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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 developed technologies for the manufacture of
the leather auxiliaries and transferred it to the leather chemical industry.
Many technologies connected to waste management and treatment were
transferred to the industry, and the same had succored the leather industry.

This document of Technology Compendium provides the outline of all the
technologies 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: komdclri@clri.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
Industry is 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 leather is about
3 bn sq. ft. Export of leather and leather products from India is constantly witnessed increased
trends over the years.

India produces Footwear Annual
~13% of the world production:
leather 2.58 bn pairs
Annual availability: —
~3 bn sq. ft. 2nd largest
consumer

Strong infrastructure
and eco-sustainable
processes in place

Share of ~43 % in
total exports

5th
largest global
exporter of Leather

2nd
largest global
exporter of

Goods &
Leather Garments Py
Accounts for 7.00% 3rd largest

exporter of
Saddlery and
Harness items

share in total
exports in sector
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Technology Outline Salient Features / Highlights / Advantages

A process for thg prodqctiqn of bacterial protease e Enzymatic unhairing of skins and hides eliminates

enzyme for industrial application. the use of the sodium sulfide, thereby reducing the
possible generation of toxicity.

Worldwide, unhairing of animal skins/hides is achieved e The process reducesthe pollution load in wastewater

by conventional chemical-based method using lime and in-turn eliminates the need for sophisticated

and sulfide. The usage of these chemicals leads to the end-of-pipe treatment system.

generation of wastewater Wit_h pulped e solubilized * It contemplates to provide the scope for introducing

hair, which corresponds to h!gher Chem!cal Oxygen this product as a “Make in India” product in global

Demand (COD) and Total Dissolved Solids (TDS) in leather market, thereby increasing the foreign

the waste stream. In addition, possible release of toxic exchange and Indian economy.

H,S gas and obnoxious 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 a
huge 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.

Crude Protease

Spray Dried

Unbhairing after 6 hrs Application — Unhairing Protease Powder

process

Spray Dryer

Commercialization Status / Techno — Economics

e Status of commercialization :This technology is ready for commercialization.

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

e Validation Level: TRL 3

* Handholding support:Training, Demonstration, Technology Document, Trouble Shooting,
Technology Implementation support would be provided upon licensing of this technology.
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CHICKEN FEET LEATHER AND gﬁg;gg
LEATHER PRODUCTS hed

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

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

* Processing does not involve any machinery operations except processing drums and there is 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.

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

Commercialization Status / Techno — Economics

Status of commercialization : This technology has been already commercialized.

Licensed to one client.

Major Raw Materials to be utilized: Chicken feet skins (by — product of Poultry)

Validation level: Validation at Pilot scale

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

Implementation.

e Techno-Economics: Process is compatible with regular commercial process set-up (no special equipment/
machinery required).

* 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.

e Cost Workout - (This estimation is only for understanding purpose and actual figures may vary depend upon

the requirement):

o 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).

o  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.

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

“,5
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C;)‘%?%z 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 leather
manufacturing to achieve zero wastewater discharge. The residual chemicals present in the treated wastewater in
many waste streams are reutilized in the process.

KINGS-SOLIDARIDAD
TRIAL PROJECT

Salient Features / Highlights / Advantages

¢ No wastewater Discharge; No sludge from treatment.
* No emission from hazardous gases; Less space requirement; Simple to operate.

® Reduction in Water input; Reduction in chemical offer.

Commercialization Status / Techno — Economics
Status of commercialization : This technology has been already commercialized.
Licensed to three clients.

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

* Validation Level: The technology has been standardized at pilot scale. It has been demonstrated at

commercial scale ten units in India and four units in Ethiopia. The technology is also suitable to textile and
slaughterhouse wastewater.

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

® Techno-Economics: For a unit manufacturing Leather from 2 tons of raw hide / skin; Optimum investment —
¥ 10 lakh/ton of raw hide; Approximate pay back period / Return on Investment is about 2 years.
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LEATHERS AND PRODUCTS FROM FISH SKIN **gﬁf_%g

Technology Outline

The process of converting fish skins in to leather
majorly differs from the existing technology in the
beamhouse 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
seam or seamless. Panels are finished by applying top
coating. Panel development uniqueness would be

Tilapia

Sea Bass

applicable for mass production.

Red snapper

Salient Features / Highlights / Advantages

e Optimized process technology for converting
different types of fish skins in to leather.

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

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

® The leathers developed from fish skins can be
converted in to smaller leather goods such as

wallets, belts, watch straps and shoes.

C i 'S
(.F N 77 )

o B2

Pomfret

Stingray

Parla

Commercialization Status / Techno — Economics

e Status of commercialization :This technology is ready for commercialization.
* Major Raw Materials to be utililized: Fish skins are available from the fish processing industry in India.

e Validation level: TRL 4.
* Handholding support:Training, Demonstration, Technology Document, Trouble Shooting, Technology

Implementation would be provided upon licensing of this technology.
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’t&ﬁ%ﬁ LIGHT WEIGHT AND COLD RESISTANT LEATHERS
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Technology Outline

® Gloves and clothing are essential for civilians and
army personnel operating in high-altitude areas like
the Siachen Glacier and for living in icy conditions.

* A leather-making process with a judicious selection
of fatliquors, retanning, and tanning agents, along
with precise control of process parameters is
standardized.

* Developed leather is resilient to temperatures
ranging from —30°C to —10°C and has lightweight
property of 450100 GSM.

* Invention holds significant potential for immediate
application in the leather and leather products
industries suitable for products such as gloves and
garments.

Salient Features / Highlights / Advantages

* Optimized process recipe with commercially
available chemicals for making light weight cold
resistance glove leathers.

* Easy to adopt process.

® The resultant leathers has cold resistance (up to
-30°C) and light weight character (450100 gsm).

* Leathers pass all the physical and chemical
requirements for glove and garment leathers.

e |eathers effectively converted into gloves and
characterized.

Commercialization Status / Techno — Economics
e Status of commercialization : This technology has been already commercialized.
e Licenced to one client.

* Major Raw Materials to be utililized: Wet blue goat or sheep skins, Commercial chemicals such as fatliquors,
synthetic tanning agents and dyes.

e Validation level: TRL 4. The process validated with 50 kg batch at CSIR-CLRI Pilot tannery.

¢ Handholding support:Training, Demonstration, Technology Document, Trouble Shooting,
Assistance, Technology Implementation would be provided by CSIR - CLRI.
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PRESERVATION-CUM-UNHAIRING (PCU) PROCESS %ﬁgﬁg
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Technology Outline

The use of salt in preservation generates large amount of contaminated salt and enormous Total Dissolved
Solids (TDS) in wastewater.

Toxic sodium sulphide is employed for conventional unhairing of hides/skins .

Assingle compound performs dual functions viz. preservation and unhairing at neutral pH and ambient conditions.

Application of
Bifunctional compound

‘L —

Stored at room
temperature for 30 days

v

Unhairing :>

Unhaired Pelt C—==)

Salient Features / Highlights / Advantages

One step process for preservation and unhairing.

Complete elimination of salt from the preservation process.

Reduction of TDS in wastewater.

Treated skins/ hides can be stored for 6 months at ambient conditions without dehydration.

Reduction in sulphide up to 70% is possible for complete removal of hair.

Commercialization Status / Techno — Economics

Status of commercialization :This technology is ready for commercialization.

Major Raw Materials to be utililized: The developed organic formulation can be manufactured using
indigenous raw materials. While for other leather processing requirements, existing raw materials can be
employed.

Validation level: Validated at lab and pilot scale.

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

Technology Implementation would be provided upon licensing of this technology.

Techno-Economics : Min. Economic size — Small and Medium scale tanneries; Optimum investment — without
any new investment, the technology can be adopted; Approximate payback period/ROI - 12 Months.

a,ﬁ
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%ﬁfﬁ? PRODUCTION OF DEHAIRING ENZYME
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Technology Outline

Production of Cocktail enzyme : A sulphide free dehairing process. Cocktail enzymes comprises of protease, amylase
and lipase at defined ratio produced by the chosen fungal organism, cultured under solid state fermentation,
extracted and partially purified and then applied on the fresh Goat skin on flesh side and after 12-16 hours hair
removal process carried out by simple swiping and the obtained hair free skin subjected to further processing and
the healthy hair finds application in pharmaceutical sectors.

Solid state Fermentation

C m Aspergillus tarmarii MTCC 5152

Cocktail Enzyme
(Protease:Amylase:Lipase)

Cocktail Enzyme

Goat Skin applied on flesh side Hair removal

Hair Free skin
Y

- S
\ - Healthy hair for
s - p further use

* The present process of removal of hair from goat skin does not require sulphide and the hair loosening is

Salient Features / Highlights / Advantages

taken care of by the applied cocktail enzyme and the lime indented. The lime requirement is only between
2-5%.
* Nil sulphide and low percentage of lime results with the reduction of 70% of pollution load generated upon

liming and deliming processes of conventional lime-sulphide treatment.

Commercialization Status / Techno - Economics:

e Status of commercialization : This technology is ready for commercialization.
e Major Raw Materials to be utililized: Cocktail enzyme; Lime and water.

e Validation level: TRL 4

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

e Techno-Economics :

Enzyme production cost: ¥ 1000/L of enzyme.
Volume of enzyme required for a ton of Goat Skin = 5 L.

Cost towards to pollution management : Nil.
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Technology Outline

Conventionally, the tanners employ around 300-400% water during the liming process.

Generation of enormous quantity of wastewater containing eco-sensitive chemicals contribute to pollution loads.
This technology employs ultra-low quantity of water during liming, based on maintaining a concentration
gradient approach.

The reduction of the usage of water coupled with reduced offer of chemicals during the process enables a
significant reduction in pollution load.

Reduced discharge of wastewater and conservation of the water for industrial usage.

Salient Features / Highlights / Advantages

Use of ultra-low water during pre-tanning was optimized.
Water reduction by 75%.
Reductions in COD, TDS, Alkalinity and sulphide by 19, 15, 20 and 88%, respectively.

Commercialization Status / Techno - Economics:

Status of commercialization: This technology is ready for commercialization.

Major Raw Materials to be utililized: Suitable for all raw materials, commercial chemicals such as lime and
sulphide.

Validation level: TRL 4. Ultra-Low Water based Liming (ULWL) process was fine-tuned at pilot scale and
validated at the commercial scale in a commercial tannery.

Handholding support: Training, Demonstration, Technology Document, Trouble Shooting, Assistance,
Technology Implementation can be provided by CSIR CLRI.

Techno-economics: A net saving of ¥ 1500 for processing 1 ton of hides with a significant reduction in water
and chemical inputs. The process is technically and economically feasible.

Soaked cow hide Limed pelt Chrome tanned leather

Validation at commercial scale

a,ﬁ
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¥ WATERLESS CHROME TANNING

égﬁ*’“z@ TECHNOLOGY (WCTT)

Technology Outline
e The use of water during chrome tanning is essential for attaining uniform diffusion, distribution and hydrolysis
of chromium.

e Waterless chrome tanning eliminates the use of water, salt, sulfuric acid and basification salts during the
chrome tanning process.

* There is a need for the development of a product for facilitating chrome tanning without water for widespread
manufacturing and application.

Salient Features / Highlights / Advantages

* Complete elimination of salt and sulphuric acid.

e Complete elimination of inorganic acids.

e Reduction of Total Dissolved Solids (TDS) in wastewater.

e No discharge of chrome containing wastewater.

