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Water Efficiency in Textile Processing:  
good practices and emerging technologies 
Dr René Van Berkel 
UNIDO Representative – Regional Office in India 
United Nations Industrial Development Organization 

The United Nations Industrial Development Organization (UNIDO) is the specialized international 
organization fostering Inclusive and Sustainable Industrial Development (ISID) in India and its other 
developing country member states. ISID targets industrialization that takes care of the interests of all 
stakeholders and thereby leaves no-one behind, whilst also respecting environment and climate 
boundaries. ISID is embedded in the 2030 Sustainable Development Agenda, which includes 17 
Sustainable Development Goals (SDGs) with 169 specific targets. Agreed by world leaders in 2015, 
the SDGs foresee transformational change towards a sustainable future for all by 2030. The SDGs 
offer a compelling growth strategy, opening an economic prize of at least USD1 trillion by 2013 for 
the Indian private sector. Over 73 million new jobs could be created in India by 2030 – one market 
hot spot alone, low income food markets, could crate around 11 million of these jobs. (BSDC, 2017).  

Globally, water demand is predicted to increase significantly over the coming decades. In addition to 
the agricultural sector, which is responsible for 70% of water abstractions worldwide, large increases 
in water demand are predicted for industry and energy production. Accelerated urbanization and 
the expansion of municipal water supply and sanitation systems also contribute to the rising demand 
(UN Water, 2017). SDG Target 6.3 states: By 2030, improve water quality by reducing pollution, 
eliminating dumping and minimizing release of hazardous chemicals and materials, halving the 
proportion of untreated wastewater and substantially increasing recycling and safe reuse globally. 
This SDG target sets a three-pronged agenda for industry, in particular for water intensive sectors, 
such as textile processing. Firstly, preventing and reducing water pollution at source, secondly 
reducing water intensity of production and thirdly recycling and reusing (treated) waste water.  

Water use and effluent generation are closely linked to the use of materials, including chemicals, 
and energy, also referenced as the energy-water-materials nexus. UNIDO has therefore worked on 
holistic industrial responses since the early 1990’s, including in India (UNIDO, 2015). Earlier concepts 
such as waste minimization, pollution prevention and green productivity, have been brought 
together into Resource Efficient and Cleaner Production (RECP).  

In strategic terms, RECP is the virtuous process that synergies and realizes progressive improvements 
in resource (use) efficiency, waste (generation) minimization and human well-being. RECP aims thus 
to (1) increase the efficiency of the use of natural resources, particularly materials, water and 
energy, in products, services and processes; (2) minimize the generation of wastes, including solid 
waste, waste water and air emissions, from products, services and processes; and (3) improve well-
being of employees, consumers and communities, by minimizing risks and facilitating contributions 
to their lives and livelihoods. RECP can be achieved through different organizational, operational, 
technological and/or design changes in the products, services and/or production processes of 
enterprises. These are customary known as RECP practices (or techniques), respectively: good 
housekeeping; input substitution; better process control; equipment modification; technology 
change; onsite reuse and recycling; production of useful by-product(s); and product modification. 
Following exhibit provides some water related examples, further examples can for example be found 
in (CII, 2013). Numerous experiences from businesses, including textile sector, evidence that RECP 
makes good business sense, in terms of cost savings, improved productivity and quality, enhancing 
organizational efficiency and (legal) compliance and (market) conformance.  
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RECP Practice Description Common Water-Related Example 
Good Housekeeping Maintain a clean, organized and 

productive (‘neat’) workplace to 
eliminate avoidable ‘wastage’ 
 

• Switch off what is not in use (e.g. taps) 
• Repair what is broken or leaking (e.g. pipes and 

hoses) 
• Remove dry-debris before factory wash down 

Input Change Choose inputs that are efficient, 
effective and/or pose minimum harm 
to the environment and health 
 

• Use secondary, recovered water 
• Use less harmful chemical substances (dyes, 

detergents, etc.) 
• Enzyme-enhanced bleaching, scouring 

Better Process Control Monitor and control processes and 
equipment so that they always run at 
highest efficiency and with lowest 
wastage 

• Establish and follow Standard Operating Procedures 
(SOP) 

• Sub-meter use of water 
• Install automatic shut-off and overflow prevention 

valves 
Equipment Modification Make existing equipment more 

efficient and less wasteful 
• Align and debottleneck production line 
• Close, hot and cold, process equipment 

