaining low levels of pathogens and contaminants, making it suitable for reuse after treatment (Congestri et al., 2020; Alabiso et al., 2023). Unlike other greywater sources, DWW presents minimal safety risks when properly treated, establishing the feasibility of domestic-scale water recycling for food production.

Biological treatment system(The research team developed an engineered microbial consortium composed of filamentous cyanobacteria (Trichormus variabilis) and selected heterotrophic bacteria (such as Acinetobacter and Exiguobacterium). This consortium forms a suspended biofilm capable of efficiently removing nutrients from wastewater, functioning as the biological engine of the Zero Mile System.
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Figure 4. Zero Mile System Process (Authorˇs own illustration)



Scope Clarification
The purpose of this technical overview is to establish that the biological efficacy of the Zero Mile concept has been scientifically validated through rigorous research (Alabiso et al., 2023; Congestri et al., 2020; Costa et al., 2024). This thesis does not aim to revalidate or optimize the biological treatment process. Instead, it accepts these technical findings as reliable premises and focuses entirely on design-related challenges:€how to translate this laboratory-validated system into a modular domestic product with clearly defined user touchpoints and intuitive interaction logic.€The physical form and material design of the biofilter itself are not within the scope of this thesis; it is treated as a functional module whose user interactions (observation, maintenance notification) are designed.      



 
     
 
         
  



Technical Characteristics and Resulting Design Constraints
From a design perspective, these scientific findings translate into specific system requirements:  

Table 1. Design Implication from Technical Requirement (Authorˇs own table)   
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Technical Requirement Design Implication (as fixed constraints)

Light dependency (130 ¼mol/m²/s)
The treatment process requires consistent light exposure, introducing spatial placement and environmental dependency constraints rather than flexible enclosure design.



Suspended biofilm (non-adherent)
The suspended biofilm structure reduces intensive mechanical maintenance but introduces sensitivity to operational disruption and irregular maintenance timing, requiring predictable maintenance awareness.



24-48 hour  treatment cycle
The asynchronous treatment cycle introduces temporal decoupling between wastewater generation and reuse, requiring buffering mechanisms and user awareness of delayed and uncertain system feedback.



Alkaline tolerance (pH 9-11)
Chemical compatibility with typical dishwasher detergents reduces the need for user-driven chemical adjustment, supporting operational robustness within everyday domestic routines.



Periodic biological restart requirement (approximately every six months)


Introduces long-term maintenance discontinuity and lifecycle awareness needs, requiring mechanisms for maintenance anticipation, user notification, and communication of intervention periods





2.2 Analysis of the Existing System





While the previous section examined what the system contains and how it is spatially arranged, this section focuses on how it operates. Understanding the sequence of water movement�from dishwasher intake to plant irrigation and return�is essential not only for technical comprehension but also for identifying where functional boundaries naturally occur.

In the current Zero Mile prototype, operational logic and physical configuration are not fully aligned. Components performing distinct functions are often physically bundled together, obscuring which parts of the system could operate independently and which require coordinated control. By tracing water movement across each stage of treatment, the analysis reveals patterns of dependency, independence, and transition that are not immediately visible from the physical configuration alone.

The system can be interpreted as a sequence of functional stages.
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Figure 7. Kawe hydraulic module system diagram (Source: From greyto green, 2023, translated by author)
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Pattern Description Evidence from stages

Tightly coupled circulation core
Pump, valves, UV lamp, and 5 ¼m filter form an interdependent network



Stages 3, 5, reuse-to-irrigation path (Stage 7), reuse-to-dishwasher path (Stage 7a),€and both overflow paths€depend on pump operation




Operationally passive storage
Accumulation and reuse tanks store water but do not actively route it



Stages 2 and 6 require only inlet/outlet connections and level monitoring�overflow is an exception€that requires active intervention




Functionally independent biofilter
Biofilter requires only hydraulic connections, not structural or control integration