* Wet blue leathers on par with the conventionally tanned leathers.

Commercialization Status / Techno — Economics

e Status of commercialization: This technology has been already commercialized.
* Licensed to more than 185 clients in PAN India and to an overseas client (Egypt).
® Major Raw Materials to be utilized: Existing raw materials in the tanneries can be employed.

* \Validation level: Product developed and validated at pilot scale, Commercial level validation on goat skins
and cow hides carried out at a tannery in Ranipet.

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

* Techno-Economics: Min. Economic size — Small and Medium scale tanneries; Optimum investment —
Existing tanneries without any new investment, the technology can be adopted; Approximate payback
period/ROI — 12 Months.
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Technology Outline

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

Syntans are 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.

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

Re-chroming is carried out to ensure uniform Cr,O, content in the leathers procured from different sources.

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

The use of formaldehyde condensate based mineral syntan in leather processing is not environmentally benign
Melamine-formaldehyde condensate is used for preferential filling.
Combination of formaldehyde free melamine condensate and chromium melamine based syntans not available.

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

developed.

Salient Features / Highlights / Advantages

Commercialization Status / Techno — Economics:

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 area yield. s 5

Good dye levelling, excellent buff ability with natural sheen.

AELTAN- (M

Produces uniform milling pattern.

Overall quality enhancement and better cutting value.

Status of commercialization: This technology has been already
commercialized.

O SELLAM'
e SELTAN CM
; o

Licensed to one client.

Major Raw Materials to be utilized: Melamine, Organic acid, Basic
Chromium Sulphate, Glyoxal. B
Validation level: Pilot scale trial for preparation of syntan was carried out =
using 100 kgs of trimming. The performance of the prepared syntan was |
also observed to be good for making various types of leathers. Bt
Handholding support: Training, Demonstration, Technology Document, =
Trouble Shooting, Technology Implementation.

Techno-Economics: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.

a,ﬁ
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%ﬁ&é CHROMIUM FREE TANNING GEL

Technology Outline

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

Increase in demand for chromium-free tanning systems due to the toxicity associated with Cr(VI).

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

The present technology deals with the development of low-cost chromium-free tanning gel.

Salient Features/Highlights/Advantages

Nature of the Product: Gel.

Active Ingredients: Non-chrome inorganic polymers.

Application pH range: 3.0-6.5.

Leather Shrinkage Temperature: 80-85°C.

Predictable and consistent results.

Tanned leather is brighter and good grip for shaving.

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

No risk for Cr(VI) formation.

Energy and resource-efficient system.

Commercialization Status/Techno-Economics

Status of commercialization: This technology is ready for commercialization.

Major Raw Materials to be utilized: Indigenous low-cost raw materials.

Validation level: TRL 4.

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

Techno-Economics: 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.
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The Emulsifier pertains to the dual-use for
industrial applications. More precisely, the
Emulsifier is mixed micelles that can produce
both water-in-oil (W/O) 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

Commercialization Status / Techno - Economics:

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

Stability: Emulsions formed from the emulsifier are stable over a wide 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 it useful in pharmaceutical and cosmetic applications.

Suitable for Fatliquoring Applications: Emulsions formed from the Emulsifier are suitable for fatliquoring
applications.

This technology is ready for commercialization.

The technology is validated at Lab scale.

The product has various applications in emulsion-based chemical
industries and the leather chemicals industry.
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Technology Outline

e Effluent from the paper and pulp industry
predominantly contains large amounts of
polyphenols like lignin and fragmented lignin.

® The leather industry consumes a huge amount
of synthetic phenol-formaldehyde resin as a re-
tanning agent to improve the homogeneity and
organoleptic properties of leather.

* The presence of free formaldehyde in leather is
a major concern because of its carcinogenicity.
Hence, the development of a phenolic re-
tanning agent devoid of formaldehyde is
emerging.

e Waste liquor collected from paper and pulp
industry has been chemically modified and used
as a re-tanning agent in leather manufacturing.

Salient Features / Highlights / Advantages

¢ Utilization of paper and pulp industry waste as a re-tanning agent.

e Product is free from formaldehyde.

* Imparts excellent softy touch and wet feel to the leather.

e Smooth and fine grain.

e Compactable with all kind of syntans, vegetable tannins and fatliquors.

Commercialization Status / Techno — Economics:

e Status of commercialization: This technology is ready for
commercialization.

® Major Raw Materials to be utilized: Black liquor and acid.
e Validation level : Lab and Pilot scale trials were carried out.

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

® Techno-Economics: Approximate payback period / ROl is 12
Months.

Paper and pulp industry

Green Technology
Waste to Wealth

Leather Industry

Lignin based Retanning Agent

CSIR & CLRI
R
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The technology involves a flame-retardant (FR) product, a process for the preparation of the FR product, and a
process of application of the FR product for making flame-retardant white leather.

The formulation primarily finds application in the leather processing industry to produce fire- and flame-retardant
white leather. It may also be used for making industrial safety leather apparel.

Salient Features / Highlights / Advantages

Non-toxic and environment-friendly.

Required dose 12-15% with respect to the weight of the leather.

Reduce the flammability degree (enhanced flame-retardancy) by 20-25%.

Reduce pre-post ignition smoke production.

Delay the time of peak heat release rate and hence provide more escape time during a fire accident.

Commercialization Status / Techno - Economics:

Status of commercialization: This technology is ready for commercialization.
Major Raw Materials to be utilized: Inorganic metal hydroxide, nonionic surfactant(s) and water.
Validation level: Validated as TRL3.

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

Techno-Economics:
e Total cost ¥ 100/Kg.

e Cost of Raw Material ¥ 80/Kg.
® Other Costs (energy, agitation,manpower, pumping, etc), Incuding 20% overhead: ¥ 19.83/ Kg.

Leather treated without the FR product Leather treated with the FR product

Photographic images of the leather samples treated without and with the FR product after the Horizontal flammability tests
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Technology Outline

* Thetechnology 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

* The nanofiller cum blowing agent used in making the PU-composite sole is environment-friendly, halogen-free,
cost-effective and compatible with the commercial polyol systems used in making footwear soles.

* The developed PU-nanofiller composite shoe soles show improved
flexibility, improved cell stability, and a reduction in bulk density.

e High flexibility makes the sole suitable for applications where repeated flexing is required (outsole, midsole
and in-sock).

Commercialization Status / Techno - Economics:

e Status of commercialization: This technology is ready for commercialization.

® Major Raw Materials to be utilized: 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.

e Validation level: Validated as TRL4.

e Handholding support: Training, Demonstration, Technology Document, Trouble Shooting, Assistance,
Technology Implementatio

e Techno - Economics:

® Increased PU foam formation because the nanofiller acts as a chemical blowing agent. Use of 1-3% of
the nanofiller leads to a 20-40% increase in foam volume.

*  Increased foam formation leads to a reduction in raw-material requirement.
*  Production of the PU-nanofiller composite soles needs no modification in the existing PU sole/footwear-
making machinery (reaction injection molding/pouring machine)
R o _’ \
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Figure 1. Polyurethane
foaming process - Cup-test
of PU-nanofiller composite
. foam showing increased
foaming with increasing
nanofiller from 0-2%.

Figure. 2 Complete
footwear fabricated
using the injection
molded PU-nanofiller
composite sole
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* Safe and environmental friendly separation of collagen hydrolysate from chrome shaving waste by alkali
treatment.

Technology Outline:

* Modification of collagen hydrolysate with polymers and polysaccharides through simple polymerisation.
* Syntan will be utilised during the post tanning as a filling agent for upper and lining leathers.

* Crust leather made out of developed syntan showed good tight grain and better fullness.

Protein-based syntan from chrome shaving dust at pilot scale level

from Waste

e 2
Leather Industry Chrome
shaving dust

Multifunctional syntan
from protein waste

Salient Features / Highlights / Advantages:
e Better utilisation of leather industry solid waste.

® Protein based syntan can act as replacement for
acrylic resin and protein filler.

e Compatible with conventional post tanning
chemicals like syntans, vegetable tannins and
fatliquors.

* The leathers have improved touch and dyeing
properties.

e 50% reduction in the TDS load.

Commercialization Status / Techno — Economics:
e Status of commercialization: This technology has
been already commercialized.

®  The technology has been up scaled to 1 ton
production scale.
®  The prepared product has been evaluated

at the pilot tannery of CSIR-CLRI and in Protein Syntan and Crust leather
commercial tanning industries.
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Technology Outline

Kitchen waste is one of the most inevitable wastes generated on daily basis. 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

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.

The pilot scale demonstration plant of capacity 500 kg/day has been funded by DBT, Gol under ‘Swachh

Bharat Mission’ and implemented at BS Abdur Rahman Crescent Institute of Science and Technology, Vandalur,
Chennai.

e Co-digestion studies indicated that biogas yield observed was 0.7 to 0.9 m¥/kg of VS destructed.

Commercialization Status / Techno - Economics:
e Status of commercialization :
This technology is ready for commercialization
e Major Raw Materials to be utililized:
Leftover Food Waste, Vegetable Peels and Fruit Peels.
e Validation level: TRL 6.
e Handholding support:

Training, Demonstration, Technology Document,

Trouble Shooting, Technology Implementation.
e Techno-Economics :

e Elimination of groundwater pollution and
odour problems associated due to disposal of

solid waste generated from the food industry.

e  Biogas Generation and use of Digestate as

manure.
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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 been implemented at

Calcutta Leather Complex (CLC), Kolkata.

Salient Features / Highlights / Advantages

* Protection of environment i.e, air, water and soil from contamination due to dumping of waste.
¢ Disposal problem of fleshing and WAS in tannery sector can be minimized.

* Odour and groundwater pollution problem can be minimized.

* Biogas generation from tannery solid waste.

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

* No additional treatment cost due to reusing the produced energy from the waste for operation of the plant.

* Improves the aesthetic value in and around leather complexes.

Commercialization Status / Techno — Economics:
e Status of commercialization: The technology commercialization is under process.
e Major Raw Materials to be utilized: Fleshings, Sludge.

* Validation level: 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. The technology has been demonstrated to tanners.

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

e Techno-Economics:

e  Elimination of ground water pollution and odor problems associated due to the disposal of solid wastes

generated from the tanning industry.

e  Biogas generation and use of Digestate as soil conditioner.
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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.

Salient Features / Highlights / Advantages

® The compost is organic in nature.

* The supplementation of compost enhances the
yield of paddy crop.

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

Compost preparation

Basal salt medium
— Fermentation liquor
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Commercialization Status / Techno — Economics:
e Status of commercialization: This technology is ready for commercialization.

® Major Raw Materials to be utilized: 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.

e Validation level: 1 kg to 500 kg level.

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

Q‘ 5



woeeront
.’  CSIR-CLRI

TECHNOLOGY PROFILE

IMMOBILIZED OXIDATION REACTORS (IOR) FOR s
WASTEWATER TREATMENT e

Technology Outline

The technology has four components each of which
either comprised of immobilized bacteria in nano
porous carbon/iron doped nanoporous carbon/ enzyme
immobilized nanoporous carbon. The components also
generate hydroxyl radical for the oxidation of organics
in wastewater. The nano porous activated carbon
generates hydroxyl radicals from molecular oxygen by
the carbon matrix at the outer pore surface area. The
organics in wastewater are fragmented by immobilized
martrices. The fragmented organics are oxidized by the
hydroxyl radicals generated at the outerpore surface
area of the nano porous activated carbon matrix.

