_Q/ /l]-OJEY]—_@;]X/
A“//25zJ Aoz, 2023
<FA>

’m Check for updates

PISSN 1229-2060

elSSN 2287-5743

Korean Fashion & Text. Res. J.

Vol. 25, No. 6, pp.673-689(2023)
https://doi.org/10.5805/SFT1.2023.25.6.673

X&E7ts M7 20 F=5dn MEtast
Faly| ez - Aws|
=l

Low Carbonization Technology & Traceability for Sustainable Textile Materials

Min-ki Choi, Won-jun Kim, and Myoung-hee Shim'

Korea Textile Trade Association, Seoul, Korea

Abstract: To realize the traceability of sustainable textile products, this study presents a low-carbon process through
energy savings in the textile material manufacturing process. Traceability is becoming an important element of Life Cycle
Assessment (LCA), which confirms the eco-friendliness of textile products as well as supply chain information. Textile
products with complex manufacturing processes require traceability of each step of the process to calculate carbon emis-
sions and power usage. Additionally, an understanding of the characteristics of the product planning-manufacturing-dis-
tribution process and an overall understanding of carbon emissions sources are required. Energy use in the textile
material manufacturing stage produces the largest amount of carbon dioxide, and the amount of carbon emitted from pro-
cesses such as dyeing, weaving and knitting can be calculated. Energy saving methods include efficiency improvement
and energy recycling, and carbon dioxide emissions can be reduced through waste heat recovery, sensor-based smart sys-
tems, and replacement of old facilities. In the dyeing process, which uses a considerable amount of heat energy, LNG,
steam can be saved by using “heat exchangers,” “condensate management traps,” and “tenter exhaust fan controllers.”
In weaving and knitting processes, which use a considerable amount of electrical energy, about 10- 20% of energy can

be saved by using old compressors and motors.

Key words: textile traceability ("3 5-%]/d), waste heat exchange for dyeing (
#2]), exhaust managing for stenter process (F1E]&g #7]4|o]), low-power consumed facilities
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Fig. 1. Schematic diagram of sustainability keywords. Traceability and Transparency(2021). https://unece.org
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Fig. 2. Schematic diagram of traceability between other groups within
valuechain. Traceability and Transparency(2021). https://unece.org
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Fig. 11. Energy consumption and CO, emission; (a) Proportion of CO, emission by fuel and useage, (b) Effects and prices of CO, emission per unit

calorific value by fuel. Ritchie et al. (2020), https://ourworldindata.org.

Table 1. CO, emission output and price by energy source COyTHE AT 75 o|AElEA HiEZ TS Y 2= gtk
Energy Source ~ CO, Emission Output Price (Intergovernmental Panel on Climate Change [IPCC], 2020).
Steam 61 tCOy/TJ W14,487,504/TJ g A7NAA] 7HES Fig. 119 AR 7143} v
(160 kgCOy/tSteam) ~ (W40,243/tSteam) go o wpch o, A7 FEAE, 1] 7} saole
Electrici 132 tCOy/TJ W29,722,222/TJ = (=5, 71471 5) e
ty (0.5 kgCO,/kWh) (W110 / kWh) o] BE&HT 2 A9+ Jrh 2R UA= g sHUE
Thermal power 255 1CO,/TI i o w3l A= sch(“Domestic energy”, 2023).
generation (coal)
Combined heat and _
- d = 1l 5
power generation (coal) 196 1CO,/TI 34. Oll{X] Mo Mu|o| B8 ¥ E1t
Gas power generation 2 1CO/TT i 28 LNG, A7] 59 duAE e ¢ 3;’._% TN 5]
(NG, LPG) ’ olAMEIREA HIEE A7 4 glow] Afdl BN ALg
Geothermal power 28 1CO,/TJ B 3k 4 Q= UlFAEel our] Aok Au)dl] uis) olo]‘y_/\)\—r,]. A=

generation

Photovoltaic power
generation 9 1C0/T) - AHE 247 sk

Nuclear, hydro, and 01 00,y ;

wind power generation 341, 94 H2= I FeAs]

Note: From Domestic energy price mf.ormatwfz, Andonvg:.Copynght (2023) a7k BRI oUx] Aok Gt 7P =& Aekas)

by the Daesung Clean Energy. Reprinted with permission o
W FAA ks A2 Hge] HLES 35, AL-Eet

