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Summary  
 

This life cycle assessment  (LCA) compares two new and re -designed textile treatment 

processes with their existing alternatives . The assessment is based on data collected at  

Esquelôs textile factory in Guangzhou. The new version of the process is referred  to as 

the Elemental  process , whereas the existing version of the process is referred  to as the 

Conventional  process.  

 

 

Goal and scope  
The present LCA compares conventional production of fabric with the new and re -

designed process for dyeing and treatment. The comparison is done for two different 

colours, navy and lighter blue. The study  compares all relevant processes affected by the 

change in production. This includes scouring or bleaching, dyeing, biopolishing and 

rinsing. The study has two coherent functional units: 1 ton fabric and 1 t - shirt.   

 

 
Impact c ategories and m ethod  
The study  adresses the following environmental impact categories: Global warming, 

acidification, nutrient enrichment (eutrophication), photochemical ozone formation. 

Furthermore, fossil energy, agricultural land and fresh water are considered as resource 

indicators .  

 

Acute aquatic toxicity from the chemicals and enzymes used in the textile treatment 
process is calculated using Critical Dilution Volume ( æCDV tox ). Note that this is neither an 

actual hazard assessment, nor a full life cycle toxicity assessment, but on ly focuses on 

chemicals used in the textile process.  

  

The study takes a market oriented approach and handles co -product issues by system 

expansion. Characterization factors from the óCML 2 baseline 2000ô method (and 

Ecoindicator 95) are applied and the sy stem modeling is performed in SimaPro 7.1.8  

(LCA software tool) . 

 
 

Inventory analysis  
Shifting from Conventional  textile dyeing and treatment to the new Elemental  process 

saves energy and water. The process temperature can be significantly decreased as well 

as the production time and several baths (production steps) have been avoided. 

Furthermore, the applied amounts of some chemicals are reduced.  

 

 
Results  
Seen in  a life cycle perspective, the new Elemental  process results in environmental 

benefits on all investigated impact categories (see table below). For global warming, the 

net savings are 1400 kg CO 2 eq. per ton fabric for the navy  process and 11 00 kg CO 2 eq. 

per ton fabric for the lighter blue process. The single most important explanation is the 

decreased heat consumption which accounts for 800 kg CO 2 eq. per kg fabric for both 

processes. Saved electricity is also important (340 kg CO 2 eq. per kg navy fabric and 240 

kg CO 2 eq. per kg blue fabric).  
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Overview of net reductions in environmental impacts when shifting from the 

Conventional  process to the Elemental process . a)  Acute aquatic toxicity measured 

as Critial Dilution Volume (CDV); the amount of water required to dilute chemicals to no 

effect on the aquatic eco -system.  

    

Impact category  Unit  Navy process  Blue process  

  Per ton 

fabric  

Per T-shirt  Per ton 

fabric  

Per T-

shirt  

Global Warming  kg CO 2 eq.  1400  0.41  1100  0.33  

Acidification  g SO 2 eq.  13 000  4.0  11 000  3.4  

Eutrophication  g PO4
3-  eq.  760  0.23  600  0.18  

Photochemical 

smog form.  

g C 2H4 eq.  620  0.18  490  0.15  

Fossil energy  MJ 13 000  4.0  10 000  3.0  

Fresh water use  m 3 99  0.030  72  0.022  

Agricultural land 

use  

m 2Āa 

 

80  0.024  67  0.020  

Acute aquatic 

toxicity  (CDV) a) , 

low  

and high  

mio l  water  460  0.13  40  0.010  

2000  0.60  1600  0.49  

 
The results of this study are likely to be somewhat underestimated, because heat loss 

from process heating as well as heat loss in the jet dyer is not included in the study.  
 

 
Sensitivity analyses  
Sensitivity analyses indicate that the general conclusion of the study is robust, and that 

environmental improvements will be found in any other production factories that replace 

the Conventional  textile treatment process with  the Elemental  process.  

 

Magnitudes of environmental improvements obtained by replacing the  Conventional  

textile production process with the Elemental  process are highly  dependent on energy 

scenarios. Estimation of environmental improvements in other  fact ories than Esquel must 

therefore rely on specific electricity and steam generation  scenarios with the actually 

applied fuels.  The environmental improvements are likely to be larger in factories where 

steam production is based on more CO 2- intensive fuels, s uch as lignite, and smaller in 

factories where steam or electricity production is based on less CO 2 intensive fuels than 

coal, such as wood, natural gas or fuel oil.  

 

Also, environmental improvements are likely to be larger for factories with less energy 

efficient equipment, which is equipment with higher liquor ratio or electricity consumption 

per ton fabric than Esquel.  

 

Because the Elemental process is gentler to the fabric, it should be possible to optimize 

the process and use less cotton per T -shirt. If such an optimization is realised, the 

environmental improvements of the process will be even larger and include reduced use 

of agricultural land.  
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1.  Introduction  

 

Textile products are produced in long series of processes from raw material production -  

for instance cotton  growing  -  to the fi nal garment ï for instance a T-shirt.  

 

Processes used in textile industry today are results of decades or even centuries of 

development in a mix of gradual refinements of existing production process es and total 

changes when new opportunities arose.  

 

This development is still going  on  and one of  the gradual refinements that has been 

observed in the industry over the past two decades is an increasing use of enzymes as 

alternative or supplement to chemicals.  These enzymes include  amylase s, cellulases, 

pectate lyases, proteases, peroxidases and cat alases. The enzymes are implemented 

because they act  fast and specific and often  save energy, water  and chemicals in 

production which translates into a better economy in the textile mills , see  e.g. Nielsen et 

al. (2009).  

