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ABSTRACT

Nepal’s livestock sector plays a vital role in ensuring food security, supporting rural livelihoods, and driving
economic growth; however, feed shortages, rising costs, and inefficient waste management remain significant
challenges. This review explores the potential of waste-to-feed innovations as a sustainable strategy within a
circular bioeconomy approach. It outlines the current status of feed resources and explores opportunities to
transform agro-industrial by-products, food waste, and animal by-products into nutritionally valuable feed
ingredients. Advanced methods such as microbial fermentation, insect-based protein production, and
enzymatic conversion of lignocellulosic biomass are discussed for their roles in enhancing feed quality and
decreasing reliance on traditional feed sources. Emerging thermal and non-thermal processing technologies,
along with their environmental advantages and socio-economic impacts, including cost savings, waste
valorization, and employment creation, are also explored. Policy and institutional support from the Ministry
of Agriculture and Livestock Development, the Department of Livestock Services, and the Nepal
Agricultural Research Council is vital in this aspect; however, challenges related to safety regulations, quality
assurance, and research data gaps remain. Therefore, the adoption of waste-to-feed technologies in Nepal
represents a transformative opportunity to reduce environmental burdens and foster sustainable rural
entrepreneurship. Coordinated policies, research partnerships, and capacity-building are essential to realizing
aresilient, circular livestock production system.
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INTRODUCTION

The livestock sector in Nepal plays a crucial role in the national economy, significantly contributing to
agricultural output, food security, and rural livelihoods. Beyond its economic significance, livestock
farming is deeply embedded into Nepal’s social and cultural systems, supporting household resilience and
poverty reduction. The sector accounts for about 11.5% of the country's gross domestic product (GDP) and
remains a vital source of income for smallholder and subsistence farmers, who constitute nearly two-thirds
of the population (Ghimire & Chapagain, 2020; Khanal et al 2024). Among its various subsectors, dairy
production alone accounts for nearly two-thirds of livestock GDP, highlighting the increasing dependence
on animal-based foods (Subedi & Kattel, 2022). Livestock ownership also enhances food and nutritional
security by providing households with income stability and diverse diets (Moucheraud et al 2019).

Despite its significance, Nepal’s livestock sector faces complex challenges, including climate
vulnerabilities, disease outbreaks, and economic limitations (Khanal et al 2022; Khanal et al 2024). Policy
measures such as the National Livestock Policy (Pradhanang et al 2015) aim to improve productivity,
inclusivity, and equity within the sector, but structural barriers remain. Although national policies aim to
boost productivity and inclusiveness, constraints such as limited pasture resources, reliance on imported
feed ingredients, and socio-cultural restrictions, such as the no-slaughter policy for sacred cattle, continue
to limit sectoral efficiency (Ojo et al 2022). Therefore, ensuring long-term sustainability requires
innovative, resource-efficient strategies that improve feed availability and environmental performance (KC
et al 2025).

Feed scarcity remains a major constraint to livestock productivity in Nepal and presents both national and
regionally uneven implications. National feed balance report shows a 31% dry-matter (DM) deficit and a
20% total digestible nutrient (TDN) gap, with regional disparities, Mid-Hill (—24%), Terai (—18.9%), and
High Mountain (—12%) shortages (Singh & Singh, 2019; Shrestha et al 2023; Shah et al 2019).These
deficits intensify during the dry season when pasture regeneration declines and farmers rely on low-quality
residues. As feed accounts for 60—70% of total production costs, dependence on imported maize, soybean
meal, and mineral ingredients exposes producers to currency fluctuations, price volatility, and supply chain
disruptions (Mat et al 2021; Bor, 2024). Climate-related reductions in forage availability and the absence
of coordinated feed resource planning further compound these pressures (Suhendro et al 2025). At the same
time, substantial quantities of agro-industrial and organic waste including crop residues, brewery by-
products, and market waste, remain underutilized or are discarded through open dumping or burning,
contributing to nutrient loss, greenhouse gas emissions, and localized pollution (EI-Ramady et al 2020;
Budihardjo et al 2023). Strategically valorizing these materials as feed inputs presents a practical pathway
to improve national feed security while mitigating environmental burdens.