Salient Features / Highlights / Advantages

* Low Footprint requirement; No odour emission.

*  Minimum sludge production compared to
conventional technology; The technology can be
integrated with membrane separation. IOR based ETP at Ghana, West Africa (1500 m®/day)

Commercialization Status / Techno — Economics:

e Status of commercialization: This technology has
been already commercialized.

e Licensedto 15 clients (Both in India and in oversees).

e Major Raw Materials to be utilized: Catalyst
synthesized from agricultural solid waste.

* Validation level: 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.

* Handholding support: Training, Demonstration,
Technology = Document,  Trouble  Shooting,
Technology Implementation.

e Techno-Economics:

* Low foot print requirement.

IOR based treatment plant (750 m*/day) in a textile
industry, Tiruppur, Tamil Nadu

®  Operational cost is much less than with
conventional equivalent technology.
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Technology Outline

* Fibrous wastes like banana peduncle, tender coconut and
sugarcane bagasse are generated in bulk in urban areas,
especially in vegetable markets, shops, malls etc., and these
wastes can be pyrolyzed after solar drying to get the biochar
and energy.

* Sewage sludge from STPs can also be dried with solar energy
and pyrolyzed along with this high-calorific fibrous waste.

* This process aligns with SDG objectives and National
missions.

Salient Features / Highlights / Advantages

* This process generates zero waste and is energy-efficient as
solar energy is used for drying and heat energy generated
from waste is used for pyrolysis.

e Energy is required only for waste pre-treatment (e.g.,
shredding, dewatering, mixing) and system operations like
blowers and conveyors.

* Biochar production reduces carbon emissions and it could
be used as soil conditioner and fertilizer.

* Thermal energy from pyrolysis can be utilized for heating

applications, including for floor heating in solar dryer.

Commercialization Status / Techno — Economics

e Status of commercialization: This technology is ready for
commercialization.

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

* Validation level: TRL- 4
e Handholding support: Technical support with training and

demonstration can be provided for the stakeholders like
municipalities, corporations, waste handlers/operators.

* Techno-Economics: 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.

Qﬁ
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Technology Outline

The reactor is able to simultaneously remove colloidal and suspended particles with very minimum sludge
production. The reactor comprises of oxic and anoxic zones. The oxic zone removes the suspended particles by

interception method, and the anoxic zone digests the solids scavenged by the oxic zone.

Raw wastewater \

N N

s Chamber-3 |4 " Chamber-1
1 L TN T
o '

O Oxic zone outlet
O Anoxic zone outlet Bio film coated Plastic

material

Salient Features / Highlights / Advantages:

* Low foot print requirement, Low electrical energy consumption, Low operation cost, Minimum sludge
production compared to primary chemical sludge.

Commercialization Status / Techno — Economics:

e Status of commercialization: The technology is ready for commercialization.

* Major Raw Materials to be utilized: For reactor construction — RCC/FRP materials required.

e Validation level: 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.

Techno-Economics: Operational cost is much lesser than the conventional technology as no need of any
chemical dosage required.
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Technology Outline

Globally, around 0.8 million tons of chrome shaving
wastes are generated annually, leading to the
accumulation of solid waste in huge quantum.

Presence of chromium in the protein-based waste
hinders its usage for other applications.

Incineration and landfills lead to the leaching of
chromium into the environment.

Need of the hour “Technology for efficient recycling
and reuse of solid waste”, Accordingly, a technology

for sustainable usage of chrome shaving waste as
a reducing agent in BCS manufacture has been

developed.

Salient Features / Highlights / Advantages

Meets all the requirements of BCS as per BIS norms.

Better masking and imparts a pleasant blue color to
tanned leather.

Better exhaustion during the tanning process and
uniform distribution of chromium in the wet-blue
leather.

Improved fullness due to the presence of hydrolyzed
protein in the prepared BCS.

Economically feasible — Cost of product is equivalent
to commercial BCS.

Complete utilization of chrome shavings as a
reducing agent.

Eliminates the solid-waste disposal problem and
promotes the concept of circular economy.

Commercialization Status / Techno - Economics:

BASIC CHROMIUM SULPHATE USING CHROME
SHAVING WASTE AS REDUCTANT

Application of
BCS as tanning
agentin
leather
processing

Circular
economy

BCS
manufacture Solid waste
using ~ generation -
chrome Chrome
shavings as shavings

reductant
Complete

INCINERATION LANDFILL

Synthesized product — Spray
Dried BCS

BCS using Chrome shavies
as reductant

&E 'wy,

p=— ~  Chrome tanned
!, = - Leather using
““

y .

Z

prepared BCS

Application trials

Status of commercialization: This technology has been already commercialized.

Validation level: This technology has been up scaled to 50kg production scale at the pilot plant facility of

CSIR-CLRI.

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

Implementation.
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Technology Outline

The process technology comprises of five
steps namely

a) alkaline pre-treatment,

(
(b) lipase pre-treatment, Hydrolysed Co!ln
) (Batch: CLRI. PS.15.23)
(c) hydrolysis,
' | + Fish Skin (Tilapia)
(d) concentration and : Off-White Fine Powds:
] : Readily soluble in wate
(e) spray drying. :3.2840.5% '
193.70£1.2%
The uniqueness of the present process $2:20 L0208

is the alkaline pre-treatment with low
concentration of alkali that favours
enhanced yield of the collagen peptide

(around 29.0%).

Salient Features / Highlights / Advantages

High yield of product.

It is a sustainable solution for utilizing fish skin wastes from the fish processing industry.

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:

e Status of commercialization: This technology is

ready for commercialization.

® Major Raw Materials to be utilized: Fish skin & all

other raw materials are Indigenous.
¢ Validation level: Validated at laboratory scale.

* Handholding support: Training, Demonstration,

Technology Document, Trouble Shooting,

Technology Implementation.
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Technology Outline

The poultry processing industry generates large quantities of feather as wastes, and needs to be disposed safely.
Chicken feathers contain around 91% protein as keratin which could be degraded by keratinases and the resulting
hydrolysate finds application as raw materials in many industries.

Hydrolysis of feather is accomplished through (a) physical methods involving high temperature and pressure, (b)
chemical methods using alkalis and (c) biochemical methods using microbial strain or enzymes.

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.
Preparation of keratin hydrolysate

= WY 7% M
JJ‘;?»- “—»

" "y.

4‘( V'\"ﬁ \.&I

Feather wastes Washed and Dried Feather Grinding Feather Hydrolysis

Spray Drying

Salient Features / Highlights / Advantages

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

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

The keratin powder product could be used in various industries including agriculture, poultry and cosmetics.
Import substitution (ATMANIRBHARTA).

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

Commercialization Status / Techno - Economics:

e Status of commercialization : This technology is ready for commercialization.

* Major Raw Materials to be utililized: The raw materials include the bacterial strain, media components, salts
and keratin wastes, which are indigenously available.

* Validation level: TRL 3 for enzymatic process and 4 for chemical-based process.

* Handholding support: Demonstration, Training, Technology Document, DPR preparation for setting up
production plant facilities, Technology standardization at commercial scale upon licensing of this technology.
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Technology Outline

e 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.

e Calendaring using the composition prepared is
done over a coat of synthetic film formed on a
release paper.

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

* 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.

* 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.

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

Commercialization Status / Techno - Economics:
e Status of commercialization : This technology has been already commercialized.
e Licenced to one clent.

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

* Validation level: Validated at pilot scale.
* Handholding support: Training, Demonstration, Technology Document, Trouble Shooting, Technology
Implementation.

® Techno-Economics: Capital investment for production unit: about ¥ 82 lakhs for production of 50 m? per day;
Break Even Point (BEP): Approx. 18 months.

ﬂ,ﬁ
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Technology Outline

* Due to the growing population, limited raw materials, and environmental concerns, alternatives to leather from
natural resources are high in demand.

® The available leather alternatives are predominantly synthetic materials made of synthetic polymers which are
eco-sensitive.

e CSIR-CLRI recently developed leather-like materials from various plant straw wastes. The process for making
leather-like material from plant straw has been patented (Indian Patent Application No. 202211044777) for
possible utilization in making consumer products under the project “Much of Muchness: Leather-Like Materials

for Life-Style Product Applications”.

Chemical
treatment

Rice/Wheat
straw

Leather-like material

Salient Features / Highlights / Advantages

* The process utilizes entire plant straw agricultural
waste product and chemicals used without
discarding any liquid or solid waste into the
environment based on zero discharge concept.

* The process uses low water.

® The chemicals used in the process are inexpensive,
non-toxic and abundantly available in local markets.

* The developed product is inexpensive.

* The developed material is easily degradable and
non-hazardous to the environment.

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

product industries.

Commercialization Status / Techno - Economics:

e Status of commercialization : This technology has
been already commercialized.

* Major Raw Materials to be utililized: Rice straw /
wheat straw; Eco-friendly chemicals.

e Validation level: TRL 3.

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

e Techno-Economics : Break-even of less than a year.
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Technology Outline

* A composite is prepared using natural polymer
(plant-based) and Crystalline Nanocellulose (CNC)
obtained from botanical source. CNC is prepared
using the cellulose obtained from fermentation of
tea or wheat straw or rice straw. The composition
is mixed with suitable cross linkers and plasticizers
(Indian Patent Application No. 202211045097). " =

e The cross-linkers and plasticizers used were .
also organic in nature. Further, the composite is
reinforced with natural fabric such as cotton, linen,
rayon etc.,

* The composite was tested for mechanical
properties and found to meet the requirements
for manufacturing shoes, life-style products and
garments.

.
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Salient Features / Highlights / Advantages

¢ Plant-based material. Manufactured using agricultural wastes such as wheat
straw and rice straw; Biodegradable.
Suitable for manufacturing of shoes, life-style products and garments.
Tested for physical properties & found to meet the requirements; Fulfil
REACH standards.

e The product of this technology finds application in specific segments of
consumer goods market as a leather substitute.

* The process technology is not associated generation of wastewater or solid
waste.

e Sustainable solution for air pollution due to stubble burning.

Commercialization Status / Techno - Economics:

® Status of commercialization: The technology has been standardized at pilot
scale and commercial scale. It has been demonstrated at commercial scale in
Ahmedabad and Kanpur. This technology has been already commercialized
to one industry;

e Major Raw Materials to be utilized: All the raw materials are Indigenous.
e Validation level: Validated at commercial level.

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

® Techno-Economics: Capital investment for production unit: About ¥ 62
lakhs for production of 50m? per day; Break Even Point (BEP): Approx. 18
months.

* This technology provides a simple and economical option to effectively use
agricultural wastes to manufacture value added products.

* The invention provides an option to use wastes as resources to achieve
circular economy.
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Technology Outline

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

for pressure offloading.

e Diabetes affects over 90 million Indians, with DFU
impacting 25% of patients and having a high
recurrence rate. AFO is specifically designed to

offload plantar pressure, correct gait, and improve

posture.

Salient Features / Highlights / Advantages

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

e AFO is made using anatomically efficient and
indigenous materials.

Commercialization Status / Techno - Economics:

e Status of commercialization: This technology is
ready for commercialization

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

¢ Validation level: TRL 4.
* Handholding support: Training, Demonstration,

Technology = Document,  Trouble  Shooting,
Assistance, Technology Implementation

e Techno-Economics: Orthotic device manufacturing
can be undertaken by small and medium-scale

industries. Device manufacturing industries can
generate significant revenue.

