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Carpet Tile Products

• ECOWORXTM

Polyolefin backing   ( First non-PVC 
tile backing system)

• PERMABACTM

PVC backing
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Comparison of ECOWORX and  
PERMABAC carpet tile products 
Life cycle inventory profile
Impact assessment
Green purchasing
Sustainable product

Goal and MotivationGoal and Motivation
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Search and 
Selection of the

Process

Definition of the
Process 

Mass Balance 

Energy Calculation

•Processes of greater Industrial Importance

•Definition of the Scale
•By-products
•Chemical Losses (including Fugitive Losses)

•Chemical reactions
•T, P, yields, conversions, etc.
•Physical and chemical properties
•Process flow diagram

•Heats of reaction and dilution
•Sensible heat to reach reaction conditions
•Energy for separation units
•Energy for material transportation
•Potential energy recovery

Design Based Methodology (Inventories)
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List of Assumptions

• Capital process and office utilities are not 
included.

• Human labor is not included.
• One representative manufacturing  process 

is chosen for each chemical.
• Heuristics are written for unit operations.
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Transportation 
and distribution

Life Cycle of Carpet Products

Extracting and 
processing 
raw  materials

Manufacturing

Maintenance
Use and re-use

Recycling

End of life
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Major Steps of Carpet Manufacturing Process

Latex 
mixing/compounding

Coating application

Secondary backing

Tufting & warping
(primary backing)

Nylon fiber + PET

Carpet 
Product

http://www.stair-carpet-runners.co.uk/stair_carpet_runners_shopping/fleur_de_lys_stair_runner.php
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0.1333 kg/sy 
PET/nylon 
backing
(85wt% 
PET and 
15wt% 
nylon)

Steamer

0.8074 kg/sy
Finished 
predyed nylon

1 (s)

25 oC 5 (s)

3 (s)

25 oC

31.1 ºC Dryer 1

6(l)

25 oC

7 (g)

100 oC

0.5561 kg/sy 
Steam

Stainblocker

0.0135 kg/sy

Warping

4 (s)

25 oC

Tufting

8 (s)

67.8 oC

11 (g)

100 oC

8a (g)

41.1 oC
Room cooling A

12 (s)

39.4

0.5419 kg/sy 
Water

7a (l)

100 oC

5a (s)

31.1 ºC
Water, 0.0142 kg/sy

0.06902 kg/sy 

Set-up waste

Detailed Process Flow Diagram of ECOWORXTM

Tile Manufacturing Process- Page 1
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B 12 (s)

39.4
Precoater 

Mechanical 
mixing 1

14 (l)

25 oC

13 (l)

25 oC

20 (s)

47.8 oC
Dryer 
2

15 (s)

31.4 oC

18 (g)

150 oC

19 (s)

112.2 oC

C1, 17.2 oC

Chill rolls 1
Drum 2

Water, 0.1676 kg/hr
Latex, 0.5611 kg/sy

Room
cooling

19a (s)

98.9 oC
Room 

cooling

Chill rolls 1
Drum 1

19b (s)

77.2 oC
19c (s)

50.6 oC

C3, 16.7 oC

A

Sew-on solid waste

0.0087 kg/sy

15a (s)

25 oC

Water
0.1676 kg/hr

Latex breakdown Material Weight, kg/sy

Proprietary carboxylated 
butadiene/acrylate 

polymer 0.2220
Aluminum trihydrate 0.3353

Additives Additives 0.0039
Total 0.5611

Major component

C2, 20 
oC

C4, 21.1 
oC

Detailed Process Flow Diagram of ECOWORXTM

Tile Manufacturing Process- Page 2
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B Preheater 1

Compounding 
extruder

Secondary backing
1.6357 kg/sy

C7, 18.3 oC C8, 42.78 oC

20 (s)

47.8 oC

24 (s)

126.1 oC

Fiber glass

0.0741 kg/sy

25 (l)

25 oC

27 (s)

25 oC

28(l)

204 oC

P4a

26a (s)

25 oC

0.6543 
kg/sy

Extrusion 1Room 
cooling

21 (s)

25.6 oC

C
28a(s)

121.1 oC

C11
32.5 oC

C12
35.56 oC

Gearbox

Pelletizer

C5 
17.2 oC P4

C6, 41.11 oC

26 (l)

182 oC

D

C10, 25.56 oCC9, 21.56 oC

26b (s)