Stage 4

Dual-mode irrigation
Irrigation can be pump-dependent (reuse) or pump-independent (tap, fallback mode)


Stage 7

Infrastructure interface Tap water supply and discharge paths are external-facing Stage 7a









2.3 User Insights and Design Requirements

Spatial uncertainty













Category Requirement Source€ Priority€

   FUNCTIONAL

F1
System must accommodate diverse spatial configurations: countertop, wall�mounted, under�cabinet


 

From€configurable architecture€problem and user spatial concerns



High

F2
System must allow the cultivation elements to be positioned independently from the water treatment components




From€configurable architecture€problem and user desire for placement flexibility



High

F3

Maintenance activities (biofilter cleaning, mechanical filter cleaning) must be physically accessible regardless of how the system is arranged





From€maintenance boundaries€problem  and user concerns about maintenance access



High



Category Requirement Source€ Priority€

EXPERIENTIAL(UX)

UX1
The system must communicate when user intervention is required and distinguish routine actions from abnormal conditions.




From€intervention boundaries and maintenance uncertainty


Critical

UX2

Each distinguishable functional part of the system must have a defined user touchpoint type (digital / physical / none / service�only)





From maintenance boundaries€problem


Critical

UX3

The system must provide continuously available, low-effort cues indicating whether it is operating normally, temporarily inactive, or requiring attention.





From€appliance expectation of passive awareness


Critical

UX4
The system must clearly differentiate user-serviceable maintenance activities from professional service interventions.




From€repairability ambiguity and responsibility uncertainty


Critical

UX5

The system should communicate operational rhythms (e.g., monitoring, cleaning, restart cycles) so that users can anticipate routine interactions.





From€maintenance anxiety and 6-month restart issue


High



2.4 Design Paradigms and Case Studies

https://us.usm.com/


https://shop.fairphone.com
https://shop.fairphone.com


https://www.ikea.com/gb/en/cat/metod-kitchens-ka005/


https://www.lego.com/


https://www.clickandgrow.com/?srsltid=AfmBOopMKh2AyExBsq1LHsXqJH7f32gJKRCI-S_Iva7thtI0O_Bc5shP


https://risegardens.com/?srsltid=AfmBOorzeeIjoMBf3VHKn_xL2QtXX__tggz-dCH28cJwH2QJGKfhnRhY




2.5 Design Opportunity





Chapter 3. Methodological Approach





3.1 Research through Design Positioning



3.2 Translating Requirements into Design Exploration




perational Rhythms This involves eternalizing the hidden metabolic cycles of the biological 
systemsch as filtration stages water ality transitions and ntrient availabilityinto 
actionable digital feedbac This research investigates how the digital interface layer can serve 
as a cognitive srrogate for the invisible biological process y employing dynamic data 
visalization intitive color coding and ambient notifications the design enables non-epert 

sers to read the systems health stats in real-time The obective is to bridge the temporal 
gap between the slow biological rhythm and the fast-paced domestic rotine ensring that 
system states are perceptally accessible withot reiring deep biological nowledge

The emphasis of this phase remains on the Relational Properties of the systemhow components 
connect and how responsibilities are commnicated As they pass throgh the Translation nnel 
they evolve from controlled laboratory data into modlar system architectres and interactional 
propositions This provides the conceptal and visal evidence necessary to achieve Legibility 
Configrability and Maintenance Intelligibility in the final domestic bio-integrated system This 
process ensres that the final system achieves the necessary levels of Legibility Configrability 
and Maintenance Intelligibility effectively bridging the gap between advanced bio-technology 
and domestic practice

Figure 17. The RtD Translation Funnel: Deconstructing Bio-filtration Systems into Modular and Interactional Propositions.(Authorˇs own illustration)
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3.3 Prototyping as Reflective Externalization





Chapter 4. Modular Structure





4.1 Functional Unit Decomposition





















4.2 Modular Architecture Design
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The Cultivation Module represents the primary endpoint of reuse within the system, where treated water is transformed into visible domestic value through plant growth. Unlike upstream modules focused on qualification, storage, or routing, this unit introduces spatial independence and user-driven interpretation, allowing placement across diverse domestic locations without constraining the operation of the treatment core.

