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Carpet Tile Products

« ECOWORX™
Polyolefin backing ( First non-PVC
tile backing system)

« PERMABAC™
PVC backing
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Goalland Vietivation

o Comparison of ECOWORX and
PERMABAC carpet tile products

Life cycle inventory profile
Impact assessment
Green purchasing

O O O O

Sustainable product



Search and
Selection of the
Process

Definition of the
Process

Mass Balance

Energy Calculatio
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Design Based Methodology (Inventories)

*Processes of greater Industrial Importance

*Chemical reactions

T, P, yields, conversions, etc.
*Physical and chemical properties
*Process flow diagram

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

*Heats of reaction and dilution

*Sensible heat to reach reaction conditions
*Energy for separation units

*Energy for material transportation
*Potential energy recovery



List of Assumptions

o Capital process and office utilities are not
Included.

« Human labor is not included.

e One representative manufacturing process
IS chosen for each chemical.

e Heuristics are written for unit operations.
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Transportation
and distribution

P10

Manufacturing
Extracting an

- - .
processing ‘l l‘

raw materials "!l"

Maintenance

End of life
Use and re-use
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Recycling




Major Steps of Carpet Manufacturing Process

Nylon fiber + PET

Carpet
Product
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http://www.stair-carpet-runners.co.uk/stair_carpet_runners_shopping/fleur_de_lys_stair_runner.php

Tile Manufacturing Process- Page 1

0.8074 kg/sy 3(s)
Finished 25 oC
predyed nylon Stainblocker 0.5561 kg/sy

0.0135 kg/sy Steam
4(s)
25°C
7(9)
6(1) 100 °C
. 25°C
Erwhey  0.1333 kg/sy 1(s)
4= PET/nylon
S hacking 25°C 5(s)
(85Wt% 31.1°C = 820 - —(
PET and 67.8°C
3 39.4
ey 41.1°C
nylon) i -9
e 100 °C
Water, 0.0142 kg/sy
0.06902 kg/sy 0.5419 kg/sy
Set-up waste R
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Detailed Process Flow Diagram of ECOWORX™
Tile Manufacturing Process- Page 2

C3,16.7°C

C1,17.2°C Sew-on solid waste

0.0087 kag/sy

15a (s)
25°C

19 (s) 15 (s) 12 (s)
1122<C 31.4°C 39.4

98.9 °C

20 (s) ’ 19¢ (s) - 19b (s) ’ 19a (s)

47soc e 77.2°C
Chl|| rolls 1 ChiII rolls 1
Drum 2 Drum 1 18 (g)
150 °C Water 14 (1)
0.1676 kg/hr 25 oC
OCC4 2L 2,20 -
o€
13 (1)
25 C

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

Oct, 2007



Detailed Process Flow Diagram of ECOWORX™
Tile Manufacturing Process- Page 3

20 (s)
B 47.8°C
Oct, 2007

Secondary backing
1.6357 kg/sy

25 (1)
25 oC

- C6, 41.11 °C

@5
17.20c P4
C7,18.3°C - C8, 42.78 °C
paa 260
182 °C
C9, 21.56 °C - C10, 25.56 °C
7 0)
26a (s) 25°C
25 4G 0.9814 D
0.6543 e kglsy
kg/sy '
S
204 °C 121.1°C
e 126.1°C
27
© C12
25 0C 35.56 °C
Fiber glass
0.0741 kg/sy
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Detailed Process Flow Diagram of ECOWORX™
- Tile Manufacturing Process- Page 4

25

28a(s) ‘ 29(s)
121100’ 53900

Chill rolls 3

C14,
22.2°C

Oct, 2007

C13,15.6°C

D
26b (1) C17,10.6 °C
25 9C ci15
46.1°C
P7
29a(s) '9b(s) 30 (I) 32(s) . 33(s) =
417°C 27.8°C 204 °C 106.1°C ‘ 33.3°C
Chill rolls 4
31 (s)
25 C C16
56.7 °C
C18,23.9 °C
Seam scrap, stop marks, and
quality control checks
0.0020 kg/sy
11



yDetailed Process Flow Diagram of ECOWORX™

= | 1le Manufacturing Process- Page 5
E 33(s)
Installation trim and
36 () 0.1014 kg/sy
33a(s) 25 oC
259C
25°C 25°C
35a(s) 37 (s) 1 square yard
. . 25°C carpet on
List of additives- 25°C building floor
proprietary (2.898 kg/sy)
Window waste, seam
scrap, warranty &
inspection loss Carpet product composition