* The off-the-shelf AFO technology is simple and
cost-effective.
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Technology Outline

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.

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

To address this, 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

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

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

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

The technology can be transferred to orthotic device and specialty footwear manufacturers.

Commercialization Status / Techno - Economics:

Status of commercialization: This technology is yet to be ready for commercialization.

Major Raw Materials to be utilized: Thermoplastic materials, metal frames, sockets for orthoses, upper and sole
materials for footwear, wearable sensors, actuators, PCBs, and batteries for power.

Validation level: TRL 3.

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

Techno-Economics: The orthotic device manufacturing can be done by medium scale industries. The device

manufacturing industries can generate revenue.
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Technology Outline

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

Salient Features / Highlights / Advantages

* Developed light weight leathers matching all the property requirements.

* Designed interventions to have more leather in gloves to enable better cold insulation and better grip.
* All properties on par with global benchmark gloves with one third the price of the imported gloves.

Commercialization Status / Techno - Economics:

e Status of commercialization: This technology has been already commercialized.

® Major Raw Materials to be utilized: Leather and textile materials.

e \Validation level: User trials being done at high altitudes.

¢ Handholding support: Demonstration, Technology Document, Technology Implementation.

e Techno-Economics: Enable ATMANIRBHARTHA.




TECHNOLOGY PROFILE

LEATHER AND PALM CRAFT %%ig@g
COMBINATION PRODUCTS i

Technology Outline

* Palm leaf has been identified as potential raw materials for the traditional craft sector.

* The raw material is obtained from the palm tree and has been traditionally used the product making.

* CSIR-CLRI has developed technology to design and develop products in combination palm leaf with leather for
the craft sector.

Salient Features / Highlights / Advantages

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

e Abundant availability of Palm leaves in India.

* Empowerment of women workers across India in Palm Crafts.

e Design intervention to the Palm Leaf Craft industry.

* Development of New-age fashion products from Palm Leaves and leather combination.

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

Commercialization Status / Techno - Economics:

e Status of commercialization : This technology is ready for commercialization.

* Major Raw Materials to be utlilized: Palm Leaves panels and Leather. Low investment for raw materials of craft.

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

e QOut of the estimated 8.59 crores of Palmyrah in India, about 5.10 crores of Palmyrah are in Tamil Nadu.

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

* Improve livelihood and socio-economic conditions of Palm Leaf craft artisans.

* \Very less infrastructure and investment are required.
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/ A Our Industry Partners /
Stakeholders

AGENCIES CONNECTED WITH LEATHER INDUSTRY

Ambur Economic Development Organisation (AEDO)

Central Pollution Control Board (CPCB)

Chennai Environmental Management Company of Tanners (CEMCoT)
Confederation of Indian Industry (ClI)

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)
Export Inspection 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 (IICCI)

Indo-Japan Chamber of Commerce & Industry (IJCCI)

Tamil Nadu Pollution Control Board (TNPCB)

COMMON 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
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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

LIST OF REGIONAL TANNERS 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 Trichy Tanners Association

The Vaniyambadi Tanners Association

Madhavaram Tanners Association

OTHER TRADE ASSOCIATIONS SERVING THE LEATHER INDUSTRY
Agra Footwear Manufacturers and Exporters Chamber (AFMEC)

All India Skin and 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 (IIPA)

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)
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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 concession 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%

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

on

CLRI.KPMU.TC.V07.2025
email: kpmdclri@clri.res.in
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Unbhairing after 6 hrs Application — Unhairing
process

T peor bt fRRafar / aslest — 3reiem=x

e TRl / setfhat / &

T 31T WTeAl BT TSITsHT R=iaeT ufshar
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Spray Dried
Protease Powder

Spray Dryer
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* IuAl T pU S a1l UH=A Head ATel: Sitarivas frefa, #ifEar gew, aaur, w=m=ieds aEa s=a Ata

geeT A Iuda=r & |
HT=Ih0T =d<: TRL 3

Tar Taef=: s wenfiet & asdas R s g2 uf@reror, Fuor, sienfvet gsaas, Ia=ar Fareor,

weEnfirept PprRrf—=ra JAdT0 aerT Bl SITeIt |



: Q0
RrepT 92 & =97 va' 93 S e

'“ﬁs.ﬁ:é
IR ON
WrenfTrest wuwEr

it =t 3l Saure I & Tére ot Ser
& oo Surfda =3 At & w9 A RapT
U= Bt =T Bt gEAT AT AT Bt IS B
T AT Ulegl ohT Iulcdare g 31T anTa
TuTdt 1 SvTengsme—<fuas g A
3TTaees oM @ AT e 4= @t =\ rer
I g Bl AT B Bt HlENFest
fAopffa =t 2, 3 s ulRvimaasu
e =Y & o =¥ 99er 3R Sae U
U ST T €1 fAopfaa ot 71 =ivne=
WeNfFrst =maETRes a0 S <aerEt 3T
Tt & 3R gRulRe ufshar ulenfvest =
PIE gsT fraerT =&l 81 Topfdra WeniTrant
B¢ oM B g 3R Sdare I B e
e A dooT 9T BT GEE AaT HIft]

=T faeIvaie / stetfepat / &

* Il areha TEEIvarstt 3flT 31T Eee IO arat I &1 SdeT faepa denffept @ =T = ST J@dar ¢ 3i

=1 UepR & IIg F91C AT Jhd Tl

UshHOT B TNSUH THhIss bl IT=ANT M &1 & 302 i ars<T ufsh=r & SR s 314s A&l 94T 2|
UshHOT H §H WshdCT & 3TTdT <his Ht HefiA<t TararT onfdar =gl @ 31T s ol ufere S =&l 8lar &1
HaeT o UlReoeTT Bl ETAHAT o dlfeh UTehfces faceft o Ye o fourar 7 ST =1 |

Va1 31T ST 991 D AU Paar BIdt B 3R s aefial Pt sravaedar gidt @ 3T dRERE grRT wenfest
BT MHTHT A 9TAT ST EAhdT 21

® FAWTA gHIEAT, SUIAr AR 31t dehd & ION & 1T WRAS H g3 & JAA1 fageft ded Sarg @t Fftrear 21

maareiieseer @t Rerfar / amtat — e

TaETdtereor ot Refda: s=1 Wit o1 2maariieor uga & f&am ST gt 21

Th UTeh i dATsaw ’am =i

SUART fhU ST a1 wi=a = AieT: ™7 & W=7 i e @It T IUTATR)

HI=Iehe0T T2 : UTRIeIE T2 UT HI=AhEOT

Jar TwRia:  ufEreaor, Feuer, denfest seaast, Ta==aT FRTseer, Wenffest srRi==mT

dhtpt — 3refe: wsha Fr=ifEa arftrSes ufsham Ae—319 & 1 SIa @ (@B A=y Susvr/Asfi=<t %t
TIeIhAT &l 8)

* MEfEept & e AR &y € 31k s3I AU SufFRN & v 8l 9™ o= =i/ Sdie ST 3= & &

g Aer BT 3R sEA dvc | d<Rr hHM 3R urHtor sitenfieeer ot #t et AR o B sie TEE 3R 9

B B2 Rae 91 arat HRER T5ga B Ht anT 8 Twar 21
® HARTA 3ThAT — (UE ThAT haddd TAHSH B oo A ¢ 3R q=dlideh 3Tihs IETAHAT b MER YT TH=T 8 Fhd B):
o 1 rartumd RepT & WX &1 @=T A, SFRET 2 99 |E 17 BT I dar= ear ST wwar @ @ & =1 &1
AT P TSI B TR 92T =7 Bar )1

° SdTe & AU 3masees = TEnga ¥ 7 ot Rawr onrta § @17 &t u=are v &) d9ar s & 2 @3

oTa 8 ( Forefpir, steaR |t o= Rue T 3R a@is ghsl &1 Raerns s |
®  HWTA: HTHIT . 100 A 150 Ufd &f e RepT wie = o1 9 (@Tfeepan)

“J



“,5

= so1E ufsharenl & MRt gRTst & 3Tt fhar STar 81 SpIFT @ AT | ==»fel ST uarel ol ger f&ar
Sar g1 e JI7arfis grRien o fey vy | feRaa saaslis BT SU—NT s $HEi-ch 9guehl &l el & far
SAaGI—3iTa=iTeheoT foRaT STTaT 31 SudTRa SUfEre SieT, STl Shiai-ich UgHehl & Hh ©, oI T U STaT Scedsi ure
FHA B e =7 & FHoT J g7 Su=T ham ST =ehar 31 s IURTe gRIEST # Su=Ra uRre Sia # Aleg sERre
AT BT 3 gfsham & g: U1 foham Sirar 21

g@ﬁﬁqmtr | SABAT | ST
®HIg UfETIE ST Scdsi=T &l ; IUAR A hls YD T;
HpeHT N A hIS Icsi-T A1 ; PH SIS Bl SMATAHT;
gfR=merT A A T2l ;

° St TFaer A opHt; TR SU=NT H ot ;

=maareiieseor &t fRerfar / gt — 3refeme

TaETiiereer &t Reafer: s=1 Wit o1 Smasr=iieeer ugat & foFam ST gt 3

9 urghl B AtsAwT = =i

IUANT U ST a1 T3 H= HAIST: IUHROT AR H D A0 MaeS Hear A [T J/d A U= T

HI=Ih0T =d2: UIENfIepl T URicie =2 U2 HIADIheoT fhaT =T 81 SATTGITRp T2 U2 S3hT H9ueT J=d H g

shTedl 31 SRENTAT # 9= shisAl d har =T B I8 Wit a2 AR gusEar & aiRre sta & forw o

SUIH Tl

o Jqar THRI: ufereror, s, AENFET s=aEsT, JH==T PRI, Wenfient ST

®  TeplBT — 37fer==: 2 e =il ETel/aHS A I 991 dTeit U ghis & 13U sean fFaer — =. 10 d=a/ed =it
T ; IFFHATAA WA sEfey/fFraer g Red areT 2 o 21



woeeront
.’  CSIR-CLRI

@40

oot d

"ot @t "|rer | =9 3T S b

ol *, . -s
gﬁ-’:"ﬁa;&?