Adopting a circular economy model offers a promising way to address both feed shortages and waste
management challenges simultaneously. Circularity encourages the reuse, recycling, and valorization of
agricultural and food system by-products (Rao & Rathod, 2018). Studies have shown that agricultural
residues can be turned into biofertilizers, bioplastics, or livestock feed components, creating both economic
and ecological benefits (Varghese et al 2023). Waste-to-feed technologies such as microbial fermentation,
insect-based protein production, and enzymatic bioconversion offer promising opportunities to produce
safe, nutrient-rich feed while reducing environmental impacts (Nath et al 2023; Iskakov & Sugirbay, 2023).
Such innovations closely align with the Sustainable Development Goals (SDGs), especially SDG 2 (Zero
Hunger), SDG 12 (Responsible Consumption and Production), and SDG 13 (Climate Action). Repurposing
food and agro-waste into animal feed decreases landfill pressure and emissions while supporting nutrient

20



Livestock feeding challenges by A Acharya et al

recycling and circular agriculture (Hasan & Lateef, 2023; Ogwu, 2025). These systems promote economic
resilience by reducing feed costs, creating rural jobs, and encouraging green entrepreneurship (Georganas
et al 2023). In this context, building a sustainable bioeconomy that combines food production, waste
utilization, and environmental conservation is vital for Nepal’s livestock sector. Waste-to-feed innovation
offers an important opportunity to turn the country’s waste problems into sustainable feed solutions.
Therefore, this review examines the potential, challenges, and policy aspects of waste-to-feed technologies
in Nepal, highlighting their role in improving feed security, protecting the environment, and supporting
circular livestock production.

Methodology

This review employed a structured literature screening and evidence-synthesis approach. Relevant studies
were identified from Scopus, Web of Science, Science Direct, Springer Link, PubMed, and Google Scholar,
along with sources such as NepJOL and institutional reports from the Nepal Agricultural Research Council
(NARC). Search strings combined terms including waste-to-feed, circular nutrition, agro-industrial by-
products, organic waste valorization, and livestock feed systems in Nepal. Sources were screened for
relevance, clarity, and data reliability, with priority given to peer-reviewed publications, government or
institutional reports. Articles lacking non-livestock industrial waste studies were excluded. Extracted
findings were narratively synthesized to identify thematic patterns across technological pathways, socio-
economic outcomes, environmental implications, and regulatory considerations.

Feed Resource Status and Challenges in Nepal

Nepal’s feed resource landscape is defined by strong ecological gradients, highly fragmented smallholder
production systems, and uneven market access, creating regional disparities in the quantity and quality of
available feed. These structural constraints limit the supply of nutritious fodder and concentrate feeds,
directly affecting livestock productivity and income. Despite livestock’s central role in rural food security,
national feed availability remains below requirement, and shortages persist across most agro-ecological
zones (Khanal et al 2020; Shrestha et al 2023). Much of the livestock diet comes from crop by-products
and residues, making up about 47% of daily nutrition. However, the country faces a shortfall in the dry
matter (DM) required for livestock, with roughly 31% of DM unavailable nationwide (Shrestha, Kanu, GC,
& Baskota, 2023). National assessments indicate an overall feed deficit of about 20% in total digestible
nutrients (TDN), with the mid-hills experiencing the most significant shortages (—24%) and the Terai at
(—18.9%) (Singh & Singh, 2019). These shortages are especially severe during the dry season, when
reliance on low-quality residues results in poor animal performance (Shah et al 2019). Tree fodders like
Ficus semicordata, Bauhinia variegata, and Artocarpus lakoocha are important protein sources during lean
periods. Meanwhile, integrated crop-livestock—agroforestry systems show promise in increasing fodder
supply and nutrient use efficiency (Tamang et al 2020; Khanal et al 2020). Climate variability further affects
forage availability and nutritional value, pushing farmers to adopt adaptive strategies such as growing
climate-resilient species, adjusting sowing times, and diversifying livestock holdings (KC et al 2025).
Additionally, competition for resources with wildlife in buffer zones near protected areas has increased, as
both domestic herds and wild herbivores depend on the same limited pasturelands (Kafle et al 2024).