0.1463 kg/sy
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LCI of Carpet Manufacturing Processes — (1)

Source

Electricity
Dowtherm

Heating steam

Natural gas

Energy input
requirement

Cooling
refrigeration

Potential Heat
Recowery

Net energy

Oct, 2007

Units

kJ/sy
kJ/sy

kJ/sy

kJ/sy

kJ/sy

kJ/sy

kJ/sy

kJ/sy

PERMABAC ECOWORX

1,477

10,594

-226

‘i Process Energy Consumption

1,477

8,165

-1,763

Comments

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

Electricity + steam + direct fuel oil +
Dowtherm+ diesel

Energy remowved from the system by
refrigeration

Energy input requirement minus potential
heat recovery from cooling systems.
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Nylon 6 Chemical Tree

4th

6th

Natural resources

Caprolactam

Cyclohexanone oxime

Cyclohexanone

Cyclohexane

Benzene

Petroleum
extraction/refinery

Crude ol

Hydrogen

Natural gas'

Oxygen

Air

Oxygen

Ar

Hydroxylammonium
sulfate

Hydrogen

Natural gas

Oxygen

Ar

Sulfuric acid

Sulfur trioxide

Sulfur

Petroleum
extraction/refinery

Crude oil

Ar

Water

Nitrogen monoxide

Water

Ammonia

Air

Natural gas'

Water

Oxygen

Air

Ammonia

Ar

Natural gas:

Water

Sulfuric acid

Sulfur trioxide

Sulfur

Petroleum
extraction/refinery

Crude oi l.
Air

Water

Water

Sulfuric acid

Sulfur trioxide

Sulfur

Petroleum
extraction/refinery

Crude oi l.

Alr

Water

Water

Ammonia

Air

Natural gas:

Water

Sulfur trioxide

Sulfur

Petroleum
extraction/refinery

Crude oi l.

Toluene

Petroleum
extraction/refinery

Crude oil

Water

Nitrogen
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Air
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1st

2nd

3rd

4th

Nylon 66 Chemical Tree

5th

Natural resources

Adipic Acid

Cyclohexanone

Cyclohexane

Benzene

Petroleum extraction/refinery

Crude ol

Hydrogen

Natural gaé

Oxygen |

Oxygen

Cyclohexanal

Cyclohexane

Benzene

Petroleum extraction/refinery |

Hydrogen

Oxygen |

Oxygen

*Nitric acid

Ammonia

Oct, 2007

Hexamethylenediamine

Adiponitrile

Acrylonitrile

Propylene

Petroleum extraction/refinery

Crude oil

Ammonia

Air

Natural gaé

Water

Oxygen

Al

H2S04

Sulfur trioxide

Sulfur

Petroleum extraction/refinery

Crude oil
f

Water

NaOH

Sodium chloride

Salt rock

Waterl

Water

Water'

Hydrogen

Oxygen

Ammonia




CTG energy details of nylon 6 with allocation

[ Total Net Energy with energy recovery
B Total energy without energy recovery
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recovery
B Total energy without energy

O Total Net Energy with energy
recovery

CTG energy details of nylon66 with allocation
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Environmental assessment comparison of nylon 6 and nylon 66
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1 sy Permabac carpettle

Sater for ren

“Water (untreated)

p-benzenedicarboxylic acid

Acetic acid

Carbon monoxide

Carbon dioxide

Natural gas

Matural gas (unprocessed)

Nitrogen from air

Air (untreated)

Oxygen from a

Air {untreated)

“Water for rxn

Water (untreated)