 

Until recently enzymes have to a l arge extent been used as replacements to the 

chemicals at  single -process - level  in the existing chains of processes and the biological 

solutions have to a large degree been used in a production chain developed for chemical  

solutions . 

 

The number of processe s in a textile mill that can be driven or supported by a biological 

solution is , however,  now so high that rethinking the whole production chain from a 

chemical based thinking into a biological thinking is becoming more and more obvious.  

 

Novozymes has be en working on combined biological solutions for textile industry for a 

number of years now and has recently entered into a close collaboration with Esquel 

Textile and Garment Manufacturer to see whether a combined effort by the two 

companies could improve not only the individual processes in textile production  ï but 

simply the way that textiles are manufactured.  

 

The two companies are deeply engaged in moving industrial production towards 

sustainability and t he aim of the project is partly to develop viable  solutions for a 

competitive industry under economic pressure and partly to reduce the environmental 

impact of textile production .  

 

The project takes the production of a T-shirt  as an example and quality, cost and 

environmental impact of a two different T-shirts produced by a conventional method and 

an innovative  biological method is compared.  

 

The purpose of the present report is to investigate the environmental implications of 

switching from the Conventional  production chain to the biological production chain  

named the ñElemental T-shirtò. The study takes its starting point in a full scale production 

(Conventional  process) and 40 kg production trials at Esquel ôs textile factory in 

Guangzhou . The study is based on life cycle assessment principles according  to the ISO 

14040 -series where all significant processes from ñcradle to graveò are included. 

 

The results of the study will be used 1) in promotion of the new T-shirt  2) in promoting 

the  new  technology and 3) in promoting Esquel and Novozymes as innovative and 

responsible companies .  

 

The target grou p is other textile  manufacturers , textile retailers, textile consumers and 

anyone with interest in sustain able development of our society.  

 

The study is commissioned by Novozymesô Textile Industry Strategy Group. Han Kuilderd 

(HKUI) )  has  served as internal contact person . Dr. Xiaoqun Qiu from Esquel, Li HaiJing 

(HaLi), Wu Gui Fang (GFWu) and Yucheng Zhou (YucZ ) from Novozymes  has supported 



 

2 
 

with data.  External review in accordance with ISO 14040 on LCA has been  performed by 

Anders Schmidt , Force Technology . See Appendix 1.  

 
 

2.  Method  

 

The study is based on life cycle assessment (LCA) principles, where all significant 

processes in the product chain from raw material extraction through production and use 

to final disposal are included. The LCA is performed according to the method describe d 

by Wenzel et al. (1997) and environmental modeling is facilitated in the SimaPro 7.1.8  

LCA software. The study compares  the impacts that are generated when the innovative 

biological textile production process is introduced with the impacts that are avoid ed when 

Conventional  textile production process  is replaced. Consequently, a marginal and 

market -oriented approach is taken in the study and co -product issues are handled by 

system expansion ( ISO 2006) . For further details , see Wenzel (1998), Weidema ( 2003 ) 

and Ekvall and Weidema (2004 ).  

 

The study focuses on assessing the systemsô potential contribution to environmental 

impacts, and not the actual environmental effects. This is in accordance with both the 

ISO standards and international consensus, acknowledging the fact that it is in practice 

impossible to know all sites of emissions to the environment a nd all actual exposure 

pathways of the emitted substances.  

 

Environmental impacts potentials are expressed at mid -point level and t he environmental 

impact potential of  a substance i emitted to environment from a process is calculated as  

 

            EP(j) i = Q i · EF(j) i 

 

      Where  

 

          Qi   is the emitted quantity of substance i  

j     is the environmental impact (e.g. global warming)  

i     is CO 2, CO, CH 4, N 2O, NO 3, PO4, SO 2 etc.  

EF   is an equivalency  factor  

 

EF (global warming) CO2 = 1 g CO 2 equi valent per g  

EF (global warming) CO =  2 g CO 2 equivalents per g etc.  

 

The environmental impact potential of a product  or utility used or saved in the system is 

calculated as  

 

            EP(j) product /utility  = × (Qi · EF(j) i)  

 

 

Equivalency  factors are derived from the óCML 2 baseline 2000ô life cycle impact 

assessment (LCIA) method 1.  The used indicators are specified in section 3.4.  

 

Note that the toxicity indicator (CDV tox ) is calculated differently (see section 3.4).  

 

                                           
1 Characterization factors from the óEcoindicator 95ô method has been used for substances not included in 

óCML2 baseline 2000ô (typically substance groups such as NMVOC). This is to capture all relevant impacts from 
the substances listed in the life cycle inventory (LCI) data applied. Furthermore, the characterization factors for 
óCO2, biogenicô and óCO2, in airô have been set to zero. This is to ensure that the net effect of plant production 
and plant material degrad ation is neutral with respect to contribution to global warming. CO 2 emissions from 
other sources are included in the impact assessment as óCO2, fossilô or simply óCO2ô (depending on the inventory 
data).  
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3.  Scope  

 

The study addresses two different T- shirts produced by conventional and biological 

production processes , respectively . Both T-shirt s are produced from conventionally 

produced cotton and one of them is navy  and the other is blue . 

 

 

3.1  Functional unit  

 

The functions of the two compared systems are to dye knitted fabric for a medium size T -

shirt in navy  blue  and light blue  respectively , hereafter called ónavy ô and óblue ô) . The 

weight of the T -shirt is around 240 gram and about 20% of fabric is wasted in t he sewing 

process and the functional units of the study are: d yeing 300 gram knitted fabric in navy  

and blue  respectively.   
 