Wrenfirest ST

Heell Pt wTeT I = H gGar1 @t Ufshar uHa wa =
FH—8rSe == H Hisar wEfTest, arq 7w ST vsier @5t
gg, aHenya B 918 3R uRTserT ushAl ® U=t fhu
S 91 TJATAT Bt gEe A =T gidt ¥ e ushe
B dIc ASIT B Tl Pl IS Bl STt & 32 =07 & Ae
/ et oY g = fa=adT g sar 1 Sta s
TR O9er dae fopU Sita €1 93 9A 9= SdreT & forw
et fareprar fARrear ar 8t

Tilapia

Sea Bass

=y faeiuaie / srefpar / T

* =T uwrR Wt Aeet Bt @ret B I F 95 B
T uedeeheor et ol 3hiera T Strar g1

® HBAT BT bTeT Pt gSIT ATehfar/=a<va &I 910 T=4ad
U 3T =7 &Y 3rrhdes wu &= Sirar 21

* Tl & T B ATRE OT URIRS A5 & I B
qer ol

* Huell Wt waer A fpf¥Ha = & 8ie a9 I=q si=t
U, aec, gSt @1 ufgal sie Sl # aRRafda fe=ar
ST FehaT T

Red snapper

Pomfret

Stingray

Parla

TaaTfiepeor Bt Rerfar / go-diast — 3refem=x
=Taarefteseor ot Rerfda: o wenfFst =maar=ieeor @ v d=me 21
ITART U ST 16 Wi = AleT: HIRd A "Bl &1 HTel, Al Uieheol IUANT = Iuai=d B |

HIh20T <a<: TRL4

T JAATE UG Bt ST |

“,5



s dEei:
 CSIR-CLRI

o RmRE fRRRE S ST A8 91 831 H hI1H b
IR TAT FHIA FATA F T aTat AFTRSGT 3T =1
it & v g=arm 3T Bus 3raeas 21

° gIT-gE, yAdHENyT 3iT wienuT vaiel @ fadwyet
TJIT B HATI—HTT UThAT ATIEsSl & Ecied FAaaor &
HTT = g9 W1 UfEhaT & ASiha e = 21

o Tfaopffa =i —30 & —10 TSt ART==T a% & amuH=
B gfd a<tar gar & 3T ST gohraT 450+100 GSM
Bar gl

* Iz ITfaspTe =T 3T =T 3Tg IAFT H debIer TI=IRT
% Tov #ew@yqot awar z=aar 8, St g=art e gRar
S IdTel @ foe Suees B

* 3rawshdr: H=mRE & ufd a¥ 40,000-50,000 =T
aaT 9T Tt gadt € O==r ¥ gTam, St ada
rerfaa 8 AnTRe avaharstt o fau #ft e
TEAT AT g1 B Tae=IPhdr T

TR feRIvae / srerfhar / &

* Th I I 35 R T=am Id s= B v
RTTHATRE 9 | IUA THLEAT D HIA  ITehiord
wfehar T

® IO W ST "ish=r

e yRumdt o & S ufd=iEt (30 3t e aw)
3R &b a1 ot faeyar (450+100 gsm) &

o  TFUHITENR—TAITR3NE UT=reie 3t & 50 fhaiuma
I B HTT gfshar ot AT rar =T

o i TEaM 3w uRums a9 & fav =nft #iifds 3=
TR STTATTHATN BT YT FHedT &

* T wHI UHIET T A qEa # uRafda fram smar &
3= Rretvar &t st &

=maareiieseer &t Rerfar / awAtst — 3reien=:

°  FaETheuT &t Rerfa: Je Wit =maariieor & fov d=9mR 2 3T g=a™ 991 a9 99 & v
UTeh B UTT SHBT ATTHTHROT 8 IHT Bl

® 3IUANT foFU S a1l UH= &= HATel: it et sepdt a1 A5 ot e, arftriSs == S99 a9,

® Hr=reheoT +ae: TRL 34

o  Jar TeE: uiEreror, Fsuer, WeNFept qea@st, Ta=r FaRer, SErEar, Wit s
HoEsEsR—<fvarsi=RaE aRT Uar T har S St 21



- & LMTO6

- .
The Innovation Engine o India

Ok A0
yfR=eer we fE=isvr ufshar g

;»??{*%
IS

Hrenfirest wueEr

® UfRREOT H FGUT B IUANT A URIE ST § 931 AT # d «1a0T 3T A= AT H /et goreiiar s (&Sive)
Ia=T BIaT T

® TYT/FATA & UrRUlRh Ta=imor & v fadeft =nfSerT Tewiss o1 Su=hT e Sar 21

® TP Ubhar AIFh qEe href wear & 3rdaia Sar=ftT o+ 3ile ufRdsfiar Ry & uRzaor 3= =i fAesfEa =
=T '

Application of
Bifunctional compound

¢ —

Stored at room
temperature for 30 days

v

Unhairing :D

Unhaired Pelt C—==)

IuATRT wTet/adar &Y fFHsicfteeor @& 9T aRasi=r Rerfd=n ¥ 6 #d ao wudla fF=Ir ST = har
1) BT YL avE A g€ @ v Towiss # 70 ufdera ao @t Bt wha @

Tereitereer @1 Reafar /| atast — siefeme=

°* Fariieeer @t Rerfa: aE deffpt @maarieeer & & dur g1

* IUANT fhU ST a1t UHRT H=Y Atel: FAsfEa Siae wigaerT o1 Fmfor wageft o= a@rer o1 U=t Hea fFHar s
ThdT | STEfeh 3T=T T aeahdrsll & v HiSEr =l ATer &1 IuART f&har ST =ehar 21

® HIH2UT T2 UANTRIAT 3T U—ielc =T 92 H

o Jar IHI: UiRTeror, FrsuvT, Wit qdrast, JH=aT FR1oT, Heniiret S

® aepitept — 37eferre=:

* AAH RGP AP — BIT 3T AT =2 & IHeNu-rad; sead fFaer — AT et 7v Faer &, dienffest @t
STIATRIT ST HHAT ©; FAFATT AT 3Tafer/ARSNATE — 12 7EH |

a,ﬁ



QJ

Il USITSH bl 3UIe: Uh dobhlss—lad fa=iHer ufshar

piaeeT USTTsH H WMidleT, vaAEaS 3R st Fffaa sraura & & &, S gfer waw Sial ger Sarfka fre sma ¥ 3iie
BT Ja=AT H fhva B ded Jafda gia €, The ST FFspdor o2 3nfErs ®a I eNg= fHar Srar ® am darsT st
BT T 9T A Pl d2% SIR=—T SIAT & 30T 12—16 "l & 916 T2 ATsSTuIT Ufeham gIRT 91l ohl 8ST=IT SiTdr & 31
R & Te AfshaT @ 31ef a1eT Job =01 9TeT TR STTaT 3, <9< 91el o B esher &1 H Tt fohar smar 21

k’ Aspergillus tamarii MTCC 5152
3 Solid state Ferrentation

Cocktail Enzyme
(Protease:Amylase:Lipase)

Cocktail Enzyme

Goat Skin applied on flesh side Hair removal

Hair Free skin

\ i ‘ Healthy hair for
P further use
T TeRIwaie / steffepat / &

TRt Bt WA A Il I S Pt IAHTT ATHAT H JSHISS Bl JTETAHAT &l Biddl & AT Hihea TSIISH 31 T
TR 9Tl &1 ST fohar SITar @1 I &1 ATaeaehdr dad 2—5 Afaerd @ = gidt 21

I TSHISS T FA B HH UfASld & Bel=au YRURS JAT-Hoblss TR H A=A T e ushAl arRT
IU=T UgNUT {1T & 70 ufcrera w1 it et 21

maareiieseer @t Rerfar /| amdtet — 3t

*  aETEheUT Bt Rerfe: Je Wit =maareisor & ferw d=m= 21

® IUANT fFU S aTar UH &=l HIeT: hidcel USITSH; IAT Ud UT-t

® TI=IheuT =A2: TRL 4

o Jqr TERiA: ufereror, Fresuer, ANt searst, Tawar Friweer, Menffst s
® gpAtept — 3refer=a:

TSITSH IdTe Bl STPTT: 1000 9 Ul oflee vsisq

U T b3l bt T b TAU ATaeIh USITSH ot HET = 5 dlee

UGHOT USe bl STFT: T



ST aTex TSI wigear *%Q

Henfrest Swu2=wr

TRURETT Y &, = F91 a1 FAT I B giehar & SR SFTT 300—400 Hfererd gt &T SU=—ANT Hed ©
gafaeer & ufdr Hdeefter T ITat 3TUfere Sier &t WIEt |HIHAT BT SATGT USHoT HIR & Ve adT &

AT &, Ot pIg AdtT ufthar Suater =& &, S =t & Su=hT & Bt AT TOh

I WEAFepT JaT 99 @ SR Ul @t 9gd BH AT BT IUANT hecdl &, ST HigdT STel gieehIoT @l §910 T
U= ITETRa ¥

UfshaIT @ SR THTHAT BT HH MY B AT It B ITANT H HHT A UgH0T HIR H Ieoi=wd-1d HHT ATAT 3
sufere Ster &1 A fFdeT iR siEnfies Su=ihT & foe urt @1 ==eror

gwﬁﬁqaw/m/m

-2 & SR cET—aT dIeT T IYANT qehHiord fhar =T

eeT—al dTe? 98 ATSEIT ufshar oY u=ieie a3 u=e dies fh=ar = 3= arforSaress 2931 & arforicarss 9= ue
A== TR IR

qrt # 75 uferera &t T

AR JiTafisTT AT, @el gfold S, &RI-dr il dobiss # hHel: 19, 15, 20 3T 88 Ufderd ot &t
1 ST Tl & UEHEHT B U 1500 S Pt e Fad

ATgHRRoT Bt R=rfar /| doptept — 31eiem==:

=TT ot Rfer: g Wt =mawrfieor & e dur &

SUANT U ST aTel W=z = Alel: AT &= Ater, arforiSres T =T S 471 3T Hewiss @ fov Su=h
HI=reh=oT w2 TRL 4

oasmEs—<flvast=sE gRT var T S =ar T

aepIst—31efeTe=: 1 e Wl B UHhLUT UT 1500 UL Hi T dod gidt &, T & urt 3ir T=m=ri=r s qe &
Ht Scr=ater @t a1t €1 uw ufsham awtet i iEfes wu 3 =aeet ¥

Soaked cow hide Limed pelt Chrome tanned leather

QJ



s dEei:
 CSIR-CLRI

®Fi:@

eoeeed L

%ﬁg&%@ STorzfgd shiT 2T wenfTest

W fiept wuR=ar

° HIF AT B R A BT IUART HIETH B FA TR, aa=er e srsgier== ura s & fav smavas &

® Sfor 2fRa wh1A AT hiA SR ufdhar & SR Star, a4aoT, JorR[Re TS 3T afFfhaerT aaer & Iu=ANT &1
THATA He St Bl

* U fAFmfer iR srau=mT @ fov ster & &= i ST ot Iiear & f&v v S & AT ot ATae=rsar &

= faeiweie / srerfpat / ar

* FEUT IR TP UIRHAS T i I

® STprEfTes URAS @1 qot S

* IUfre STaT H /el geeiter ST uaral @ Eiver) 7 &t
® HIH Yh MURTT ST T Bis FdeT =&

o Iffer AT T URURS HT A YR FTT D A B GRER B

raarefteseer Bt Rerfa / awAiat — arefem==

*  FraHTEieheeT Wt Rl s=7 Wit &1 a==fieeer ugat & foham ST T 31

® gY WRd H 170 | AT Uteh! 3T U faceft e (@=) o s e =)

° IUUNT hU ST a1 UHRT H=Y HIieT: IaHENgATAl J HIS[g By AT T IY=NIT R ST FehaT Bl

® HIIHIUT +de: IUIE hlI U¥dc T2 U2 Apiada iR A fFam =m, gt &t ara iR = 3t 2ater U=
qTieTSeres T2 U2 HIFIKhUT e & IHeNg-ea & fhar =m|

o Jqr TwRA: uflEreror, Feuer, et qedadst, TH==T FR1R=er, MeiFst BT

®  qeptept — 3refer=:

o =Aaw ATRI® 3MHR — BIC 30T A=H T B IHengTe™; s<ad Faer — f&far et av Faer & #Aiser
THRNEATE=I H WEifTest @ STIAT=T ST SehdT o ; TTATA WPTAT STEfer/3Rasms — 12 7g 1

