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FOREWORD

CSIR-CLRI is a prominent source of technology for the leather industry since the
inception of the Institute. When the industry moved from manufacturing vegetable
tanned leathers to chrome tanned leathers, CSIR-CLRI provided the necessary
technological support and assistance to the industry. Later, when there was a need for
manufacture of leather auxiliaries, namely syntans and fatliquors, CSIR-CLRI had
developed technologies of the manufacture of the leather auxiliaries and transferred
it to the leather chemical industry. Many technologies connected to waste
management and treatment were translated to the industry, and the same had
succored the leatherindustry.

This document of Technology Compendium provides the outline of all the
technologies that have been developed in the recent past and will fulfil the technology
requirments of the industry. The Technology Compendium comprises the synopsis of
technologies developed to contain chromium pollution, utilization of solid wastes,
treatment of wastewater, solid waste and gaseous emissions control, preparation of
health care products from co-products of slaughterhouse, manufacturing of leather
auxiliaries and manufacturing of leathers from non-conventional sources of skins.
These technologies are developed keeping in mind the current and future
requirements of the industry. Many of these technologies not only provide solutions
to environmental issues but also bring about significant financial returns. This
compendium is prepared to provide the snapshot of these technologies to the
potential user industry and will be updated periodically. | strongly believe that the
Technology Compendium will provide the necessary information of the technologies
to the prospective users to enable them to opt for them. | invite the industry to ponder
over the document and use it to good advantage of fulfilling their technology
requirements. The scientists of CSIR-CLRI are willing to provide the industry all the
necessary support for the successful adoption of the technologies.

.

email : kpmd.clri@csir.res.in
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About Leather, Leather Products &
Footwear Industry

The Leather, Leather Products & Footwear industry occupies a prominent place in the
Indian economy in view of its substantial export earnings, employment potential and
growth. The sectoris spread across the formal as well as informal sectors and produces
a comprehensive range of products from raw hides to fashionable shoes. The industry
consists of firms in all capacities, including small artisans to major global players.
Specialized institutions have been setup to promote the overall growth and
performance of the industry. There has been an increasing emphasis on the planned
development of industry, which is aimed at optimum utilization of available raw
materials for maximizing the returns, especially from exports.

The share of Cattle & Buffalo population of India is about 20% of world livestock
population and whereas Goat & Sheep population is 11%. The Annual availability of
finished leatherisabout 3 bn sq. ft. Export of leather and leather products from India is
constantly witnessed increased trends over the years.
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> BACTERIAL PROTEASE FOR
UNHAIRING APPLICATION

Technology Outline Fermentaion
A process for the production of bacterial protease enzyme

forindustrial application. ./‘{- e

Inoculum

Worldwide, unhairing of animal skins/hides is achieved by PR "l
conventional chemical-based method using lime and g ‘/

sodium sulfide. The usage of these chemicals leads to the ﬂ -

generation of wastewater with pulped or solubilized hair, s ﬁ

which corresponds to higher chemical oxygen demand \ ' e

(COD) and total dissolved solids (TDS) in the waste stream. ’

In addition, possible release of toxic H2S gas and obnoxious E:,Mdpu[

odour are other problems associated with the conventional '

unhairing process. As an alternative, enzymatic unhairing

process has been developed. Being a hair saving process, there is reduction in the COD
and TDS in the wastewater. Moreover, the process will be the first of its kind for sodium
sulfide free-enzyme only unhairing process for a cleaner method of leather processing
and eco-friendly for the tanners.

Salient Features / Highlights / Advantages o
e Enzymatic unhairing of skins and hides eliminates the ?ﬁi"@f“ , {
use of ~2-3% sodium sulfide/sulfhydrate, thereby "'* - '

reducing the possible generation of toxicity. e

e The process reduces the pollution load in wastewater &
andin-turn eliminates the need for sophisticated end-
of-pipe treatment system with development of value-
added by-products from recovered hair.

¢ |t contemplates to provide the scope for introducing
this product as a “Make in India” product in global
leather market, thereby increasing the foreign exchange and Indian economy.

Commercialization Status / Techno — Economics
B This technology is ready for commercialization

Major Raw Materials to be utilized
B The raw materials include the bacterial strain, media components, salts, stabilizing
agents which are indigenously available.

Validation Level

®  TRL3 <

Handholding support

B Training, Demonstration, Technology Document, Trouble Shooting,
Technology Implementation would be provided upon licensing

of this technology.
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Technology Outline

Chicken feet skin has been identified and screened as potential
raw materials for the leather industry to make exotic leather and
products. The raw material is a by-product of poultry and is cost
effective. CSIR-CLRI has developed technology to process leathers
from chicken feet skins with required properties, and
consequently to panels and products from chicken feet leathers.

Salient Features / Highlights / Advantages

CHICKEN FEET LEATHER AND
LEATHER PRODUCTS

Processing does not involve use of sodium sulphide and there is
no sludge formation during beam house process.

Processing does not involve any machinery operations except
processing drums and thereis no solid waste generation.
Requires only mild finishing so as not to mask the natural exotic
grain pattern.

Panel and product making requires only small cutting
&stitching machines and the technology can be easily adopted
by artisans.

Cost effectiveness, availability and exotic pattern similar to that of baby alligator with
good strength properties are the uniqueness of the product.

The technology has more societal benefits and would create opportunities for fresh
entrepreneurs to start small scale leather / leather product industries and would also
lead to make wealth from waste and to rural industrialization. The artisan clusters
producing small leather goods and small leather toys can also be benefited.

Commercialization Status / Techno — Economics

This technology has been already commercialized. Process is compatible with regular
commercial process set-up (no special equipment/machinery required)

Cost Workout - (This estimation is only for understanding purpose and actual figures
may vary depend upon the requirement):

From 1 kg of chicken feet skin, approximately 2 sq. ft of leather panel can be produced

(varies depending on the weight of the chicken feet skin).

Time required for production: Leather processing takes 7 working days (irrespective
of the weight); Panel making takes 2 days (clicking, pasting on lining material, and
stitching the individual pieces.

Cost: Approx. Rs. 100 to 150 per sq. ft. Chicken feet leather panel (max)

Major Raw Materials to be utilized

Chicken feet skins (by — product of Poultry)

Validation Level

Handholding support

TRL4

Training, Demonstration, Technology Document,
Trouble Shooting, Technology Implementation



ELECTRO-OXIDATION BASED
ZERO WASTEWATER
DISCHARGE PROCESS

Technology Outline

The waste streams from different unit
processes are segregated and gross
solids are removed through screening.
The sectional streams are then
subjected to electro-oxidation for
removing the organic pollutants using
specially developed electrodes. Treated
wastewater, which is free from organic
pollutants, can be reused in the leather
manufacturing to achieve zero
wastewater discharge. The residual
chemicals present in the treated
wastewater in many waste streams are
reutilizedin the process.

Salient Features / Highlights / Advantages

o Nowastewater Discharge; No sludge from treatment;
e Noemissionfrom hazardous gases; Less space requirement; Simple to operate;
e Reductionin Water input; Reductionin chemical offer;

Commercialization Status / Techno — Economics

®  This technology has been already commercialized, For a unit manufacturing Leather
from 2 tons of raw hide / skin; Optimum investment — Rs. 24 lakh/ton of raw hide;
Approximate payback period / Return on Investment is about 3 years.

Major Raw Materials to be utilized
B Raw materials required for preparation of the equipment are available indigenously.

Validation Level
B TRL 4. The technology has been standardized on a pilot scale. The technology is also
suitable for textile and slaughterhouse wastewater.

Handholding support
®  Training, Demonstration, Technology Document, Trouble Shooting, Technology

Implementation. <
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LEATHERS AND PRODUCTS
FROM FISH SKIN

Technology Outline

The process of converting fish skins in to leather majorly
differs from the existing technology in the beam house ¢
stage, choice of metal free tanning agents, choice of
chemicals used in post tanning and finishing processes.
Fish leathers are stitched after clicking process and leather
mats /panels are made either seamor seamless. Panels are .
finished by applying top coating. Panel development
uniqueness would be applicable for mass production.

Salient Features / Highlights / Advantages

e Optimized process technology for converting
different types of fish skinsin toleather

e The surface morphology/character of the fish skins
are retained providing an exotic look to the final
leathers

e The strength properties of the fish leathers are on
par with those of the conventional ovine leathers

e The leathers developed from fish skins can be
converted in to smaller leather goods such as
wallets, belts, watch straps and shoes

Commercialization Status / Techno — Economics
B This technology is ready for commercialization

Major Raw Materials to be utilized
B Fish skins are available from the fish processing industry in India

Validation Level
®  TRL4

Handholding support

B Training, Demonstration, Technology Document, Trouble Shooting,
Technology Implementation would be provided upon licensing of this
technology
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Technology Outline

Gloves and clothing are essential for civilians and defence
personnel deployed in high-altitude regions such as the Siachen
Glacier and other icy environments. A standardized leather-making
process has been developed with judicious selection of fatliquors,
retanning and tanning agents, along with precise control of process
parameters. The resulting leather exhibits cold resistance in the
range of —30to—10°C and a lightweight character of 450+100 GSM,
suitable for prolonged wear.The technology has high potential for
immediate deployment in the leather and leather products sector
for items such as gloves and cold-weather garments. Estimated

LIGHT WEIGHT AND COLD
RESISTANT LEATHERS

requirement is 40,000-50,000 gloves per year for Siachen alone,
with an equal number at base locations, presently met through imports; additional
demand exists for civilian cold-weather applications.