 

3.2  Quality of the final product  

 
Processes used in the Elemental  production  chain are gentler towards the  cotton than 

processes used in the Conventional  production chain and cotton weight loss in the 

Elemental  production  chain is around 2.5% lower than in the Conventional  chain.  

 

Input of fabric to the two production processes is the same and this difference  makes the 

Elemental  T-shirt  slightly thicker than the Conventional  T-shirt. The difference can hardly 

be noticed by the consumer and it is ignored in the assessment.  

 

All other quality parameters are considered equal , the only exception being a minor 

dif ference in so -called wet crock strength . See Appendix 4 for a quantitative comparison 

of the quality difference.  

 

 

3.3  System boundaries  

 

The fabric used for the navy  T-shirt  is scoured  prior to dyeing whereas the blue  T-shirt  is 

bleached.  The blue  T-shirt is processed in a ñbleach-process -lineò because bleaching is 

required b efore dyeing to avoid visible dots from the cotton on the final product. The 

navy  T-shirt is dark and bleaching is not necessary prior to dyeing and the  slightly 

simpler ñscouring -process -lineò is used.     

 

Main processes from cotton cultivation to final garment ma nufacture are shown in Figure 

1 and 2 for the two T-shirt s respectively.  

 

Cotton production, ginning, carding, combing, spinning and knitting as well as cationic 

treatment, dry finishing and garment manufacturing are all independent on the changes 

and ignored in the study.  

 

The study therefore only addresses processes from scouring to bio -polishing  or enzymatic 

rinse process ( ERP)  in case of the navy  T-shirt and from bleaching to bio -polishing  or ERP 

in the case of the blue  T-shirt.  
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Navy  T-shirt  

  
 
Figure 1 : Main processes in Conventional  and Elemental  navy  T- shirt  production. The 
study addresses processes related to the dyeing of the fabric prior to garment manufacture (from 
scouring to bio -polishing/ERP ) and these processes are included in the study. Other processes are 

independent of the changes in the dyeing process chain and are ignored in the study (marked with 
dotted boxes).  
 
 

 Blue T -shirt  

  

 
Figure 2 : Main processes in Conventional  and Elemental  blue  T- shirt  production.  The study 

addresses processes related to the dyeing of the fabric prior to garment manufacture (from 
bleaching to bio -polishing/ERP ) and t hese processes are included in the study. Other processes are 
independent of the changes in the dyeing process chain and are ignored in the study (marked with 
dotted boxes).  

 

 

3.4  Environmental indicators  

 
The considered environmental impact categories (j) include  

 Global warming ( kg CO 2 equivalents)  

 Acidification (g SO 2 equivalents)  

 Nutrient enrichment (g PO 4
2-  equivalents)  

 Photochemical smog  formation (g C 2H4) equivalents)  
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The considered environmental impact categories are judged to cover the environmentally 

essential issues.  

 

In addition to environmental indicators, consumption of resources (abiotic depletion) is 

addressed by including the following indicators in the assessment:  

 

 Energy consumption (MJ primary energy carriers, Low Heat Value (LHV))  
 Agricultural land use (m 2· a)  

 Fresh water consumption (m 3)  

 

Energy use plays an important role in the considered system and fuel consumption has 

been aggregated and quantifi ed in terms of MJ. Enzymes are to a large extent based on 

agricultural production and use of agricultural land has been included in the assessment. 

Other types of land use (mining, construction and infrastructure) are not included in the 

assessment because  they are considered of minor importance in the present context. 

Production of enzymes has high use of freshwater  and freshwater consumption has been 

included in the assessment. Use of water for example for cooling is to a large extent 

linked to heat and e lectrical power generation and has not been given particular attention 

in the study.  

 

Acute aquatic ecotoxicity from the textile process waste water is assessed using the 

approach for calc ulation of the critical dilution volume toxicity (CDV tox ) (see Appen dix 7 ).  

Because the chemical composition of some of the raw materials was not fully elucidated, 

two estimates for CDV tox  has been calculated, refered to as CDV tox (low) and CDVtox  

(high) . These estimates have been calculated with the lowest respectively the highest 

difference between the Conventional  and the Elemental process.  Note however, this is 

not an actual hazard assessment and results should be interpreted accordingly.  Note also 

that this assessment is not a full life cycle toxicity assessment, but only focuses on 

chemicals used in the textile process.  

 

The following impact categories are not covered: Emissions of ozone degrading 

compounds are considered insignificant in the considered system and stratospheric ozone 

depletion  is disregarded.  Ecotoxicity from other processes  as well as human toxicity are 

judged to be linked to energy consumption and not given particular attention in the 

study.  

 

 

4 . Inventory analysis  

 

The primary data used in this study derive from production trials at Esquel ôs factory in 

2009.  Secondary data is primarily derived from the Ecoinvent database (Ecoinvent 

2007). An  overview of secondary data sources is given in Appendix 5 . 

 

All the affected processes in the textile mill are carried out in a jet dyer where steam is 

used for heat ing , and electricity is used for mechanical work, ( rolling the fabric constantly 

from one roll to another ) . Electricity consumption is estimated based on process time and 

power information from Esquel production engineers. Steam consumption is estimated 

based on calorimetric calculations . The steam is transported in a pipeline from the heat 

and power plant to th e textile production facilities. Esquel production engineers estimate 

that 1.5 % of the heat is lost during this transportation.   

 

To ensure the quality of the fabric, increases in process temperature should be relatively 

fast. This results in a process he ating energy loss, because steam is let into the jet dyer 

at a high speed  which does not allow for all energy to be absorbed in the equipment . 

