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Abstract: 
            This research evaluates the Sparklesweep model as a niche innovation driving the sustainable 
transition of the domestic service economy. Utilizing the Multi-Level Perspective (MLP), we analyze the 
shift from chemical-intensive regimes to non-toxic digital architectures. Empirical data confirms that 
professional cleaning enhances indoor volatile organic compounds (VOCs) for hours post-service.1 
Additionally, certain "green" cleaners exhibit a "Green Paradox," increasing formaldehyde (HCHO) levels 
by 7%.2 Sparklesweep mitigates these hazards through fragrance-free herbal disinfectants and a React.js-
based platform. Lifecycle Assessment (LCA) data reveals a 53.3% reduction in Global Warming Potential 
(GWP) compared to traditional protocols.3 Ultimately, the platform provides a scalable blueprint for 
reconciling on-demand convenience with environmental and public health mandates. 

Keywords — Socio-Technical Transitions, Green Chemistry, Indoor Air Quality, React.js, Lifecycle 
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I. INTRODUCTION 

   The global domestic service economy is currently 
navigating a profound structural transformation 
characterized by the convergence of the high-growth 
on-demand economy and a mandate for 
environmental sustainability.4 Historically, 
residential cleaning has been an opaque industry, 
characterized by fragmented service delivery and a 
reliance on a chemical-industrial complex that 
prioritized immediate microbial inactivation over 
long-term human and ecological health.4 

The emergence of the Sparklesweep model signals a 
socio-technical transition. Utilizing the Multi-Level 
Perspective (MLP) framework, this study identifies 

Sparklesweep as a niche innovation designed to 
destabilize the existing chemical-intensive cleaning 
regime.5 In high-growth markets like India, online 
home services are transitioning from a niche habit to 
a mainstream requirement, driven by urbanization 
and the needs of dual-income households.6 This 
report analyzes the Sparklesweep model within the 
context of green chemistry, IAQ research, and 
modern technical architectures.4 

II. LITERATURE REVIEW 

The study of sustainability transitions focuses on 
how fundamental shifts occur in societal systems 
such as energy, housing, and personal care. 
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A. The Multi-Level Perspective (MLP) The MLP 
framework posits that transitions result from 
developments across three levels: the landscape 
(macro), the regime (meso), and the niche (micro).5 
Frank Geels’ work on historical transitions, such as 
the shift in personal hygiene in the Netherlands 
(1850-1930), underscores the co-evolutionary nature 
of technology and society.5 The transition to 
sustainable digital cleaning platforms requires a 
realignment of household routines and regulatory 
standards.4 

B. Indoor Air Chemistry and VOC Persistence 
Research indicates that cleaning activities influence 
indoor air composition well beyond the duration of 
the service.1 Concentration enhancements in 
approximately 60% of measured VOCs and 80% of 
measured SVOCs are observed for hours post-
cleaning.1 Furthermore, the "Green Paradox" reveals 
that "green" cleaners often emit higher monoterpene 
concentrations—averaging 25.0 mg/L—than regular 
cleaners.2 These compounds react with indoor ozone 
(O3) to generate secondary pollutants such as 
formaldehyde.2 

 

III. PROBLEM STATEMENT 

The central challenge is the pervasive use of 
hazardous chemical agents in domestic hygiene, 
affecting environmental health and occupational 
safety.4 

A. Chemical Burden and Atmospheric Reactivity 
Traditional domestic hygiene relies on quaternary 
ammonium compounds and chlorine bleach, which 
release primary VOCs.1 These pollutants undergo 
rapid ozonolysis, producing secondary organic 
aerosols (SOA) and carcinogens like HCHO.2 Indoor 
surfaces act as significant sinks and sources for these 
pollutants.7 

B. Occupational and Public Health Burden 
Professional cleaners face a 50% higher risk of 
developing asthma.4 Clinical surveys indicate high 
prevalence rates of respiratory symptoms: 45.56% 

report nasal irritation from hydrogen peroxide, and 
40% report persistent cough from sodium 
hypochlorite exposure.8 

IV. PROPOSED MODEL (SPARKLESWEEP) 

Sparklesweep is a technology-integrated service 
model designed to bridge high-performance hygiene 
with ecological responsibility.4 

A. Precision-Based Service Delivery The model 
shifts focus from "volume and frequency" to 
"precision and process," utilizing concentrated liquid 
agents and microfiber technologies to maximize 
efficacy while reducing chemical waste.4 

B. Efficacy of Herbal Formulations Sparklesweep 
utilizes herbal disinfectants derived from neem 
(Azadirachta indica), lemongrass (Cymbopogon 
citratus), and reetha (Sapindus mukorossi). Neem 
formulations demonstrate powerful antibacterial and 
antiviral properties through the disruption of 
microbial membranes.9 These agents are particularly 
effective for households with toddlers, who are 
highly susceptible to chemical residues.9 