A growing reliance on imported feed ingredients, such as maize, soybean meal, and mineral premixes,
raises feed costs and exposes the livestock sector to market fluctuations and foreign-exchange risks. Besides
quantity shortages, challenges also exist in the quality and sourcing of feed ingredients. Nepal’s livestock
and poultry industries rely heavily on imported maize, soybean meal, and mineral premixes, which make
producers vulnerable to market volatility and foreign exchange risks. In Nepal, the poultry feed sector
consumes about 3,000 metric tons of feed daily, with roughly half of the formulation consisting of maize.
Over 80% of the maize used in feed is imported, at a cost of over USD 100 million annually (CIMMYT,
2022). Similarly, Nepal depends heavily on imported soybean and soybean meal to supply its feed industry.
In 2022, Nepal imported roughly 135,993 metric tons of soybeans valued at USD 96.6 million (World
Integrated Trade Solution [WITS], 2024). A recent report by the U.S. Soybean Export Council showed that
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soybean and soybean meal imports totaled around 271,000 metric tons during 2023/24, highlighting the
country’s increasing reliance on foreign protein sources for livestock feed (U.S. Soybean Export Council
[USSEC], 2025). This dependence not only affects the economic stability of smallholders but also raises
concerns about the long-term sustainability of national feed security. Developing locally available, nutrient-
rich feed alternatives from crop residues, fodder trees, and agro-industrial by-products is crucial to building
resilient, self-sufficient livestock production in Nepal.

Agro-industrial By-products and Alternative Feed Resources in Nepal

Agro-industrial by-products are an essential yet underutilized part of Nepal’s livestock feed resources. The
rapid growth of agro-processing industries, such as rice milling, oilseed extraction, breweries, and sugar
production, has produced a variety of nutrient-rich residues that can partially replace traditional feed
ingredients. Incorporating these by-products into livestock diets offers opportunities to reduce feed costs,
increase resource efficiency, and promote circular agricultural practices. Among cereal-based by-products,
rice bran, wheat bran, and maize gluten meal are common sources of energy and protein. Rice bran, rich in
essential fatty acids and B-complex vitamins, is widely used in poultry and dairy feeds, though its high oil
content needs stabilization to prevent rancidity (Khanal et al 2020). Similarly, wheat bran and maize by-
products are valuable parts of concentrate feeds, especially during times of limited grain supply. Oilseed
cakes from mustard, soybean, linseed, and sesame supply high-protein supplements that boost milk
production and growth performance when properly processed to remove antinutritional factors (Shah et al
2019; Tamang et al 2020).

Brewer’s spent grains, molasses, and sugarcane bagasse also hold significant potential as affordable feed
resources. Brewer’s grains provide digestible fiber and crude protein suitable for ruminant diets. At the
same time, molasses serves as an excellent source of fermentable energy, enhancing palatability and rumen
microbial activity (KC et al 2025). Similarly, bagasse and other fibrous residues can be improved through
microbial fermentation or urea—molasses treatment to boost digestibility and nutrient absorption (Poudel et
al 2020). Animal by-products such as blood meal, bone meal, and feather meal also offer nutrient-rich
supplements, containing 70-85% protein and essential minerals when processed safely (Khiari, 2022;
Priter et al 2020). Fishery residues, high in protein and omega-3 fatty acids, can be efficiently transformed
into fish meal or silage to support aquaculture and livestock feed (Alvarado-Ramirez et al 2023). Ensuring
biosecurity through proper sterilization, pathogen monitoring, and heavy-metal control is essential to
protect food safety (Cheli et al 2013; Hua et al 2019). Seasonal fluctuations in supply and transportation
issues further hinder consistent use, especially in remote areas. Variations in nutrient composition arise
from processing techniques, ingredient quality, and agronomic factors influencing raw material
characteristics. Table 1 summarizes the dry matter, crude protein, fibre, lipid, and mineral values from
validated feed tables and institutional references.