However, each jet dyer is connected to a heat exchanger that recovers 80 %. It has not 

been possible to quantify the process heating energy loss, and it has not been included in 

the study.   
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The factory -owned heat and power plant is coal fired and produces steam and electricity  

in combination. Electricity is delivered to the public network. Electricity is in demand i n 

the region and the power plant is continuously wo rking at full effect. Increased  steam  

consumption in the factory leads to  increased purchase of electricity from  the public 

network  and vice versa. Reduced steam consumption as a result of a switch from th e 

Conventional  to  the Elemental  process  thus leads to de creased electricity production of 

the public  network.  

 

Chinaôs electricity generation is projected to grow significantly in the coming years and 

conventional thermal power  plants fired with coal are expected to grow most in absolute 

terms (EIA 2006 and EIA  2007). On this background it is assumed that a marginal 

decrease in public electricity  production caused  by enzyme application in textile 

production saves power  produced at coal fired power plant, a nd saved electricity 

production is modeled accordingly.  

 

Production engineers at Esquel estimate the energy efficiency of the heat and power 

plant to be 50 -55 %. Given present energy content of the used coal, production of 1 kg 

steam requires 0.11 kg coal , and production of 1 kWh electricity requires 0.4 kg coal. 

Energy content of the steam is 2.8 MJ.  

 

Thus, w hen 1 MJ steam is saved the  decrease in municipally produced electricity is 

calculated  

 

1 MJ steam =  0.11 kg coal    *   1 kWh el  

2.8 MJ            0.4 kg coal      * 101.5  % = 0.0997  kWh electricity  

 

 

The environmental modeling of enzymes follows principles described by Nielsen et al. 

(2007).  Modeling includes all electricity, steam, and water consumption as well as all 

waste treatment pro cesses and more than 90% (w/w) of ingredients consumed. Detailed 

production data for each of the relevant enzyme products has been made available to the 

reviewer.  

 

COD in process waste water is lower for the Elemental process, due to the decreased loss 

of cotton in the Elemental production chain. Esquel performed measurements of COD in 

wastewater from the main processes indicating.  

 

 

4.1  Navy T- shirt  

 

In Table 1  the changes in inputs and energy use when switching from the Conventional 

to the Elemental process  are quantified for the navy process . The sequence and the 

tem perature of the process steps are  shown  in Appendix 2 . I nputs to the single process 

steps are s pecified in Appendix 3 .  

 

 

Table 1 : Add ed and saved materials when the Elemental  T- shirt  replaces the 

Conventional  T- shirt  in navy  process .  All data are per ton fabric.  *) Heat at jet 

dyer. This estimate does not include any heat loss.  

 Mat/utility Unit Quantity 

Added Enzyme products kg 16.5 

 Kieralon XC-J Conc kg 5 

 HOBT kg 0.55 

 H2O2 (100 %) kg 0.20 

Saved Electricity kWh 240 

 Heat* MJ 5640 
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 Water m
3
 80 

 Invadine CWA kg 30 

 NAOH (100%) kg 30 

 Cibaflow JET kg 3 

 Enzyme products kg 10 

 LIPOTOL FMB kg 10 

 COD emission to waste water treatment kg 46 

 

There is a significant reduction in use of chemicals in the navy process. The total amount 

of added chemicals and enzymes is 22.25 kg, whereas the total amount of saved 

chemical is 83 kg per ton fabric.  

 

 

4 .2   Blue  T- shirt   

 

In Table 2 the changes in inputs and energy use when switching from the Conventional 

to the Elemental process are quantified for the blue process. The sequence and the 

temperature of the process steps are shown  in Appendix 2. Inputs to the single process 

steps are specified in Appendix 3.  

 

 

Table 2 : Added  and saved materials when the Elemental  T- shirt  replaces the 

Conventional  T- shirt  in blue  process .  All data are per ton fabric.  *) Heat at jet 

dyer. This estimate does not include any heat loss.  

 Mat/utility Unit Quantity 

Added Enzyme products kg 16.5 

 H2O2 kg 12.2 

 Kieralon kg 5 

 JM-1 kg 10 

 JM-2 kg 10 

 HOBT kg 0.55 

Saved Electricity kWh 165.3 

 Heat* MJ 5613 

 Water m
3
 60 

 Invadine CWA kg 30 

 
 

Cibaflow JET kg 3 

 Prestogen  F-PL kg 5 

  Jinterge LCF-185 kg 5 

 Enzyme products kg 10 

  LIPOTOL FMB   kg 10 

 COD emission to waste water treatment kg 50 

 
The amount of chemicals is also reduced in the blue process, although not as significantly 

as in the navy process. The total amount of added chemicals and enzymes is 54.25 kg, 

whereas the total amount of saved chemical is 63 kg per ton fabric.  

 

4.3  Transpo rt  
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Transport is included in the study based on quite rough  estimates of average transport 

dista nces and mode of transportation (see T able 3) .  

 

The saved enzyme products are produced in China as well as DK. As a conservative 

estimate, transport is estimated from Chinese production site with freighter . The added 

enzyme products are presently produced in Denmark.  

 

Transportation distances are estimated based on location of the supplying company. For 

companies with several production sites, transport i s estimated from the nearest 

production site. NaOH and H 2O2 are assumed transported from local producers . 