25 oC

0.9814 
kg/sy

Room 
cooling

Total

Material 
Dry Weight 

(kg/sy)
LDPE 0.3925
fly ash 0.6215

Post-consumer crushed 
glass 0.3598

Hydrocarbon resin 0.1799
Additives Additives 0.0820

Total 1.6357

Major component

Detailed Process Flow Diagram of ECOWORXTM

Tile Manufacturing Process- Page 3
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E

P7

Chill rolls 4

C18, 23.9  oC

26b (l)

25 oC

33(s)

33.3 oC

32(s)

106.1oC
Extrusion 
2

C14,
22.2 oC

Room 
cooling

29a(s)

41.7 oC
Room 
cooling

30 (l)

204 oC

29b(s)

127.8 oCPreheater 2

Chill rolls 3

28a(s)

121.1 oC
C

C13,15.6 oC

P5

29(s)

53.9 oC

Seam scrap, stop marks, and 
quality control checks 
0.0020 kg/sy

31 (s)

25 oC

C17, 10.6  oC

C15
46.1 oC

C16
56.7 oC

D

Detailed Process Flow Diagram of ECOWORXTM

Tile Manufacturing Process- Page 4
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E

Tile 
cutting

Packaging 

1 square yard 
carpet on 
building floor

(2.898 kg/sy)

37 (s)

25 oC

33(s)

33.3 oC

34(s)

25 oC

35(s)

25 oC
Backprint

35a(s)

25 oC

Room 
cooling

33a(s)

25 oC

List of additives-
proprietary

Installation trim and 
attic stock
0.1014 kg/sy36 (s)

25 oC

Window waste, seam 
scrap,  warranty & 
inspection loss
0.1463 kg/sy

Chemical Name 
Anionic Surface modifier
methylenebisthiocyanate 
Anionic surfactant
2,5 Furadione modified 
ethylene/hexene-1 
polymer Maleic 
Anhydride/2,5-furadione
Parrafinic oil
Sodium Polyacrylate 
Thickener
Phenolic/Methacrylate 
Stainblocker
Chlorphenyl Ether
Fluorochemical

Carpet product composition
Materials name Mass, kg/sy
Dyed nylon fiber 0.6847

PET core/nylon sheath 0.1131
Fiber glass 0.0682

LDPE 0.3614
Hydrocarbon resin 0.1656

Proprietary carboxylated 
butadiene/acrylate 

polymer
0.2031

Aluminum Trihydrate 0.3068
Fly ash 0.5722

Post-consumer crushed 
glass 0.3313

Additives 0.0915

Total 2.898

Detailed Process Flow Diagram of ECOWORXTM

Tile Manufacturing Process- Page 5
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LCI of ECOWORX and PERMABAC 
Manufacturing Processes – (I) Process Mass Input

Chemical name
Unit PERMABAC ECOWORX

Face fiber Face fiber Predyed nylon fiber kg/sy 0.65 0.78
PET kg/sy 0.13 0.11
Nylon sheath 0.02
Fiber glass kg/sy 0.04 0.07
PVC homopolymer kg/sy 0.21
Ethlyene-vinyl acetate copolymer kg/sy 0.26
Diisoheptyl phthalate (DIHP) kg/sy 0.52
poly (methylacrylate-co-vinyl chloride) kg/sy 0.32
LDPE kg/sy 0.38
Hydrocarbon resin kg/sy 0.17
Proprietary carboxylated 
butadiene/acrylate polymer kg/sy 0.21
Calcium carbonate kg/sy 2.06
Fly ash kg/sy 0.95
Aluminum hydroxide kg/sy 0.32
Total kg/sy 4.20 3.03

Carpet composition
 Mass of process input, kg/sy
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LCI of Carpet Manufacturing Processes – (II) 
Process Energy Consumption

Source Units PERMABAC ECOWORX Comments

Electricity kJ/sy 1,294 3,993
Dowtherm kJ/sy 0 0

Heating steam kJ/sy 1,477 1,477

85% efficiency has been included to 
determine how much steam is needed for 
heating process fluid

Natural gas kJ/sy 7,823 2,696
Energy input 
requirement kJ/sy 10,594 8,165

Electricity + steam + direct fuel oil + 
Dowtherm+ diesel

Cooling 
refrigeration kJ/sy -226 -1,763

Energy removed from the system by 
refrigeration

Potential Heat 
Recovery kJ/sy

Net energy kJ/sy 10,594 8,165
Energy input requirement minus potential 
heat recovery from cooling systems.
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Face FiberFace Fiber

nylon 6nylon 6

oror

nylon 66nylon 66
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Primary 1st 2nd 3rd 4th 5th 6th 7th Natural resources