Table 1. Nutrient composition of selected agro-industrial by-products used in animal feed
Feed resources DM% CP% CF% EE% Ca% P % Source

Rice bran 90.2 12.7 16.3 14.4 0.07 1.38  Heuzé et al 2013 — Feedipedia;
Sauvant et al 2004

Wheat bran 87.0 17.3 10.4 3.9 0.14 1.11  Sauvant et al 2004; Heuzé et al
2013

Maize gluten 90.6 63.7 2.0 4.5 0.07 0.56 Sauvant et al 2004 — Feed

meal Tables

Mustard oilseed 89.3 38.6 13.2 3.8 0.86 1.27 Heuzé et al 2013 — Rapeseed

cake / Rapeseed Meal Datasheet

meal

Linseed cake 87.6 36.3 11.6 3.6 0.44 0.96 Heuzé et al 2013 — Linseed
Meal Profile
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Feed resources DM % CP % CF% EE % Ca% P 9% Source

Brewer’s  spent 89.0 17.1 14.8 1.0 0.25 1.92 Heuzé et al 2013 — Brewers
grain (BSG), Grain Datasheet

dried

Sugarcane 73.0 55 0.1 1.0 0.92 0.07 FAO, 2004; Heuzé et al 2013
molasses

Bagasse  (raw, 92.5 2.0 46.4 1.0 0.18 0.08 Heuzé et al 2013 — Bagasse;
untreated) FAO, 2004

Blood meal 93.8 94.1 0.5 0.8 0.13 0.22 FAO, 2004; ICAR, 2013
(spray-dried)

Bone meal 95.0 13-15 <1 <2 24-30 10— ICAR, 2013; FAOQ, 2004 (Bone
(defluorinated 14 Meal standard)

only)

Feather meal 92.0 85.5 1.4 9.2 - - FAO, 2004; ICAR, 2013
(hydrolyzed)

Fish meal 92.2 70.6 - ~10.0 4.34 2.79  Heuzé et al 2013 — Fish Meal
(commercial Profile

grade)

BSFL meal 91.0 46.2 - 23.1 5.49 1.12  Croshie et al 2020; Lu et al 2022
(Black  Soldier (Insects Journal)

Fly Larvae,

dried)

DM = Dry Matter; CP = Crude Protein; CF = Crude Fiber; EE = Ether Extract, Ca= Calcium, P= Phosphorus

Utilization Constraints and Research Needs

Despite their abundance, the full potential of agro-industrial by-products in Nepal remains underused due
to technological, logistical, and institutional constraints. Lack of standardized processing facilities, quality
control systems, and awareness among smallholder farmers restricts their large-scale use (Dobermann et al
2019; Pratama et al 2019). Efficient drying, detoxification, and storage methods are essential to maintain
nutritional quality and prevent microbial spoilage. Furthermore, creating region-specific feed formulations
using locally available by-products can greatly cut feed costs and reduce dependence on imported
ingredients. Additional research into the nutrition, safety, and digestibility of Nepalese by-products is also
needed. Collaboration among research institutions, the private feed sector, and government agencies could
help establish pilot processing units and promote sustainable feeding practices across various agro-
ecological zones.

Circular Nutrition and Waste Valorization

The concept of circular nutrition emphasizes closing nutrient loops within the agri-food system by recycling
organic waste into useful products. Waste valorization turns discarded materials into valuable inputs such
as feed, fertilizer, or bioenergy, thereby helping reduce environmental impact and competition for resources
(Dhiman et al 2024; Puglia et al 2021). For Nepal, this approach provides a way to address feed shortages
and waste management challenges simultaneously. Fungal and microbial processing of lignocellulosic
residues, for example, can produce enzymes, organic acids, and functional feed ingredients, enhancing both
productivity and sustainability.

