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Abstract 

The printing industry generates substantial quantities of post-production paper waste, 

including trim waste, rejected sheets, make-ready prints, and overrun offset materials. Despite 

containing high-quality cellulose fibers (60–85%), this waste is largely underutilized and 

typically sold at low scrap value or transported to centralized recycling facilities. Such disposal 

methods fail to capture the full material value and do not support localized circular economy 

practices. Simultaneously, the horticulture and nursery sector faces increasing demand and cost 

pressures for moisture-retentive growing media such as coco pith, whose supply is 

geographically constrained and subject to seasonal variability. 

This project proposes the development of a decentralized, table-top scale cellulose fiber 

extraction and enzymatic de-inking system to transform offset printing waste into a 

biodegradable, water-retentive horticultural substrate. The research integrates mechanical 

engineering, biochemical processing, materials science, IoT-based monitoring, and agronomic 

validation to establish a scalable and environmentally responsible waste-to-value model. 

The core technical challenge lies in selectively recovering usable cellulose fibers from 

printed and coated paper while reducing ink contamination and filler residues to levels 

acceptable for agricultural application. Traditional paper recycling plants use large-scale 

hydrapulpers, flotation de-inking systems, and chemical treatments, which are unsuitable for 

small- and medium-sized printing enterprises due to capital costs, infrastructure requirements, 

and complex effluent management. Therefore, this research aims to develop a compact, 

economically viable alternative. 

The proposed system will consist of five integrated modules: (1) mechanical shredding, 

(2) hydrapulping with controlled agitation, (3) enzymatic de-inking treatment, (4) screening 

and fiber separation, and (5) dewatering and low-temperature drying. The enzymatic de-inking 

process will employ cellulase-compatible enzyme blends and surfactant systems optimized to 

detach ink particles from fiber surfaces without degrading cellulose structure. Process 

parameters such as pH, temperature, agitation speed, retention time, and enzyme dosage will 

be systematically optimized. 

Recovered fibers will be characterized for morphology, tensile integrity, pH, ash 

content, heavy metal concentration (Pb, Cd, Cr), and residual ink content. Laboratory testing 

will ensure compliance with agricultural safety standards. Moisture retention capacity, water 

absorption ratio, porosity, bulk density, and biodegradation rate will be compared against coco 

pith benchmarks. The goal is to achieve at least 70% of the moisture retention performance of 

coco pith while maintaining structural stability and safe decomposition characteristics. 

To enhance research rigor and data-driven validation, an IoT-enabled monitoring 

framework will be integrated into the pilot system. Soil moisture sensors, temperature sensors, 

and degradation monitoring units will be embedded in field trial plots. A web-based dashboard 

will collect and visualize real-time performance data, enabling comparative studies between 

recycled fiber substrate, coco pith, and blended media. This digital layer will support 

performance optimization, reproducibility, and scalability assessment. 



Field validation will be conducted in collaboration with nurseries and small-scale 

farmers. Selected crops (ornamental plants and non-leafy nursery crops in the initial phase) 

will be grown using the developed substrate in varying blend ratios. Germination rate, root 

development, plant height, leaf spread, and moisture requirement intervals will be documented. 

Decomposition behavior and fungal growth patterns will also be monitored to ensure practical 

viability. From an environmental perspective, the project addresses multiple sustainability 

objectives. It reduces landfill disposal of printing waste, decreases transportation-related 

carbon emissions associated with centralized recycling, and creates a biodegradable 

agricultural input from existing waste streams. The approach aligns with circular economy 

principles by retaining material value within local industrial ecosystems. Additionally, the 

decentralized model empowers small printing units to convert waste into a revenue-generating 

product rather than incurring disposal costs. 

Economically, the proposed system targets a production cost below ₹8 per kilogram at 

pilot scale, with potential retail pricing in the range of ₹15–25 per kilogram depending on 

packaging and value addition. By designing a compact, modular prototype with a capacity of 

5–10 kg per batch, the technology aims to be affordable and replicable across micro and small 

enterprises. The model also presents opportunities for product diversification, including seed 

starter blocks, biodegradable grow plugs, mulch sheets, and blended hydroponic substrates. 

The project will be executed in phased milestones over 12 months: 

1. Design and fabrication of prototype modules 

2. Optimization of enzymatic de-inking parameters 

3. Fiber characterization and safety validation 

4. Substrate formulation and performance benchmarking 

5. IoT system integration and dashboard deployment 

6. Field trials and agronomic performance validation 

7. Cost modeling and scalability assessment 

The industry partner commits ₹5,00,000 (Five Lakhs Only) toward prototype 

development, enzymatic trials, testing, and IoT integration. In addition, the partner provides 

substantial non-financial contributions, including technical expertise in enzymatic de-inking 

and system integration, access to pilot printing units, engineering design and fabrication 

support, IoT system development, coordination of nursery-level validation, and dedicated 

technical manpower for installation and monitoring. 

The project is expected to achieve Technology Readiness Level (TRL) 6 by the end of 

the research cycle, demonstrating a validated prototype in a relevant environment. Intellectual 

property generated from the enzymatic adaptation process, compact mechanical design, and 

integrated monitoring system will be jointly protected and commercialized through licensing 

or manufacturing partnerships. This research proposes an innovative convergence of waste 

management, biochemical processing, mechanical engineering, and smart agriculture to create 

a decentralized circular solution for the printing and horticulture sectors. By converting offset 

printing waste into a validated moisture-retentive agricultural substrate, the project aims to 

deliver environmental, economic, and technological impact while fostering sustainable 

industrial practices and localized value creation. 

 


