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astor (Ricinus communis L.) is a non-edible oilseed crop that underpins a global 

industrial oil trade worth well over a billion dollars annually, yet the seed itself yields 

only a fraction of its total biomass as usable oil. The remainder — deoiled cake, husks, stems, 

and leaves — has traditionally been treated as processing residue rather than raw material. 

This article examines how an integrated castor bio-refinery model can convert these residues 

into biodiesel, organic fertilizer, biogas, and other value-added products, turning what was 

once agro-industrial waste into a genuine source of rural wealth. Drawing on recent research 

and industry data, the article discusses the nutrient composition and agronomic performance 

of castor cake as an organic fertilizer, the technical prospects and constraints of castor-based 

biodiesel, the potential of lingo-cellulosic residues for bio energy, and the policy and 

technological barriers that must be overcome to scale this model, particularly in India, which 

supplies the overwhelming majority of the world's castor oil. 
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Introduction 
The transition toward a circular bio economy has placed renewed emphasis on agro-industrial 

residues that were once discarded, burned, or left to decompose uncontrolled. Among oilseed 

crops, castor (Ricinus communis L.) occupies a distinctive position: it is grown almost 

exclusively for industrial rather than food purposes, it tolerates marginal land and semi-arid 

conditions where few food crops thrive, and its seed oil contains an unusually high 

concentration of ricinoleic acid, a hydroxylated fatty acid that gives castor oil chemical 

properties unmatched by other vegetable oils (Mubofu, 2020; Patel et al., 2016). These 

properties have made castor oil indispensable to industries ranging from lubricants, 

cosmetics, and pharmaceuticals to bio-based polymers and coatings. Yet the seed's oil content 

is typically less than half of its total mass. Once the oil is expelled or solvent-extracted, more 

than 50 percent of the processed biomass remains behind as deoiled cake, and the plant itself 

continues to generate husks, stems, and leaves that are rich in lignocellulosic material (Naik, 

Saxena, Dole, & Khare, 2018). For decades this residue stream was regarded chiefly as a 

disposal burden or, at best, a low-value soil amendment applied informally by farmers. The 

bio refinery concept reframes this residue not as waste but as a parallel feedstock stream 

capable of yielding organic fertilizer, biofuel, biogas, and specialty biochemicals alongside 

the primary oil product. This article surveys the principal valorization pathways available 

within a castor biorefinery, with particular attention to two of the most commercially mature 

and agronomically important outputs: biodiesel and organic fertilizer, and situates these 

within the broader waste-to-wealth opportunity for castor-growing regions, especially India. 

The Global Castor Economy: Scale and Opportunity 
India dominates world castor production and trade to an extent rarely seen in any other 

agricultural commodity. The country accounts for roughly 80 to 90 percent of global castor 
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seed output and supplies more than 85 percent of the world's traded castor oil, with Gujarat 

state alone contributing the majority of national production (Persistence Market Research, 

2025; StatLedger, 2025). In 2024, India produced approximately 1.9 million metric tons of 

castor seed and around 800,000 tonnes of castor oil, of which over 60 percent was exported 

(SEAIR, 2025). India's castor oil exports were valued at roughly USD 1.0 to 1.5 billion in 

recent years, reaching more than 670,000 metric tons in volume during FY 2025-26, with 

China, the United States, and the Netherlands as the leading destinations (Eximpedia, 2025; 

StatLedger, 2025). This scale of primary production implies an equally large, and largely 

underexploited, residue stream. If deoiled cake alone constitutes roughly half of processed 

seed mass, India's castor processing industry generates well over a million tonnes of cake 

annually, in addition to husks and lignocellulosic crop residue left in the field after harvest. 

The global castor market itself, valued at roughly USD 1.27 billion in 2024 and projected to 

approach USD 1.6–1.7 billion by the early 2030s, is expanding on the strength of demand for 

bio-based polymers, sustainable lubricants, and specialty chemicals (Intel Market Research, 

2025; Market Reports World, 2025). Capturing value from the residue stream alongside this 

primary growth is therefore not a marginal opportunity but a substantial one, with direct 

implications for farmer income, rural employment, and the environmental footprint of the 

industry. 