V. GREEN CHEMISTRY AND IAQ ANALYSIS 

The Sparklesweep operational paradigm is rooted in 
the 12 Principles of Green Chemistry.10 

A. Application of Principles 

1. Prevention: Designing syntheses to prevent waste, using 
concentrated formulas to reduce plastic packaging and 
transport emissions.10 

2. Use of Renewable Feedstocks: Prioritizing raw materials 
derived from renewable sources rather than petroleum-
based chemicals.10 

3. Design for Degradation: Ensuring chemical products 
break down into innocuous substances post-use.10 

B. Mitigation of Secondary Pollutants To mitigate 
the "Green Paradox," the platform mandates 
fragrance-free formulations to minimize 
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monoterpene emissions and subsequent secondary 
pollutant formation.4 

VI. TECHNICAL ARCHITECTURE 
(REACT.JS PLATFORM) 

The Sparklesweep interface is engineered using 
React.js, ensuring a fast, scalable application.11 

A. Performance Optimization through the Virtual 
DOM React.js employs a Virtual DOM—a 
lightweight in-memory representation of the real 
DOM—to optimize UI updates.11 When a state 
change occurs, React calculates the minimal set of 
changes (reconciliation) and updates only the 
necessary elements, reducing expensive browser 
reflows.11 

B. Scalable Microservices Architecture The 
platform utilizes microservices for geolocation, real-
time communication, and payment processing.6 
Routing algorithms optimize travel paths for service 
providers, further reducing carbon footprints.12 

VII. ENVIRONMENTAL IMPACT USING 
LCA 

Life Cycle Assessment (LCA) is utilized to quantify 
the environmental benefits of the Sparklesweep 
model.3 

A. Comparative Results: Green vs. Traditional 
Protocols Empirical data from the ASL Roma 1 case 
study confirms that green protocols using 
concentrated detergents achieve a 53.3% reduction 
in GWP.3 This transition prevents the emission of 
approximately 2,496 kg of CO2e annually across 
healthcare-scale pilot sites.3 

B. ESG Sustainability Metrics Sparklesweep tracks 
Environmental, Social, and Governance (ESG) Key 
Performance Indicators (KPIs), including chemical 
consumption per site and water usage efficiency.4 

VIII. DIGITAL SCHEDULING AND 
SUSTAINABILITY 

The transition from paper-based to digital scheduling 
represents a significant environmental gain.12 

A. Carbon Footprint Reduction Organizations 
switching to digital scheduling systems can reduce 
their scheduling-related carbon footprint by up to 
85%.12 This is achieved by eliminating paper 
production and reducing the fossil fuel consumption 
associated with physical schedule distribution.12 

B. Green Cloud Infrastructure The platform utilizes 
cloud providers with Power Usage Effectiveness 
(PUE) ratings below 1.2, powered by renewable 
energy, ensuring the digital footprint is minimal.12 

 

IX. MARKET NEED AND SOCIO-
TECHNICAL TRANSITION (MLP THEORY) 

The Sparklesweep platform addresses a market 
where organized home services are transitioning 
from a niche to a mainstream requirement.4 

A. Landscape Pressures and Urbanization Rising 
female workforce participation (~37% in FY2023) 
and the growth of nuclear families are destabilizing 
traditional informal cleaning regimes.4 India’s 
internet user base, expected to reach 1,000 million by 
2029, acts as a primary catalyst for this niche 
innovation.6 

B. Economic Growth and Awareness The eco-
friendly hygiene market is projected to reach 
₹17,000 Crore by 2033, driven by increased health 
consciousness regarding chemical risks.4 

X. FUTURE SCOPE (IOT, ROBOTICS) 

The next phase of Sparklesweep involves integrating 
IoT and autonomous systems.4 

A. Smart Sensors and Real-Time Monitoring IoT-
enabled air quality sensors can flag areas requiring 
disinfection based on real-time VOC levels.4 These 
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systems use MQTT and CoAP protocols for remote 
management.4 

B. Autonomous Robotics Autonomous cleaning 
robots provide consistent hygiene standards while 
optimizing routes based on traffic flow, reducing 
energy waste.4 

CONCLUSIONS 

     The Sparklesweep model reconciles high-
performance domestic hygiene with environmental 
responsibility.4 Traditional methods pose severe 
threats to IAQ and occupational health, but 
transitioning to green chemistry and digital 
platforms can reduce GWP by over 50%.1 By 
aligning digital convenience with the 12 Principles 
of Green Chemistry, Sparklesweep offers a scalable 
blueprint for a sustainable domestic service 
economy.4 
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