Energy systems, Geneva: Copyright (2020) by the Intergovernmental Panel
on Climate Change. Reprinted with permission
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Table 2. Properties and varieties of heat exchanger (liquid to liquid)

Cylindrical multi-tube type (cell type)

Plate type

Type Multi-level circulation type
Heat exchange efficiency Fair (85-90%)
Durability and manageability Good
Price Medium

High (cleaning equipment is

Good (90% or higher) Fair (85-90%)
Fair Fair

Low to medium (cleaning

purchased separately) equipment is purchased separately)

*Pros: Easy to manage suspended <Pros: High reliability and efficiency <Pros: Inexpensive

Chrematistics (Pros & Cons)  solids
*Cons: Relatively low efficiency

Structure

Image

*Cons: Requires frequent cleaning <Cons: Cannot be used at high pressure
(vulnerable to suspended solids)

or in the presence of suspended solids

I2H

Note: From Book of examples of company for low-carbonize textile material process. (p. 16), Seoul: Copyright (2023) by the Korea Textile Trade

Association. Reprinted with permission
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ER [tCO2] = ATh X Gy X my X dop X Mex ¥ Efisteam (2)
Er CO, reductions [tCO,/year]

ATh  Temperature difference before and after processing high-
temperature wastewater [°C]

Cy Specific heat of water [4.184 x 10 TiA]

my, Capacity of processing high-temperature wastewater per day
[t/day]

dop Number of days operated [days]
nex Heat exchange efficiency [%]

Ef geam Indirect emission factor of steam (= 61 tCO2/TJ)
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Table 3. Case of installing heat exchanger(KTTA, 2023)

g7 i 2A FHY AJEkrd) 7Y 681

Company Main production process Heat exchanger type Temperature of hot wastewater Processing capacity CO, reduction
A Dyeing, etc. Cylindrical multi-tube Around 45°C 600 t/day 1,348 tCO,/year
B Non-woven fabric bleaching, etc. Cylindrical multi-tube Around 50°C 600 t/day 832 tCO,/year
C Dyeing, scouring, etc. Multi-level circulation Around 60°C 450 t/day 829 tCO,/year
D Dyeing, washing, etc. Multi-level circulation Around 75°C 250 t/day 494 tCO,/year
E Dyeing, pretreatment, etc. ~ Multi-level circulation Around 75°C 350 t/day 489 tCO,/year
F Dyeing, washing, etc. Multi-level circulation Around 70°C 200 t/day 357 tCO,/year
G Dry/wet coating, etc. Plate Around 63°C 200 t/day 273 tCO,/year
H Dyeing, washing, etc. Multi-level circulation Around 71°C 100 t/day 168 tCO,/year

Note: From Book of examples of company for low-carbonize textile material process. (p. 17), Seoul: Copyright (2023) by the Korea Textile Trade

Association. Reprinted with permission

Fig. 12. Examples of heat exchanger(gas to liquid) installation and principle to heat exchange. K774 (2023), p.24

Ao TA-Hx] dwF H(gas-liquid heat exchange)3} ‘E
7 37 (seebeck’s thermal-electric generating)’©]Th.

71A-HA Qe "7, ARt 5o 9 T ol
Hj 7|7 20X =2 ARgsle W olut H2 A Zlse]
O2 120~200°CllM = Suste] 7Fsgk A7l FuEal ok
(Ansan Green Environment Center, 2012).
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Er CO, reductions [tCO,/year]

AT,  Change in water supply temperature (°C)

Cy Specific heat of water (4.184 x 10° TJ/tC)

my Capacity of producing high-temperature wastewater per
day (t/day)

dex Number of days operated (days)

Ef qeam Indirect emission factor of steam (= 61 tCO,/TJ)

A W= w77 A S A7dUR| R Agske AHo]
oh REEA] &2f Fe] 2xxbel] o8| Aot A
of Zgo] AikE]= A g3 (Seebeck’s effect)s &85 HI
olt}. TN AMEEE ttRe] SdE7= S
AHEE FE7] Ha IAE Fus & AW AxE 530
9k (generating)3H}.