Concept of Castor Biorefinery  
A biorefinery is best understood as a processing facility, or network of facilities, that 

fractionates biomass into multiple product streams in a manner analogous to a petroleum 

refinery. In the case of castor, the plant offers at least four distinct biomass fractions: the seed 

oil itself; the protein- and nutrient-rich deoiled cake or meal remaining after oil extraction; 

the fibrous husk removed during dehulling; and the stem and leaf biomass generated during 

cultivation and harvest, which is predominantly lignocellulosic (Naik et al., 2018; Amid, 

Manap, & Zohdi, 2014). Naik et al. (2018) describe the castor plant as a source for multiple 

biofuel products, since virtually every fraction can, with appropriate processing, be converted 

into a marketable output — oil into biodiesel or speciality chemicals, cake into fertilizer or, 

after detoxification, animal feed supplements, and the fibrous residues into biogas, 

bioethanol, or solid biofuel. This multi-product model matters because it changes the 

economics of the entire value chain. A processor that monetizes only the oil fraction is, in 

effect, discarding more than half of the harvested biomass as a cost rather than capturing it as 

revenue. Recent research has also explored the castor kernel meal as a source of isolated 

protein for aquaculture feed formulations, following detoxification steps that neutralize the 

toxic protein ricin naturally present in castor seed (Jayant et al., 2021). Ricin and the related 

alkaloid ricinine are concentrated in the seed coat and meal rather than in the extracted oil, 

which is why castor oil itself is non-toxic and widely used in cosmetics and pharmaceuticals 

even though raw seed and untreated cake require careful handling (Darby, Miller, & Allen, 

2001; Bozza, Tolleson, Rosado, & Zhang, 2015). A well-designed biorefinery must therefore 

incorporate detoxification or controlled-application protocols wherever cake is destined for 

feed or intensive fertilizer use. 

Biodiesel: Converting the Oil Fraction into Fuel 
Castor oil's chemistry makes it simultaneously attractive and technically challenging as a 

biodiesel feedstock. Ricinoleic acid, which typically makes up 85 to 90 percent or more of 

castor oil's fatty acid profile, carries a hydroxyl group absent from the fatty acids of soybean, 

palm, or rapeseed oil (Silitonga et al., 2020; Ramos-Sanchez et al., 2020). This hydroxyl 

group confers high miscibility with alcohols and allows transesterification to proceed 

efficiently at comparatively low temperatures using only methanol as the reacting alcohol, 

without necessarily requiring co-solvents (Silitonga et al., 2020). Because castor is non-

edible, its expansion as a biodiesel feedstock also sidesteps the food-versus-fuel tension that 

has constrained biodiesel production from edible oils, and the crop's tolerance of marginal, 

low-rainfall land further reduces competition with food agriculture (Patel et al., 2016; Bateni 
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& Karimi, 2016). The same hydroxyl group, however, gives castor oil an unusually high 

viscosity — on the order of 230 centistokes at 40°C, several times that of conventional 

vegetable oils — and pure castor biodiesel (B100) correspondingly exceeds international 

viscosity limits for diesel substitutes (Berman, Nizri, & Wiesman, 2011; a 2018 Science 

Direct study on castor biodiesel optimization). Cetane number also tends to fall below 

specification because of the double bonds and hydroxyl functionality in ricinoleic acid. In 

practice, pure castor methyl ester is rarely used alone; it is blended with petrodiesel at 

proportions such as B5, B10, or B20, bringing density and viscosity within accepted 

standards while retaining favorable lubricity and oxidative stability, the latter partly 

attributable to the hydroxyl group's capacity to interfere with free-radical oxidation (a 2018 

Science Direct optimization study; a 2025 review on green catalysts for castor biodiesel). 

Process innovation continues to narrow these gaps. Heterogeneous catalysts derived from 

waste materials, such as calcined eggshell, have been investigated as low-cost, reusable alkali 

catalysts for castor transesterification, with response-surface and machine-learning 

approaches used to optimize reaction temperature, methanol-to-oil ratio, and catalyst loading 

(a 2025 Science Direct modeling study). A comprehensive 2025 review of castor biodiesel 

production further notes that residual stems, leaves, and seed cake can be diverted toward 

ethanol and biogas production, reinforcing biodiesel as one output of an integrated 

biorefinery rather than the sole product of castor processing. 