5



/7.0 :
- Siartorc darcort- Y
Hemmbm 4 CSIR-CLRI i

») CSIR
R BT TR 5 e
he npovaton Engine o

LCTO1

Okl
SHIH—NerT e Fanh

;»??{*%
IS

HrenfTept suezEr

= T FEfaren’ oF TSet uerat @ Su=nT 3R 3ifad Sae o St SufRerfa uR &2 uideer o1 ST hedr
9s TET T

T Thar 31T HT=T 9gcihT B 3 £

T IAIE F ISt Aeaqel HiH shie—Toire & wu H BIHAfesass &1 IU—NIT T, ST heesiT dATed siar 21
=T+ 3 o Sarel # wH didiew uv ot g wiifcssss &5t Aserft =t Fmtarst @ ferv R&ar w1 ves st FRer a7
= T

&= =at | ura =1 # veh A Cr,0, |l FFARea st & forv g i &1 St 2

HIT—THTT @RIERE 3T fhalar a1 sas SRART—wIHARsaEs Pp3dc IAIE) BT ATUH U A IIhIET B U
Iyt R STar ®

wHRNET F BHAsess Pee IURa s A= &1 Iu=T gaiaeer &t gfe & 3wt =&l T
AATHT—hTARSEEs B3aidc T ITANT =1 W= P fHv har smar 8

HIHCSEISS Hh AATHIT Hea<ie 3T HIERm AATHT maTRa T &1 wesT Sueaer =&t 81

b Wwiifesslss @t ufRRrfa o= arear 3iR SifEes & A fFese AanfiT ArarRd Sde & BEGl & & T §
A U, IE IAE — HIHaT—AaEHT e @isrerav) ffa ear = g1

= feeiaeaie / sretfhat / o

ATgHRRoT Bt RRafar /| doptept — 31eiem==

I BIAfeSEsS

Cr(Vl) =T =pIs HHTEAT T 3T gAfa<oT—3TTehet

dtar 8= 3T 9 87 U= I=¥ETHS WIS 31T U9 Ba bl UHIT
TRH ¥soT B T IET AT UG Heal &

= &t 3IusT B wTaa fohr fTaT Aers & gfa

3Tt 318 SAafet T, UTPphices I+ & AT SpT 9% &HdT

Uh AT Al det q=ne Pear @

THT IOTeAT H gie iR dgde e ger

OSELLAM'

T suman M
- =

RTaATAIR2oT Bt fRIfEr: g ulenfiest o1 =Aaar=ieeor gt & fh=am s
IhT T

Uch UTeh I eArgaa &am mem

IUANT fhU S a1 UH=T F=A AT : AATHI, BIales 377, AP
SHITERIT Tehe, TATS3ITaaar

AT w2 e Fmfor & v urereie =her ustaror 100 fhertums
T o1 Su=T e Them =T oaml A= uypr @ o I911 & f#e
AUR =T &1 ueei= Wt 3rT =ar =T

Jar TR ufsreror, F=euer, WeNpt qeaEsT, TH=aT H=RehorT,
WenNrest wref==T

dhtept — 3refere=:

sad FEaer — e Fafarsn & f3v, Sua=r SUheoT &1 SU=T 3o
R &t Junst o v ot e ST whar ®; S1HTEa WA st /
R3NATE — THTT BT AFTa arforSeres v " B S=Ee gl

aj



’  CSIR-CLRI

Ok 1O .
%ﬁg&% HiFIT—3h AT St

Hrenfirept swue2ar

° TRreg T= U=, HIHTH—ATUTRA IHET UoTelt =ash wT A gdaferd & (85—90 Ufererd)

® Cr(Vl) & ST ATMRENTAAT & HILOT sHITH=H b THNET HoMferl &1 ALT H g

* I=I THEET AFTA (>15.0 TU ufdr &t wie) 3fiw aggwl ufenir 3t &t & ST adArT i Jwh =sienaT
YTt BT =TIH T A 3NATH AT Fohar srrar &1

®  gAATT APt &H SPTd 9Tat SHITH—IT Jeh =ienaT Sie @ e & H4fea g1

JI=NT pH +2: 3.0-6.5

=+ s amOHr: 80-85°C

gafgAT-a iR J=Hma gk

I W 3= GISh=IT A & hIs SigeTa -gl)

Nfera =+ T9perR gar & 3T AfET B v s=rpt sths 3=t gidt
HH IS SUAPT B AT d8dz S5 diadr / =+t a=qu a9 & v Sugh
T[T HhSHI TR

Cr(Vl) S™TEGT hT his STHzad T

Soll AR TETTT—HITA AoTTeAT

Taareiieseor &t Rerfdr /| aptat — 3refem=x

=adr=iteseor ot e I et @ maariteor & v == 81

IUANT U S a1 UH=a H=A ATeT: QT HH AN aTat Hel JTeT

HAI=IhH20T =d2: TRL4

Jar TEeA: ufEreror, F=euor, WeNfFept qeaesT, Tw=r FamRer, Wenfaet

HrI===T

® gp-tpt — 3refer=a: Sare oY ulRdef=r aRfRefen & d=e ear ST
HhdT & 3T g 0 uRspa Iuehevr/Ruaee &t saeaehdr &l gidl g1
D AT, 3 THNEATT=N A A== fh=IT ST Tohar @ 3R 9 & 9 &
afor & Su=nT fF=Im ST Tohar 1

QJ



iz@
qFEft F Do siE Ser & g o sEeer E o
& T sHceltw=e gt

W firept wue=ar

FHeATwR TNfs SIu=m & v gler Su=hT =¥
Hefda g1 e adle U A, sHewrERE @@
et 8ar 8, St 98d< pH 31T ofa Reear & <rer
qrt—A—der (W/0) 31T dea—A—g=t (O/W) & SHRIT,
g BT IAIET BT Ihdl &1 STH SHoHTHRIZ B
AR MR = Sain 3T o ===
SulT A @ rau=eT @, ey 9 S Res
gert & SadTeT H, S = IdreT &t ufshar & SR
orefleuT 3 FIaear o Sitlsa & e Asayot €1

&= feeIvae / sefhar / <

® Qe SYANT: SHGHIBRIZ grt—H—dar (W/O) 371R der—d—ar=t (O/W) & THRIT, Il dUIR He1 & Tov U T,
TS AUENT § ggHET 9fer T ugr ear

* fRrAn sHIHRR | 97 a1 9@, pH (4—9) 3R aradT (20-60°C) it Rga gfaem uz Rer g €, R
wg Afa=T Sat o Su=hT & e Suees & 21

® FHGfTd IOT: SHEBIIE = 994 dTat AR H pH, 3T¥d ST 3THIE, Sfier &HdT, 9 HIoT, T, IEITIereh
TIATAT 30T SMUTESH TATAT dfRd ddfetd T 8id &, ST &A= ST & wreiHg gar ¢l

* IS g dIssT Aa=on: sAEwRER & 997 aTd AR o g dAssr [fazer sier gar g, St 391 Eaast sier
g IAUANT F Fist gar 2|

° Hfther Tewd! BT T e T: gaeetwR FRae AiaT & T b gewl & gt e @t srafa aar g,
o=t a8 JufSie 3ile wifaads au=mn & Izt gar g1

=TaaTfiepeor bt Rerfar / ao-tst — arefem==:

° g WeEnfFest =rawr=ieeor & v d=n= 21

°  TIRNFAT T=IRTRIAT Ta=2 U2 A9 2|

* T 3IAIE b SHSET THTRA THT=I-h IPN 3T I TH=T
T H /= 3 gu=T 1




O)e{0)

ey .!.’gk

%%’ﬁgaé o smenRa -2 vale

X

o3

e [

et Swu2=wEr

PHETS 3R PET IAPT A Freper aral safre

H Hge=x U A Torfaa e wfEa faffaa sia
qicfidalee bt 9t AT Bidt 21

T IURT T BT vpweudr e AN esd o1 i
Yede I B v - voie B Hu 7 HARS
fhTaT—wiifesgss T Bt II=T A=T A TUa b=dar
zl

TIH W Hh BIAeSEIssS &t HIS[@IIT ST ha=st=dr
B pILUT Uh S=I f=dar b1 faw=r &1 s=ferv,
wiHfesarss T Bafas IA—2FT veie o1 fAwr=T
I @ B

PETST 3T PTET SUVT A UhHEA HARTE R hi
AR ST | Tenfeda fFar m=r & 3 998 &
Frator & FA-2FT vale & w9 d Su=hT e = /)

gza‘xﬁﬁqmv/slaﬁmT/w

ATTHT=Ih2oT b TRRATer / dapteht — 1@ m==:

AT TSie & w/U H U AR FIET IANT B AR
BT ITANT

IdTg HiHfesEss A b &

T P Ipe JATH el 3T AT vaERT UST hedar ¥
AT siie =7 a7

=it upe ® T, ga=afa SR 3T 93T ga & =TT
=TT

FTaarefteseor ot Rerfa: o wenffet emasrieer &
fae d=e 81

SUANT U ST a1 9H=T H=d HATel: BT a1 AT 35T
HI=IHI0T TAT: AT 31T UR—Ide b uiteror fpu o
Tar TRiE: uftreror, F=suer, WeNfet qea[sT, TH==aT
FR1p2or, WenfFst <=

dh-tept — 3refere=T:

STTATFIT 996 srafer/smesnsns 12 7 2

Paper and pulp industry

Green Technology
Waste to Wealth

Leather Industry

Lignin based Retanning Agent




Friadt saemRias EL

Hrefirept FwuRedr

T WENFhT A Uh SATARITS 3dlE, SATATRIE 3dlE d=Ie e &t Ulhar 3T SaraRies Iwe a9 991 & v

SITARIgE: 3G & TTIANT i Ufshar efHer g1

g TEIh0T HeRT /T A THRNET SUNT H AFTRIUS 3T SaTaRIas JHe o s @ e Su=hT for=r Strar 31 =1

IuT STENfies TR = @ gRur s @ forv {ft e ST T war 21

R fEelvae / stafpat / &

g IS

o PRI 3R gafazer & &t B

* HAHFT THARAT = g7 ¥, S ATATId THR=AT &t gerar J aPTd gt &

o TH B gorT B Hdg H MTaeUH RIH 12—15 Ulaera &

* URUYRS dRe—HIT ufthar # =it wenaT &1 sasesar a8 &

IATE—IUATRA = B ATT B Tueh F AT

* Sgerefterar @t 3t @St g8 si—Haan) & 20—25 Ufderd ds & H°

® TSaeTT A Ugl—dlg W g3t ST BT HH B

® IfErehad d1d IESIT G2 B AT H Q2 B2 31T $H UHR 3IPT GHeAT B SR 31 THT dh I<- &I A=
UeTT he

raar=iiaseer Bt Reafar /| awAiat — sreien==:

°  FIgEritcheeT ot Reafa: o' WenfTat =maasfieeer & o dur 31

* IUANT U ST a1t UHRT H AT: UIfHET SSSlaiss, Al —3mafeh Thace @deT AdRrRe,
gieftaide 20, dieflende 40, glefi=iide 60, dieflende 80) Uicfi(@ATSIT Iergehian), OT-t

® H{=YPHTUT Td2: TRL3 & T H HAT

°  Jqr TR uiEreror, Fresuer, NSt sea@st, wawar Farer, dsar, BTt s

®  TepAtest—3TefeT=a: /el APTd 540 U Ul U FTA=AT & aAFIA: 450 w9 ufer preriumd
3TEREs SAPTT (20 HfererT): 90 wud ufer e G=H 40—45 Eft wfcw=ry & forv €T Fgihar & arer e
T Ruaee, e vep A g ara e ©)