SEARE 1A -4 A )T R IRE FAEE °C o]
he] w717k wiE AMelld F2 ARSSte Adrloln vt
S 739-200°C mIYh 71A-4A] Gwd|Rule &3t A
ALAEE 10kW PRS2 A8 A Q)

343. AR 2HEFY 35T Ao

B HH, A FH 52 dud M) E B3
g5 F5o A, 718 Fig 143 2ok &
< 3=-H3}(condensate and liquefaction) = SEHF=Z A4
= o] vz~ (bypass)= HIZH T}

ETE MRS 2"o] FFEE Ag Wallsly] wite] w
2A wiEshs Aol 83 $5TE 283 EAE ]
W&ol 28l EdY(steam-trapys Al 28] S et
skl 35w w2 A wjEslof i)

dnizlon 7| 35 HEEs £ 1~5 2H H
ol Al 7P ol BFHE VIAI2] 28 E(mechanical
trap)> S5 WIE BRI} Fol £ 0.5 BE vvke] £E2
HiEgth. §55 Aol viEl viESErE e 9N 349
71EEE(ALHEE)S Hojrme|al Efo) &Afo] dhAysi)

AA BN E Efje] E4EL 35T WiE B0 LA

8 74esr} AdsE 397t Bov] @Y SRAES 44

==

[
o
X



682 L7 ef8Ix] A25H A6, 2023

Hot side bt %
by 7| 7tA
(HE 5)

\ ‘l / Eliéon >
@

(b)

Fig. 13. Schematic diagrams of principles and construction of thermoelectric generator; (a) seebeck effect, (b) construction of thermoelectric generator.

KTTA (2023), p.24

&5 W) 98] % WH(non-steam trap valve)S ¥
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m}ﬂ"ﬂ SEFT7E MiEEe S Ao
A 7V 4 E(trapping) AR ~HE
Zjo] EIEAL Sltk A AHER S
3 T=E JHske VA FHE vEA

nx

S e 27 EHE Adx

T

uﬂ
13

f
I

93 2ge 3
(electronic trap)’
E(ball)2] &S

4] Al (water

The foat sinks and rises n response 10 .
condensate flow and blocks of 0pens the vave
accorangly, alowing for CONBNUOUS Granage.

(a)

Table 4. Case of installing electrical steam trap

level sensor)’E ARESl] $54 S SA3I AR 49

o]do] W HiEsl= Fxo|th Fig. 159 o] #+24 WiE
TR A7 Algte] glom M AME ARl FE=Tt

=3 9] FE At

-JE AR EFS AR 7199 29 dkaeE oF 10%
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Sl ARSI 71dT 5~15H1E AX|sle] 58~271% CO,9
]ﬂ'ﬂLiS A&tk 28 Aoks Bl 759 olisie
G TH 2] 48} o] AkEsitt

o

l'>

R [tCOZ] = Mggeqm * Qsteam X Efisteam (4)
Ex CO, reductions [tCO,/year]
Myeam Steam savings per year [tonne/year]

Q Calorific value of steam [2.76 x 10™ TJ/] (?Including
steam enthalpy of vaporatization)

Ef seam Indirect emission factor of steam [=61 tCO,/TJ]

=54
L]
EERTELE

BXR e

(b)
Fig. 15. Schematic diagrams of steam traps by type; (a) machanical ball trap, (b)electrical trap. K774 (2023), p.18

Company Main Products Installation Target Steam Saved CO, Reductions
I Polyester dyeing 15 dyeing machines 1,610 t 271 tCO,/year
J Flame retardant curtain dyeing 12 rapid dyeing machines 1,016 t 171 tCO,/year
K Polyester dyeing 15 rapid dyeing machines 983 t 166 tCO,/year
L Polyester dyeing 9 rapid dyeing machines, 4 rotary washers, 1 scouring machine 981 t 165 tCO,/year
M Blended fabric dyeing 13 dyeing machines 766 t 129 tCO,/year
N Polyester/nylon dyeing 5 dyeing machines 346 t 58 tCO,/year

Note: From Book of examples of company for low-carbonize textile material process. (p. 18~19), Seoul: Copyright (2023) by the Korea Textile Trade