Natural gas

Matural gas (unprocessed)

“AJater for rxn

Aiater (untreated)

WMethanol

TNatural gas

TMatural gas (unprocessed)

WMater for rin

“Water (untreated)

Oxygen from air

Air funtreated)

pXylene Toluene HMaphtha Crude Ol
Fiberglass Alurminurm axide Bauxite Bauxite ore
Sodium chloride Salt rock
Vater for rxn Water (untreated)
Boric oxide Boric a Borax Borax(untreated)

Sulfuric acid

Sulfur trioxide

Oxygen from air

Al (untreated)

Sulfur

Crude Oil

“Mater for rxn

ater (untreated)

Water for rxn

Water (untreated)

Limestone

Limestone(untreated)

Uyed nylon tace Tiber nylonb LCaprolactam yclohexanone oxime Ammonia atural gas atural gas (unprocessed)
Nitrogen from air Air (untreated)
Oxygen from Air (untreated)
Water for rxn Water (untreated)
Cyclohexanone Cyclohexane Benzene Maphtha Crude Ol
Hydrogen Maphtha Crude Ol
Oxygen A {untreated)
Oxygen from air Air {untreated)
W ater for rxn WWater (untreated)
Oxygen Air (untreated)
Hydroxylammonium sulphat HNitric oxide Ammonia Matural ges Natural gas (unprocessed)
Nitrogen from A {untreated)
Oxygen from air Air {untreated)
W ater for rxn WWater (untreated)
Oxygen Air (untreated)
Sulfuric acid Sulfur trioxide Oxygen from air Air funtreated) ]
Sulfar Crude Oil
“Aater for rxn WWater (untreated) |
Water for rn Waler (untreated)
W ater for rxn Water (untreated)
Toluene Naphtha Crude Oil
“Woven/nonwoven backing fabrics PET Ethylens glycol Ethylene oxide Ethylene Naphtha Crude Oil
Oxygen Air (untreated)

Silica Silica(untreated)
Eacking polymeric systarm P T Chioride Dichlorosthane, 1,2 Ethylene Maphtha Crude Ol
Hydrogen chloride Chlorine Sodium chioride Salt rock
Pater far rxn Waler (untreated)
Ethylene Naphtha Crude Oil
Oxygen from air Air {untreated)
Paly qrethylacryiste-co-winy!
chioride) rmethyl acrylate Acrylic acid Elhyl Acelate Arefic arid Carbon monoxide Carbon dioxide Natural gas Natural gas (Unprocessed)
Nitrogen from a [Air_{unireated)
Oxygen from air Air_funirested)
ifater for rm iater (unireated)
Natural gas Natural gas (Unprocessed
Waler for ren Wiater (urireated)
Hethanol Natural gas Matural gas (Unprocessedy
Wsler for rn Waler (urirested)
Ethanol Corn W fertiizer Brine
Sylwanile rock
ertiizer Alr_(urirestec)
Matural gas (Unprocessed
Petroleum procuct
Phosphate rock (n ground)y
Wialer (urireated
P fertiizer Alr_(urirestec)
Matural gas (Unprocessed
Petroleum procuct
Phosphate rock (n ground)y
Wialer (urireated
“Wister for ran Wister (antreated)
Oxygen from a Rir_{Untrestedy
Propylene haphina Cruce oil
Hethanol Natural gas Natiral gas (unprocessed)
Wister for ren Wister_(untested)
Vinyl Ghioride Dichioroethane. 1.2 Ethylene Haphina Gruce oil
Hydrogen chioride Chiorine Sodiurm chiofide Satrock
Wister for ran Witer (unrested)
Ethylene HNaphiha Crude 0il

0xygen from air

At (unireatect)

EVAC copalymer

Ethylene

Maphtha

Crude Oil

Oxyaen from air

Air (untreated)

vinyl acetate

Acetic acid

Carbon monoxide

Carbon dioxi

Tatural gas

Tatural gas (unprocessed)

Nitrogen from air

Air {untreated)

Oxygen from a

Air (untreated)