Leather treated without the FR product Leather treated with the FR product

afereT SaerTefieTar u=tevT @ d1g SaTeTRieh 3dTg B | 1T AT SuatRa 9 B Tt St wieuthe sfewr

aj



Eﬁ%’ﬁ@%? BeldeR dla @ e ufellRdT win

T WlEfest # aidleRET B Bl/AleSs) a9 H TATEReT & 3T ehel A1thele S8 SIS Usie @l SUANT TMHT Tl
3 IR #=fiAT 1 SU=IT T Tamiera har =T 21 srEnfEusae alefistiar 3ile u=Ifa=or & 3 et Aaibee, =T
g arforiSres afeftanier/sesaiersae f=ed 3l FAlfher Uz TR wmefd=r & fav afcf=Ras Hia dar o= @t
Nl ol sERae Ruae T soiae Alfestt uishaT gRT fAwia fham = 81 21 ulenfiept o1 fasaia 3ie sa—aie
S 31 wefieR gedt oY g & ot FailEda srmeT ®1

gwﬁﬁqawlm/w

He—mifee | 999 & Ueh ATHhaR T8 ST Ueic 8

*  UITERUT Iehel, SIS Hob, AIPTd IHTET 37R wefder & dea a9 # Su=hT &t S areft arforeas
qicfta3nier woTfer=il <5 =TT HITa

o  diy wiw w1 FHier 9 STar € aifes Ahei Ueh ™I <AISIT Usie & WU A et wRar 81 1-3
yferera FAThee & SUANT A BIF Pt AT H 20—40 Ufderd @t gfa Bidt T

°  wmIF FHfor & gfs ¥ F=3 AT FT aeAHar F wHt et § 3R sHT NI A & STt B

2 Tepf¥ta d—ifhere fAafa S & aed dgaz adieuT, J8ae A ReRar 3R oNe a7 & ot R=ara g1 3=

SHIATIT detd bl S AUANT B U SUMH 1T & STEl dR—dR FATRHIT BT ATIgABAT Il § (ETSeHIe,

fosaiar 3T s7—<1h) |

3 Yig—aihere AR Hier & SareT @ forv Aiser 9= Sier/mef=r a9 arefl #=ia<t Ruaer ssiaer Afest/

IR wefl) & forelt SenaT 3t aeasdr F& sidt gl

Waﬁﬁwﬁr | dehtept — 3referr:
=aareiteseor ot Rerfer: aw et @maaefteor & fTv d== 81

* IUANT ThU S a1at UH = HieT: AdbaR @@qet FAfes A Si=it wmnfl), sy & dieL wiv SaeT @ fore
3MAe=Ieh HTHT h=d HidT Sial e ufeftsniar fEsor 3ile 3ienfies smseiwrsace

® T=hUT =d2: TRL4 & U & HT=r
o  Jar weE: uiEreror, Fesuer, WenFepst q=a@st, Ta=ar Fa=er, SErEr, st s
® apiiepi—3referes: URURS UL e I &1 do-iles & e H el Al Bl APTd H 5-10 Hferera &1t

@l B UhR U2 TAie bedl B)

&= 2. s Alcss
YR e
T BT SUANT HTD
i gof wefier

=5




WIEAIrehpt Fvue<eT:

foepfira B39 2 991 shee o & 31T &A1 U9 R Jgaz ufRyviar fR=ars <t

Protein-based syntan from chrome shaving dust at pilot scale level

from Waste

Leather Industry Chrome
shaving dust

P | Quality Leathers

TR feRlvaie / srerfpar / &

* YIS URRTE 3R UTelaheIss & UhIheuT GIRT
= JENT B ST U BT Jga< ITANT|

° fhAler 3T wrifcesss bR & ™[TT & e
gfa==ama= 1

o TH=A, gawufa 2= 31 g g9 I uRuiRe
qRe—3FTT TN D TTT J8aT I |

o i & T AT Uwheor A arivTicus A« ==
B fopea B U A T FRNI—UTeiRes =T T
JUANT Heeh Tt OTTAT ITet I BT ScATeT fhar
ST ThaT T

o Ju s A 50 Ufdera bt et

ragA=iipeor bt R=ofa / daotapt —

3refeT==:

°  FTgT=peoT Bt fRerfer: s ulenf it o1 =ma=iteeor
g & T ST geeT T

® I UIENfTrest oY 1 e Sded Y= do Fer =T =T 2

* YR SIS BT GodichT HTTTATS IR TSNS Bt
geie A3t 3T arftriSass S sahn & e =
=

&TT IUHTE =T HIH TITEAIT AT = hicisTT sSIagsic BT AT 3T T=Taeor Taehel Jera<haoT |
T dgetehT B HIEIH & I-FAT vsie & HU A UTpides agetes B HTA hlotsl- sIggleligsle Bl HATna= |
forepfira == o1 SU=IT 2FT B 91 Bt ufshaTr & SR -1 vae (=) & ®u A fh=r STUITI

Multifunctional syntan
from protein waste
N

2r50
e

N 2]
%

”,5



», 5

giefeT 3= 8 g1 3ReEr UErel & | veh & TS BT 3URETE | Wisi9 +f g99idt v ARPas Iau==ar 81 = 3=
PIY HITST B TR SATed HISTT T THPAT Ueh fagrs ddig 8 28T ©1 3T A I~ B arel 3Afeepter Sifeep saffrer
I AT Al AsTher H Hep AT SITAT T AT F3R-UTaT & AT &= 1T 81 5 UlenFest gRT el o FreperT aret arer
e 31T T s A Fha areft == /%we) B Teeteh)l T SU=NIT Tshixr TA=Ia<RIT TR B dad Std—3soll 3d~T
HeA B Taw foram ST T ohar 81

=T faeivaie / stefpat / amT

SO SN T IUART FH WET b & o ar &g et SareT @ v e ST =epar 21

BIgSieee HT SUANT SATdh dag & U A ThaT AT FPhaT T

500 Trariumd ufafeT &a\ar & ureele At FeueT 99 & ‘O HRd 8eq’ & asa Sia—areniTest fonmr,
A F AP rar =T B

* FFE—UTAT FEAT = gdT I T arif=T &1 3ust 0.7 = 0.9 m3/kg VS =< g ot

Tadrefiepor bt RFafa / asAtpt —
arefeT==

°  FrguTefiereor @t Rerfar: o wWenfiat =masme=fiser
@ o dee

® IUANT oAU S a1l UH =l HIeT:
T gU W B EiEre, ISl T Bl @ e

® HI=AHIUT +d<: TRL6

o Jqr Tmei:
Nt i<

®  qop-tept — 3refere:

® G IUNT & IU~T B FHae &b FUer T & HRIT
ST UGHUT 3R 7T BT FHEATAT BT IFHAT

® RN SUTGT 3T STgsiwce &I Wig & wT J
SgANT




RN 3dTeT @ TAv aeng<ea=r & si=T
gf¥rel o1 JSE—uara-

e Tept Ssu=ar

3TTST HIRA & IHeNgATe=l § S 3afEre a=t wAfEhT &
FTHIATIN BT JATHAT HAT US ZT&T &1 T T Ml g=aria=v
fier Taa=r A1 Hear T 3N G SUDHT Bt FHEAT g
21 3=t aze, 31U Sigoisee H IUfEe U= 9 &
AFETE T TP (SRIPTH) & IUATR & THU HA=T fFHaer
NI it STATAHAT Bt &1 37 ar fafere smawrsmarst
I LT H A g, 3T ol Fa=de P He—uraT & fore
wEnfept feplR¥ra ot 713 2, It IR SdaeT & o
IARETe Ak 34U (SRULH) B HTA JASH H ST
3mafEre ot ufthar fia as1 & 3me= u= 750 Trentumay
R &1HAT BT UP UIeic Thdl UGS AT HoAbdl e
PHIFATT @FHvea=l), Bieeprar A arL R =T )

TR TRINaTe / sterfehat / &
OfEre & &UoT & HRUT YATaR0T AT IR, STeT 30 FaT I ugiva s | Far=T
ST & H TRARIT 3R S<RUTH &1 e THe=T &l A T ST &bl &

T peor bt fRRIfar / aoptapt — 3refem==x

g UF STel UGHUT BT SHSAT b1 HH fHaAT AT FehaT &
THETEATE= @ ST 3Ufere < Il Sdea

3>

e
CSIR

- .
The Innovation Engine o India

YATIROT & FHTET IS DI HH HeAT T T UBIR BT Helde o HHt =T
TTT B TATAT b T 3afRETe | IATRd SoIf BT YA: IUANT HA B HIRUT Hig AR SUIR AN & &

I B gRERl ¥ 3 ITh U e oI ¥ TR wedr §

TaATitesor Pt R wienfoest =maar=iteeer s g1

SUANT U S 9Tt UHZ H=d HIol: HIH D <bhs, 3UD

woeeront
.’  CSIR-CLRI

HI=IPTOT TAT: UTR—IeIE Ehel ©Ic helchdl dlae bIFaad (FHuar=ll), Phicteprar A wr=tf=ad = ST 2ar @ — e
ST D 3ITET U2 UTIe @ ic &t &Hdar 750 frentum ufdr =T 81 9=l b Wenforept 1 fH=egor fh=m =i 21

e AT B 1

ar T ufdreror, Feger, WeEnfFept eeaEsr, TH=T Faeor, denfiet wref==rT

dhtept — 3referme:

ST ST | SO S URTeEl & Fue | 3 Yool Uguur 3T 71e & JAHAT3 T IHAT |
STRIFRT 3T 31T STgieee ol HaT B B U A IuANT|

”75



" CSR-CLRI

W—2fm 3TReT & = Uh 1 Hedl il A ST
50—70 Threnum a1 Fiherd €1 Sl 3afere, 91l &r
IUANT HITh IS AATR heA Bl Uh ulchar RApiba ot
g 1 BIART BISSIATSSIC @A)l B &RUT T 3UTE) BT
SYANT hIh FIe D TFHAIUT B 91 1) D 3AfEre B &1
@ 10 Uk SUYH SHaTY] gsiTfar @t ggarT @t 1 1 gt
ufshar 9—10 &Y &t =Hmafer # g2t @t ST HAhdT 1 AT
UfehaT Uh 3T 31 URTE B T I JdITed hed b forw
Tep-iTeht THATITT YT whecdl § 3T g& et 1w f&asfier Red
Bt Terrser Ht U wHedl T

TR feRIvaie / sierfpar / <

* T Sifeep Ul @t 2l

° g Wt it & g7 Bt B Bt @R gadt T

® g I dAURT 3T IR, 911 @ Froe & e
qepiiept JHTETT U&= @l ol

Compost preparation

Basal salt medium
— Fermentation liquor

”~

ddy field

L 7

=TaaTfiepeor ot Rerfar / ao-iat — arelsm=x

°  FrgAT=fiepur &t Rerfa: I wlenfiest =maw=fieer & fTv dun= 81

® IUANT TFU ST dTet UHRT h=d HieT: d61R A T Y S U=l Hl-1ST 190N T IU—NT 9161l @ &20T & foru
Tera SToe | wEt aiReT, & siie T Si=f EfEa =it