Interaction within this module is predominantly experiential and practice-based. Users engage through planting, observation, harvesting, and everyday care activities, relying on personal judgement rather than automated sensing to assess plant health and environmental suitability. Digital support remains optional and interpretive, offering reminders or reflective records without replacing embodied interaction.

Maintenance responsibilities are distributed accordingly. Plant care and cultivation practices remain fully user-managed, while embedded irrigation infrastructure operates as background service components. This separation reinforces the moduleˇs role as a domestication interface, where technical reuse processes become meaningful through everyday engagement rather than system visibility.




















Figure 27.  Conceptual representation of the Cultivation Module(Source: Authorˇs own illustration)
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Level sensor;
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Stored volume;
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Hydraulic Execution & Routing Module


Flow sensor;
Pump state detection;
Valve activation




Circulation activity; 
Routing transitions;
Overflow occurrence




Biofilter Process Module
Presence detection;
Retention-time monitoring


Treatment duration; process continuation

Reuse Storage Module Level sensor Available treated-water volume

Cultivation Module Irrigation delivery detection; Configuration awareness
Water delivery occurrence;
Planting context
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Dishwasher Merge & Safety
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Tap Water Distribution
Module




Biofilter Process Module
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Input tap water volume for irrigation
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Signals on whether the component is operating
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Input water volume into the biofilter

Input tap water volume for dishwasher
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Planting event
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Input treated water volume for irrigation
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System
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Time to remove biomass
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Module
Sensed observability (objective infrastructural signals)



Declarative / inferred observability (configuration or execution-derived signals)



Notes for awareness construction

Tap Water Distribution Module
Component operational status; flow  validation


Tap water fallback activation; irrigation supplementation state


Supports appliance safety reassurance and supply intelligibility



Dishwasher Supply Merge & Safety Module


Supply pressure validation; pathway activation status


Active supply pathway (tap-first vs supplementary reuse)


Supports appliance safety reassurance and supply intelligibility


Intake Qualification Module
Sensor operational status; wastewater quality threshold validation


Acceptance/rejection events; sewer diversion occurrences


Enables safety gating awareness without exposing raw quality metrics



Accumulation & Buffer Module
Water volume; temperature; sensor operational signals


Storage readiness for pumping; buffering continuity



Contributes indirect process continuity awareness rather than actionable user data




Hydraulic Execution & Routing Module


Pump activity; valve activation; information on water flow to various locations




Routing state; overflow handling; process transition events


Serves as execution-state backbone supporting system-wide coherence inference




Biofilter Process Module
Sensor operational signals (process presence)


Treatment phase progression; retention time completion


Treatment continuity is primarily temporal rather than sensor-driven



Reuse Storage Module
Water volume; storage availability signals


Irrigation readiness; reuse sufficiency state


Represents the primary actionable resource awareness for users



Cultivation Module
Component operational signals (irrigation delivery presence)


Cultivation configuration context; module identity persistence



Provides contextual grounding linking infrastructural operation with visible domestic outcomes








Primary interpretive dimension Interpretive condition Indicative signal constellation Interpretive implication

Operational continuity Stable routing coherence
Consistent pump activity; uninterrupted circulation


Supports reassurance of infrastructural continuity



Treatment progression Processing stability
Retention time progression;
Continuous biofilter activity


Indicates ongoing treatment readiness

Resource availability Reuse sufficiency
Adequate storage level; absence of fallback activation


Signals irrigation readiness and reuse reliability



Lifecycle proximity Routine care emergence
Biomass accumulation timing; extended treatment cycles


Suggests approaching maintenance without malfunction



Operational continuity + treatment progression


Degraded continuity
Routing inconsistencies; treatment interruption


Indicates emerging instability requiring attention



Resource availability Resource insufficiency
Declining storage level; repeated fallback reliance