Salient Features / Highlights / Advantages

Optimized process recipe using commercially available chemicals to produce
lightweight, cold-resistant glove leathers.

Easy to adopt in existing glove/garment leather manufacturing lines without major
capital modification.

Resultant leathers provide cold resistance up to —30°C and maintain lightweight
characteristics (450+100 GSM).

Process validated at CSIR-CLRI pilot tannery with a 50 kg batch, demonstrating
reproducibility and scalability.

Leathers conform to all physical and chemical norms prescribed for glove and garment
leathers.

Leathers have been successfully converted into gloves, and the finished products have
been characterized for performance.

Commercialization Status / Techno — Economics

Technology is ready for commercialization and has already been transferred to an
industrial client manufacturing glove leather.

Major Raw Materials to be utilized

Wet blue goat or sheep skins, along with commercial fatliquors, synthetic tanning
agents and dyes.

Validation Level

Handholding support

TRL 4

Training, on-site/off-site demonstration, detailed technology
documentation, troubleshooting assistance and support for

technology implementation @




PROCESS FOR MAKING
LEATHER FOR

MUSICAL INSTRUMENTS
Technology Outline
e Leather-based percussioninstruments have Traditional
long served as vital conduits of cultural _Instruments

expression and emotional resonance within
Indian society

e Far beyond their acoustic function, these
instruments embody the emotional and
symbolic dimensions of our heritage

e Despite their enduring cultural significance,
such instruments have received limited
attention within the domains of scientific
research and technological innovation

¢ In response to this gap, the CSIR-CLRI has
developed a process technology for the manufacturing of leather tailored to musical
instruments and rigorously tested for mechanical and acoustic characteristics

Modified

Salient Features / Highlights / Advantages

e Accelerated process for making leather for musical instruments

e The desirable acoustic characteristics of the leather can be fine-tuned through an
appropriate process

e Improvementand enhancement of organoleptic & aestheticappeal

e Developedleatherretains good sound & tonal quality

e Improved antifungal properties

e The technology is simple and suitable for the tannery manufacturer as well as the
artisanal community

Commercialization Status / Techno — Economics
B Thistechnology is ready for commercialization. Economically viable, with no need
for any specialized machinery and infrastructure

Major Raw Materials to be utilized
B |ndigenous low-cost raw materials

Validation Level
B TRL4

Handholding support '
B Training, Demonstration, Technology Document, Trouble Shooting,
Technology Implementation.




> ULTRA-LOW WATER LIMING

PROCESS
Technology Outline

Conventionally, tanners employ about 300-400%
water during the liming process, leading to very
high effluent volumes. The resulting waste water
contains eco-sensitive chemicals and significantly
contributes to the overall pollution load from
tanneries. There is a pressing need for innovative
liming processes that can substantially reduce
water usage without compromising leather
quality. This technology employs an ultra-low
quantity of water during liming, using a
concentration-gradient-based approach to ensure
effective chemical diffusion. Reduced water
usage, combined with lower chemical offers, leads
to asignificant reduction in pollutionload in liming
wastewater. The process results in reduced
wastewater discharge and facilitates conservation of water for other industrial uses.

Salient Features / Highlights / Advantages

e Use of ultra-low water during pre-tanning (liming) has been optimized for practical
implementation in tanneries.

e The Ultra-Low Water Liming (ULWL) process has been fine-tuned at pilot scale and
validated at commercial scale in a working tannery.

e Water consumptionisreduced by about 75% compared to conventional liming.

e Reductions in key pollution parameters are achieved: COD by 19%, TDS by 15%,
alkalinity by 20%, and sulphide by 88%.

e Anetsaving of about Rs 1500 is realized for processing 1 ton of hides through reduced
water and chemical inputs.

Commercialization Status / Techno — Economics

B The technology is ready for commercialization and suitable for adoption in existing
liming operations, The process offers a significant reduction in water and chemical
usage, making it both technically and economically feasible.

Major Raw Materials to be utilized

B Applicable to all raw hides and skins, using conventional commercial chemicals
such as lime and sulphide.

Validation Level

" TRL4

Handholding support <

B CSIR-CLRI can provide training, on-site/off-site demonstration, detailed
technology documentation, troubleshooting support,
and assistance for technology implementation. @
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WATERLESS CHROME TANNING

TECHNOLOGY (WCTT)
Technology Outline

The use of water during conventional chrome tanning
is considered essential for achieving uniform
diffusion, distribution and hydrolysis of chromium
within the hide or skin matrix.Waterless Chrome
Tanning Technology (WCTT) eliminates the use of
added water, salt, sulphuric acid and basification salts
during the chrome tanning stage, relying instead on
the inherent moisture of the pelt.There is a growing

need for a dedicated product/system that enables chrome tanning without water input,
facilitating wider industrial adoption and large-scale application of this cleaner process.
Salient Features / Highlights / Advantages o

e Complete elimination of common salt and sulphuric acid from h% awaterless”

Chrome Tec

the chrome tanning stage.

e Complete elimination of inorganic/mineral acids and
basification saltsin the tanning step.

e Significant reduction in Total Dissolved Solids (TDS) in
wastewater streams associated with tanning.

e No discharge of chrome-containing wastewater from the
chrome tanning operation, as the process operates without
added water.

e Wet-blue leathers are comparable in physical and
organoleptic properties to conventionally chrome-tanned
leathers, with similar shrinkage temperature and performance.

Commercialization Status / Techno — Economics

B |icensed to more than 185 clients across India and to at least one overseas client
(Egypt), reflecting strong industry acceptance.
Techno-economics: Suitable for small and medium tanneries; existing units can adopt
the technology without additional capital investment, with an approximate payback
period / ROI of about 12 months driven by savings in water, chemicals and
processing time.

Major Raw Materials to be utilized

B Existing raw materials and chrome tanning agents used in tanneries can be employed;
no special new drum or equipment is required.

Validation Level

® TRL8

B Product and process developed and validated at pilot scale, with commercial-level
validation on goat skins and cow hides carried out in a tannery at Ranipet and
other clusters.

Handholding support

B CSIR-CLRI provides training, on-site demonstration, detailed technology
documents, troubleshooting assistance and support for

technology implementation.
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CHROME-MELAMINE SYNTAN
Technology Outline

e Leather chemicals manufacturers are facing stringent restriction on
the use of toxic substances and their presence in final product

e Syntansare products of addition and condensation polymerization

¢ Significant drawbacks associated with condensation product is the
use of formaldehyde as a cross-linker, which is proven carcinogen

e The presence of free formaldehyde in leather and leather products,
even at low ppm is becoming a huge cause of concern for leather
manufactures

e Re-chromingis carried out to ensure uniform Cr203 content in the
leathers procured from different sources

e Chrome-syntan (chromium and phenol or its derivatives-
formaldehyde condensate product) is widely used for rechroming

e The use of formaldehyde condensate based mineral syntan in leather processingis not
environmentally benign

e Melamine-formaldehyde condensate is used for preferential filling

e Combination of formaldehyde free melamine condensate and chromium melamine
based syntans not available

e Keeping in mind the strictures on presence of free formaldehyde and the advantages
thata melamine based product in association with chromium, could offer, this product
—Chromium-Melamine Syntan (CrMS) has been developed

Salient Features / Highlights / Advantages

Zero formaldehyde

Eco-friendly with no possibility of Cr(VI)

Selective filling and grain tightening effect on loose area and belly region

Provides fine grain with soft handle

Increase in thickness without affecting areayield

Good dye levelling, excellent buff ability with natural sheen

Produces uniform milling pattern

Overall quality enhancement and better cutting value

Commercialization Status / Techno — Economics

B This technology has been already commercialized.

B Licensed to one client.

B Optimum investment — for syntan manufacturers, the equipment available can be
used for the preparation of this syntan also; Approximate payback period / ROl —
Cost of the syntan will be on par with the commercial chrome syntans.