 Nylon 6 Caprolactam Cyclohexanone oxime Cyclohexanone Cyclohexane Benzene 
Petroleum 

extraction/refinery
Hydrogen

Oxygen 
Oxygen

Hydroxylammonium 
sulfate Hydrogen

Oxygen 

Sulfuric acid Sulfur trioxide Sulfur 
Petroleum 

extraction/refinery Crude oil

Nitrogen monoxide Ammonia

Oxygen 
Ammonia

Sulfuric acid Sulfur trioxide Sulfur 
Petroleum 

extraction/refinery

Sulfuric acid Sulfur trioxide Sulfur 
Petroleum 

extraction/refinery

Ammonia

Sulfur trioxide Sulfur 
Petroleum 

extraction/refinery

Toluene
Petroleum 

extraction/refinery

Nitrogen

Natural gas

Air

Air

Water

Air
Natural gas

Air
Natural gas

Water

Water
Water 

Crude oil

Crude oil

Water
Water

Crude oil
Air

Crude oil
Natural gas

Air
Air

Air

Water

Water
Water

Crude oil
Air

Air
Air

Natural gas
Water

Nylon 6 Chemical Tree
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Nylon 66 Chemical Tree
Primary 1st 2nd 3rd 4th 5th 6th 7th Natural resources

Nylon6-6 Adipic Acid Cyclohexanone Cyclohexane Benzene Petroleum extraction/refinery
Hydrogen

Oxygen 
Oxygen

Cyclohexanol Cyclohexane Benzene Petroleum extraction/refinery
Hydrogen

Oxygen 
Oxygen

*Nitric acid Ammonia 

Hexamethylenediamine Adiponitrile Acrylonitrile Propylene Petroleum extraction/refinery
Ammonia

Oxygen
H2SO4 Sulfur trioxide Sulfur Petroleum extraction/refinery Crude oil

NaOH Sodium chloride 

Hydrogen
Oxygen 

Ammonia Air
Natural gas

Water

Water
Water

Air
Natural gas

Air
Water 

Salt rock
Water

Air
Natural gas

Water
Air

Air
Water 

Air
Crude oil

Air

Air
Natural gas

Water

Water

Air

Air

Crude oil
Natural gas

Air
Crude oil
Natural gas
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CTG energy details of nylon 6 with allocation
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CTG energy details of nylon66 with allocation
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0%

200%
400%
600%
800%

1000%
1200%
1400%
1600%
1800%

2000%

Global
Warming

Acidification HH Cancer HH
Noncancer 

Smog

Environmental assessment comparison of nylon 6 and nylon 66

Nylon 6

Nylon 66
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Process related Energy related Process related Energy related
kg/sy kg/sy kg/sy kg/sy

Nitrogen used from air 0.20 0.21
Oxygen used from air 1.71 5.41 1.57 5.36
Coal 0.00 0.74 0.00 0.72
Crude oil 1.84 0.28 1.99 0.26
Natural gas 0.23 0.34 0.03 0.44
Salt rock 0.20 0.15
Water in reactions 1.13 1.25
Copper ore 0.29 0.36
Rutile 0.01 0.01
Calcium carbonate 2.22
Bauxite ore 0.01 0.65
Borax 0.01 0.01
Limestone 0.02 0.04
Silicon dioxide 0.03 0.04
Fly ash 0.62

Total 7.88 6.77 6.94 6.79

PERMABAC
Natural resource

ECOWORX

Comparison of Natural Resource Consumption
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Global warming impact
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Conclusion

• Nylon fibers, as the economically significant component 
in carpet products, are also environmentally significant 
in the life cycles of carpet products.This makes recycling 
of carpet product more meaningful if face fiber can be 
reused. 

• Carpet backing filler, as the heaviest component, has 
little environmental impact contribution to the life cycle 
of carpet product.

• PERMABAC tile has more global warming impact, HH 
cancer and non cancer impacts than ECOWORX tile.
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Future Work

• LCI of carpet use phase and recycle phase.

• Incorporate the use phase and recycling phase of 
carpet products to analyze the cradle-to-grave life 
cycle of carpet products.
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