Suggests reduced reuse readiness

Cross-dimensional Operational anomaly
Pressure instability; persistent diversion; prolonged inactivity


Signals deviation from expected infrastructural behaviour









4.3 Configuration Scenarios

4.3.1 Spatial Variability Enabled by Modular Architecture









Module Color Module Color Module Color Module Color

Tap Water Distribution Module



Dishwasher Supply Merge & Safety Module





Intake Qualification Module



Accumulation & Buffer Module



Hydraulic Execution & Routing Module



Biofilter Process Module


Reuse Storage Module Cultivation Module







Chapter 5. Interface and Interaction





5.1 From Architecture to Interface













Elena 
Sustainable Lifestyle Blogger 


Age/Identifying Gender
34/Female


Location
Milan, IT


Occupation
Landscape Designer.


Family Status
Patner/No Kids


˝Sustainability, Emotional Connection, and System Health..˛



Motivations

Feels guilty about the heavy water 
consumption of dishwashers.

Pursues a "Zero-Waste" lifestyle and 
hopes to form a closed-loop ecosystem 
within the home.

Plants are her emotional anchor; she 
wants water resources to feed back 
directly into her garden

Goals

She values the Garden 
(Perceived Results) and 
Home (Eco-Summary) 
pages most. 

She needs psychological 
reassurance through the 
interface that the system is 
"breathing healthily.

Pains

I nvisibility: She worries 
whether biofiltration is 
actually effective and fears 
"bad water" might kill her 
beloved plants.

Knowledge Barrier: While she 
loves nature, she does not 
understand complex 
biochemical processes



Amy Vaugn
Project Manager

Age/Identifying Gender
29/Female


Location
Poughkeepsie, NY


Occupation
Project Manager


Family Status
A family of three



"Make sustainability a seamless part of my routine, not another item on my to-do list."




Motivations
Attracted by the "modularity" of the 
system, seeing potential in utilizing 
kitchen corners and wall space.

Hopes to use this system to educate his 
child about water cycles

Goals

She values the Care 
(Maintenance Tasks) and 
Setting (Module 
Configuration) pages most.

 She needs clear boundaries 
for tasks (what she does vs. 
what professional services 
handle) and step-by-step 
"foolproof" guidance

Pains

Maintenance An xiety: Fears the 
system might suddenly break and 
overflow, or require endless 
cleaning.

Fragmented Time: Has no time to 
study manuals; must be able to see 
"what I need to do today" at a 
glance



Irene Simpson
Tech Blogger

Age/Identifying Gender
25/Female


Location
Brooklyn, NY


Occupation
Software Engineer 


Family Status
Single/No Kids


"Trust comes from transparency�I want to see the logic behind the flow."



Motivations

Likes to experiment with cutting-edge 
infrastructure solutions.

Views the system as a "living machine" 
and enjoys monitoring data and 
optimizing resource use

Goals

She values the Water 
(Processing Progress) and 
Home (System Logic) pages 
most. 

She needs a clear sense of 
time and rhythm (progress 
bars, countdowns) to 
transform invisible 
processes into visible data 
streams

Pains

U ncertainty: Lacks patience for 
"slow" processes; feels a loss of 
control if she doesn't know the 
progress (e.g., how much longer 
filtration takes).

Trust Building: Needs to see logical 
evidence to prove the system is 
functioning normally

Persona Core Value Validated Interface Focus

Elena  Co-existence: The system as a living companion.
 Home / Garden

Amy Vaugn Predictability: The system as a manageable utility.
 Care / Setting

Irene Simpson Understandability: The system as a transparent process.
 Water / Home





5.2 Information Architecture and Core Interaction Flows
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Figure 37. Mapping of domestic awareness orientations to interface domains and module(Authorˇs own illustration)

The mapping illustrated in Figure 37 demonstrates how domestic awareness orientations are selectively materialized through interface domains and their relationship to the modular infrastructure of the Zero-Mile system. Rather than providing direct exposure to all system components, the interface operates as an interpretive filter that mediates between infrastructural complexity and everyday intelligibility. Each awareness domain is therefore expressed through a limited set of interface entry points that reveal only the module relationships necessary for meaningful interpretation and action.