Major Raw Materials to be utilized
B Melamine, Organic acid, Basic Chromium Sulphate, Glyoxal.
Validation Level
® TRL6 <
Handholding support
®  Training, Demonstration, Technology Document,

Trouble Shooting, Technology Implementation. @
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Technology Outline

CHROMIUM-FREE TANNING GEL

Globally, chromium-based tanning system
is widely practiced (85-90%)

Increase in demand for chromium-free
tanning systems due to the drawbacks
associated with chromium-tanning

The present chromium-free tanning
systems are not widely practiced due to
high tanning cost (>X 15.0/Sq.ft) and lack of
versatility

The present technology adopts soft-
chemistry principles to synthesize the tanning agent at room temperature in an open
vessel without using any temperature/ pressure-controlled reactors, which enables
thetannersto produce their tanning agentin the respective tanning houses

- -".
—

Salient Features / Highlights / Advantages

Nature of the Product: Gel

Active Ingredients: Non-chrome inorganic polymers

Application pHrange:3.0-6.5

Leather Shrinkage Temperature: 80+2 °C

Predictable and consistent results

Tanned leatheris brighter and good grip for shaving

Improved dye intensity with reduced dye offer/suitable for making all articles
Tanned leather can be stored for alonger duration without any coloration
Zero hazardous chemicals

No risk for Cr(VI) formation

Energy and resource-efficient system

Commercialization Status / Techno — Economics

This technology is ready for commercialization

The product can be prepared in ambient conditions, and no need for sophisticated
equipment/reactors. Further, it can be prepared at tanning houses and subsequently
used in leather manufacturing

Major Raw Materials to be utilized

Indigenous low-cost raw materials

Validation Level

® TRL4
Handholding support <
| |

Handholding support: Training, Demonstration, Technology Document,
Trouble Shooting, Technology Implementation



COLD CRACK RESISTANCE
FATLIQUOR FOR LEATHER
PROCESSING

CryoFlex-C2R: Development of Cold Crack Resistant Fatliquor for Extreme Low-
Temperature Leather Applications

Technology Outline

CryoFlex-C2R is a specialty cold crack resistant fatliquor technology
developed by CSIR-CLRI for leather applications requiring performance
under extreme low-temperature conditions. The technology enables
leather to retain flexibility, softness, and mechanical integrity at Cryoriex-ch ’
temperatures as low as -40 °C. It is an indigenously developed formulation
designed to address the lack of specialty fatliquors suitable for extremely
cold regions and automotive leather applications.

[T

Salient Features / Highlights / Advantages

Maintains leather flexibility and softness up to-40 °C

Prevents cold crack formation and surface stiffness

Withstands continuous bending and flexing without surface damage
Ensures deep fiber lubrication and enhanced durability

Compatible with all common fatliquors

Eco-friendly, non-toxic, and cost-effective formulation
Fullyindigenous technology supporting AtmaNirbhar Bharat

Applications

Automotive leather (car seats, steering wheels, interiors)

Garments and upholstery leather

Footwear upper leather

Defense and high-altitude leather applications (Siachen, Kargil, mountainous regions.

Commercialization Status / Techno — Economics

®  The technology has been demonstrated at laboratory, pilot, and bulk-scale levels.
CryoFlex-C2R is more cost-effective than imported specialty fatliquors, making it
suitable for industrial adoption.

m  Patent filing is in progress. Product pamphlet, safety data sheet, and technical
documentation have been prepared for technology transfer.

Major Raw Materials to be utilized

B Water, Qil, Surfactants, Emulsifiers, Polymer.
Validation Level

®  TRL4

Handholding support <
B CSIR-CLRI provides technical support for scale-up, application

optimization, performance validation, and
commercialization.
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EMULSIFIER FOR W/O AND
O/W EMULSION

Technology Outline

The Emulsifier pertains thedual-use for industrial applications.
More precisely, the Emulsifier is mixed micelles that can
produce both water-in-oil (W/0) and oil-in-water (O/W)
emulsions with improved pH and thermal stability. This
emulsifier has various applications in emulsion-based
chemical industries and the leather chemicals industry,
particularly in the production of fatliquors, which are crucial
for adding flexibility and softness during the leather
manufacturing process.

Salient Features / Highlights / Advantages

Dual Use:The Emulsifier is suitable for preparing both
water-in-oil (W/0) and oil-in-water (O/W) emulsions,
providing versatility in its application.

Stability:Emulsions formed from the emulsifierare stable
over awide range of pH (4 —9) and temperature (20— 60 °C)
conditions, making it suitable for use in various industries.
Balanced Properties:Emulsions formed from the
Emulsifier have balanced properties, including pH, average
particle size, zeta potential, contact angle, density,
kinematic viscosity, and relative viscosity, which is
beneficial in various industries. Narrow Droplet Size
Distribution: Emulsions formed from the Emulsifier have a
narrow droplet size distribution, which is desirable in many
applications, such as drug delivery.

Effective Dissolution of Active Ingredients:The Emulsifier

allows for the effective dissolution of active ingredients with sustained release, making

itusefulin pharmaceutical and cosmetic applications.

Suitable for Fatliquoring Applications:Emulsions formed from the Emulsifier are

suitable for fatliquoring applications.

Commercialization Status / Techno — Economics

The product is ready for commercialization.

The product has various applications in emulsion-based chemical industries and

the leather chemicals industry.

Validation Level

TRL 3

Handholding support

Training, Demonstration, Technology Document, Trouble Shooting,
Technology Implementation would be provided upon licensing of this

technology. @
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IONIC POLYURETHANE-SILICA
CONJUGATES FOR WATER-BASED,
HYDROPHOBIC, NON-STICKY,
TRANSPARENT LOW GLOSS COATING

ON LEATHER

Technology Outline

A sprayable coating formulation designed to protect leather
surfaces from dirt, water, oil, and common staining agents
(tea/coffee). The technology provides a transparent, low-gloss
protective barrier that maintains the natural appearance of
leather while enhancingits resistance to contaminants.

Salient Features / Highlights / Advantages

e Sprayable from spray-bottle (consumer product)/spray gun
(industrial scale)

e Hydrophobic, transparent, low-gloss, durable coating on
leather

e Easycleaningof coated surface

Commercialization Status / Techno — Economics
B The product is ready for commercialization.

Major Raw Materials to be utilized
B Diisocyanate, diol, silica nanomaterials, acetone,
amines, dimethyl propionic acid

Validation Level
B TRL4




LIGNIN BASED RETANNING
AGENT

Technology Outline
Effluent from the paper and pulp industry (black liquor) /.\\ .

predominantly contains large amounts of polyphenols
such as lignin and fragmented lignin.The leather industry
consumes large quantities of synthetic phenol-
formaldehyde resins as retanning agents to improve
homogeneity and organoleptic properties of leather.
Free formaldehydein leatheris a major concernduetoits |
carcinogenic nature; hence, the development of a ——
formaldehyde free phenolic retanning agent is an '
emerging requirement. In this technology, waste liquor
(black liquor) collected from the paper and pulp industry
is chemically modified and used as a formaldehyde free
retanning agentin leather manufacture.

Paper and pulp indusry

Green Technology

Waste to Wealth

Leather Industry

Lignin based Retanning Agent

Salient Features / Highlights / Advantages

e Utilizes paper and pulp industry black liquor as a sustainable raw material for leather
retanning, converting an effluent streaminto a value added product.

e The developed product is free from formaldehyde, addressing regulatory and health
concerns associated with conventional phenolic syntans.

e Imparts an excellent soft handle, silky touch and wet feel to leather, with good body
andresilience.

e Produces smooth, fine grain with good break and level dyeing characteristics on
finished leather.

e Compatible with all common retanning auxiliaries including synthetic tanning agents,
vegetable tannins and fatliquors, allowing easy incorporation into existing recipes.

Commercialization Status / Techno — Economics

B The technology is ready for commercialization and suitable for adoption by leather
chemical manufacturers and tanneries, Approximate payback period / ROl is around
12 months, driven by replacement of costly phenolic raw materials and valorization
of low cost industrial waste.

Major Raw Materials to be utilized

B Black liquor from paper and pulp mills and appropriate acids/chemicals for
modification.

Validation Level

" TRL3

Handholding support <
®  Training, demonstration, detailed technology documentation,
troubleshooting and technology implementation
support can be provided.




NATURAL OIL BASED > ol
POLYURETHANE DISPERSION e

Technology Outline
Bio-based Polyurethane Dispersion (PUD) for Sustainable Leather Finishing

A third-generation, castor-oil-derived anionic polyurethane dispersion, developed as a
solvent-free, eco-friendly finishing binder for leather applications. The technology
delivers soft handle, excellent flexibility, strong adhesion, and durability while reducing
dependence on petrochemical-based binders.

Salient Features / Highlights / Advantages

e Bio-based & Sustainable
e Renewable feedstock: castor oil; solvent-free,
water-borne system
e High Performance Finishing Binder
Soft, clear, tough film formation
Excellent flex & crease resistance
Very good fastness
Good wet rub, light, water & perspiration resistance
Superioradhesion
e Process & Application Friendly
e Compatible with conventional leather finishing auxiliaries
e Suitableforfull grain & corrected grain leathers

Castor oil based PUD's

Commercialization Status / Techno — Economics
B Technology validated at pilot scale level and TRL evaluation completed. Technology
is ready for industrial application.

Major Raw Materials to be utilized

Castor oil (renewable polyol source)

Di-/poly-isocyanates

Internal emulsifier (for anionic charge)

Neutralizing agents

Water (dispersion medium)

Validation Level

®  TRL3

Handholding support

B CSIR-CLRI and CSIR-IICT Support Includes:
e Technology Transfer & Licensing

Pilot-scale production guidance

Customized finishing formulations <

Application support for shoe uppers, garments, upholstery

Performance testing & certification support



ECO-FRIENDLY FLAME
RETARDANT POST-TANNING AGENT

Technology Outline

The technology involves an eco-friendly flame-
retardant (FR) product, a process for preparing the FR
product, and a process for applying the FR product to
produce flame-retardant leather.