Association. Reprinted with permission
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Fig. 16. Schematic diagrams of heat energy efficiency before and after
install stenter fan auto control systems. K7TA (2023), p.25

Table 5. Main component of stenter auto fan control system
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Er CO, reductions [tCO,/year]

mppG LNG savings per year [NmB/year]

Qupg  Calorific value of LPG [43.1 x 10® TI/Nm®]
Erpg  Indirect emission factor of LPG [=56 tCO,/TJ]
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FRE7E PASHE =51 REE E3F o] Ay Al
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o] 7t M8 Axart ArkPark, 2016).
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AR oE) A FFEe AFHE s AEE 2|
o] SHANEE )2 FTA el FEE o] A7 @AYol <
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Components Temperature and humidity sensors, terminal boxes Parts for exhaust fan control System (software)
Measures temperature and humidity in chambers and fabrics
. Required) T 1t d humidi P ble logi
Functions ( equlre, ) empe,ra ure and humidity sensor Exhaust fan motor and control box o o nabie 1O8le
(Required) Fabric temperature sensor set controller software
(Optional) Residual moisture sensor
Image

Note: From Book of examples of company for low-carbonize textile material process. (p. 25), Seoul: Copyright (2023) by the Korea Textile Trade

Association. Reprinted with permission
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Table 6. Varieties of insulation facilities

Components Thermal insulation material Casing
o Glass wool (350°C thermal shrinkage, low price) ° Stainless (SUS): mainly for dyeing machines and tanks
Functi > Mineral wool (600°C thermal shrinkage, mid-low price) (strength T, thermal conductivity | , weight 1)
unctions . o . . . X . .
o Ceramic wool (1,000°C thermal shrinkage, high price) > Aluminum (STS): mainly for pipes and ducts (strength | ,
thermal conductivity T, lightness | , workability/welding | )
Image

Note: From Book of examples of company for low-carbonize textile material process. (p. 26), Seoul: Copyright (2023) by the Korea Textile Trade

Association. Reprinted with permission

Table 7. Methods of reducing electric energy for motor

Method Elimination of deterioration Low-power motor (IE3 class or higher) Inverter attachment
Reduction Effect 5-10% 28% 19%
o Blimination of power overload caused by Energ)'/ savings from high-efficiency An inverter i§ attached to' reduce power
Principle operation of new-model motors of IE3 or use by converting to the optimal voltage and

aging stator, rotor, bearings, etc. .
eing ’ 5 higher

frequency and minimizing load operation.

Note: From Book of examples of company for low-carbonize textile material process. (p. 22), Seoul: Copyright (2023) by the Korea Textile Trade

Association. Reprinted with permission

Table 8. Proportion of cause of overload for decrepit motor parts

Deteriorated Area Stator damage

Rotor damage

Mechanism (e.g., bearings)

h
damage Other damage

Proportion in Causes of
459
Overload %

19% 8%

Note: From Book of examples of company for low-carbonize textile material process. (p. 22), Seoul: Copyright (2023) by the Korea Textile Trade

Association. Reprinted with permission

9] =4 d5%)eIH ZE Q] JTA £44(28%), HlolH 5 7]
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2 5~10%2] Hgo| HekgEth(Park, 2016).
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71E 4 ATk(Park, 2016).
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on gely AH|9] 45kW EE IS 22kWE wA s}
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Table 9. Improvement effects and prices of low-powered motor by grade
IE3 IE4 IE5

Class IEL [ 1E2 (Premium Efficiency) (Super Premium Efficiency) (Ultra Premium Efficiency)
Energy (Power) Subiect to replacement 4.5% efficiency increase over 6.0% efficiency increase over 7.0% efficiency increase over
Efficiency ! P IE1 IE IE1
Prohibited to sell
Price (Ministr0 i)t;lt;(riadz SIendust Moderate High Ultra-high
v ’ i (W500,000 for 5.5 kW) (900,000 for 5.5 kW)  (W1.5 million for 5.5 kW)

and Energy)

Note: From Book of examples of company for low-carbonize textile material process. (p. 23), Seoul: Copyright (2023) by the Korea Textile Trade
Association. Reprinted with permission

Table 10. Case of substituting decrepit motors with low-powered motors

Power savings

Company Main production process Subject to replacement (improvement efficiency) CO, reductions