5.3 Configuration Interface



Assessment Upload Configuration Reporting

How flexible is your home layout for placing system modules?

Q2: (2 of 4)

Next

Installation context

Limited � modules likely need to stay in one area

Moderate � some flexibility across nearby surfaces

High � modules can be placed in different parts of the home

Not sure

Back

CONTACTCustomizationZeroMile

Assessment Upload Configuration Reporting

CONTACTCustomizationZeroMile

Where do you currently imagine placing most of the system modules?

Q1: (1 of 4)

Next

Installation context

Mostly hidden inside cabinets or storage areas

Partially visible but integrated with surroundings

Fully visible as part of the living environment

Not sure yet

Back



Assessment Upload Configuration Reporting

How comfortable are you with performing simple maintenance tasks?

Q3: (3 of 4)

Next

Installation context

Prefer minimal involvement

Comfortable with occasional simple tasks

Comfortable with regular maintenance

Not sure

Back

CONTACTCustomizationZeroMile

Assessment Upload Configuration Reporting

Q4:

How important is it that the system blends with your home environment?

(4 of 4)

Done

Installation context

Very important � should be discreet

Moderately important

Not important � functionality first

Not sure

Back

CONTACTCustomizationZeroMile





Assessment Upload Configuration Reporting

CONTACTCustomizationZeroMile

Upload photos

These photos help us better understand your kitchen layout and available space.

Overall kitchen

Drag & drop to upload
or browse

Helps us see the big picture: layout, cabinet positions, and available walls.


Under sink area

Drag & drop to upload
or browse

Reveals cabinet space, pipe locations, and potential obstacles (e.g., garbage disposal).


Cultivation spot

Drag & drop to upload
or browse

Where you plan to put the plants � helps us check light, space, and accessibility.


Next

Assessment Upload Configuration
 Reporting

CONTACTCustomizationZeroMile

System configuration

Your selection defines the configuration approach. In the next step, youˇll enter a blank workspace to assemble modules, expand functionality, and form your system configuration.



Start customizing

Compact Vertically Distributed Spatially Distributed



CONTACTCustomizationZeroMile

simulator

Module library Your Configuration

Drag the module from the library. The dashed line represents water flow.

Export Configuration

|Search

Cultivation module

Visible reuse

Placed on surface or vertical structure.(Supports plant growth with treated water.


EXPANDABLE

Biological treatment

Installed in service or hidden area. Transforms DWW for safe reuse.


Water circulation

Installed near plumbing network.(Enables flow distribution across modules.


Hydraulic Routing Module

Biofilter Process Module

Intake & safety Module
Accumulation&Buffer Module

Role

Connections

Placement & visibility

Interaction

Configuration

Flow buffering before treatment

Input(    " Intake(    " Cultivation return(    " Storage overflow
Output(    " Biofilter
Safety
    " Capacity overflow protection










Hidden · under-sink compatible

    "Low user involvement
    "Periodic service check



    " Capacity: 20L / 40L ¼

Flow buffering

Typically concealed under-sink.(Stabilizes supply before treatment.


Accumulation & Buffer module

Indoor Outdoor





Assessment Upload Configuration Reporting

CONTACTCustomizationZeroMile

Review & Export

Review your configuration before sharing it with your supplier. You can export a PDF report or send it directly.