 
Table 3 : Transportation distances and processes included in the study. All data from 
EcoInvent (2007).  
. Supplier From  To  Distance (km) 

2
 Mode of 

transportation 
Enzyme products 
(added) 

Novozymes Kalundborg  Guangzhou  
20000 

Oceanic 
freighter 

Enzyme products 
(added) 

Novozymes Guangzhou Gaoming 
80 

Medium sized 
lorry 

 Novozymes Tianjin harbour Guangzhou 
2600 

Oceanic 
freighter 

Enzyme products 
(saved) 

Novozymes Guangzhou Gaoming 
80 

Medium sized 
lorry 

Jinterge LCF-185 JINTEX Taiwan Gaoming 
1500 

Medium sized 
lorry 

HOBT SuZhou 
HaoFan 

Suzhou Gaoming 
1600 

Medium sized 
lorry 

JM-1 
JM-2 

Shenzhen  
Advanced 
HuaLian Fine 
Chemical 

Shenzhen Gaoming 

200 

Medium sized 
lorry 

Invadine CWA Huntsman Guangzhou Gaoming 
80 

Medium sized 
lorry 

Lipotol FMB Guangzhou 
NICCA 

Guangzhou Gaoming 
80 

Medium sized 
lorry 

NaOH 
H2O2 

Local 
producers 

Guangzhou Gaoming 
80 

Medium sized 
lorry 

Cibaflow JET Ciba Kaohsiung Gaoming 
1500 

Medium sized 
lorry 

Kieralon XC-J 
Conc. 
Prestogen F-PL 

Basf Guangzhou Gaoming 
80 

Medium sized 
lorry 

 

5.  Results  

 

The full inventory of changes in resource consumptions and emissions to the 

environment  is shown in Appendix 6. 

 

5.1  Impact assessment  

 

Characterized results of the environmenta l assessment are shown in in Table 4 as net 

reductions. It can be seen that there is a net reduction for all impact categories and 

environmental indicators.  

 
 
Table 4 : Overview of net reductions in environmental imp acts given per functional unit  

Impact category  Unit  Navy process  Blue process  

  Per ton Per T-shirt  Per ton Per T-

                                           
2 Transport with lo rry is estimated from www.maps.google.com . Transport by ship is 

estimated from  www.distances.com . 1 Nautical mile is 1.85 km.  

http://www.maps.google.com/
http://www.distances.com/
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fabric  fabric  shirt  

Global Warming  kg CO 2 eq.  1400  0.41  1100  0.33  

Acidification  g SO 2 eq.  13000  4.0  11000  3.4  

Eutrophication  g PO4
3-  eq.  760  0.23  600  0.18  

Photochemical 

smog form.  

g C 2H4 eq.  620  0.18  490  0.15  

Fossil energy  MJ 13000  4.0  10000  3.0  

Fresh water use  m 3 99  0.030  72  0.022  

Agricultural land 

use  

m 2Āa 

 

80  0.024  67  0.020  

Acute aquatic 

toxicity, low  

and high  

mio l  460  0.13  40  0.010  

2000  0.60  1600  0.49  

 

Below in Fig. 3 -6 the results are shown as added versus saved environmental impacts . 

Net savings in environmental impacts are determined by subtracting the red bar from the 

green.  
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Fig. 3: Added and saved contribution s to environmental impacts when the Elemental process replaces the 

Conventional process in production of one ton navy fabric .  

  

41

1400

0

500

1000

1500

Added Saved

Global warming
kg CO2 eq

250

13000

0

5000

10000

15000

Added Saved

Acidification
g SO2 eq

53

810

0

200

400

600

800

1000

Added Saved

Eutrophication
g PO4

3- eq

48

660

0

200

400

600

800

Added Saved

Photochemical smog
g C2H2 eq

730

14000

0

5000

10000

15000

Added Saved

Fossil energy use
MJ

1,9

100

0

50

100

150

Added Saved

Fresh water use
m3

11

92

0

20

40

60

80

100

Added Saved

Land use
m2Āyear

450 290 
910 

2.300 

0

1000

2000

3000

Added 
(low)

Added 
(high)

Saved 
(low)

Saved 
(high)

ҟ/5±(tox) 

million liters 



 

11  
 

  

  

  

  
Fig. 4: Added and saved contributions to environmental impacts when the Elemental process replaces the 

Conventional process in production of 1 navy T-shirt  .  
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Fig. 5: Added and saved contributions to environmental impacts when the Elemental process replaces the 

Conventional process in production of one ton blue fabric  .  
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Fig. 6: Added and saved contributions to environmental impacts when the Elemental process replaces the 

Conventional process in production of 1 blue T-shirt  .  
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The main elements causing the change in environmental impacts are illustrated in Figure 

7 and 8, the contributions to global warming, fresh water use and agricultural land use . 

Results for the remaining impact categories (acidification, eutrophication, photochemica l 

smog and fossil energy use) are not shown, because they are identical to the results for 

global warming.    

 

For global warming , th e added contributions to environmental impacts are caused  by 

production of chemicals . For the navy process, main contributions are HOBT and Kieralon 

XC-J Conc. For the blue process, main contributions are JM-2, H2O2 and JM1.  For both 

processes, contribution from production of enzymes is negligible.   

 

Saved impacts are caused  by steam savi ngs (~60 %) and electricity savings  (~20 %) , 

although the contribution from saved chemicals is not insignificant ( ~10 %). The 

contribution s from saved chemicals are higher than the contributions from added 

chemicals, i.e. t he change of the  chemical cocktail in the processes decreases all 

environmental parameters.  

 

Changes in f resh water use and agricultural land use are caused  by other processes  than 

global warming . For fresh water use,  the substantial decrease in process water in the 

texti le process is responsible for more than 90 % of the change in fresh water use. 

Contributions from enzyme production are negligible  in comparison . 

