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Northeast India generates an estimated 20-25 million tonnes of agricultural residue
annually from diverse crops including paddy, bamboo, pineapple, tea, banana,
sugarcane, and areca nut. Despite this substantial biomass potential, the region remains a
marginal participant in the global agro-waste valorisation economy, with most residues still
being burned, dumped, or left to decompose. This article examines the current landscape of
agro-waste utilization across the eight states of Northeast India, highlighting emerging
success stories such as India's first bamboo-based bio-ethanol plant in Golaghat, Assam, and
Nagaland University's development of pineapple-peel vinegar as a value-added product. It
discusses the range of conversion pathways available biogas, bio-char, compost, natural fibre
extraction, polymer composite fillers, and bio-based chemicals and analyses the structural
barriers that have slowed adoption, including difficult terrain, weak extension services,
limited pilot financing, and inadequate industry—research linkages. The role of national policy
instruments such as the GOBARdhan programme, the Mission Organic Value Chain
Development for the North Eastern Region (MOVCDNER), and biomass co-firing mandates
is also assessed. The article argues that transforming residue into revenue in the Northeast
requires coordinated action across research institutions, state governments, agri-
entrepreneurs, and extension agencies, and that the region's extraordinary crop diversity
makes it uniquely positioned to lead India's circular bioeconomy transition if these systemic
gaps are addressed.
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Introduction

Every harvest season, the hills and valleys of Northeast India produce far more than rice,
pineapples, bamboo, and tea. They also produce mountains of leftover biomass paddy straw,
banana pseudo-stems, pineapple crowns and peels, sugarcane bagasse, areca nut husk,
bamboo dust, and tea factory waste most of which is burned in the field, dumped into
streams, or left to rot. For decades this residue was treated as a problem to be disposed of
rather than a resource to be used. That assumption is finally beginning to change.

The Scale of the Problem and the Opportunity

Across India, agriculture generates well over 600 million tonnes of crop residue annually, yet
only a quarter to a third of it is put to productive use as livestock feed or energy feedstock;
the rest is burned or wasted, releasing greenhouse gases and stripping nutrients from the soil.
Northeast India's share of this story is distinctive. The region's eight states are estimated to
generate between 20 and 25 million tonnes of agricultural residue every year, from crops as
varied as paddy in the Brahmaputra valley, bamboo across the hill states, pineapple in
Nagaland and Tripura, tea in Assam, and orange and ginger in the hill districts. Much of this
biomass still goes up in smoke or is left to decompose unused, even as agro-waste
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valorisation matures into a global industry projected to cross seventy billion dollars by the
end of the decade. The irony is hard to miss: a region blessed with extraordinary biodiversity
and crop variety remains a marginal player in turning that diversity into economic value. But
the last two to three years have seen a shift, with universities, state missions, and a new
generation of entrepreneurs beginning to demonstrate what is possible.

Bamboo: From Forest Produce to Industrial Feedstock

Bamboo is perhaps the most visible example of this shift. Long dismissed in policy terms as a
"tree" rather than a grass a classification that once restricted its harvest and trade bamboo has
been repositioned as a strategic industrial resource for the Northeast. The most striking proof
point is the bamboo-based bio-ethanol plant commissioned in Golaghat, Assam, which converts
roughly five lakh tonnes of green bamboo a year into tens of thousands of metric tonnes of high-
purity ethanol, alongside other value streams that approach zero-waste processing. Beyond
ethanol, bamboo dust and offcuts that once littered processing units are increasingly finding their
way into engineered bamboo products, particleboard, and handicraft value chains, with market
linkages to e-commerce platforms helping rural and tribal producers reach buyers well beyond
the region.