Send to supplierExport PDF

Distributed across indoor & outdoor

Some flexibility

High

DJD38CU  

Prefers minimal intervention

Installation context

Uploaded photos

Configured system modules

Preferred Configuration Compact

Preferred module placement:

Intake Qualification Module:

Overall kitchen Under sink area Cultivation spot

Layout flexibility

Tap Water Distribution Module:

Maintenance comfort:

Dishwasher Supply Merge & Safety Module:

Visual integration priority: 

Order code: 

Accumulation & Buffer Module 20L:

Reuse Storage Module 20L:

Hydraulic Execution & Routing Module:

Biofilter Process Module:

Cultivation Module€:



CONTACTCustomizationZeroMile

Assessment Upload Configration Reporting

Thank you! Your configuration has been sent to your supplier.
They will review your layout and contact you within 1�2 business days to discuss next steps, including any adjustments needed and scheduling an on�site visit if necessary.

Back to Home



HOME CONTACTCustomizationZeroMile

Get the best it solution
now from us

Need assistance with your Zero Mile system? Whether it's maintenance, installation advice, or just a question, we're here for you.



Trusted by homeowners across Europe. Fast response within 1 business day. No hidden fees.

Request service Schedule consultation





5.4 Everyday Awareness Interface Design



ZeroMile

Your new favorite ecological partner

Welcome to ZeroMile!

XYL9D82

Start configuration

ZeroMile

Your new favorite ecological partner

Welcome to ZeroMile!

Enter order code

Start configuration



ZeroMile

Your Configuration

Indoor Outdoor

The configuration has been preset according to your order content. Please confirm the indoor/outdoor environment.
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Confirm
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5.5 Care and Setting Interface Design
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View Guide
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Biofilter Process Module

Biomass removal

View Guide

User-serviceable

40 Days

Adjust timing
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Accumulation tank rinse

View Guide
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40 Days

Adjust timing
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View Guide

User-serviceable

Adjust timing

30 Days

Biofilter Process Module
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View Guide
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Adjust timing

60 Days
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Routine careActive care

Intake Qualification Module

DWW qualification anomalies
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...
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Adjust timing
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Accumulation tank rinse

View Guide

User-serviceable
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Adjust timing
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Adjust timingAdjust timing
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40 Days 60 Days
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Biofilter Process Module

Biomass removal

View Guide

User-serviceable

Home Care Garden Water Setting
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System healthy

No active care actions needed

Active care

No Module

The system works and performs well. No active actions needed


View Guide

User-serviceable

Routine care

13:13

Reuse Storage Module

Reuse tank rinse

View Guide

User-serviceable

Adjust timing

30 Days

System healthy
No active care actions needed

Active care

All Modules

The system works and performs well. No active actions needed


View Guide
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View Guide
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Adjust timing
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Biofilter restart
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Hydraulic Execution Module

Pump / actuator failure

View Guide

Service-only
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Contact Supplier

Next

Biomass Removal

Prepare a large dropper

A clean large dropper will be used to gently handle biomass during the process.


Home Care Garden Water Setting

ZeroMile

Biomass Removal

Contact Supplier

Prepare a large dropper

A clean large dropper will be used to gently handle biomass during the process.
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Accumulation & Buffer Module




Intake Qualification Module




Biofilter Process Module




Cultivation Module 1



Cultivation Module 3



Cultivation Module 5



Cultivation Module 4



Home Care Garden Water Setting

ZeroMile

Household settings

Installed Modules Overview

Tap Water Distribution Module




Reuse Storage Module



Hydraulic Execution & Routing Module




Dishwasher Supply Module




Cultivation Module 2
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Installed Modules Overview

Tap Water Distribution Module




Reuse Storage Module



Dishwasher Supply Module




Cultivation Module 4



Accumulation & Buffer Module




Biofilter Process Module




Cultivation Module 3



Cultivation Module 2



Intake Qualification Module
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Hydraulic Execution & Routing Module




Warranty:  Valid until March 2027

Configuration: Spatially distributed 

Installed: June 2025

Supplier & Service Installation Context

Contact Supplier

Cultivation Module 5







Chapter 6. Evaluation





6.1 Design and Objectives of the Questionnaire





User Testing: Domestic DWW Bio-filtration & Eco-System Interface

Questionnaire

      
          

Project Overview: This project introduces a Domestic DWW (Dishwasher Wastewater) Bio-filtration System that recycles wastewater for home irrigation. By using a digital interface as an "explanation layer," we aim to turn slow, invisible biological processes into clear, manageable data. Our goal is to replace the "black box" nature of traditional recycling with a transparent, trustworthy experience that fosters a seamless coexistence between users and their home ecosystem.