(B)

The FR product primarily finds application in the
leather and product industries for producing flame-
retardant leather for use in upholstery, safety gloves,
shoes, and apparel.

Ca.

e

Without FR ~ With FR

Salient Features / Highlights / Advantages

e Environment-friendly and non-toxic

e Prepared from indigenous chemicals, hence low-cost compared to commercially
available flame retardants

e Required dose 8-12% with respect to the weight of the leather

¢ Needs no process modification and is suited for all types of raw materials and leathers

e Application of the product to leather reduces the burning rate (flammability degree)
by 30-40%

Commercialization Status / Techno — Economics

m  This technology is ready for commercialization.

m  Total cost Rs 180/Kg;Cost of Chemicals: Rs 150/Kg; Overhead cost (20%): Rs 30/Kg
(Includes stirred tank reactor with heating facility for 40-45 °C, electricity charges,
and miscellaneous cost. Cost of commercial FR (imported): Rs. 2100/-

Major Raw Materials to be utilized
B An aqueous dispersion of inorganic hydroxide with dispersing agent(s)

Validation Level
®  TRL4

Handholding support
®  Training, Demonstration, Technology Document, Trouble Shooting, Technology
Implementation would be provided upon licensing of this technology.




PHASE CHANGE MATERIAL-
BASED RETANNING SYSTEM
FOR ENHANCED COLD INSULATION
IN LEATHER

Technology Outline

e A multifunctional syntan with built-in thermoregulation for
extreme cold climatic conditions.

e Formaldehyde-free resin with encapsulated Phase Change
Material.

Salient Features / Highlights / Advantages

e Efficient cold insulation at extreme sub-zero temperatures
e Selectivefillinginloose area and belly region

e Enhanced Stability: Ensures no leakage or phase separation during thermal transitions

Commercialization Status / Techno — Economics
B Technology validated at pilot scale level and TRL evaluation completed.
= Technology is ready for industrial application.

Major Raw Materials to be utilized
B Melamine, PCM, surfactants

Validation Level
®  TRL4

Handholding support

B Technology Transfer & Licensing

m  Pilot-scale production guidance

m  Application support for shoe uppers, garments, upholstery
m Performance testing & certification support




> POLYURETHANE FOAM FOR
FOOTWEAR SOLES

Technology Outline

The technology involves the use of an environment-
friendly nanofiller cum blowing agent in making
polyurethane (PU) foam (free/molded). The preparation
of molded PU soles using the nanofiller cum blowing
agents has been optimized using industrial-scale
reaction injection molding (RIM) and pouring machines.
Technology to prepare PU soles for footwear based on
biodegradable polyol and environment-friendly
nanofiller, as well as commercial polyol/isocyanate
systems and the nanofiller, by direct reaction injection
molding process, has been developed. The technology also has potential application in
making other footwear components such as midsole and in-sock.

Salient Features / Highlights / Advantages

1. The nanofiller cum blowing agent used in making
the PU-composite soleis
e Environment-friendly, halogen-free, cost-
effective and compatible with the commercial
polyol systems used in making footwear soles
e Increased PU foam formation because the |

nanofiller acts as a chemical blowing agent. Use -

. igure.2 Complete footwear fabricated
of 1-3% of the nanofiller leads to a 20-40% using the injection molded
increase in foam volume PU-nanofiller composite sole

e Increased foam formation leads to a reduction in raw-material requirement and
hence the cost

2. The developed PU-nanofiller composite shoe soles show improved flexibility,
improved cell stability, and a reduction in bulk density. High flexibility makes the sole
suitable for applications where repeated flexing is required (outsole, midsole and in-
sock).

3. Production of the PU-nanofiller composite soles needs no modification in the existing
PU sole/footwear-making machinery (reaction injection molding/pouring machine)

Commercialization Status / Techno — Economics

m  This technology is ready for commercialization

Major Raw Materials to be utilized
B Nanofiller (Indigenous synthetic clay-like material), along with the general raw

materials required for PU foam production such as Industrial polyol blend and
Industrial isocyanate
Validation Level
" TRL4 <
Handholding support
®  Training, Demonstration, Technology Document, Trouble Shooting,
Assistance, Technology Implementation




FLUOROCHEMICAL-FREE X
WATER BASED FATLIQUOR WITH e

ANTI FOGGING PROPERTY
Technology Outline
The leather industry, particularly the automotive Anti-Fogging in Upholstery Leather
upholstery sector, faces a persistent and with DEMIST S5 Fatliquor

unresolved challenge of fogging, caused by the
release of volatile condensable materials $ i o

(VOC/FOG) from conventional fatliquors,
retanning agents, and finishing chemicals.
Toaddress this, a novel process has been
developed for preparing a fluorochemical-free,
water-based oil-in-water fatliquor that imparts N AN
intrinsic antifogging properties to leather when Condensation on Glass
applied during the post-tanning/fatliquoring
stage.

Salient Features / Highlights / Advantages

* Fluoro chemical (PFOS)-Free Water based Fatliquor with
Antifogging Property

* FogMasslessthan5mgwhen applied as asingle fatliqour

¢ Indigenous production aids Import substitution

e Improves consumer safety and comfort through durable
antifogging properties in vehicle interiors, furniture, and
aviation upholstery

e Economically Viable and Environmentally sustainable

Commercialization Status / Techno — Economics DEMIST SSI
m  Techno-economics worked out.

m  Ready for commercialization
Major Raw Materials to be utilized
B Silicone oil, PEG, DOSS, Sulphuric Acid

Validation Level
®  TRL4

Handholding support
B Technology Demonstration and Training




PROTEIN-BASED SYNTHETIC
TANNING AGENT e

Technology Outline

Safe and environmentally friendly separation of Lty
collagen hydrolysate from chrome shaving waste 4 Jﬂﬂ

is carried out through controlled alkali treatment,

enabling recovery of chromium-free protein. fwa K
The purified collagen hydrolysate is subsequently
modified with suitable polymers via simple
polymerisation to obtain a protein-based
polymeric syntan. The developed syntan is Prtein
designed for use in post-tanning as a filling and e
retanning agent for upper and lining leathers,
improving body and handle.Crust leathers
processed with the syntan show tight, fine grain, enhanced fullness and uniform dye
uptake, making them suitable for quality footwear and garment leathers.

Chrome Tanned
Leather

Salient Features / Highlights / Advantages

e Enables value-added utilisation of chrome shaving— derived
collagen, thereby improving overall solid waste
managementin the leather sector.

e Protein-based syntan can partly or fully replace acrylic resins
and conventional protein fillers in post-tanning
formulations, reducing dependence on petrochemical-
based materials.

e Fully compatible with conventional post-tanning chemicals
such as synthetic tanning agents, vegetable tannins and
fatliquors, allowing drop-in integration into existing recipes.

e Leathers processed with this syntan exhibit improved _
softness, round handle, better dye penetration and Protein Syntan and
levelness, and more uniform grain break. Crust leather

e Application of the product leads to up to about 50% reduction in TDS load in the
effluent stream compared to conventional formulations, contributing to cleaner
production.

Commercialization Status / Techno — Economics

m  The technology has already been commercialized with selected industry partners in
the leather and leather-chemical sectors, The syntan has been evaluated in the
CSIR-CLRI pilot tannery and in commercial tanneries, confirming its technical

performance, process compatibility and economic viability in regular production.

Major Raw Materials to be utilized Validation Level

B Chrome shaving waste ® TRL3 <

Handholding support

B CSIR-CLRI can provide training, on-site/off-site demonstration,
detailed technology documentation, troubleshooting support,
and assistance for technology implementation.
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> BIOGAS GENERATION FROM
ORGANIC WASTES

Technology Outline

India's contribution to food waste - 68.8 million tonnes
annually, i.e 7% of the global total. One of the most
inevitable waste generated on a daily basis is from the
kitchen i.e., leftover food, vegetable peels and fruit
peels. Also, food wastage is a global problem. It is
reported that, almost one third of the food produced is
being wasted. Most of the organic waste generated in
the country is either being dumped into landfills or sent
to piggeries. With this technology, food waste from
canteen and the vegetable/ fruit peels from the kitchen
can be used for the generation of bio-energy under circular economy concept.

Salient Features / Highlights / Advantages

e This technology is meant for cafeterias, hotels and
canteens for the management of organic fraction of
their waste

e Generated biogas can be used for cooking purpose
directly or used for electrical energy generation.

e Thedigestate can be used as organic manure

e Co-digestion studies indicated that biogas vyield
observed was 0.7 to 0.9 m3/kg of VS destructed

e Technology has been implemented at B. S. Abdur
Rahman Crescent Institute of Science and Technology, Vandalur,Chennai with the
capacity of the Plant 500 kg/ day

e Technology has been transferred to B. S. Abdur Rahman Crescent Institute of Science
and Technology, Vandalur, Chennai

Commercialization Status / Techno — Economics

m  Thistechnology is ready for commercialization.