Innovative Waste-to-Feed Technologies

Nepal’s livestock sector faces concurrent challenges of feed scarcity, rising input costs, and increasing
volumes of unmanaged organic waste. Waste-to-feed (WtF) technologies provide a strategic solution by
converting agricultural residues, food waste, and agro-industrial by-products into nutritionally usable feed
resources. These systems integrate biological and mechanical processing to improve nutrient value, storage
stability, and feed safety.
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Turning Waste into Wealth:
Nepal's Circular Feed Revolution

KEY TECHNOLOGIES IN
THE CIRCULAR SYSTEM

Back Solder Fly larvoe Bacteria fang
Lot SrRanic Wakle ng down tough agricultuied
e

foed comainirg 40-55%
protein digestibinty,

# Slashes Feed Costs &
Creates Creen Jobs
fiaduces ivestock production costs

Figure 1. Circular bioeconomy pathway for waste-to-feed systems illustrating input sources, bioconversion
technologies, benefits, and risk considerations (Source: Notebook LM)

Circular Nutrition and Waste Valorization

Circular nutrition focuses on retaining nutrients within the agri-food system by reintroducing organic waste
materials into productive use. In this model, waste valorization converts discarded resources into feed,
fertilizer, or bioenergy, thereby lowering environmental burdens and competition for conventional feed
crops (Dhiman et al 2024; Puglia et al 2021). For Nepal, this dual benefit is particularly relevant, as feed
shortages and waste mismanagement occur simultaneously. Processes such as fungal and microbial
bioconversion of lignocellulosic residues (e.g., rice straw, bran, market waste) can enhance digestibility,
produce value-added metabolites, and generate functional feed components that support animal
performance. These practices are strongly aligned with circular bioeconomy principles and directly
complement national priorities on sustainable livestock development.

Fermentation and Ensiling

Fermentation and ensiling are essential techniques for preserving feed and enhancing its quality. Lactic acid
bacteria (LAB), especially Lactobacillus plantarum and L. buchneri, play vital roles in converting soluble
sugars into lactic acid, reducing pH, and preventing spoilage microorganisms (Duniére et al 2017; Xu et al
2020; McAllister et al 2018). The resulting anaerobic environment boosts feed safety and extends storage
life. The activity of yeasts like Saccharomyces cerevisiae further improves fermentation stability, nutrient
availability, and flavor (Avila et al 2010; Duniére et al 2015). In Nepal, indigenous starter cultures adapted
to local climates and crops (such as maize and millet) are increasingly used to produce region-specific silage
with better fermentation stability (Cheng et al 2022; Yang et al 2022). These methods not only conserve
nutrients but also enhance digestibility and intake, thereby improving feed efficiency and livestock
performance (Li et al 2021; Loi et al 2023; Bai et al 2022).

Microbial and Enzymatic Conversion

Microbial fermentation is among the most promising innovations for converting waste into feed. Through
solid-state or submerged fermentation, agricultural residues such as rice bran, maize stover, and vegetable
waste can be enriched with microbial biomass and bioactive metabolites that enhance digestibility and
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protein content (Nath et al 2023). Lactic acid bacteria, Aspergillus niger, and Bacillus subtilis are often
used to break down cellulose and hemicellulose, thereby increasing fiber utilization and feed efficiency.
Likewise, enzymatic bioconversion using ligninolytic enzymes—Iaccase, lignin peroxidase, and
manganese peroxidase produced by white-rot fungi such as Pleurotus ostreatus helps break down lignin-
rich substrates, making them safe for use in ruminant diets (Song et al 2020; Hu et al 2021).