(0] Water jet loom, twisting machine, 145 units of 5.5 kW twisting machines 1,031 MWh 493 tCO,/year
warping machine 1 unit of 18.5 kW warping machine (16% savings)

P Twisting machine, knitting 150 units of twisting machines 825 MWh 395 tCO,/year
machine (17% savings)

Q Water jet loom, twisting machine 68 units of 5.5 kW twisting machines 441 MWh 211 tCOy/year

(14% savings)

Note: From Book of examples of company for low-carbonize textile material process. (p. 23), Seoul: Copyright (2023) by the Korea Textile Trade
Association. Reprinted with permission

347 A¥Y A=A 7Het.

AZAME AF, ATY 9 40 239l 37198 2+t 53] A=z Ae A asfolshs Tagh AR A
= 94 Ahjolth. BHe} mRPINR, egel wE wAshs SFEETY, IME 2 o, HIERA ofFolth
ke e A 5~10% A AR} lon <IHE HE 27gelM= 100~300 7HE HZHME 3~100] Hiel=
= PR A5 10%2] F7F AREp) Ak 799 e £Foke 2ol dubzloln Aitete] w2t {71402 AF o
A AZHNE AR R WAD S 5% AHEpT F TE A Az $FE AT Aolls A 2FAA

Table 11. Methods of reducing energy using low-powered air compressor

Method Elimination of deterioration Built-in inverter Reciprocating Type — Screw type
Reduction Effect 5 to 10% 10% or higher 5%
Elimination of power overload caused Reduction of power usage by embedding Low power consumption due to less
Principle by air leaks, piston rust, etc. an inv.ener in the compres‘sor to convert volumetﬁc.eﬂ'lcie?cy variation compared
to optimal voltage and frequency and to the reciprocating type

minimize load operation

Note: From Book of examples of company for low-carbonize textile material process. (p. 20~21), Seoul: Copyright (2023) by the Korea Textile Trade
Association. Reprinted with permission

Table 12. Price and varieties of air compressor(KTTA, 2023)

T Screw compressor type Screw compressor type + inverter

e

P Oil injection Oil-free Oil injection Oil-free

P ffici . . . .

Reci(;)v:(fZazn;CIcfg;ypr(f:\/sssor) Fair (5% improvement) Very good (10% to 20% improvement)
Manageability Requires periodic oil injection Does not require oil injection Requires periodic oil injection Does not require oil injection
Cleanliness of Contains microscopic Contains microscopic

. S .. Clean o . Clean
compressed Air oil (impurities) oil (impurities)
Price Mid-low price Mid-high price High price Ultra-high price

(Based on 100 hp) (in the W40 million range) (in the W70 million range) (in the W100 million range) (in the W150 million range)

Note: From Book of examples of company for low-carbonize textile material process. (p. 20~21), Seoul: Copyright (2023) by the Korea Textile Trade
Association. Reprinted with permission
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Table 13. Case of substituting decrepit air compressor with low-powered air compressor

Main production

Power savings

Company process Replacement description (improved efficiency) CO, reductions
<Existing> Aged, 875 hp (4 units)
Screw type: 300 hp, 250 hp, 175 hp, 150 h
R Air jet loom ( P P P p. 150 hp) 1,286 Mwh 615 1CO,fyear
<Replacement> New, 700 hp (4 units) (25% savings)
(Inverter-screw type: 175 hp, 1 unit; Screw type: 175 hp, 3 units)
<Existing> Aged, 425 hp (3 units)
Air jet loom, (Screw type: 200 hp, 125 hp, 100 hp, (1 unit each)) 405 MWh
S . ; . . 194 tCO,/year
texturing machine <Replacement> New, 300 hp (2 units) (20% savings)
(Inverter-screw type: 150 hp, 2 units)
. <Existing> Aged, 74 hp (1 unit)
Loom,. p rocess.mg (Reciprocating-direct on line, 74 hp, 1 unit) 236 MWh
T machine, dyeing . . o . 113 tCO,/year
machine <Replacement> New, oil-free type, 100 hp (1 unit) (11% savings)
(Inverter-screw type, 100 hp, 1 unit)
Texturing machine <Existing> High-pressure (7 bar) over-specifications, 100 hp 238 MWh
u . IO 114 1CO,/year
(DTY) <Existing> Low-pressure (4 bar), 100 hp (23% savings)
<Existing> Aged, 74 hp (3 units)
Non-woven fabric (Reciprocating-direct on line: 74 hp, 3 units) 209 MWh
\% . o . 100 tCO,/year
process <Replacement> New, 50 hp (3 units) (26% savings)
(Inverter-screw type: 50 hp, 3 units)
<Existing> Aged, 75 hp (2 units)
i i Reciprocating-direct on line: 75 hp, 2 units
W Texturing machine (Recip g p. . ) 2211 MWh 115 COylyear
(DTY) <Replacement> New, 75 hp (2 units) (18% savings)
(Inverter-screw type: 75 hp, 2 units)
<Existing> Aged, 350 hp (2 units)
i i Screw type: 200 hp, 150 hp, 1 unit each
x Texturing machine ( typ p. p. ) 460 MWh 220 1CO,fyear