®  Elimination of groundwater pollutionand odour problems associated due to disposal
of solid waste generated from the food industry

B Biogas Generation and use ofDigestate as manure

Major Raw Materials to be utilized
B |eftover Food Waste, Vegetable Peels and Fruit Peels

Validation Level
B TRL6

Handholding support <
®  Training, Demonstration, Technology Document, Trouble Shooting,

Technology Implementation.




CO-DIGESTION OF TANNERY
SOLID WASTES FOR
BIOENERGY GENERATION

Technology Outline

Today tanneries in India face the twin
problem of managing process solid waste
i.e fleshing, a process solid waste and
effluent treatment plant sludge. Fleshing
pose serious environmental threat and
reuse potential is scarce. Likewise, the
treatment of effluent treatment plant’s
Waste Activated Sludge (WAS) in a sludge
digester demands huge investment cost.
Keeping these two specific needs,
technology has been developed for co-
digestion of these two substrates i.e
fleshing a process solid waste in combination with Waste Activated Sludge (WAS) for
biogas generation. A pilot scale demonstration plant of capacity 750 kg/day on wet weight
basis has beenimplemented at Calcutta Leather Complex (CLC), Kolkata.

Salient Features / Highlights / Advantages

e Protection of environment i.e air, water and soil from contamination due to dumping
of waste

Disposal problem of fleshingand WAS in tannery sector can be minimized

Odour and groundwater pollution problems can be minimized

Bioenergy generation from tannery solid waste

Minimization of carbon release into environment and thereby reduction in carbon
foot print

e Generated Bioenergy can be used for operation of the plant

e Improvesthe aestheticvalueinandaround leather complexes

Commercialization Status / Techno — Economics

®  The technology commercialization is under process.

®  Elimination of ground water pollution and odor problems associated due to the
disposal of solid wastes generated from the tanning industry.

®  Bioenergy generation and use of digestate as soil conditioner.

Major Raw Materials to be utilized
®  Fleshings, Waste Activated Sludge.

Validation Level

B TRL6
®m  Pilot scale Plant is being implemented in Calcutta Leather Complex (CLC), <
Kolkata — Capacity of pilot plant is 750 kg per day on wet weight basis.

Handholding support
®  Training, Demonstration, Technology Document,
Trouble Shooting, Technology Implementation. @




>

Technology Outline

India's contribution to food waste - 68.8 million tonnes
annually, i.e 7% of the global total. One of the most X )
inevitable waste generated on a daily basis is from the
kitchen i.e., leftover food, vegetable peels and fruit peels. |
Also, food wastage is a global problem. It is reported that, |
almost one third of the food produced is being wasted. {
Most of the organic waste generated in the country is \‘._\_N
either being dumped into landfills or sent to piggeries. i

IMMOBILIZED OXIDATION
REACTORS (IOR)
FOR WASTEWATER TREATMENT

With this technology, food waste from canteen and the
vegetable/ fruit peels from the kitchen can be used for the generation of bio-energy under

circulareconomy concept.
Salient Features / Highlights / Advantages

This technology is meant for cafeterias, hotels and
canteens for the management of organic fraction of
their waste

Generated biogas can be used for cooking purpose
directly or used for electrical energy generation.

The digestate can be used as organic manure
Co-digestion studies indicated that biogas yield
observed was 0.7 to 0.9 m3/kg of VS destructed
Technology has beenimplemented at B. S. Abdur Rahman Crescent Institute of Science
and Technology, Vandalur,Chennai with the capacity of the Plant 500 kg/ day
Technology has been transferred to B. S. Abdur Rahman Crescent Institute of Science
and Technology, Vandalur, Chennai

Commercialization Status / Techno — Economics

This technology has been already commercialized.

Licensed to 15 clients (Both in India and in oversees).

Cost of the reactor depends upon the material chosen: Tentative cost for the
civil construction for RCC reactor — INR 15,000/m3 to 18,000/m3

Tentative cost for the Plumbing — INR 5000/m3 to 7000/m3

Major Raw Materials to be utilized

Carbon based catalysts

Validation Level

Handholding support

TRL 6
Implemented in many industries in India and abroad including leather, textile,
pharmaceutical, chemical, pesticide manufacturing industries, automobile

industry, Sea food Processing industries and Dye intermediate manufacturing
industries. It is also implemented for municipal wastewater treatment.

Training, Demonstration, Technology Document,
Trouble Shooting, Technology Implementation. @




INTEGRATED SOLAR DRYING
AND PYROLYSIS PROCESS

Technology Outline

In urban areas, along with Municipal Solid waste,a =¥ e
considerable amount of fibrous waste, such as LN
banana peduncle, tender coconut, sugarcane j
bagasse, etc., are generated, which needs special
treatment for disposal. Hence,a combined
technology of solar drying and pyrolysis has been
demonstrated atthe pilot level for the treatment
of these wastes with the recovery of biochar and
thermal energy. Similarly, the sewage sludge
generated from STPs could also be solar-dried and
pyrolyzed with this high-calorific fibrous waste to biochar and thermal energy which also
addresses the objectives of the SDGs and National missions.

Salient Features / Highlights / Advantages

e This process requires less energy as the solar energy
is used for drying and thermal energy is used for
maintaining the temperature.

e Biochar production reduces carbon emission and
canalso be used as soil conditioner and fertilizer.

e Thermal energy can be harvested in the form of hot
water and can be used for floor heating of solar
dryer orany other suitable heating applications.

Commercialization Status / Techno — Economics

Status of commercialization
m  Pilot study has been completed and is ready for commercialization

Major Raw Materials to be utilized
®  Fibrous waste alone and or in combination with other biowaste

Validation Level
= TRL4

Handholding support
B Technical support with training and demonstration can be provided for the
stakeholders like municipalities, corporations and waste handlers/operators.

Techno-Economics
B Minimizes environmental impacts like groundwater contamination, <

odor and GHG emissions caused by waste disposal in dumps or landfills.
Waste generators need to bear the minimal energy and operational
costs for this technology




ORGANIC SUPPLEMENT
FROM ANIMAL HAIR WASTE

Technology Outline

About 50-70 kg of hair is produced from one ton of raw
hides during pretanning operations. A process has been
developed for preparation of compost using the solid
waste, hair. A suitable bacterial species has been
identified for the degradation of hair waste followed by
manufacturing of compost using keratin hydrolysate
(product of hair degradation). The whole process could
be completed within a time span of 9-10 days. The
process provides technological solutions to address the
issue of solid waste on one hand and provide scope for
financial returns on the other.

Basal salt medium

Salient Features / Highlights / Advantages =" g Lo

e Thecompostisorganicinnature - /:mpm 7

e The supplementation of compost enhances the : re -
yield of paddy crop o

e Preparation of compost provides technological .
solution to the disposal of solid waste, hair

* Al

\Evalnation in paddy field

Commercialization Status / Techno — Economics
m  This technology is ready for commercialization.

Major Raw Materials to be utilized
B Mineral salts that are locally available in the market will be utilized for degradation
of hair. Compositing materials like dry leaves, soil and saw dust.

Validation Level
m  TRL4
® 1 kgto 500 kg level.

Handholding support
®  Training, Demonstration, Technology Document, Trouble Shooting,
Technology Implementation.




SEQUENTIAL OXIC-ANOXIC
BIOREACTOR (SOABR) ey
FOR WASTEWATER TREATMENT

Technology Outline
About 50-70 kg of hair is produced from one Raw wastowater ﬂ’

ton of raw hides during pretanning operations. " &S gﬁ

A process has been developed for preparation % Chambers |

of compost using the solid waste, hair. A %

suitable bacterial species has been identified " |1

for the degradation of hair waste followed by ‘

manufacturing of compost using keratin .

hydrolysate (product of hair degradation). The & .

whole process could be completed within a . o

time span of 9-10 days. The process provides .
technological solutions to address the issue of i
solid waste on one hand and provide scope for Graphical representation of the

. . rocess flow chart of SOABR
financial returns on the other. P

Salient Features / Highlights / Advantages
e Low foot print requirement, Low electrical energy consumption, Low operation cost,
No generation of primary chemical sludge.

Commercialization Status / Techno — Economics

m  The technology is ready for commercialization.

m  Cost of the reactor depends upon the material chosen: Tentative cost for the civil
construction for RCC reactor — INR 15,000/m3 to 18,000/m3 Tentative cost for the
Plumbing — INR 5000/m3 to 7000/m3

Major Raw Materials to be utilized
B For reactor construction — RCC/FRP materials required

Validation Level

®  TRL4

m  Successful completion of bench scale studies for 4 L (Post tanning wastewater),
12 L (Post tanning wastewater) and 18 L (Sewage) was completed for a continuous
run of 5, 7 and 9 months respectively.

Handholding support
®  Training, Demonstration, Technology Document, Trouble Shooting, <
Technology Implementation.