Insect larvae, especially the black soldier fly (Hermetia illucens), offer an innovative way to convert organic
waste into high-quality protein and lipids for poultry and fish feed. They are efficient in transforming food
residues, livestock manure, and agro-industrial by-products into high-quality biomass rich in protein, lipids,
and bioactive compounds. Pilot studies in South and Southeast Asia have shown that insect meal can replace
25-50% of traditional soybean or fish meal without compromising growth performance, making it an eco-
friendly and cost-effective option for the growing feed industry (Iskakov & Sugirbay, 2023). The larvae
typically contain 40-55% crude protein and 25-35% lipids, including medium-chain fatty acids such as
lauric acid, which possess antimicrobial properties beneficial to animal health (Meneguz et al 2022). In
addition, chitin and antimicrobial peptides produced by black soldier fly larvae (BSFL) have been shown
to improve intestinal integrity and immunity while reducing the need for antibiotics (Adeniran et al 2023).
In our context, integrating insect rearing into waste management systems could simultaneously address feed
shortages and environmental burdens. Urban centres such as Kathmandu and Pokhara generate large
volumes of organic waste suitable for BSFL production, offering a circular approach to nutrient recovery
and waste minimization.

Recent advances in thermal and mechanical feed processing, including pelleting, extrusion, dehydration,
and compaction, have improved nutrient utilization and feed hygiene. Pelleting and extrusion help
gelatinize starch, remove anti-nutritional factors, and enhance feed conversion efficiency. Additionally,
solar and osmotic dehydration systems provide cost-effective preservation options for smallholder farms in
Nepal’s rural areas, using abundant solar energy to stabilize moisture-rich materials while maintaining
nutrient content (Pendita et al 2014; Salehi et al 2023). New non-thermal technologies such as high-pressure
processing (HPP), cold plasma treatment, and pulsed electric fields have proven effective in inactivating
microbes and allergens without affecting nutrient content or sensory qualities (Knorr et al 2011; Nwabor et
al 2022; Williams, 2024). These low-energy, minimal-heat methods are beneficial for creating high-quality,
functional feed ingredients and additives. Incorporating these technologies into local feed systems can
extend shelf life, improve safety, and enhance consumer confidence, while also advancing environmental
sustainability efforts (Pereira & Vicente, 2010; Singh & Singh, 2019).

Ensuring the safety and quality of recycled feed systems is a major challenge for sustainable livestock
production in Nepal. While recycling food and agricultural waste into animal feed offers economic and
environmental benefits, it also poses risks, including microbial contamination, chemical hazards, and weak
regulatory oversight. Recycled feed ingredients can contain pathogens, antibiotic residues, mycotoxins, and
heavy metals such as lead and cadmium, which can accumulate in animal tissues and pose a threat to public
health (Nelson et al 2020). Limited awareness, insufficient laboratory capacity, and poor monitoring
systems hinder adequate quality assurance (Khanal et al 2022; Yadav et al 2023). Informal trading of feed
materials without proper testing or labeling further increases safety risks and undermines consumer trust
(Dahal et al 2017). Aligning Nepal’s feed regulatory framework with international guidelines from the
Codex Alimentarius, FAO, and WOAH can enhance risk assessment, traceability, and good manufacturing
practices (Timsina et al 2016; Menna et al 2020). In Nepal, the legal basis for regulating animal feed quality
and safety is established by the Feed Act, 2033 (1976 AD) and its implementing Feed Regulation, 2041
(1984 AD), which empower the government to set standards, inspect feed mills, and conduct laboratory
analysis to prevent adulteration and ensure product quality. These laws oversee ingredient definitions,
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contaminant limits, and testing procedures for manufactured feeds. Using digital monitoring tools for
contaminant detection and antimicrobial resistance surveillance, along with strong collaboration among
government agencies, private feed manufacturers, and cooperatives, can improve transparency and
compliance (Yadav et al 2023). Strengthening laboratory capacity, enforcing feed safety regulations, and
promoting stakeholder participation are essential to ensure recycled feed supports livestock productivity
without endangering animal welfare, public health, or environmental sustainability.