“Mater for rxn

Water (untreated)

Watural gas

Matural ges (unprocessed)

Wwater for rxn

W ater (untreated)

Methanol

Natural gas

Matural gas (unprocessed)

“/ater for rxn

Afater (untreated)

Ethylene

Naphtha

Crude Ol

Oxygen

Air (untreated)

WAsater for rxn

Water (untreated)

Diisohepty| phthalate

5-Methyl-1-hexanol

4-Methyl-1-Pentene

Propylene

[Maphtha

Crude Jil

Carbon monoxide

Carbon dioxide

Matural gas (unprocessed)

Natural gas
Nitrogen from a

Air (untreated)

Oxygen from air

[Air {untreated)

Wvater for rxn

\Water (untreated)

Natural gas

Matural gas {onpr

)

Wdater for rxn

Wifater (untreated)

Hydrogen Iaphtha Crude Oil
Oxygen A (untreated)
Oxygen from a Air (untreated)
Water for rxn WVater (untreated)
Phthalic anhydride o Xylene Naphtha Crude Oil
Oxygen from air [Air (untreated)
Alphatic hydrocarbons Crude Oil

Backing fillers

Calcium carbonate

calcium carbonate unmined

ol v




1 sy EcoWorx carpet tile

Additives

Dyed nylon face fiber nylong: oxime Ammonia Natural gas Natural gas (unprocessed’
Nitrogen from air Alr (Urireated)
Oxygen from air Air (urireated)
ister for rn Wiater (urfreated)
Cyclohexanone Cyclohexane Benzene Nﬂma Crude Qi
Hydrogen Maphtha Grude oi
Oxygen Al (Urireated)
Oxygen from air A (unireated)
tster for rn Water (urireated)
Oxygen Alr (Urireated)
Hydrasxylammonium suphate Mitrc oxicle: Ammonia Watural gas Natural gas (unprocessed)
Nitrogen from air Al (Unirested)
Oxygen from air A (unirested)
ifster for ran ifater (unreated)
Oxygen Alr (Urireated)
Sulhuric acid Sulfur trioxide Oxygen from air A (unireated) |
Suflur Crude 0l |
Uater for rn Water furtreated) ]
Wister for rn iater (unfreated)
st for ran Wister (urtreatec)
Toluene Napitha Crude 0i
Woven/nonwaven backing fabrics PET Ethylene glycol Ethylene oxide Ethylene Naphiha Crude Oi |
Oxygen Al (Urireated)
Water for rxn Water {unireated)
p-benzenedicarbasylic acid Acetic acid Carbon monoxide Carbon dioxide Naural gas Matural gas (Unprocessed)
Nitrogen from air Air (unirested)
Dxygen from air Ar (unireated)
Wister for ran Water (urtreatec)
Watural gas MNatural gas (unprocessed)
Wigter for rn Wister (urtreated
Methanol Matural gas Matural gas unEFDCESSEU
Wister for rn Wiater (untreatec)
Oxygen from air A (Untreated)
p-Xylene Toluene Maphiha Crude 0i
nyloné oxime Ammonia Natural gas Nat.ral gas (unprocessed)
Nitrogen from air Alr (Urireated)
Oxygen from air Air (urireated)
Wster for rin Water (urfreated)
Cyclohexanone Cyclohexane Benzene Nﬂma Crude Qi
Hydrogen Maphtha Grude oi
Oxygen Al (Urireated)
Oxygen from air A (unireated)
fster for ran Water (urireated)
0xygen Alr (urireated)
Hydrasxylammonium suphate Mitrc oxicle: Ammonia Watural gas Natural gas (unprocessed)
Nitrogen from air Al (Unirested)
Oxygen from air A (unirested)
“fster for rn Water (urireated)
Oxygen Alr (Urireated)
Suluric acid Sulfur trioxide Oxygen from air A (unireated)
Sur Grude 0
Water far rxn Water furtrested)
Wister for rn iater (unfreated)
st for ran Wister (urtreatec)
Toluene Haphtha Crude 0i
Finerglass Aluminurm oxide Bauxie Bawte ore
Sodium Sodiur chidride Saltrack
Wiater for rm Wiater (unireate)
Boric oxide Boric acid Borax Borax Unreated)
Sulfuric acicl Sulfur trioxide Oxygen from air Air (unirested) |
Suur Crude Oi
Water for rin Watet (Lnreated) ]
Wiater for ran Wiater (untreated)
Limestone Limestone urreated)
Silica Silica{untreatec)
Backing polymeric system LDPE Ethylene Waphtha Crude Oi |
Hytirocarbon resin Crude Ol
Buiadiene-acrylate copalymer 1,3 butadiene C4 Hydrocarbons Haphtha Crude 0i
Hethyl methacrylate Acetone eyanohydrin Acetone Isopropanal lene Naphtha Grude oi
SUMric acid Sulfur trioxide Oxygen from air Air_{Untreated)
Sulr Crude Oi
Wter for rin Wiater (untreated)
“Water for ran Water (Unfreated)
igter for rn Water (urfreated)
Hydrogen cyanide Ammonia Watural gas MNatural gas (unprocessed)
Nitrogen from air Al (Urireated)
Oxygen from air Air (unireated)
ister for rxn Water (urtreatec)
Natural gas Matural gas (unprocessed)
Oxygen from air Al {urreated)
Ammonia iatural gas Natural gas (unprocessed)
Nitrogen from air Al {Uriregted)
Oxygen from air Alr (Unirested)
igter for nm Wiater (untreated)
Hethanol Natural gas Natral gas (unprocessed)
Witer for nm Wiater unireate)
Suric acid Sulfurtrioxide Dxygen from air Alr (Urireated) |
Suflur Crude: il |
ister for rxn Wiater (urtreatec)
iifater for nm Wiater (urreated)
ster for rn Wiater (Untrested)
Eacking fillers Fly ash class G Fly ash(unireated)
Auminuin hydroxide Bauxite Bauxite ore I
Sodium Sodium chioride | Salt rock |
Water for rxn | Wiater {unireated) |