RECOVERY OF STRUVITE FROM
TANNERY WASTEWATER AND ITS
APPLICATION AS SOIL CONDITIONER

Technology Outline

Struvite(Magnesium Ammonium Phosphate)has
been developed from tannery wastewater. Struvite
has been evaluated for its composition and used as
soil conditioner for plant growth studies. The
process has been patented by CSIR-CLRI and will
fulfil the SDG goals of: SDG 9: Industry, Innovation
and Infrastructure; SDG 12: Responsible
Consumption and Production; SDG-13 Climatic
action and aligned with National mission of Wealth
from Waste.

Salient Features / Highlights / Advantages

e Utilizes nutrient-rich waste streams from
tannery sector and promotes circular resource
utilization by converting waste streams into
value added product. Struvite (Magnesium
Ammonium Phosphate) acts as soil conditioner

e An exemplary circularity model for the Tannery
and Agricultural sectors

Commercialization Status / Techno — Economics
m  Dissemination programme has been organized with Tanners and CETP management

Major Raw Materials to be utilized
B Wastewater streams from tannery sector

Validation Level
m TRL6

Handholding support
®  Dissemination, Training







IV - WASTE TO WEALTH







> ACTIVATED CARBON FOR
MAKING SOLES
FROM FLESHING WASTE

Technology Outline

Developed activated carbon from fleshing waste, which can be used as filler for making
rubber soles

Salient Features / Highlights / Advantages

Benefits for Tannery
e Avoidthe disposal of fleshing waste into landfill
e Tannercangainrevenue from fleshing waste
e Reducethe environmental pollution load
Benefits for Rubber Industry
e Avoidthe use of carcinogenicfiller carbon black
e Preparethe carbon black free black rubber sole
e Noimprinton carpet
e Goodvulcanized rubber

Commercialization Status / Techno — Economics
m  Thistechnology is ready for commercialization / ATMANIRBHARTHA

Major Raw Materials to be utilized
®  Fleshing waste, rubber compounding materials

Validation Level

®  TRL4
m  Activated carbon developed at 25 kgs level.
Handholding support <

B Demonstration, Technology Document, Technology Implementation




BASIC CHROMIUM SULPHATE
USING CHROME SHAVING WASTE

AS REDUCTANT
Technology Outline

Globally, about 0.8 million tons of chrome shaving waste are
generated annually, resulting in the accumulation of chrome-
bearing solid waste in large quantities.The presence of
chromium in this protein-rich waste hinders its direct use in
other applications and classifies it as a hazardous material.
Conventional disposal through incineration or landfilling can
lead to leaching of chromium into soil and water, posing
environmental and health risks. There is an urgent need for
technologies that enable efficient recycling and reuse of
chrome-containing solid waste in line with circular economy
principles. Accordingly, a sustainable technology has been developed for utilizing chrome
shaving waste as a reducing agent in the manufacture of basic chromium sulphate (BCS),
enablinginternal recycling of chromium within the tanning value chain.

Salient Features / Highlights / Advantages Synthesized product - Spray

e The BCS produced using chrome shaving waste meets all Dried BCS
quality requirements as per relevant BIS specifications.

e The product offers better masking and imparts a more
pleasant blue shade in tanned leather compared to
conventional BCS.

e Improved chrome exhaustion during tanning and more
uniform chromium distribution in wet-blue leather are =
achieved. - Chrome tanned

L Leather using

e Presence of hydrolyzed protein in the prepared BCS prepared BCS
enhances leather fullness and body.

e The process is economically feasible, with product cost Application trials
comparable to commercial BCS grades.

e Chrome shavings are completely utilized as a reducing agent, minimizing residual solid
waste.

e The technology eliminates the chrome shaving solid-waste disposal problem and
strongly supports a waste-to-wealth, circular economy approach in tanneries.

Commercialization Status / Techno — Economics

m  The technology has already been commercialized and deployed with industrial partners.

Major Raw Materials to be utilized

m Chrome shaving waste

Validation Level

N

® TRL3
m  The process has been upscaled to a 50 kg production level at the CSIR-CLRI pilot
plant facility. <

Handholding support
®  CSIR-CLRI can provide training, demonstration, detailed technology
documentation, troubleshooting support, and assistance
for technology implementation at industrial scale.




COLLAGEN PEPTIDE FROM
FISH SKIN

Technology Outline

The process technology comprises of five steps
namely (a) alkaline pre-treatment, (b) lipase pre-
treatment, (c) hydrolysis, (d) concentration and (e)

spray drying. The uniqueness of the present process = .
is the alkaline pre-treatment with low concentration R
of alkali that favours enhanced yield of the collagen i ;
peptide (around 29.0%).

Salient Features / Highlights / Advantages
e Highyield of product

e |t is a sustainable solution for utilizing fish skin
wastes from the fish processing industry.

e This technology is not associated with generation
of wastewater or solid waste i.e., Zero Discharge
Process.

* This technology not only provides a fool-proof =
solution to an environmental problem but
enables the industry to secure significant financial
returns.

Commercialization Status / Techno — Economics
m  This technology is ready for commercialization.

Major Raw Materials to be utilized
m  Fish skin & all other raw materials are Indigenous.

Validation Level
m TRL3

Handholding support
®  Training, Demonstration, Technology Document, Trouble Shooting,
Technology Implementation.




KERATIN HYDROLYSATE

FROM FEATHER
Technology Outline
The poultry processing industry generates large Preparation’of keratinthydrolysate
quantities of feather as wastes, and needs to be g ¥ _\'_?' =
disposed safely. Chicken feathers contain around a‘iﬂ;_‘ _ Iﬁﬁ"'&"&ﬂ
91% protein as keratin which could be degraded by e S Grinding  Feather Hydralysis

keratinases and the resulting hydrolysate finds

|
application as raw materialsin manyindustries. B - EE

Hydrolysis of feather is accomplished through (a) Spray Drying
physical methods involving high temperature and

pressure, (b) chemical methods using alkalis and (c) biochemical methods using microbial
strain orenzymes.

Biochemical method of hydrolysis is environment friendly, cost-effective and does not
require any downstream processing. The keratinase could degrade various keratinous
substrates efficiently and could be used in various industries including leather, poultry and
cosmetics.

Salient Features / Highlights / Advantages

e Developed process could provide sustainable solution to the disposal of feather
wastes.

e The processis cost-effective and considered as a zero-waste discharge process.

e The keratin powder product could be used in various industries including agriculture,
poultry and cosmetics.

e Importsubstitution (ATMANIRBHARTA)

e Exemplary model for circular economy as it provides scope for financial returns from
the wastes of poultry industry

Commercialization Status / Techno — Economics
m  This technology is ready for commercialization

Major Raw Materials to be utilized
®  The raw materials include the bacterial strain, media components, salts and
keratin wastes, which are indigenouslyavailable.

Validation Level

m TRL3
Handholding support
Demonstration, Training, Technology Document, DPR preparation for <

a setting up production plant facilities, Technology standardization at
commercial scale upon licensing of this technology.



REGENERATED LEATHER FROM
TANNERY SOLID WASTE

Technology Outline

The solid waste such as chrome shavings, or chrome-free
shaving waste, or ground crust or finished leather
trimming waste, or buffing dust is thermos-chemically
(alkaline) hydrolyzed, followed by enzyme (protease)
treatment optionally.The composition for calendaring is
prepared mixing the hydrolyzed solid wastes with cross-
linkers, acrylic syntan, dye and synthetic fatliquor and
plasticizer. Calendaring using the composition prepared is
done over a coat of synthetic film formed on a release
paper. Finally, reinforcement with synthetic or natural
fabric is done by pasting the fabric over the film, to make
the Regenerated Leather Geno-Corium.

Salient Features / Highlights / Advantages

e Itis a sustainable solution for utilizing solid wastes from the leather industry and the
used/discarded leather products as well.

e This novel process of making regenerated leather not only provides a solution to an
environmental problem but enables the industry to secure significant financial
returns.

e Geno-corium leather is suitable for all the applications as that of leather. Suitable for
manufacturing of shoes, life-style products and garments.

e Tested for physical properties & found to meet the requirements.

e This process technology is not associated with generation of wastewater or solid
waste.

Commercialization Status / Techno — Economics

m  This technology has been commercialized. Capital investment for production
unit: about Rs. 96 lakhs for production of 50 m2 per day; Break Even Point (BEP):
Approx. 20 months;

Major Raw Materials to be utilized
m  Buffing waste, shaving dust, crust trimmings, finished trimmings. All other raw
materials are Indigenous

Validation Level

m TRL6
m Validated at commercial scale
Handholding support <

m  Technology licensing and transfer, Complete technology documentation,
Training and on-site, demonstration, Industrial implementation support,
Process optimisation and troubleshooting







-

V — LEATHER LIKE MATERIAL







PLANT BASED LEATHER LIKE
MATERIAL

Technology Outline

e CSIR-Central Leather Research Institute |
(CSIR CLRI) has successfully developed a
novel leather-like material from plant straw
waste, offering a sustainable and innovative
solution

o Made from agricultural waste
o Eco-friendly and sustainable
e Suitable for lifestyle product development

Salient Features / Highlights / Advantages

e Follows a Zero Liquid & Solid Discharge
production concept

e Requires minimal water usage

e Resultsinalow-cost, sustainable material

e Easily degradable and non-hazardous to the
environment

e The prepared flexible sheet material can be
used in textile, leather, packaging and other
life style productindustries

Commercialization Status / Techno — Economics
m  Thistechnology is ready for commercialization.

e Technology Transferred - 4+ Clients

¢ Break-even period - Less than Two years

Major Raw Materials to be utilized
m  The raw materials include the bacterial strain, media components, salts, stabilizing
agents which are indigenously available.