(DTY)

<Replacement> New, 250 hp (1 unit)
(Inverter-screw type: 250 hp, 1 unit)

(24% savings)

Note: From Book of examples of company for low-carbonize textile material process. (p. 22), Seoul: Copyright (2023) by the Korea Textile Trade
Association. Reprinted with permission
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Fig. 17. Schematic diagrams of FEMS for preventing energy loss in weaving process. Energy Greenhouse gas Total Information Platform Service

(2020) https://tips.energy.orkr.
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AZN7F HA| AR 4% ol o).

Fl rl
1=

Worrell(2004)0] WEH H oM AXME ALg3le] HloJJE F
ZHl 2 e A5 A5S AR o 35S It
UEF AZ Fo| Ay Fza wASH 50~60% A "zt
o] 7ks3H, =] it Gimatex= 7+ 340l EF ¥W1E AR

siem A-st Bir]o] xS AMgale] 47F 108 MWhE A
oFst = QIATH(EY 3007 7155)(Galitsky & Worrell, 2008).

o] 9= AAFE HF A& ] 1~11.5 MWhE =Y &
ATHEMT, 2008b).

Hl7], 2 ol AMgEE 9 7P URE F A9l
1~5% A8 £do) whaydit), wehd A3 =72 wAs)
= o] o A, A7H7] T AMgEE HEE 2
HENY I (coggedER WASH 2% o) ¥ &
o] E=THEMT, 2008c).

Mo < N 1

AFe] 7H4E Ak

=
= Aol BamEEs FHsle] AzhEe 2oL g

o Eejoz =) wsle) Sy F4% A velels) BE
3} 212)Ado] o}#] REFTHEMT, 2008c).

AZZAANA A ARRo] 7P B
Ao}, 7} FAH YA AR 54E
HESZS A F gon GAargY A9 F2 XEGIE
CO,/T 1), LNG(56ECO./TIY) AHE-S B3 o|ilsteias uj

Z3l0] AW FAL 2E, AZIME] 171048 x 10%ECOy
kWhhE AMg-3te] olabsletas wiEei).

B4 Foltk. BE Y2 Bsked] e Atk 3
o
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AA Aok Bol ©h HjES AT B 5 e R K
IS A elsTon] B dUAS Seht B8 A

sk Wigolt)h WA ?.5‘@“71% TAL HY I A A4
7|9ke] Az ~HERY ) BlE] ul7]|]] AIN@ 5& AMESl] A
ZF 100~1,000= CO,9| olitsletss wj&e A7 4= St Al
A, AL AR 52 A TR IWE7E ke AR
g Au|E wASE AZAEFE EY F Uth
%%1 =2 Qs %6}7} 36&; qu|E MﬂsHTUd 7
= i

o FCHKTTA, 2023).
A Aol e FAA Ji R AT oA AP
S MEHS XP%‘FH] 7P Fag Qdoln o=
s AAlske 7leR WHEe] Had Hwe|t)
Az T4 OHLW ARE-S BUEEE] 8 F
f2pate] Z18s8laL ] & Zlolm 2EYYE 53
o] eanEEs M & 7%—*401 T AR
A=A 71U AT e
2 & Aotk kA 2 =Ee W
° olmrs

ko] %—@*éﬂr AyA] A Weke A3t
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