® H=IHLUT +d2: 1 fhalumT & 500 fhaTiumT =da=

o Jar THi: uftreor, FeueT, Wt g=daEasT, HT Farer, dEifiest ST

Q, 5



JARTE SeT SU9R & fee 3raa T
sffaeftepeoT Ruaee S

WePept SueEr

Wt § IR gcs sid § Boad 3 g&e & =ar ar
AT IR HET A A SR/ mERA S e AR
HIET/USIISH 3T AR e MHT dld &1 °9ch
gt a8 & oA gt B sifaefieor & e
erssiftRTar MFpar Wt Iaa=T wea &1 A1 fosfea =feher
BT g18dt fisg Tas 8 & e AT gRT 3T
AaefteT 2 it AMdhpar Sa=T H=ar {1 3alEre
ST & prdfep ugral ot 3ger Aftawr grer W =Ea &ear
STTaT 81 W fEa e ugrat o A9t fsfda =fsrar o
Afga B It g Tas a3 ¥ 3= ssgia HdpeT
SRT 3faeftepeor fhar Sar & a=r, ufdad stpler &
TSR 3ETRa SSidt (1500 o1 Hiez/eT)

eI faeIaie / stefehar /| o

P |Helie STEaeThdr; &g 1T s wgl; URuiRe
et &t gerT  <FYaad 3uS SadreT; ANt @t
TEreeit Qeraepeor @ |1 Uhlsd foham ST =ehdT 21

Fraar=fiepeor bt RRfa / awAdtst —

el

°  Frareiiereor bt fRerfda: s=1 wienfiest o1
RATIHTRITR0T Ugel & T ST IehT 21

® 15 UTEh! P ASAH T&aT =T (TRa 3= &g =
)1

® IUANT ThU S daTel UHz = Hiel: Py ST
fEre & Avaiva SATH |

® HIHRUT FWL: IH, I, HIHACHA, THTT,
pieareres RfFAfor ST, AfemEse SahT, Tt
T UHEh0T AT 31T S8 Aeadt —JfEEfor sar
Tfed YRa AR fAgen & o = 7 anL e
TR—ITI A TIRUTThT 3MUfSre Siel Su=e & foru +ft
wreifFada e m=r {1

o Jqr TR ulEreror, Feuor, Wenfist geadst,
a7 FraRer, MenfFet s

® goptept — 3refer=:

® HH {HEfle Bt ATaTAHAT |
IRATAT NPT 9RufEes =Hepel Uienfirept &t qerr o
9gd HH Tl

oET, 9fE=T 3rblehT § ATE3N3MR mearRa $Eidt (1500 g1 dtee/fe)

e IahT, gz, afferrg & sndsnane smurRa Suar JaT
(750 =1 Hte=/fen)

»,5



QJ

@@

R

X
N 2]
%

%gﬁfg Ul e IepT 3R ureRife=T afsen

WeEept ST

TIESt & W WIRUTIhT B ST Ha2 D ATA—ITT, BA B S,
ATR=er, T ot IS 31Me S WG Hpa2 Bt Wt Frwt a=T Sa=T
Bt ¥, i Fuer & fov A9y SugrR &t 3asasdar gidt 1 3
PR Hesil HiEAT, T, iU Aot 31 7 9= AT # S~ 8id
g1 zafee, R i ardtar et @t aeeft & =TT 37 FER B
IuaTe $ fov we JRam 3T ueRifeR=T &5t v s wenfiet
T gTIeie T2 U2 Ueei= fomam = g1

gt uepte, =flasT diede wiie & 9t AT & Sa—= 81 9 =flasr
3TYes I HIT Foll = HATAT ST FhdT & T T I=T DAl daret
WER AR B T UTselrsss [hAT SIT HhdT &, == =aqa
TPt o1& 3R e &R & 32wl ol gT Thar ST |

=T A9 / stetfepat / &

o = ufshar WeNfiept & IaTaT & v & oIt bt
agIhdT Bidt &, Ffh =w grr AR St w1 Iu=ahr
HAT 21 TR & AFa ®, d9HE Bl 910 2291 D
U 3rafere @ DA A BT ITAPT Thar Sirar 2

® oIl Wl TTAHAT Hadl JARTET B Ja—IuaR (Fa=T,
A STa—Trspre=, T 3 JaaT voneD), < g= &
SAarE 3R dRRIGRI=T $hiE H Taed UvIelt 3fR <3 R &
fo1e 8idt g1

°* T R 3R URRIHARIT BT SU=ANT HIh RN IATGT
A IIAE=oT A BT Icsid H HHT AT & 30T SHD Bs AT
2, SiE I SUfRre @RIy, HaT IR 3T Ideh & wa A
MR BT JTATRT ST=T 31|

° g ufthar ® Saa=1 el ot o 7 ur=t & g &
Tufga fHar ST ThdT 8, TAT STBT ITANT IR R B Bl
T ITH He AT Fredt 31 Sugw e sy & e forem
SIT ShaT S|

FTadTisor 5t fRerfar / gttt — sreien=:

*  FraTTeftepeeT Wt RRIfdr: ureiele 3Te= gET 8 9T § 3R
=Taariiteer & fév == 8

® IUANT fFU ST aTat UH=T =) HIeT: WG U 3Thal AT
=T ST UEIE B =TT TAleiT A

®  H=yeheuT wd2: TRL 4

o AT TFRIA: TRUTeTRIsT, PR, sufEre ararsm!/3rfue=t
S fEauesel & fav ufdreror 3 F=euer & =rer aow-tat
TETIAT UST bl SIT Hehell 1

®  geptest—3tefer=s: et Su 3R dAsfher A 37 FHar & Fruer
D HIRUT FHTAa g=fgeefter admE Gister <gueT, e 3ugd,
T BT AT S Bl BH HedTl &1 3 Tishar denfiest
B JaTerT & THAU ATaeres <~Aad Feil 3 HaTeT anTa @t
AfRTe STRee g&RT g8 Thar ST =mzu|




AIR¥re STt YR <6 v 31 shiveh **ﬁ%@ﬁ
M —vataae aNRrvace d=NfRraee 0} ‘f*%x

et wu2=ar

Ruaer 9gd ~Aaw 3T4sh SAIGT B ST Bhicssa 3R Frafdd ol i Ueh AT ge | o&H ¢ | Ruaez # 3ifeTs
3z TARRTes ST emfder €)1 3itferyes ST sra=ia= fafer err Fefsa won o) ger aar &, i vaiferass s st
ST &=t FrepTer 7Te ST ugrat &Y gamar g1

Raw wastewater ?
= : N
Chamber-3 Chamber-2 - Chamber-1

O

=

1
1
v

O Oxic zone outlet
O Anoxic zone outlet Bio film cuatt_ad Plastic
material

THINTHI3R B UThaT UaTe S &1 sira=dt=r ufa=saor

=T faeivare / sterfehat / T
Scdre |

Wﬁﬁmﬁ/aﬁaﬁ 3refereS
Tadr=iteseor Pt Rerfer: WenfT st =maareieer @ forv d=nme 21
IURT fFU S aTer Ui =t Arer: Ruaee Fafor & fov — steefteft/vwam=dt =it @5t smaesesar &

® HIRIPHIUT A2T: 4 oltce C@FT B 91 3ufEre Sa), 12 oflee @FT & d1g 3[Ere sten) 31T 18 dlee =@ iasn) &
oo 99 <hoT TR hier: 5,7 30T 9 #WEAl deb oPMNdR YT e r=m|
JAar T ufEreor, Feuor, Wenfiet gearst, IE=ar FarRer, Wenfst s

® aEtest — 3refemes: URATT APTd 9RURe dehteh &t garT H a9gd HH & Jifeh soi Thefl =i wg=rs
HT TP ar TE Bidt /1

QJ



@@

ey '.!..gh.

BLna

HrenfTept sueeEr

Application of

o Jf3qep =2 U=, HATATT T 0.8 THfer=T a7 shim BCS as tanning
3 31_ %l processing

o  TIEH-3TeTRa 3ufere & shifa=m +t Sul=rfa s=r
SN @ v g=h  Su=hT ® 91w STedt 21
o yilpeor 3T ASher B BIEoT hIfF=A g=Iiaeor &

. Circular
gl SITAT @ | WA Pt ANT ‘S U &b HIlal economy
gishor 311 g SU=NT o e wenf st 21 BCS
. . manufacture Solid waste
aeqaTe, dieftver FHfor & 9 o= are vsle B wU i T e
& i 9T sTufee @ ===t SuwhT B v v sh;':,'i‘:l';eas sch';'fi'::s
Wrenfret Rfepfaa bt 1 21 Eeciciant Complete

T feIydre / srafhar / &

TIOR8 SRR e s Synthesized product — Spray
STTEeIRAT3N BT YT wHedT Tl Dried BCS

* Jgax ATRGT 3T HATaar I &t Uh g T T
UG HedT T

o 2 ufshar & SR Aga= Thae i Ifa—tar =
H hIfERA o1 A f&azori

o R di=five & sIsgiciises WidH ot sul=afa &
PHIRUT gRYoiar & = g3TI

* 37 wu A =get — ST Wt ARTa arfercs
diefiva & RER T

BCS using Chrome shavies
as reductant

* =Tt vSie @ wU A i AT BT gof Sg=T é_}\‘?"\,\.')“,
* IIF-—3URTE FUe JH=IT I FHAT Hedl & 3 } va Chrome tanned
TIher STefra=IT Wt ITETReIT Y gSET ST T :E, ‘\ Leather using
; prepared BCS
4 2 SN
2 N

/ o X
o

Application trials

Taareiiepeor &t fRefdr /| aptast — 3refem=x

°  FraTTRiiepeT Bt ReIfd: I Wenfest =masm=ieer & 7 d=me 1

® HIIHRUT TWT: T WEfIst B TSR —HIvAIRATE Hl uRieie wic Iqfear & 50 frarum SdeT a2 ab
qST=AT T1=T 2

o Jqar wmeiA: ufSreror, F=ouor, Wenfiest seardsr, @a==m Farer, Wit s

8



Wrenfiest ST

uftham wWenffrest & o g=or wmfder €, (@) st
qE-SUaR, @) ARYE E-SudrR, @) sEgier=ie,
@& Higer 3R (@ B A HAETI gdAT ufshar &t
faferear o' & 6 &R &t o8 IOigar & I &=
gd—3u=aR fhar smar 8 =) sidsT 9erss (@it

29.0 yfdrera) &t 3usT A gfs sidt 21

2= feeiwaie / srerfpat / &

°* 3IdIg Bl I Ul

® T HASCl UHEHEUT IUNT A ABSIT BT @€A1 B TURTET & IUANT & orv veh ===t == e 3l
* g Wt 3MfEte STer AT 31 UfRRre & SareT AT o= FrdsT ufshar & St 7T 21
* IE AT T Hadr gATEaoi FHEAT BT 3Eeh JAATET UG hedl & afess IanT @ Ageaqot fRrefter Red w=féa

B W T&H ST 21

raHrtpeor bt Rerfa / doedtast —

3refer=S

°  FrguTefteeor &t fRerfdr: ufthar o w=TemeT =ae
92 HAbIhd ThaT =T

® 3IUANT ToRU ST ITeT UH Sl HIeT: HABT i AT |
31 Tt =l HieT wREit €

® HI=IPHIUT TAT: UANTAT AT U HI=T

o  Jar TwiA: ufereur, F=euer, Wenf st g=andst,
=T FaRer, Wenf@T et s

Hydrolysed Collagen
(Batch: CLRLPS.15.23)
Srce  : Fish Skin (Tilapio)
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