Castor Cake: From Processing Residue to Organic Fertilizer 
Of all the value-added streams available from castor processing, the conversion of deoiled 

cake into organic fertilizer is arguably the most immediately scalable, requiring 

comparatively little capital investment beyond drying, grinding, and packaging. Castor cake, 

also referred to as castor meal or de-oiled cake, is characterized by a nitrogen content 

commonly cited in the range of 4 to 8 percent, alongside roughly 1 to 2.6 percent phosphorus 

and around 1 percent potassium, together with trace amounts of manganese, zinc, and copper 

(Direct2Farmer; East India Chemicals International; Lima et al., as reported in a 2024 OCL 

journal study). This nitrogen density is strikingly high relative to traditional organic manures: 

one comparative account estimates that 100 kilograms of castor cake supplies as much 

nitrogen as roughly 1,200 kilograms of cow dung, illustrating why the material has long been 

prized by farmers even before formal biorefinery frameworks existed (a 2021 academic 

review of castor oil cake as organic fertilizer). Agronomic studies support this reputation 

while flagging important caveats. A study on castor grown under humid tropical conditions 

found that organic fertilization with castor cake improved crop performance relative to 

unfertilized controls, consistent with broader evidence that organic amendments enhance soil 

structure and root development (a 2024 OCL journal study). At the same time, research on 

blends of castor meal and castor husk found that nitrogen mineralizes rapidly from castor 

meal, stimulating vigorous growth at moderate doses but suppressing growth at high doses 

because of excess mineral nitrogen and phytotoxicity; blending with husk did little to change 

the maximum tolerable application rate, since toxicity is tied to the meal's mineralization rate 

rather than to dilution alone (a Science Direct study on castor meal and husk blends). This 

echoes a broader finding in the biorefinery-residue literature that although agro-industrial 

residues typically contain a full complement of NPK macronutrients, poor nutrient 

availability or residual phytotoxic compounds can still limit their agronomic value unless 

application rates are carefully managed (a 2023 Biomass Conversion and Biorefinery 

review). Beyond its nutrient value, castor cake carries agronomically useful bioactive 

residues, including small amounts of residual oil and alkaloids such as ricinine, which are 

associated with natural deterrence of soil nematodes, termites, and certain fungal pathogens, 

making the material attractive within organic and low-input farming systems that seek to 

minimize synthetic pesticide use (myBageecha; Alkarty; RxMarine). Commercial suppliers 

typically recommend application rates on the order of 250 to 300 grams per square meter for 

garden beds or 50 to 100 grams per plant, reflecting the slow-release, moderate-dose 

philosophy that agronomic research supports (myBageecha). For large-scale field use, 
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however, the phytotoxicity risk documented in controlled trials underscores that castor cake 

should be treated as a concentrated nitrogen source requiring calibrated dosing, rather than 

assumed safe at any application rate simply because it is organic in origin (Severino & Auld, 

2011). Handling precautions are also warranted because trace ricin can persist in poorly 

processed cake; regulatory and safety literature on ricin detection emphasizes that while the 

toxin is not present in refined oil, cake destined for animal feed requires validated 

detoxification, and cake destined for fertilizer should still be handled with basic protective 

measures such as gloves (Bozza et al., 2015; pureorganiczone.com). 

Lignocellulosic Residues: Biogas, Bioethanol, and Beyond 

Castor cultivation and processing also generate substantial lignocellulosic biomass in the 

form of husks, stems, and leaves, distinct from the nitrogen-rich cake fraction. This material 

is comparatively difficult to hydrolyze because of its lignin content, and typically requires a 

pre treatment step — physical, chemical, or biological — before enzymatic hydrolysis can 

release fermentable sugars for bioethanol production or before anaerobic digestion can 

efficiently generate biogas (Naik et al., 2018). Naik et al. (2018) review a range of 

pretreatment methods applied specifically to castor stem and leaf biomass and note that, once 

suitably treated, this fraction can be routed toward biofuel production, complementing the oil-

derived biodiesel stream and the cake-derived fertilizer stream within a single integrated 

facility. A dedicated study on castor as a biorefinery feedstock demonstrated the technical 