 

Changes in agricultural land use are  caused  by the production of enzymes and chemicals. 

The reason for this i s that sugar and glucose are used for producing enzymes, whereas 

vegetable oil is used for producing surfactants.  

 

Added contributions to agricultural land use are smaller than saved contributions for two 

reasons: 1) saved amounts of chemicals are larger t han used amounts, and 2) the 

production process for the enzymes used in the Elemental  process has been optimised, 

and therefore the production of the added enzymes needs less input of agricultural 

products than production of the saved enzyme.  
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Fig 7 : Disaggregated results for navy  process, global warming, fresh water use and 
agricultural land use. Positive bars represent net reduction of contribution to global 
warming and negative bars represent net increases of contribution to global warming. 
The bl ue bar corresponds to the difference between the red and the green bar for global 
warming in Fig. 3  
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Fig 8: Disaggregated results for blue  process, global warming, fresh water use and 
agricultural land use. Positive bars represent net reduction of contribution to global 

warming and negative bars represent net increases of contribution to global warming. 
The blue bar corresponds to the differ ence between the red and the green bar for global 
warming in Fig. 5 . 
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5.2  Sensitivity analyses  

 
The present assessment is based on a range of assumptions and simplifications which 

contribute to the uncertainty of the final outcome of the study. The most im portant 

assumptions and simplifications are addressed by sensitivity analyses in this chapter to 

test the robustness of the result.  

 

Steam loss  
In Esquelôs steam transportation system, 1.5 % of the energy is lost in the pipelines from 

the heat and power plant to the jet dyer. Process heating loss as well as heat loss in the 

jet dyer has not been included in this study.  

 

A sensitivity analysis has been performed to estimate the impact of the heat losses in 

pipelines and jet dyer as well as process heating loss. I n Figure 9 are shown added and 

saved contributions to global warming for three hypothetical scenarios where tota l 

energy loss is 0 % (best case), 10 % and 20 % .  

 

 

 
Figure 9: Sensitivity analysis of energy loss in steam transportation system. Added and 
saved contributions to global warming when switching from Conventional  processes to 
Elemental  process. In the base  case  steam savings decrease coal based electricity 
production.  

 

 

Figure 9 shows that the advantage of using the Elemental as alternative to the 

Conventional  process is clear in any case. The greates t  advantage is achieved  when 

energy loss in the steam tr ansportation system is high, whereas the smallest advantage 

is achieved if there is no energy loss in the steam transportation (energy loss = 0 %).  

 

 

Steam supply  
Consumption of steam in the textile processes affect s production of coal fired electricity 

from the local network . For other textile industries with other steam supplies, the results 

of the environmental assessment are likely to be different .  

 

A sensitivity analysis has therefore been performed where the base case  steam and 

power energy scenario  is replaced by steam production based on coal  without co -

production of power as well as  steam production based on wood pellet, natural gas, 

heavy fuel oil or lignite (brown coal) . The results for glob al warming are shown in Figure 

10 . 
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Figure 10 : Sensitivity analysis of steam supply. Added and saved contributions to global 
warming when switching from Conventional  processes to Elemental  process. In the base 
case  steam savings decrease  coal based electricity production . In five scenarios  steam is 
sup plied by wood, natural gas, fuel oil, coal or lignite . All data in kg CO 2  eq. per ton 

fabric.  

 
 
Figure 10  shows that the advantage of using the Elemental  as alternative to the 

Conventional  process is clear in any  case. The greates t  advantage is achieved  if the 

steam production is based on lignite, whereas the smallest advantage is achieved  if the 

steam is based on wood  or other CO 2-neutral energy sources.   

 
 
Heat and electricity  consumption by jet dyers  
The energy consumption of the processes depends highly upon the quality and size of the 

equipment, i.e. the jet dyer . Energy consumption in the jet dyer depends on two key 

parameters:  

1)  liquor ratio  (LR) , which is the relationship between water and fabric. This 

parameter is important for heat consumption of the process. Esquel ôs jet dyers 

have a n LR of 10. LR usually ranges between 10 -30, but for newer water efficient 

machines it can be as low as 4.  

2)  Power  for mechanical energy. Esquels jet dyers have an electricity c onsumption of 

64 kW. Power  use  range s, however,  between  30 kW per ton fabric for efficient 

machinery to more than 1000 kW per ton fabric.  

 

The environmental impact of a change from the Conventi onal  to the Elemental  process 

depends upon the efficiency of the jet dyer. To illustrate this dependency, a sensitivity 

analysis has been performed where the saved electricity and steam consumption is 

estimated for a very inefficient and a very efficient j et dyer.  

 

The Eco-Soft Plus fabric dyeing machine from Thies is an example of a very efficient jet 

dyer. This machine has an average LR of 10 and an average  electricity consumption of 58 

kW per ton fabric.  

 

An example of a less efficient jet dyer is ñsoft  piece dyeing m/c , type: AS8/SC ò from 

T.E.A.M, . This machine has an average LR of 20, and an average electricity 

consumption of 90 kW per ton fabric.  

 

There are much less efficient  jet dyer s on the market , such as th e high tempera ture 

dyeing machine , AK-FT25  from AK . This machine has an average LR of 26 and an 

average electricity consumption of 930 kW per ton fabric.  If the Elemental process is 
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applied in such a machine, the CO 2 reduction can be as high as 7000 kg CO 2 per ton 

fabric. However, this ma chine is not assumed to be relevant for large scale production of 

this kind, and omitted from further analysis.  