Panoramica del Progetto: Questo progetto presenta un sistema domestico di biofiltrazione DWW (acque grigie della lavastoviglie) che ricicla l'acqua di scarico per l'irrigazione domestica. Utilizzando un'interfaccia digitale come "livello esplicativo", miriamo a trasformare processi biologici lenti e invisibili in dati chiari e gestibili. Il nostro obiettivo è superare la natura di "scatola nera" del riciclo tradizionale, offrendo un'esperienza trasparente e affidabile che favorisca una coesistenza fluida tra l'utente e l'ecosistema domestico.












            
              

             
              

        
       

Design/Art / Design/Arte

Yes / Sì

Education / Educazione

Engineering/Tech / Ingegneria/Tecnologia

No / No

Other:_______ / Altro:_______

Sustainability / Sostenibilità

II. Part One: Pre-Test (Expectations & Pain Points) II. Parte Prima: Pre-Test (Aspettative e Criticità)

Strongly Disagree
Fortemente d'accordo


Strongly Agree
Fortemente d'accordo


Strongly Disagree
Fortemente d'accordo


Strongly Agree
Fortemente d'accordo


Instruction: Please rate the following statements based on your intuition and daily experience before interacting with the UI prototype. Scale: 1-Strongly Disagree | 2-Disagree | 3-Neutral | 4-Agree | 5-Strongly Agree
Istruzioni: Valuta le seguenti affermazioni in base al tuo intuito e alla tua esperienza quotidiana prima di interagire con il prototipo dell'interfaccia utente (UI).
Scala: 1-Fortemente in disaccordo | 2-In disaccordo | 3-Neutrale | 4-D'accordo | 5-Fortemente d'accordo









III. Part Two: Post-Test (UI/UX Experience Evaluation)
III. Parte Seconda: Post-Test (Valutazione dell'esperienza UI/UX)


1. Transparency & Trust (Home & Water Pages) 1. Trasparenza e Fiducia (Pagine Home e Acqua)

2. Predictability & Usability (Care & Setting Pages) 
2. Prevedibilità e Usabilità (Pagine Manutenzione e Impostazioni)




3. Ecological Perception & Coexistence (Garden Page)
3. Percezione Ecologica e Coesistenza (Pagina Giardino)


IV. Part Three: Open Feedback IV. Parte Terza: Feedback Aperto



6.2 User Testing and Feedback Collection

Task ID User Goal Predefined Navigation Path Evaluative Criteria

Task 1
System-wide perception and transparency monitoring: Verify the treatment progress and total resources.




Home Page™Water Page™Biofilter Card Legibility

Task 2
Fault Response and Maintenance Guidance: Identify system anomalies and obtain specific maintenance operation instructions.




Home Page(Alert)™Care Page™View Guide Maintenance

Task 3
Dynamic monitoring and resource confirmation: Identify the irrigation status different Cultivation modules.




Home Page™Garden Page™Plant Cards Configurability



Question Mean Max Min

Q3 3.7

Q4 4.7

Q5 4.3

Q6 3.5

Q7 4.8

Q8 4.8

Q9 4.2

Q10 4.3

Q11 4.6

Q12 4.1

Q13 4.4

Q14 4.2

Q15 4.2





Question Q16-Perceived Control & Safety Q17-Experiential Positioning Q18-Design Improvement Directions

User 1
posso sapere chiaramente controllata per cosa viene usertor l'acqua reflua


il ontenuto è più deteagrato· pensando di più alla vita reale di un famiglie


No , basta cosi , è spiegato tutto nei dettagli.