Allocatio

Chemicals Mass | Energy without allocation, kJ/kg chemical |Byproducts |nfactor Energy with allocation, kJ/sy Permabac tile
kofsy
FPermabac Total mass/kg Total
tile Electricity  |Dowtherm  |Steam Fuel® Energy chemical Electricity |Dowtherm | Steam Fuel Energy

1 sy Permabac

tile

4170

1.00

1,294

1,255

7,823

10,372

nylon6

0.787

4,307

785

3,217

440

7,823

1.00

3,388

617

2,531

346

6,882

PET

0.133

1,969

1,248

215

440

3,706

1.00

262

166

29

59

516

Fiberglass

0.074

9,711

10,

67

20,478

1.00

719

0

0

797

1,515

PVC

0.156

149

2,614

440

3,181

1.00

23

0

409

69

501

Folylmethylacrplate-co-vingl chloride] 2,552
EVAL copolymer 17
Diizoheptyl phthalats T35
= 106

1,216

113

23

433

1060

223

553

25

TE3

ES

15

4,385

Carbon disxide G600
Carbon manoxids 1523
Chlorine 2,114

Car 3
Cyelzh IE3
Cyclohexanons 1,590
Cyclohe me 356
Dichlarosthane, 1,2 512
Ethanal 18

Ethyl Acctate 26
Ethylens 6,491
Ethylens: glycal 135
Ethylene oxide 7
Hydrogen 965
Hydragen chlorids 1,065
Hudroxylammonium sulphate 156
K fertilizer 1
Polsthanal 546
mathyl acrylute 31
N Fertilizer i
Maphtha 3,085
Matural gaz 430
Hitric oxide 37
Crygen 0
a-Xglens 331

P fertilizer 0
prbenzenedicarboylic acid 2,101
Phthalic anhydrid: 2,530
Propylens 1,480
poylene 302
Sodium chloride 1,460
Fodium hydrexide 1E
Sulfur 40
Zulfur tricxide 13
Eulfuriz acid 66
Taluene 561

| acetat 474

“inyl Chlaride 2,356
Water 0.5883 1 1 1.00 0 0 0 0 0
Total 13,226 878| 23,562| 28,648| 66,314