Pineapple: Peels, Pomace, and a New Vinegar

Nagaland offers a second instructive case. The state's Chumoukedima, Niuland, Dimapur,
Kiphire, and Mokokchung districts have become known for sweet, low-fibre pineapple, much of
it grown under organic value-chain missions aimed at the Northeast. But pineapple processing is
a messy business: peel, pomace, core, and crown together a large share of the fruit's weight are
usually discarded, along with fruit damaged by rough handling and poor storage. Researchers at
Nagaland University's Department of Horticulture recently demonstrated that these discarded
peels, which are rich in fibre, protein, pectin, vitamins, and minerals, can be fermented into a
high-quality vinegar capable of standing in for the far more expensive apple-based product. It is a
small-sounding breakthrough with large implications: it offers smallholder processors and
community enterprises a way to convert a disposal cost into a saleable product, while easing the
environmental burden of dumped peel and pomace.

Beyond Bamboo and Pineapple

The same logic extends across the region's other major crops. Paddy straw, abundant in Assam
and the valley districts, can be converted into bio-char, mushroom-growing substrate, or pellets
for biomass co-firing in thermal power, a route now being pushed nationally as coal plants are
mandated to blend in increasing shares of agro-residue pellets. Banana pseudo-stems, generated
in huge quantities after each harvest, yield strong natural fibre suited to textiles, paper, and
biodegradable packaging. Sugarcane bagasse and tea factory waste can be composted or used in
particle-board and packaging applications. Areca husk, sericulture waste, and citrus peel from the
hill states all carry similar, still largely untapped, potential as fillers, dyes, or extracts. Researchers
have also been exploring how these solid agro-residues can substitute for synthetic fillers in
polymer composites, offering a more sustainable alternative to conventional plastics in household
and domestic applications.

Why Adoption Has Lagged

If the opportunity is so apparent, why has uptake remained sluggish? The answer lies less in
technology than in infrastructure and institutional plumbing. Difficult and fragmented terrain
raises the cost of aggregating biomass at scale. Extension services that could carry laboratory-
proven techniques to village-level processors remain thin. Farmers and small processors, used to
treating residue as refuse, often lack easy access to pilot-stage funding, machinery, or market
linkages that would let them treat it as a commodity instead. Meanwhile, much of the promising
research being done at institutions such as Assam Agricultural University, the Central
Agricultural University in Imphal, and the North-Eastern Hill University has yet to be matched
with the industry partnerships and technology transfer needed to move from laboratory bench to
working enterprise. National policy has tried to close some of these gaps. The Mission for
Integrated Development of Horticulture and the Mission Organic Value Chain Development for
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the North Eastern Region have encouraged commercial-scale cultivation and organic processing.
At the national level, the GOBARdhan programme is pushing cattle dung, crop residue, and food
waste toward compressed biogas and organic manure production, with several hundred biogas
plants now operational across the country, while simplified fertiliser-control standards aim to ease
market entry for organic manure. Yet much of this architecture remains concentrated outside the
Northeast, and the region will need its own scaled-up version of these schemes, tailored to hill
agriculture, dispersed landholdings, and crops that differ from the rice-wheat systems the national
programmes were originally designed around.

The Road Ahead

Closing this gap will likely require three things moving together. First, there should be a stronger
linkages between research institutions and industry, so that findings like Nagaland University's
pineapple vinegar move quickly from publication to production. Second, there must accessible
pilot and early-stage financing for entrepreneurs and farmer collectives willing to set up small-
scale composting, briquetting, or extraction units close to the source of the waste, reducing
transport costs in a famously hilly terrain. Third, sustained extension work agricultural fairs,
farmer-training programmes, and demonstration units that helps cultivators see residue as a
second crop rather than a disposal headache. Northeast India's agricultural waste problem and its
agricultural waste opportunity are, in the end, the same pile of biomass viewed from two different
vantage points. The region does not lack raw material, research talent, or successful pilot projects;
what it has lacked is the connective tissue between them. As the Golaghat ethanol plant and the
Nagaland pineapple-vinegar trials suggest, that tissue is beginning to form. The task now is to
multiply such examples across crops and states before another harvest season goes up in smoke.
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