feasibility of combining biodiesel, biogas, and bioethanol production from different fractions 

of the same plant, reporting that castor's oil content of roughly 46 percent and its ricinoleic-

acid-dominant fatty acid profile made it well suited to transesterification, while the remaining 

lignocellulosic biomass could be diverted toward energy recovery through anaerobic 

digestion or fermentation (a 2014 Science Direct study on castor plant biorefinery 

processing). This kind of cascading use — extracting the highest-value product first and 

progressively recovering energy or nutrients from what remains — is central to the broader 

agro-industrial waste valorization literature, which frames such cascading approaches as 

essential to achieving genuine circular bioeconomy outcomes rather than incremental waste 

reduction alone (a 2021 Science Direct review of agro-industrial waste valorization). 

Challenges, Trade-offs, and the Path to Scale 
Despite its promise, the castor biorefinery model faces several practical constraints. On the 

biodiesel side, the very hydroxyl functionality that gives castor oil its advantageous alcohol 

miscibility also drives up viscosity and depresses cetane number, meaning pure castor 

biodiesel cannot be used as a drop-in diesel replacement and must instead be blended or 

chemically modified, adding process complexity and cost (a 2018 Science Direct 

optimization study; Silitonga et al., 2020). On the fertilizer side, the rapid nitrogen 

mineralization that makes castor cake so potent also makes it easy to over-apply, with 

documented risk of phytotoxicity at high doses, meaning that scaling castor cake as a 

commercial organic fertilizer requires clear dosing guidance and, ideally, standardized 

product formulations rather than informal farm-level application (Severino & Auld, 2011). A 

further constraint is economic and infrastructural rather than purely chemical. The 

comprehensive review of fertilizer production from biorefinery residues observes that 

although many agro-industrial residues are nutrient-rich on paper, the production of a 

reliable, marketable fertilizer product with confirmed agronomic performance remains an 

understudied step relative to the more mature literature on bioenergy recovery from the same 

residues (a 2023 Biomass Conversion and Biorefinery review). This suggests that realizing 

the full waste-to-wealth potential of castor residues will depend not only on further 

agronomic trials but on investment in drying, granulation, quality-control, and certification 

infrastructure that allows castor cake to be sold as a standardized organic fertilizer product 

rather than a loosely characterized byproduct. Techno-economic and life-cycle assessments, 

increasingly called for across the wider integrated-biorefinery literature, will be needed to 

determine which combinations of biodiesel, fertilizer, and bioenergy output make a given 
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castor processing facility commercially viable under local conditions (a 2024 review on 

integrated biorefinery valorization). Finally, because ricin and related alkaloids are genuinely 

toxic, any expansion of castor cake use — whether as fertilizer at scale or, following 

detoxification, as an animal feed ingredient — must be paired with appropriate processing 

standards, labelling, and handling protocols. This is not a reason to avoid valorizing the 

residue, but it is a reason why castor biorefineries differ from, say, sugarcane bagasse or rice 

husk biorefineries in requiring an explicit safety and detoxification step within the process 

design (Jayant et al., 2021; Darby et al., 2001). 

Conclusion 
Castor occupies a rare position among industrial oilseed crops: a single harvest can, in 

principle, yield a specialty industrial oil, a viable biodiesel feedstock, a nitrogen-dense 

organic fertilizer, and a lignocellulosic energy resource, all from fractions of the same plant 

that are currently under-monetized in much of the world's largest producing region. With 

India alone processing well over a million tonnes of castor seed into oil each year and leaving 

a correspondingly large volume of cake, husk, and crop residue behind, the economic and 

environmental case for treating this residue as a co-product rather than a disposal problem is 

compelling. Realizing that case at scale will require continued research into safe, 

standardized dosing of castor cake as fertilizer, further optimization of castor biodiesel 

blending and catalysis, investment in pretreatment infrastructure for lignocellulosic fractions, 

and rigorous techno-economic and life-cycle evaluation of integrated processing facilities. 

Done well, the castor biorefinery model offers a template for how a single non-edible crop, 

grown on marginal land, can generate fuel, food-system-adjacent nutrients for soil, and rural 

income simultaneously — a genuine conversion of agro-industrial waste into wealth. 
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