 

 

 
 
Figure 11 :  Sensitivity analysis with varying efficiency of the jet dyer. Added and saved 
contributions to global warming when switching from Conventional  processes to 
Elemental  process. The base case is compared to savings in two alternative  scenarios: a 

very inefficient jet dyer (max) and a very efficient jet dyer (min).   All d ata in kg CO 2  eq. 
per ton fabric.  

 

 

The results in Figure 11 show that the advantage of the Elemental process is clear in any 

case and  is increased dramatically when inefficient machinery is used, and slightly 

decreased when the most efficient machinery is  used.  

 

 

Yarn  saving  
As mentioned, the p rocesses used in the Elemental  production  chain are gentler towards 

the  cotton than processes used in the Conventional  production chain and cotton weight 

loss in the Elemental  production chain is around 2.5% lower than in the Conventional  

chain. It is therefore possible to decrease input of cotton fabric by  25 kg per ton fabric.  

 

A sensitivity analysis has been carried out, where the saved cotton is modeled with two 

sets of dat a from  UMIPTEX (2006)  and EcoInvent (2007) . 
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Figure 12 : Sensitivity analysis for global warming for impact of yarn saving when 
switching from the Conventional  to the Elemental process for navy  and blue  fabric. All 
data in kg CO 2  eq. per ton fabric.  
 

 

 
 

Figure 13 : Sensitivity analysis for agricultural land use for impact of yarn saving when 

switching from the Conventional  to the Elemental process for navy  and blue  fabric. All 
data in kg m 2Āa per ton fabric.  

 

 
The net results for global warming and agricultural land use are shown in F igure 12 and 

13  which show that environmental benefit of the Elemental process is increased, if the 

use of cotton fibers is decreased. For global w arming, the increase is up to 1 700 resp. 

1400 kg CO 2 eq. for global warmi ng and for agricultural land use the increase is up to 
340 resp. 330 m 2

Āa.  

 
Public electricity production  
In the site -specific scenario chosen, changes in consumption of steam and electricity 

affect public production of coal based electricity which is rega rded as the marginal energy 

source. In other, future scenarios in China or in other geographical regions, the marginal 

energy source may be different.  
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A sensitivity analysis where coal (base case) is replaced by other energy sources has 

therefore been per formed. The results for glob al warming are shown in Figure 14  which 

shows that the advantage of using the Elemental  process as alternative to the 

Conventional  decreases if public electricity in future is based on less CO 2- intensive 

technologies.  

 

 

 
Figure 14 : Sensitivity analysis of electricity production technologies. Added and saved 

contributions to global warming when switching from Conventional  to Elemental  process 
in the base case  (where electricity is produced from coal ) and i n three alternativ e 
scenarios where public power production switches to wind power, nuclear power or 

natural gas power.  All  data  in kg CO 2  eq. per ton fabric.  

 

 

6 . Discussion  

 

 

6.1  Limitations of the study  

 

This life cycle assessment is based on site specific data from Esquelôs textile factory in 

Guangzhou. The results of this study are likely to be  somewhat  underestimated, because 

heat loss from process heating as well as heat loss in the jet dyer is not inc luded in the 

study.  

 

Sensitivity analyses indicate that the general conclusion of the study is robust , and that 

environmental improvements will be found in any other production factories  that replace 

the Conventional  textile treatment process with the Ele mental process .  

 

Magnitudes of environmental improvements obtained by replacing the Conventional  

textile production process with the Elemental process are highly  dependent on energy 

scenarios. Estimation of environmental improvements in other  factories than Esquel must 

therefore rely on specific electricity and steam generation  scenarios with the actually 

applied fuels.  

The environmental improvements are likely to be larger in factories where steam 

production is based on more CO 2- intensive fuels, such as  lignite, and smaller in factories 

where steam or electricity production is based on less CO 2 intensive fuels than coal, such 

as wood, natural gas or fuel oil.  
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Also, environmental improvements are likely to be larger for factories with less energy 

efficie nt equipment . This will for instance be the case for factories with equipment with 

higher liquor ratio or electricity consumption per ton fabric  than Esquel.  

 

Because the Elemental process is gentler  to  the fabric, it should be possible to optimize 

the pro cess and use  less cotton  per T-shirt . If such an optimization i s realised, the 

environmental  improvements of the process will be even larger  and include reduced use 

of agricultural land . 

 

 

6 .2  Toxicity  

 

Toxicity has been included in the quantitative assess ment as environmental  hazard 

identification for acute, aquatic toxicity  of the chemicals and enzymes used in the textile 

process . For this type of toxicity, a shift from the Conventional to the Elemental  process 

provides an environmental improvement.  

 

Other types of toxicity are likely to be linked to the same substances as the acute, 

aquatic toxicity, energy use (emissions of toxic substances with exhaust gasses), and use 

of agricultural land (pesticides in cotton production). Toxicity from the  two lat er sources 

is likely to decrease, since energy use as well as agricultural land use decrease.  

 

 

6 .3  Data quality  

 

The study is based on a broad range of data sources and an assessment of data quality 

etc. has been made in Table 5 . The influence on results  varies considerably between data 

groups and uncertainty of the most important data (steam and electricity) appears to 

lead to an underestimation of the environmental improvements of enzyme application. 

The exact magnitudes of saved impacts should therefor e be interpreted with care.  

 

Table 5  shows that quality of essential data on the Elemental process and production of 

enzymes at Novozymes is considered high . Inputs of chemicals and energy to the textile 

processes are estimated ñhigh quality ò because the data are based on detailed production 

data from two  pilot  production trials. Enzyme production is also estimated  at ñhigh 

qualityò, because the data refer to f ull scale  production at Novozymes.  

