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ENZYMES ARE WIDELY used in the production of cotton textiles because 

of their ability to act fast on specific substrates, and because of their 

ability to save energy, water and chemicals in production. That, in turn, 

means cost savings. 

Novozymes has introduced a combined approach to pretreating fabrics 

and dyeing. This approach includes bioblasting to ensure the high quality 

of the final textiles. Conventionally, pretreatment and dyeing have been 

carried out in three steps: bleach clean-up, bioblasting and dyeing. The 

combined approach consolidates these steps into one.

This article assesses the environmental implications of the switch 

from a three-step process to the combined process using an enzyme-

product blend, containing a catalase and a neutral cellulase called 

Novozymes Cellusoft Combi®. Results show that the approach saves 

water and energy, and reduces greenhouse gas emissions while ensuring 

a high-quality product.

The study is based on full-scale production at the Indian textile mill 

Maral Overseas Limited (Maral).

Methodology
The study is based on the life cycle assessment (LCA) principles of ISO 

14040 where all significant processes from raw material extraction to 

final disposal are included. The LCA study has been subject to third-party 

peer review.  

The data used in this study (water, energy and chemical consumption 

in textile production) refers to full-scale production at Maral. The 

environmental data (chemical production and utility supply) has been 

extracted from the EcoInvent (2007) LCA database. The estimation of 

the environmental impact of enzyme production is based on Nielsen et al 

(2007). The environmental modelling is conducted using SimaPro 7.3.2 

LCA software. 

  All calculations are performed with reference to one ton of knitted 

pretreated, polished and dyed fabric.

Comparing Processes
The combined approach to pretreatment and dyeing saves electricity, 

heat and water because processes are run in fewer baths at lower 

temperatures (Figures 1 & 2)

In the conventional approach, scoured and bleached fabrics go into 

high-temperature bleach clean-up with a thiosulphate-based auxillary, 

securing the full removal of hydrogen peroxide and making the fabric 

ready for dyeing. Next, the bioblasting process, using an acid enzyme, 

polishes the fabric surface to remove protruding fibres. Finally, the fabric is 

dyed (migration method) and finished. 

The combined approach simplifies this process. It enables bleach 

clean-up, bioblasting and dyeing (migration method) to be carried out 

in one step. In Maral’s case, the production time was cut from 180 to 

100 minutes, saving 80 minutes of time. On top of saving water for 

the company, the combined approach enables Maral to perform textile 

processing at lower temperatures and to save on heat and electricity.

Process Description
In the textile mill, the relevant processes are carried out in a Sclavos 

model Athena dyeing machine. Steam is used for heating water and 

electricity is used for mechanical work.  The electricity is produced 

at a hard coal-fired power plant, while steam is produced at a 

nearby hard coal-fired boiler. The production water is derived from 

the local River Narmada, and has been filtered and deionised before 

use. Wastewater is treated in an aerobic wastewater treatment plant 

and discharged into the river. Bulk chemicals are produced by local 

manufacturers. The Cellusoft Combi enzyme product is produced  

by Novozymes. 
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Figure 1: Conventional three-step process flow chart

Figure 2: Combined process flow chart

Table 1
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Usage and Savings
For Maral, it took 10kg of Cellusoft Combi to perform the new process, 

but it also saved the company water, heat, electricity and chemicals. The 

usage and savings are summarised in Table 1.

Results
The environmental impact of switching from the conventional three-step 

process to the combined process is shown in Figure 3.

Overall, switching from the conventional process to the combined 

process would save Maral 4100 MJ of energy while adding only 230 

MJ. These savings are primarily driven by reduced heat and electricity 

consumption (See Figure 4). 

Heat and electricity production from coal leads to CO2 emissions, 

which, in turn, contribute to climate change. The energy savings that 

Maral achieved by combining three baths in one led to net CO2 savings 

of 350 kg per ton knitted fabric. 

Enzymes are produced by fermentation, which is a water-consuming 

process. Water consumption for enzyme production (200 litres per 10kg 

enzyme) is small, however, compared to the saving that can be achieved 

by avoiding two baths in textile production (13 m3 water). This means 

that consumption of large amounts of water is reduced.

Conclusion 
Switching from the conventional three-step process to the combined 

process leads to considerable environmental improvements, including 

reduced impact on global warming and reduced energy and fresh water 

use. That is because the enzyme works efficiently in a combined bath at 

lower temperatures, using fewer chemicals.

Perspectives 
Fuel sources for energy supply
The fuels used in the energy supply make a huge difference to the 

amount of savings that can be obtained by switching to the combined 

process. Not all companies can achieve the same environmental 

improvements as in this case, where the energy is supplied by coal. 

This depends on the specific electricity and steam supply, and the 

actual fuels.

In this case, coal was used to produce both heat and electricity. 

If these are produced using natural gas, furnace oil or wood chips, 

the amount of savings and therefore contribution to global warming 

changes (see Figure 5.)

Figure 5 shows that even when the energy source is not coal, you can 

significantly cut down on the contribution to global warming. The savings 

are fewer because natural gas, heavy fuel oil and wood pellets are less 

CO2-intensive than coal. 

Impact on fabric quality 
Results of the study at Maral, and other studies comparing a three-step 

acid bioblasting to the combined approach, show that the quality of the 

prepared and dyed fabric is similar for the two methods. However, the 

combined process gives the final product a slightly better appearance in 

terms of whiteness and surface softness. 

The combined approach also gives less fabric-weight loss than the 

conventional process and saves 1-2% at the same bioblasting level (see 

Figure 6 for the score on pilling).

Cost 
With Maral’s specific setup, initial calculations showed that when 

Figure 3: Added and saved consumption and contribution to global warming when 
swiching from the conventional three-step process to the combined process. The 
added impacts are due to the production of Novozymes Cellusoft Combi and the 
saved impacts are due to heat, electricity, water and chemical saving. All data refer 
to one ton of knitted fabric

Figure 4: Saved greenhouse gas emission are primarily driven by heat snf electricity 
savings, but saving conventional enzymes, chemicals ect. also contributes to the 
total savings

Figure 5: Different scenarios on saved contribution to global warming according 
to energy source when switching from the conventional three-step process to the 
combined process. All data refer to one ton of knitted fabric

Figure 6: At the same level of bioblasting, the combined process saves 1-2% weight 
loss compared to the conventional process

Figure 7: The combined process saves a significant amount of resources and cut 
down on cost
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switching from the three-step process using an acid enzyme to the 

combined process, Maral could expect a cost savings of around 

25% by replacing acid bioblasting with combined bioblasting with 

Cellusoft Combi. This savings is based on the large reduction in 

water, steam and energy use (Figure 7.)

Global environmental savings potential 
Based on the United States Department of Agriculture’s survey on world 

cotton consumption, it is  estimated that the global production of dyed 

knitted fabric amounts to around 5 million tons annually. That makes the 

global saving potential 65 million m3 water and 1.5 million tons of CO2 

annually. The water savings correspond to the annual household fresh 

water consumption of 1.7 million Indians and the CO2 savings correspond 

to the annual emissions of 600,000 cars.
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