Validation Level

= TRL3

Handholding support

®  Training

®  Demonstration <
m  Technology documentation

®  Troubleshooting

m  Technology implementation support




>

PSEUDO-CORIUM :

LEATHER LIKE MATERIAL

Technology Outline

Pseudo-Coriumis aninnovative, plant-based composite material developed
as a sustainable alternative to conventional leather. The technology
valorises agricultural residues such as wheat straw and rice straw to
produce a high-performance, biodegradable leather-like material suitable
for footwear, lifestyle products, upholstery, and fashion applications.

The technology aligns strongly with circular economy, green manufacturing,
and climate-positive material innovation, making it particularly attractive to
start-ups, sustainable brands, and material innovators.

Pseudo-Corium is manufactured using a bio-composite formulation
comprising:

e Natural plant-based polymers

e Crystalline Nanocellulose (CNC) derived from botanical cellulose
(obtained from fermentation of wheat straw or rice straw)

e Bio-based cross-linkers and plasticisers
e Natural textile reinforcements (cotton, linen, rayon, etc.)

The formulation yields flexible sheets with leather-like texture, strength,
and durability, suitable for multiple consumer applications.

Salient Features / Highlights / Advantages
e Fully plant-based and biodegradable
e Convertsagricultural waste into value-added material

e Fully plant-based and biodegradable
e Convertsagricultural waste into value-added material

e Nowastewater or hazardous solid-waste generation -

e Contributestoreduction of stubble-burning-related air pollution

e REACH-compliant material system

e Tested for physical and mechanical properties

e Suitable forfootwear, fashion, lifestyle, and upholstery applications

e Customizable thickness, finish, and reinforcement

e Simpleandscalable manufacturing process

e Indigenousraw materials ensure supply-chain security

e Competitive techno-economics compared to synthetic alternatives

Commercialization Status / Techno — Economics

m  Technology standardised at pilot and commercial scale, Technology licensed to one
large-scale industry and two start-ups for commercial production, Capital investment
for production unit: about Rs. 80 lakhs for production of 50m2 per day; Break Even
Point (BEP): Approx. 18 months.

Major Raw Materials to be utilized Validation Level

B Wheat straw and rice straw, agricultural m TRLS
waste B Validated for consistent quality and

Handholding support scalability

B Technology licensing and transfer, Complete technology documentation,
Training and on-site, demonstration, Industrial implementation
support, Process optimisation and troubleshooting
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ANOVEL ANKLE FOOT <ol
ORTHOSIS AND AN OFFLOADING et
DEVICE FOR PERSONS WITH
DIABETIC FOOT ULCER

Technology Outline

e Ankle Foot Orthosis (AFO) is an off-the-shelf offloading
device designed for people with Diabetic Foot Ulcer (DFU),
using indigenous materials and technology for foot and
ankle offloading.

e Diabetes affects over 100 million Indians, with DFU
impacting 25% of patients and having a high recurrence
rate. AFO is specifically designed to offload the plantar
pressure, correct gait, and improve posture.

Salient Features / Highlights / Advantages

e Standardized posterior and anterior shell
dimensions, along with a newly designed midsole
and insole, ensure uniform plantar pressure
distribution and offloading the force from
affected foot.

e AFO is made using anatomically efficient and
indigenous materials and methods.

Commercialization Status / Techno — Economics
m  Thistechnology is ready for commercialization.

B QOrthotic device manufacturing can be undertaken by small and medium-scale
industries. Assistive device manufacturing industries can generate significant revenue.
The off-the-shelf AFO technology is simple and cost-effective

Major Raw Materials to be utilized
m  Thermoplastic materials, upper and sole materials which are normally used for
footwear fabrication

Validation Level
= TRL4

Handholding support <
®m  Training, Demonstration, Technology Document, Trouble Shooting,
Assistance, Technology Implementation.




BIO-MECHATRONIC
ORTHOTIC DEVICE WITH i

VIRTUAL INTELLIGENCE FOR CHILDREN
WITH CEREBRAL PALSY

Technology Outline

e Cerebral Palsy (CP) affects muscle tone and occurs in
approximately 2.1 out of 1000 live child births. Without
timely rehabilitation, it can lead to permanent
deformities and locomotor disability.

e In India, CP children use standard Knee Ankle Foot
Orthosis (KAFO) and walkers, but these devices do not
significantly improve their Gross Motor Function
(GMF).

e To address this issue, a Bio-Mechatronic Orthotic
Device with Virtual Intelligence (BioMOD) has been
developed to enhance walking ability and GMF in children with CP.

Salient Features / Highlights / Advantages

e The device enables precise and regulated movement of
knee and ankle joints, aiding in effective motor
rehabilitation.

e BioMOD consists of two parts: a mass-producible
component (sensor, actuator, control unit, power
source) and a customized exoskeleton (standard KAFO)
and software.

e End-users include physiotherapists, parents of affected
children, and rehabilitation centers.

e The technology can be transferred to orthotic device
and smart footwear manufacturers

Commercialization Status / Techno — Economics
m  This technology is yet to be ready for commercialization.
m  The orthotic device manufacturing can be done by medium scale industries.
m  The device manufacturing industries can generate revenue.
Major Raw Materials to be utilized
B Thermoplastic materials, metal frames, sockets for orthoses, upper and sole materials
for footwear, wearable sensors, actuators, PCBs, and batteries for power.
Validation Level
= TRL3
Handholding support <
m  Training, Demonstration, Technology Document, Trouble Shooting, Assistance,
Technology Implementation.



> EXTREME COLD WEATHER
PROTECTION GLOVES

Technology Outline

e Developed gloves that can be used in extreme cold weather conditions viz.,
-500C

Salient Features / Highlights / Advantages

e Developed processing technology for Light weight leathers matching all the property
requirements

¢ Designed interventions to have higher percentage of leather in gloves to enable better
coldinsulation and better grip

e All properties on par with global benchmark gloves with one third the price of the
imported gloves

Commercialization Status / Techno — Economics

m  This technology has been licensed and is ready for multiple commercialization.
ATMANIRBHARTHA

Major Raw Materials to be utilized
®  |eather and technical textile materials

Validation Level
m  TRL3

Handholding support
m  Demonstration, Technology Document, Technology Implementation




LEATHER AND PALM
CRAFT COMBINATION PRODUCTS

Technology Outline

e Developed gloves that can be used in extreme cold
weather conditions viz., -50°C

Salient Features / Highlights / Advantages

e The raw material is abundant available in India as well as
globally.

e The craft is sustainable and the material is bio-
degradable.

e Verylessinfrastructure andinvestment are required.

e Lowinvestment for raw materials of craft.

e Traditional artisans are very skillful and a range of
productsin combination with leather can be developed.

Commercialization Status / Techno — Economics

m  Arange of product has been developed and ready for commercialization

m  Out of the estimated 8.59 crores of Palmyrah in India, about 5.10 crores of
Palmyrah are in Tamil Nadu.

m  Tamil Nadu- potential centre for the growth and development of Palm Products
Industry - attract foreign exchange by way of export of Palm Products.

m  Based on the design and the products usage the costing can be arrived.

Major Raw Materials to be utilized

m  Palm Leaves panels and Leather

Validation Level

®  Developed in lab scale.

Handholding support

m  Training, Demonstration, Technology Document, Trouble Shooting,
Technology Implementation.

Advantages:
m  Developing Fashion Goods from Traditional knowledge of Palm Leaf craft from
Tamilnadu.
m  Abundant availability of Palm leaves in Tamilnadu.
B Empowerment of women workers across Tamilnadu in Palm Crafts.
®  The craft is Sustainable.
m  The Material is Bio-Degradable
Highlights:
m  Design intervention to the Palm Leaf Craft industry. <
m  Development of New-age fashion products from Palm Leaves and

leather combination.
m Improve livelihood and socio-economic conditions of

Palm Leaf craft artisans.