MNatural resource energy

41,332

1,097

29.453

28.648

100.530



Allocation
Chermicals Mass Energy withaut allocation kJ/kg chemical By products  [factar Energy with allocation, kJ/kg chemical Energy with allocation, kJ/sy ECOWORX tile
kofsy
ECORWOR: massflkg Tatal Mt Tatal
tile  |Electricity |Dowtherm |Steam  |Fuel® Total Energy |chemical Electricity  |Dowtherm | Steam Fuel Energy Electricity  |Dowtherm | Steam Fuel Energy
1 sy ECOWORX
capettie | 2.898 1.00 3,993 1,255] 2,696) 7,943
nylon6 | 0.807 | 4307) 7853217| 440 §749 1.00] 4307 785 3217 440) 8749 3474 633] 2595 355 7,057
PET 0.113 | 1969|1248 215| 440/ 3872 1.00] 1969 1248 215 440 3872 223] 141 24] 50 439
Fiberglass | 0.074 | 9,711 10,767] 20,478 1.00] 9711 0 0110,767| 20478) 119 0 0 T797] 1517
LOPE 123
Hydrocarbon resin 30
Eiutadiene-acrylate copalymer 13
Flyash elags 513
Aluminum hydroside 3442
13-butadicns 1ii
Acetic acid 1L
Acctone 15
Aceton cyanchydrin 2
Aluminum oxide 223
Ammonia 1204
Eausite B4
Benzene 143
Eatic acid 66
Boric exide

C4 Hydrocarbang 32
Caprolactam 4497
Carbion dioxide kH
Carbon manozide Ti
Cyeloherane bk
Cyelohiranane 1630
Cyclohexanons oxime 30
Ethylene 6,660
Ethylene glzal 115
Ethylene oxide 66
Hydragen 112
Hydragen apanide 3
Hudroxyl jium sulphate 160
Isopropanal a
Wethanal 130
Tothul methacrylate 30
Maphtha 2201
Matural gaz 20
Nitric aide it
COzygen G5
prbenaenedicarbosylic acid JALT
Prapuline 123
pefitlene 20
Sodium chlorids 25
Sodium bydrovide 410
Sulfur 14
Sulfur trioxide 43
Sulfuric scid 15
Toluene bl
Water 0.657 | 1 1.00 1 0 0 0 1 1 0 0 0 1
Tl 15l 13,296 1,047 16,988 18,523 49,854
Natural resource energy| 41,550 1,309| 21,235/ 18,523(82,617







Global warming impact Acidification impact
7.0 | Carpet manufacturing 45 | Carpet manufacturing
O Dyed nylon fiber O Dyed nylon fiber
6.0 - - O Backing sheet 4.0 I O Backing sheet
W Backing polymeric system 35 | I | | m Backing polymeric system
5.0 @ Backing fillers ) @ Backing fillers
. - 3.0
2 40 e
= * @ 25
] +
~ I
o Y—
2 Q
© 15
2.0 €
1.0
1.0 1
0.5
0.0 0.0
PERMABAC ECOWORX PERMABAC ECOWORX
Cancer impact HH Noncancer impact
03 W Carpet manufacturing 9.0 m Carpet manufacturing
O Dyed nylon fiber O Dyed nylon fiber
03 0O Backing sheet 8.0 1 0O Backing sheet
' W Backing polymeric system 7.0 | W Backing polymeric system
@ Backing fillers @ Backing fillers
© 0.2 - 6.0 |
g 3
g g 5.0
% 0.2 - ©
N g 40,
() o
o0 +—
o 0.1 2 3.0
2.0 4
0.1
1.0 +
—
0.0 - 0.0 -
PERMABAC ECOWORX PERMABAC ECOWORX




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.
o 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

o 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.

Oct, 2007
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http://www.shawfloors.com/default.aspx
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