 

Secondary data on production of chemicals and t reatment of waste water (COD) are 

generally uncertain, rather incomplete and rather poorly representative, especially with 

regard to geograph y. However, based on the available data sources, the environmental 

impacts from these processes are insignificant  and therefore improved data on these 

processes are unlikely to affect the overall result of th e study.  

 

Data on the production of steam and electricity are estimated by Esquelôs production 

engineers. The data refer to production with the present mix of el ectricity and steam. If 

larger changes  in energy consumption occur, such as a total shift to the Elemental 

process, it is likely that the efficiency of heat and/ or steam production may change, and 

change  the overall result. However, even though the magnitu de of the overall result may 

change, it is unlikely to become negative under any circumstances  as shown by 

sensitivity analys es. 

 



 

23  
 

Table 5 : Data quality assessment  

Data category  Quality  Repr esentativity   Completeness  Importance 

for the 

overall 

result  

Implications for the overall result of the 

study  Temporal  Geographical  

Production 

at Esquel  

Inputs of 

chemicals  

Excellent. 

Data refer 

to actual 

production 

trials  

Excellent  Excellent  Good. Data 

include all 

significant 

processes 

and changes  

High  Essential for a qualified assessment  

Input of 

energy  

Good. Data 

are 

estimated 

based on 

calorimetric 

calculations 

and 

information 

from 

supplier of 

equipment  

Excellent  Excellent  Good  High  It is considered likely that saved impacts 

from heat are underestimated because 

energy loss in equipment is not included  

Production 

of steam 

and 

electricity  

Good  Good  Good  Good  High  Production data from Esquel production 

engineers are verified by literature study.  

Waste 

water 

treatment 

of COD  

Poor  Poor  Reasonable . 

Data refer to 

electricity 

consumption 

in Danish 

WWT plants , 

although 

energy input 

has been 

changed to 

Chinese 

electricity  

Reasonable . 

Data only 

includes input 

of electricity, 

which is 

considered 

the most 

significant  

Low  Assessment of the impact of waste water 

treatment of COD is rather uncertain, but 

it does not have any significant effect on 

the final result.  
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Background 

data  

Electricity 

production  

Good  Good. Data are 

published in 

2007  

Good.  Good  High  Essential for a qualified assessment  

Enzymes  Good. 2009 

production 

plans  

Excellent. Data 

refer to the 

actual 

production in 

Novozymes  

Good. Data 

include all 

significant 

inputs and 

outputs.  

  Saved and added impacts from production 

of enzymes are well established.  

H2O2 Reasonable  Reasonable  Poor. Data 

refer to 

unspecific, 

non -

European 

conditions.  

Good  Low  Assessment of the impact of production of 

chemicals is rather uncertain, but it does 

not have significant effects on the results , 

except for impacts on  land use . 

Albaflow 

JET 

Reasonable . 

Soap is 

chosen as a 

conservative 

estimate for 

anionic 

surfactants  

Reasonable  Good  Low  

Kieralon 

XC-J 

Conc.  

Good  Reasonable  Good  Low  

Invadine 

CWA  

Reasonable  Reasonable  Good  Medium  

Lipotol 

FMB 

Good  Reasonable  Good  Low  

Jinterge      

JM-1 Reasonable  Reasonable  Good  Low  

JM-2 Poor. Data 

refer to 

similar 

substance  

Reasonable  Good  Medium  

Prestogen 

F-PL 

Reasonable  Reasonable  Good  Low  

HOBT Poor. Data 

refer to 

similar 

substance  

Reasonable  Good  Low  

NaOH Good  Good   Medium  
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Tap water  Reasonable  Reasonable  Good  Low  Assessment of the impact of pre -

treatment of production water is rather 

uncertain, but it does not have any 

significant effect on the final results.  

Transport 

of 

chemicals 

and 

enzymes  

Good  Good  Good  Low  Assessment of the impact of transport is 

rather uncertain, but it does not have any 

significant effect on the final results.  
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7.  Conclusion and outlook  

Replac ing Conventional  textile production with the Elemental  process leads to major 

environmental improvements in terms of a broad range of impact categories: global 

warming, acidification, eutrophication, photochemical smog formation, energy use, fresh 

water use, agricultural land use and most likely also toxicity. There are no identified 

trade -offs.  

 

Shifting from Conventional  to the new, Elemental textile treatment process reduces 

greenhouse gas emissions by 1100 kg CO2 eq.  per ton fabric for the navy process and 

1400 kg CO 2 eq. per ton fabric for the blue process. This corresponds to a GHG reduction 

of 330 g CO2 eq. per blue T -shirt and 400 g CO 2 eq. per navy T -shirt.  

 

The reason  is that a small amount of enzymes and chemicals used in the process save 

considerable amounts of energy and water , because process temperature is decreased 

and several baths are  avoided.  

 

Uncertainty assessment an d sensitivity analyses indicate  that the general conclusion of 

the study is robust although magnitudes of environmental advantages are subject to 

much variation and uncertainty.  

 

Transport of enzymes and chemicals ar e insignificant, and the main observations of the 

study are applicable to other factories than Esquel with similar production elsewhere.  

 

Magnitudes of environmental improvements obtained by replacing the 

Conventional textile production process with the Elemental process are highly  dependent 

on energy scenarios. Estimation of environmental improvements in other  factories than 

Esquel must therefore rely on specific electricity and steam generation  scenarios with the 

actually applied fuels.  

 

For acute aquatic ecotoxicity, a calculation of critical dilution volume (CDV tox ) indicates  

that the Elemental process represent markedly less potential impact compared with the 

existing processes.  
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