Our Industry Partners / Stakeholders

AGENCIES CONNECTED WITH LEATHER INDUSTRY
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Ambur Economic Development Organisation (AEDO)
Central Pollution Control Board (CPCB)

Chennai Environmental Management Company of Tanners (CEMCoT) =~
Confederation of Indian Industry (Cll)

Council for Leather Exports (CLE)

CSIR-Central Salt & Marine Chemical Research Institute (CSIR-CSMCRI)

Director General of Foreign Trade (DGFT)

Director of Industries and Commerce SIDCO Corporate Office Building (DICSCOB)
ECGC Limited (Formerly Export Credit Guarantee Corporation of India Ltd)
ExportInspection Agency (EIA)

Federation of Indian Chambers of Commerce & Industry (FICCI)

Federation of Indian Export Organisations (FIEO)

. India Trade Promotion Organisation (ITPO)

Indian Leather Industry Foundation (ILIF)
Indo-American Chamber of Commerce (IACC)
Indo-Australian Chamber of Commerce (IACC)
Indo-German Chamber of Commerce (IGCC)
Indo-Italian Chamber of Commerce & Industry (1ICCl)
Indo-Japan Chamber of Commerce & Industry (1JCCI)
Tamil Nadu Pollution Control Board (TNPCB)

OMMON EFFLUENT TREATMENT PLANTS IN TAMIL NADU

Ambur Tannery Effluent Treatment Co.Ltd. MaligaiThope Sector

Ambur Tannery Effluent Treatment Co.Ltd. Thuthipet Sector
Madhavaram Leather Manufactures Facility P. Ltd

Pallavaram Tanners Industrial Effluent Treatment Co.Ltd

Perundurai Leather Industries Eco-Security (P) Ltd

Ranipet SIDCO Finished Leather Effluent Treatment Co.Ltd

Ranipet Tannery Effluent Treatment Co.Ltd

SIPCOT &SIDCO Phase Il Enterpreneur Finished Leather Effluent Treatment Co.P.Ltd.
Talco Dindigul Tanners Enviro Control System Pvt. Ltd

Talco Pernambut Tannery Effluent Treatment Co.Ltd. Bakkalapalli Sector
Vanitec Limited - Valayampet Sector

Visharam Tanners Enviro Control Systems P.Ltd

IST OF REGIONALTANNERS ASSOCIATIONS

Erode Small Tanners Association

Erode Tannery Owners Association

The Ambur Tanners Association

The Dindigul Tanners Association

The Pallavaram Tanners Association

The South India Tanners and Dealers Association
The Tanners Association

The Trichy Tanners Association

The Vaniyambadi Tanners Association
Madhavaram Tanners Association

. OTHER TRADE ASSOCIATIONS SERVING THE LEATHER INDUSTRY

AllIndia Skinand Hide Tanners and Merchants Association (AISHTMA)
Indian Finished Leather Manufacturers and Exporters Association (IFLMEA)
Indian Shoe Federation (ISF)

Leather Chemicals Manufacturers Association (LCMA)

Indian Leather Products Association (I1PA)

Tamil Nadu Leather Tanners Exporters & Importers Association (TNLTEIA)
Calcutta Leather Complex Tanners Association (CLCTA)

South India Shoe Manufacturers Association (SISMA)

Footwear Design & Development Institute (FDDI)

Indian Footwear Components Manufacturers Association (IFCMA)



Special Concession for Indian Start-ups,
Women Entrepreneurs and
CSIR-CLRI Alumni Entrepreneurs in R&D/Technology

CSIR-Central Leather Research Institute, the most empowered R&D Organization in
the leather world, has been extending all necessary intellectual intervention, novel
knowledge products, erudite expertise, and vibrant techno-enablement, for the
benefit of the user industry to ensure sustained growth and development of the
leather sector.

As a part of its SSR (Scientific Social Responsibility) initiative, the Institute now offers
special discounts in the area of Sponsored/Collaborative R&D and Technology
Licensing Fee, for the Indian Start-ups, CSIR-CLRI Alumni Startup/Entrepreneurs and
Women Startup/entrepreneurs, as a vibrant motivational measure, under the
following categories:

A Start-up 10%
B Startup/ Entrepreneur + Woman 15%
C Startup/ Entrepreneur + CSIR-CLRI Alumnus 15%
D Startup/ Entrepreneur + Woman + CSIR-CLRI Alumnus 20%

CSIR-CLRI welcomes corporates to invest
CSR funds in R&D of institute

For Enquiry

@7

o

CLRI.KPMU.TCV08.2026
email : kpmd.clri@csir.res.in
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a=f ¥ =g ArTRSY 31T & wiE=n & fév geam 3w su

STTITAF © IUTHaT ATIGST & SAcieh A=I=0T & H=I—H1T 9a1-g14,
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SUANT U S a1e UHd e HieT:
B grsuxAl @ 99 i 97

HI=IhI0T +<:
B YRITETAT Ay AeeEa

ar I

m  yfereror, F=eaor, wienfFret geadst, T FaRer, J8=r,
W fTrest rRi=<=AT




AR 3iTenfies H1EgR / UoTeRs

T IENT A g v =T

1

3R $h 1S Saeudic sififargsterT (AEDO)
Hter ugwoT fFri=or 91 (CPCB)
J=1¢ TARRIAHicer Al Uit 3116 =i (CEMCoT)
BB 3ifw e ge<t (Cll)
=+ Frerfa uffwg (CLE)
o TR—B=T TH% v T AT sr=tuTT <= (CSIR-CSMCRI)
HeTFeeTH , fader =mure (DGFT)
T vF arfers FFers , fRasaY BiaiRke swrier=r a1 (DICSCOB)
ECGC foifiRes (g & sedter Frafa sror =t P a=ria)
Frarfa Frdteror vai=t (EIA)
BETTT 3HTH e Aa=t 311w Hia=t vs gs=dt (FICCI)
BERI ATH ST varaule sthiATssier=T (FIEO)
SEo = e sfriATgsterT (ITPO)
ST Age 5=t W= (ILIF)
ES1— 3R i 311% Pimet (IACC)
FeT—sTfee e TR 31w wia=t (IACC)
gEI—sTii =R 317t it (IGCC)
gel—gerTfera =R 311t Piw vs gt (IICCH)
SSI—SITUT R 31Th Hhint us gs<dt (IJCCI)
qI=E paler a1s (TNPCB)

dafferrg
mﬁmﬂﬁwwm

TR 3T UUel3TT digH< a1 fATfics AferTEaly Sace

TR 3T vHeIST dlar< Syl forfics qfdde deee

A=A dge Agweraeel wiHferdt ursde forfies

YeerTaeH < iR vuelstT dier< wu-l fifies

Y&ge IaT SSeciel sohl— eyl ursde farfies

e sl Thives der vuelst< dica< $hu-t ferfacs

THIe ST vwersT< dlea wul ferfics

FHuesie Us fRrss! o || von=z fhfFes der vuepst< dea= wu-t ur. forfies
eTeTehT fEfEer =t vafeRY wgler e ursde forfies

CTeTehT GZATHICE ST U3t dlei—< Shu-t forfics saheucdt daee
afiees s — aer=rvie Jaee

s 7T 3=t vanfHveT

& s1rge =t vaifHoe=

e e &=t ventfverT

T2 gootta=w Sa<f vanffve=

2 Trsy =T =t vs Sta=t vaaifve
2 Br=ft 2=t vaifoe=

T2 arftrerar’ 9=t vanfHve=

AT S v

aﬁa@ﬁﬂaﬁ@mﬁﬂwm

31ieT S fEh Us eigs < Us ad<== vanfdive= (AISHTMA)
ST fhfFres Aar A—weaa==l Us va=uldst vanfHver (IFLMEA)

&= gy ws2er (ISF)

AR DfFheeT vHI=eeT (LCMA)

ST AR Uisaew vaniHver (IIPA)

AfEerTs Sige =t vayId=t Us guIc=t vaaf@ieer (TNLTEIA)
PITPTAT AAGL BIFaTaT 2 vaHeeT (CLCTA)

w13 ST I Agwharawe! veleer (SISMA)

wel=R f3sT1s Us Saerudic gieese (FDDI)
mﬁmm (IFCMA)
ITRT Held=r A=ydbaezs Us veaeaict=ilaz (AFMEC)



Tereprer/siteniirest o HeANTEHNR—FHITANRITE & Haqd o=
Suft=i & fev foely ge

=floasngste—hdler =t sr=aT e =3 @t g F srgrar va f&epre /
WEFept & Jas Jeh TIeT, T 83 Bt Jad gie i ey giFfEad o
B THU STHRBT SANT B arred =3t st difes swaay, T T s 3ds,
A fereiastar 3R Sftaa dep-tebT—=1&rHdT T a1 e 2@/T 2 |

Htowsngsme & JsiiFs amISies Sa=erRica Usdd ® UPH ¥PT & T A
AT ARSI /| SeARTeD AT va fhe & &85 # JyRdia *eream,
THoHMEINR—FTA[RATE & Y BIF TTE3T / IefH 31 AT weresy /
H UIETrept ATs<i< 2o A 99y 8¢ ue T $he @I o |

A s 10%
B e | Jeeft + Al 15%
C wrésy | Jepft + Hrasmgam—frasRss yaud e 15%
D

Y | et +ufeer+ tvasngsmR-<ftrasieang Jayd e 20%

HTHIMEHR—HICAINRIAE T b FATHU v
Fprer A =fleaste ws Faer
He &b ToU HIRUARSH BT NTT HedT 2

For Enquiry

X

CLRI.LKPMU.TCV07.2025
email : kpmd.clri@csir.res.in
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