Socio-Economic and Environmental Implications of Waste-to-Feed Systems

The adoption of waste-to-feed (WtF) systems in Nepal has significant social, economic, and environmental
impacts, connecting sustainable livestock farming with circular resource use. Economically, recycled feed
methods can significantly reduce production costs, since feed accounts for 60-70% of overall livestock
expenses. Using locally available organic materials, such as food waste, crop by-products, and agro-
industrial residues, can reduce reliance on imported raw materials, stabilize prices, and boost farm profits
(Zikria et al 2025). Cost savings from WtF benefit not only commercial farms but also smallholder farmers,
who are often the most affected by feed price fluctuations. Waste valorization also creates jobs and
promotes local businesses. Activities such as waste collection, sorting, microbial fermentation, and insect
farming build new value chains that support rural employment and boost local economies. Community
recycling enterprises, especially in urban and peri-urban areas, provide sustainable livelihoods for youth
and marginalized groups while helping to keep the environment clean. These green businesses uphold
circular bioeconomy principles by managing waste and producing valuable feed resources (Engidaw et al
2025). Environmentally, adopting WtF systems can significantly reduce greenhouse gas (GHG) emissions
by reducing organic waste decomposition in landfills and lowering methane emissions. Additionally,
diverting biodegradable waste into productive use lessens landfill pressure and protects natural ecosystems.
The reduced use of traditional feed crops such as maize and soybeans also helps prevent deforestation and
land degradation, supporting Nepal’s national climate goals and the global Sustainable Development Goals
(SDGs 2, 12, and 13).

Findings from Nepal highlights how WtF systems can yield socio-economic and environmental benefits.
Black Soldier Fly larvae (BSFL) reared on locally sourced organic biowastes in Nepal reached protein
contents up to 32 %, indicating potential as a sustainable feed ingredient while diverting waste from landfill
(Gautam et al 2025). Similarly, dairy buffalo in the Tarai region fed total mixed ration silage containing
brewer’s grains maintained or improved milk yield, demonstrating how agro-industrial by-products can
reduce dependence on imported feed inputs (Sakai et al 2015). A national assessment of Nepal’s waste
biomass also underlined significant availability of residues suitable for conversion into feed or fertiliser,
supporting rural value chains and reducing environmental pressure (Kafle et al 2024). Analyses of existing
feed resources further emphasise the growing role of crop by-products and processed wastes in livestock
feeding systems in Nepal (Osti, 2019).

However, realizing these benefits requires supportive policies, research, and investment frameworks that
ensure feed safety, quality assurance, and stakeholder participation. Establishing decentralized processing
hubs, fostering training programs, and encouraging private-sector investment can increase both social and
environmental benefits. Essentially, the successful adoption of waste-to-feed technologies in Nepal has the
potential to create a win-win situation, lowering feed costs, generating employment, and reducing
environmental damage while helping the country move toward a more resilient and sustainable livestock
system.

Policy and Institutional Framework for Sustainable Feed and Waste Management

A strong policy and institutional framework is crucial for integrating sustainable feed production and waste
management into Nepal’s livestock development plans. The Ministry of Agriculture and Livestock
Development (MoALD), Department of Livestock Services (DLS), and Nepal Agricultural Research
Council (NARC) are key organizations leading efforts to promote efficient resource use and circular
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bioeconomy principles. Recent initiatives have focused on valorizing agricultural residues and improving
feed formulation strategies to boost productivity while reducing environmental impacts (Nath et al 2023;
Ogwu, 2025). NARC, in particular, has conducted applied research on transforming agricultural by-
products into safe, nutrient-rich feed ingredients, supporting the development of locally adaptable
technologies (Carter et al 2024).

Municipal governments and local bodies are playing an increasingly important role in implementing WtF
strategies at the community level. They can promote source segregation, waste collection, and partnerships
among farmers, cooperatives, and recycling companies. Evidence from similar decentralized systems shows
that effective coordination between waste generators and recyclers boosts resource efficiency and economic
viability (Mendez et al 2022). In Nepal, including livestock-based enterprises within municipal waste
management plans could greatly reduce landfill loads while supporting small-scale feed entrepreneurs.