User 2
The visual data of each part. I can see how every thing is going on directly. The icons can help me recognize what each part is for.




The biggest one is that modular it is. With the visualization. I can understand what's the data for easily.




I wish the visual difference among modules could be more obvious. Like use different color theme in different part.




User 3
Transforming invisible biological processes data effectively removed the "black box" anxiety,




It feels like collaborating with a eco-assistant" rather than just operating a machine.


Implement haptic feedback when the subtle micro-interactions a "Routine" task is completed to strengthen sense of "collaboration" with eco-assistant.





User 4
The Home screen directly tells me the system status, which is intuitive and clear.


Fewer features but less verbose

In terms of interaction, I hope to have more interesting animations to showcase changes.


User 5
Tell me directly where the problem is and what I should do.


It doesn't have many extra features or information, and it's very simple and easy to understand.




It's good as long as it looks clean.
From an interactive perspective, it would be better to offer more signal options instead of just these few





User 6 system status / Care page clear/direct/simple

Visual hierarchy: No
colors: No
Interaction logic: add some control button to stop system.





User 7
Color change of the system status card and overview in setting page


simple but easy-understanding

Maybe have a short introduction before use the app


User 8 Progress bar/color change
Purely, but it feels like you need to have some understanding of the product.



If there is more information about the microbiology section, could you please show more content?




User 9
The Garden interface tells me how much watering I've done for my plants today.


I rarely use apps, and I hope to be able to operate them directly on the furniture instead of relying on apps.



none

User 10
Biofiter snapchat directly show the process of biofiltration System status card


slightly improve the awareness of user

Only one dominant system state is retained; other information is reduced to secondary indicators 17 Deleted the adjusting time button in Home page.











6.3 Design Insights and System Refinement





Chapter 7. Conclusion





7.1 Main Contributions and Innovations



7.2 Design Significance 



7.3 Future Challenges and Development
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Appendix





Component Inventory of the Zero Mile Prototype

Components Quantity Functional Unit Notes

Hydraulic Components

Membrane pump Hydraulic Circulation Unit Core routing executor

Solenoid valve
Supply Interface Unit/Hydraulic Circulation Unit
Cultivation Unit




EV1�EV9

Three-way valve Supply Interface Unit Wastewater intake diversion

Check valve
Supply Interface Unit/Hydraulic Circulation Unit


Prevent backflow

Pressure limitation valve Hydraulic Circulation Unit Protect the pump and pipelines

Flow meter
Supply Interface Unit / Hydraulic Circulation Unit


Flow meter 1 & 2

Pressure switch Supply Interface Unit Monitor water supply pressure

Conductivity sensor Supply Interface Unit Dishwasher wastewater testing

50µm mechanical€ filter Pre-Treatment Unit Primary mechanical filtration

5µm mechanical€ filter Pre-Treatment Unit Secondary mechanical filtration

UV lamp Hydraulic Circulation Unit Post-treatment purification

Name Num of component Functional Unit Notes

Biological Treatment Components

Biofilter reactor container Biological Treatment Unit Temporary store DWW

Two-way valve Biological Treatment Unit Store treated water

LED grow light Biological Treatment Unit 2 per tank



Components Quantity Functional Unit Notes

Storage Components

Accumulation tank Storage Unit Temporary store DWW

Reuse tank Storage Unit Store treated water

Level sensor Storage Unit 2 per tank

Temperature sensor Storage Unit Located in the accumulation tank

Components Quantity Functional Unit Notes

Cultivation Components

Planter Cultivation Unit Planting Container

Irrigation drip line Cultivation Unit Distribute  irrigation water

Water collection channel Cultivation Unit Collect return water

Solenoid valve Cultivation Unit EV10, EV11

Components Quantity Functional Unit Notes

Control and Electrical Components

Interaction module Control and Interaction Unit 40*30*10 cm

Control wiring network Control and Interaction Unit Connecting sensors and actuators
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