Technology Change Change over to new technology that 
is more efficient or produces less 
waste 

• Waterless dyeing 
• Additive, 3D printing 

On-Site Reuse & Recycling Use previous ‘waste’ for similar or 
alternative purpose in company 

• Counter-current or cascaded use of water  
• Condensate recovery 

Production of Usefull By-
Product 

Convert a previous ’waste’ for a 
useful use elsewhere 

• Provide used cooling water for external heating or 
cooling purposes 

Product Modification Redesign product to reduce its 
environmental impact during 
production, use and/or disposal 

• Produce easy care textiles that require minimal 
water by consumers   

Among those RECP practices, in particular technology change has potential to drastically improve 
water use and effluent generation. In textile wet processing, emerging waterless technologies 
include: 

• Supercritical CO2 Dyeing: also known as waterless dyeing, as the dyeing process takes place 
without water in compressed, liquified CO2 at near ambient temperature. At the start of the 
dyeing cycle, fabric and dyestuffs are loaded in vessel which is then filled with CO2 and 
pressurized. At the end of the cycle, the CO2 is vented (for recovery and reuse in next cycle) and 
the dyed fabric is removed.  The fluid CO2 enables polyester to be dyed with modified disperse 
dyers. It causes the polymer fibre to swell, allowing the disperse dye to diffuse and penetrate 
the pore and capillary structure of the fibres. The viscosity of the dye solution is lower, making 
the circulation of the dye solution easier and less energy intensive. The deep penetration also 
provides effective coloration of polymers. Moreover dyeing and removing excessive dye can be 
carried out in the same vessel and residue dye is minimal and may be extracted and recycled. 
Currently, the process is proven at semi-commercial scale for dyeing of scoured polyester fabric 
(Anonymous, 2010).  

• 3D printing (also known as additive manufacturing): 3D printing is a way of manufacture where 
material is laid down layer by layer to create 3D objects. These objects are created from a digital 
file containing three-dimensional data extruded by printer, which can employ a wide range of 
materials and techniques. The first 3D printed fabrics show promising results in niche 
applications. By enabling to print the exact size and colour of the garment that is needed, 3D 
printing completely eliminates any waste whatsoever that would occur in situations when fabric 
is produced and dyed and pieces are cut from a fabric lay. Therefore, this not only can decrease 
the cost of manufacture, but also is beneficial to the environment. The product made is of higher 
quality than the product made when sewing, because 3D garment printing eliminated from 
occasional human error in traditional garment manufacture (Sun & Valtas, 2016). 

References 
Anonymous. (2010). DyeCOO: waterless dyeing. Colorist. 
BSDC. (2017). Better Business Better World: sustainable business opportunities in India. London: Business and Sustainable Development 

Commission. 
CII. (2013). Water Use Efficiency in Urban India. Delhi: Confederation of Indian Industries. 
Sun, D., & Valtas, A. (2016). 3D Printing for Garments Production: an exploratory study. Journal of Fashion Technology and Textile 

Engineering. 
UN Water. (2017). Waste Water: the untapped resource (2017 United Nations World Water Development Report). Paris: UN Water. 



Roundtable on Waterless Processing at Textiles India 2017, Ghandinagar, 1st July 2017 
 
 

3 | P a g e  
 

UNIDO. (2015). National Cleaner Production Centres - 20 years of achievement. Vienna: United Nations Industrial Development 
Organization. 

 
 



UNIDO Regional Office in India 

1 

Water Efficiency in Textile Processing: 
good practices and emerging technologies 

 
René VAN BERKEL 

UNIDO Representative 
UNIDO Regional Office in India 

1 July 2017 
 

https://www.facebook.com/UNIDO.HQ
http://www.twitter.com/UNIDO
https://www.youtube.com/user/UNIDObeta
https://www.instagram.com/unido_newsroom/
https://www.flickr.com/photos/unido
http://www.unido.org
https://www.linkedin.com


UNIDO Regional Office in India 

2 2 

UNIDO at a Glance 

• Specialized agency of the 
United Nations that 
supports inclusive and 
sustainable industrial 
development in its 
developing country 
member states 

Inclusive and 
Sustainable 
Industrial 

Development 

Advancing 
economic 

competitiveness 

Safeguarding 
the 

environment 

Creating shared 
prosperity 
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UNIDO in India 
• Current portfolio of 17 ongoing projects with total value of  