The private sector and cooperatives also hold strong potential for innovation and investment. Agro-
industries, feed mills, and cooperatives can engage in public—private partnerships (PPPs) to develop and
commercialize sustainable feed products derived from agro-industrial residues. PPP models promote
technology transfer, infrastructure sharing, and capacity-building while ensuring scalability and financial
sustainability (Ramirez et al 2021). Cooperatives, on the other hand, can serve as intermediaries linking
smallholder farmers to feed markets, thereby improving local ownership and participation (Mourad, 2016).
To realize the full potential of a circular livestock economy, policy coherence is essential. Establishing feed
quality standards, certification systems, and clear regulatory guidelines for recycled feed products will build
trust among consumers and producers. Integrating circular economy concepts into national livestock
policies and research agendas, alongside strengthening institutional collaboration between MoALD, DLS,
NARC, municipalities, and private stakeholders, will be crucial for achieving feed security, environmental
sustainability, and resilient livestock systems in Nepal.

Research and Knowledge Gaps

Despite increasing interest in sustainable feed innovation and circular bioeconomy practices, significant
gaps in research and knowledge remain in Nepal’s feed and waste management sector. These gaps hinder
the development, adoption, and integration of WtF technologies, especially in areas such as nutrient
profiling, safety assessment, and farmer adoption. A significant gap involves the complete characterization
of feed resources derived from agro-industrial and food waste. Limited data on nutrient content, anti-
nutritional factors, and the seasonal availability of residues hinder the development of nutritionally balanced
and safe feeds (Zhang et al 2024). Baseline studies focusing on composition analysis and contamination
levels, including heavy metals and microbial hazards, are crucial for ensuring quality and regulatory
compliance.

Another crucial gap is the absence of pilot demonstration models tailored to Nepal’s ecological and socio-
economic conditions. While numerous global examples show the feasibility of recycled feed systems,
localized studies validating these technologies within Nepalese contexts are limited. Creating small-scale
pilot projects that combine feed production, waste segregation, and economic analysis would help identify
scalable solutions and boost farmer confidence (Tanga et al 2022). Additionally, understanding the
behavioral and socio-economic factors behind feed adoption is limited. Farmer perceptions, risk attitudes,
and market incentives greatly affect the acceptance of WtF products. Research into these behavioral aspects
can guide awareness campaigns, training programs, and participatory extension strategies to improve
adoption at the grassroots level (Saxe et al 2018).

Institutionally, there is a need for interdisciplinary collaboration linking research institutions (e.g. NARC),
universities, local governments, and private industries. Joint research frameworks should incorporate feed
chemistry, microbiology, and economics to evaluate not only technical feasibility but also economic
viability and environmental impact of WtF innovations. Strengthening public—private partnerships can
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promote technology transfer, infrastructure development, and long-term monitoring of feed safety and
sustainability outcomes. Addressing these research and knowledge gaps will be crucial in building a reliable
evidence base for policymaking and practical implementation. A coordinated effort that combines scientific
research, field validation, and stakeholder participation can guide Nepal toward a resilient, resource-
efficient, and environmentally responsible livestock feed system.

CONCLUSION

Nepal’s livestock sector is constrained by structural feed deficits, evidenced by an estimated 31% national
dry-matter shortage and regionally uneven TDN gaps reaching 24% in the mid-hills, compounded by rising
dependence on imported maize and soybean meal. The findings indicate that locally available materials
such as crop residues, fodder trees, brewer’s grains, oilseed cakes, and other agro-industrial by-products
can partially substitute commercial feed ingredients when appropriate processing and quality control are
followed. Furthermore, emerging waste-to-feed technologies, including microbial fermentation, enzymatic
bioconversion, and insect-based protein systems, consistently show potential to enhance nutrient
availability, reduce feed costs, and improve resource circularity. These methods support circular
bioeconomy principles by reducing waste, lowering emissions, and creating rural jobs. Ensuring their
success will depend on proper nutrient analysis, feed safety verification, and adaptable demonstration
models suited to local conditions. Incorporating these sustainable feeding strategies can make Nepal’s
livestock industry more productive, resilient, and environmentally friendly.
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