~ USD83 million 
• Chemicals and Chemicals Waste (3) 
• Energy Efficiency, Innovation and Renewables (7) 
• Inclusive Economic Development (5) 
• South-South Cooperation (1) 
• Centre (1)  

• Wide range of sectors 
• Textile, foundry, ceramics, dairy, automotive, hospitals, cement, 

leather, etc 
• Target MSME sector, 20+ clusters 

• Geographic coverage 
• Gujarat, Karnataka, Maharashtra, Odisha, Punjab, Rajasthan, Sikkim, 

Tamil Nadu, Uttar Pradesh, West Bengal 
• Upcoming sustainable cities: Bhopal, Jaipur, Vijayawada, Guntur and 

Myosore 
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Build resilient infrastructure, promote inclusive and 
sustainable industrialization and foster innovation 

 
Ensure availability and sustainable management of 
water and sanitation for all   

 

Ensure sustainable consumption and production 
patterns   
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• The SDGs offer a compelling growth strategy, opening up and 
economic prize of at least US$1 trillion by 2030 for the Indian 
private sector 

• Over 73 million new jobs could be created in India by 2030. One 
market hot spot alone, low income food markets, could create 
around 11 million of these jobs 

• Achieving the Global Goals creates at least US$12 trillion in 
opportunities by 2030, just in four major economic systems 

• Achieving the Global Goals creates at least US$5 trillion in 
opportunities in Asia across the four major economic systems 

• Pursuing those opportunities could create almost 230 million 
new jobs in the region by 2030, equivalent to 12 percent of the 
Asian labour force 

Business and Sustainable Development Commission, 2017 
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Water Trends 
• Large increases in water demand 

are predicted for industry and 
energy production, further 
augmented by urbanization and 
extension of water supply and 
sanitation.  

• India has 17% of world 
population but only 4% of water 
resources – about half of water 
demand in 2030 will remain 
unmet. 

Sustainable 
Industrial 
Water Use 

Preventing 
and reducing 

water 
pollution at 

source 

Reducing 
water 

intensity of 
production 

Recycling and 
reusing 

(treated) 
waste water 

World Water Development Report, 2017 
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Cleaner 
Production 

Pollution 
Prevention 

Waste 
Minimization 
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On Site Reuse 
& Recycling 

Good 
House-
keeping 

Input 
Change 

Better 
Process 
Control 

Equipment 
Modifi-
cation 

Technology 
Change 

Production 
of Useful 

Byproduct 

Product 
Modifi-
cation 

UNIDO, 2010 
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RECP Practice Description Common Water-Related Example 
Good Housekeeping Maintain a clean, organized and 

productive (‘neat’) workplace to 
eliminate avoidable ‘wastage’ 
  

• Switch off what is not in use (e.g. taps) 
• Repair what is broken or leaking (e.g. pipes ) 
• Remove dry-debris before factory wash down 

Input Change Choose inputs that are efficient, 
effective and/or pose minimum harm 
to the environment and health 
  

• Use secondary, recovered water 
• Use less harmful chemical substances (dyes, 

detergents, etc.) 
• Enzyme-enhanced bleaching, scouring 

Better Process Control Monitor and control processes and 
equipment so that they always run at 
highest efficiency and with lowest 
wastage 

• Establish and follow Standard Operating 
Procedures (SOP) 

• Sub-meter use of water 
• Install automatic shut-off and overflow 

prevention valves 
Equipment Modification Make existing equipment more 

efficient and less wasteful 
• Align and debottleneck production line 
• Close, hot and cold, process equipment 

Technology Change Change over to new technology that 
is more efficient or produces less 
waste 

• Waterless dyeing 
• Additive, 3D printing 

On-Site Reuse & Recycling Use previous ‘waste’ for similar or 
alternative purpose in company 

• Counter-current or cascaded use of water  
• Condensate recovery 

Production of Usefull By-
Product 

Convert a previous ’waste’ for a useful 
use elsewhere 

• Provide used cooling water for external heating or 
cooling purposes 

Product Modification Redesign product to reduce its 
environmental impact during 
production, use and/or disposal 

• Produce easy care textiles that require minimal 
water by consumers   

Van Berkel, 2017 
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Full Fortune Knitting Ltd 
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Argo Pantes 

22 February 2017 RECP: Concept & 
Business Case 

Y Susanto, 24 May 2016 

Closed Washing Line Humidifiers in Weaving 

Vacuum Slot before Cylinder Dryers Hot Water Tank for Washers 
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Tarasima Apparels  
• Key measures 

• Installation of thermal oil heaters to cut down steam consumption 
• Installation of a 2-ton incineration boiler resulting in savings in natural gas 

consumption 
• Using skylights in the cutting, washing and finishing units 
• Installation of Electro Catalytic Reactor  in Effluent Treatment Plant 
• Establishment of biogas plant, producing 56m3 biogas from canteen waste 

www.textilepact.net 
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Business Case 

Cost savings 

Productivity enhancements 

Quality improvements 

Organizational efficiency 

License-to-operate 

UNIDO, 2015 

https://www.facebook.com/UNIDO.HQ
http://www.twitter.com/UNIDO
https://www.youtube.com/user/UNIDObeta
https://www.instagram.com/unido_newsroom/
https://www.flickr.com/photos/unido
http://www.unido.org
https://www.linkedin.com


UNIDO Regional Office in India 

15 

600,000 yards in FY 2015 

www.nike.com  
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Process Benefits 

Zero water 
Zero waste water 

Zero process chemicals 
98% dye uptake 

Vibrant colours 
1/4th floorspace 
40% faster 
63% lower energy 

www.dyecoo.com 
www.nike.com  
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http://www.twitter.com/UNIDO
https://www.youtube.com/user/UNIDObeta
https://www.instagram.com/unido_newsroom/
https://www.flickr.com/photos/unido
http://www.unido.org
https://www.linkedin.com
http://www.dyecoo.com/
http://www.nike.com/


UNIDO Regional Office in India 

17 

Equipment 

www.dyecoo.com 

• Three dye vessels, each with a loading capacity of 20 to 200 kg, 
adding up to a maximum daily capacity of 4000 kg.  

• Operate in parallel with different colours.  
• Suitable for virtually all synthetic fabrics and yarn. From woven to 

non-woven and knits, CO2 dyes various fabric constructions and 
types of permeability. 

https://www.facebook.com/UNIDO.HQ
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3D Printing 
• Additive manufacturing  

• Material is laid down layer by layer to create 3D 
objects with no waste, from material to final product 

• Liquid polymers are extruded by printer which can 
employ a wide range of materials and techniques 

• Key technology in Industry 4.0  

https://www.facebook.com/UNIDO.HQ
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Versatility – Fabric Prototypes 
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Potential 

• Instant creation of finished products from raw materials 
with no cutting and no waste. 

• Manufacturing with multiple stage 3D printing 
processes and with many controllable variables allowing 
unlimited fabric variations. 

• Various types of liquid polymers such as natural latex, 
silicon, polyurethane and teflon, as well as variety of 
textile fibres such as cotton, viscose and polyamide 
enable tailor-made fabrics for any need.     
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In Closing 
• Water efficiency and effluent reduction are among greatest 

challenges for the textile sector 
• These are intrinsically linked to chemicals and energy use, 

productivity and quality, calling for integrated, and well 
proven approaches, such as Resource Efficiency and Cleaner 
Production 

• Rapid emergence of innovative technologies, including 
waterless dyeing and 3D printing, has potential to transform 
industry and uproot global textile value chains in a manner 
not witnessed before 

• The transition to waterless future starts with using less water 
today 
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Thank you 
 
 

www.unido.org 
www.recpnet.org  

r.vanberkel@unido.org  

https://www.facebook.com/UNIDO.HQ
http://www.twitter.com/UNIDO
https://www.youtube.com/user/UNIDObeta
https://www.instagram.com/unido_newsroom/
https://www.flickr.com/photos/unido
http://www.unido.org
https://www.linkedin.com
http://www.unido.org/
http://www.recpnet.org/
mailto:r.vanberkel@unido.org

	20170701 Textile roundtable India van Berkel
	References

	170701 Van Berkel Textile 2017
	Water Efficiency in Textile Processing:�good practices and emerging technologies
	UNIDO at a Glance
	UNIDO in India
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Water Trends
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Full Fortune Knitting Ltd
	Argo Pantes
	Tarasima Apparels 
	Business Case
	Slide Number 15
	Process Benefits
	Equipment
	3D Printing
	Versatility – Fabric Prototypes
	Potential
	In Closing
	Thank you���www.unido.org�www.recpnet.org �r.vanberkel@unido.org 


