
Table 1 shows inventory of study to identifying impact categories on thermoplastic based product manufacturing.
Table 1. Inventory with gate-to-gate system boundary
	Input/Output
	Substances/Components
	Amount
	Unit

	Mixing 3

	Input
	ABS
	3638.857
	kg

	
	Pigment
	22.743
	kg

	
	Electricity
	0.01831
	MWh

	Output
	Homogenous Mixing
	3661.600
	kg

	
	CO2
	15.928
	kg

	Mixing 7

	Input
	ABS
	5262.143
	kg

	
	Pigment
	65.77679
	kg

	
	Electricity
	0.02664
	MWh

	Output
	Homogenous Mixing
	5327.92
	kg

	
	CO2
	23.176
	kg

	Mixing 38

	Input
	ABS
	1466.647
	kg

	
	Pigment
	18.33309
	kg

	
	Electricity
	0.00742
	MWh

	Output
	Homogenous Mixing
	1484.98
	kg

	
	CO2
	6.46
	kg

	Mixing 59

	Input
	ABS
	1686.459
	kg

	
	Pigment
	21.08074
	kg

	
	Electricity
	0.00854
	MWh

	Output
	Homogenous Mixing
	1707.5
	kg

	
	CO2
	7.428
	kg

	Mixing 59

	Input
	ABS
	1081.143
	kg

	
	Pigment
	7.027252
	kg

	
	Electricity
	0.00544
	MWh

	Output
	Homogenous Mixing
	1088.17
	kg

	
	CO2
	7.428
	kg

	Mixing 34

	Input
	ABS
	756.9
	kg

	
	Pigment
	9.5
	kg

	
	Electricity
	0.00383
	MWh

	Output
	Homogenous Mixing
	766.4
	kg

	
	CO2
	3.334
	kg

	Mixing 36

	Input
	ABS
	463.150
	kg

	
	Pigment
	5.800
	kg

	
	Electricity
	0.00234
	MWh

	Output
	Homogenous Mixing
	468.94
	kg

	
	CO2
	2.04
	kg

	Mixing to Extruder

	Input
	ABS
	484.000
	kg

	
	Pigment
	3.150
	kg

	
	Electricity
	0.00244
	MWh

	Output
	Homogenous Mixing
	487.2
	kg

	
	CO2
	2.119
	kg

	Mixing 23

	Input
	ABS
	1966.955
	kg

	
	Pigment
	12.287
	kg

	
	Electricity
	0.00989
	MWh

	Output
	Homogenous Mixing
	1978.2
	kg

	
	CO2
	8.605
	kg

	Injection 56

	Input
	PP
	32.49
	kg

	
	Electricity
	0.987
	MWh

	Output
	Component 56
	32.49
	kg

	
	CO2
	858.69
	kg

	Injection 3

	Input
	Homogenous Mixing
	3661.600
	kg

	
	Electricity
	10.416
	MWh

	Output
	Component 56
	3661.600
	kg

	
	CO2
	9061.92
	kg

	Injection 7

	Input
	Homogenous Mixing
	4022.784
	kg

	
	Electricity
	0.0423
	MWh

	Output
	Component 56
	19.3536
	kg

	
	CO2
	36.801
	kg

	Injection 54

	Input
	Homogenous Mixing
	35.03
	kg

	
	Electricity
	1.18
	MWh

	Output
	Component 56
	35.03
	kg

	
	CO2
	1030.43
	kg

	Injection 38

	Input
	Homogenous Mixing
	1484.98
	kg

	
	Electricity
	4.442
	MWh

	Output
	Component 56
	1484.98
	kg

	
	CO2
	1030.43
	kg

	Injection 59

	Input
	Homogenous Mixing
	1707.5
	kg

	
	Electricity
	4.52
	MWh

	Output
	Component 56
	1707.5
	kg

	
	CO2
	3864.11
	kg

	Injection 59

	Input
	Homogenous Mixing
	1088.17
	kg

	
	Electricity
	3.573
	MWh

	Output
	Component 56
	1088.17
	kg

	
	CO2
	3108.34
	kg

	Injection 59

	Input
	Homogenous Mixing
	0.00383
	kg

	
	Electricity
	3.573
	MWh

	Output
	Component 56
	0.00383
	kg

	
	CO2
	3108.34
	kg

	Injection 34

	Input
	Homogenous Mixing
	766.4
	kg

	
	Electricity
	3.455
	MWh

	Output
	Component 56
	766.4
	kg

	
	CO2
	3005.42
	kg

	Injection 36

	Input
	Homogenous Mixing
	468.94
	kg

	
	Electricity
	4.442
	MWh

	Output
	Component 56
	468.94
	kg

	
	CO2
	3864.11
	kg

	Extruder

	Input
	Homogenous Mixing
	487.2
	kg

	
	Electricity
	2.171
	MWh

	Output
	Component 56
	487.2
	kg

	
	CO2
	1889.12
	kg

	Injection 23

	Input
	Homogenous Mixing
	1978.2
	kg

	
	Electricity
	7.7
	MWh

	Output
	Component 23 exlcude top cover of Vacuum Cleaner
	1501.95
	kg

	
	Top cover of Vacuum Cleaner
	476.29
	

	
	CO2
	6699
	kg

	Spray

	Input
	Top cover of Vacuum Cleaner
	359.424
	kg

	
	Thinner
	0.000038
	kg

	
	Paint
	0.00034
	kg

	
	Electricity
	1.52064
	kg

	Output
	Chlorine
	0.629
	kg

	
	HCl
	0.651
	kg

	
	HF
	0.86781
	kg

	
	NO2
	8.678
	kg

	
	Particulate
	39.052
	kg

	
	SO2
	2.148
	kg

	
	H2S
	6.509
	kg

	
	Hg
	0.01953
	kg

	
	As
	0.020
	kg

	
	Sb
	0.006
	kg

	
	Cd
	0.020
	kg

	
	Zn
	0.08678
	kg

	
	Pb
	0.065
	kg

	
	NH3
	0.434
	kg

	
	CO2
	1322.957
	kg

	
	Painted top cover of vacuum cleaner 
	359.424
	kg

	Warehouse

	Input
	Component from Injection for stocking
	4160.03
	kg

	Assembly

	Input
	Component from Injection for assembling
	12519.02
	kg

	
	Painted top cover of vacuum cleaner 
	359.424
	kg

	
	Electricity
	1.87223
	kg

	Output
	Assembled Product
	12878.44
	kg

	
	CO2
	1628.8
	kg

	Packing

	Input
	Polybag
	69.12
	kg

	
	Colour Box
	15873.27
	kg

	
	Outer Box
	18800.64
	kg

	
	Assembled Product
	12878.44
	kg

	Output
	Finish Goods
	47621.47
	kg



Table 2. Detailed Impact Categories (Characterization)
	Unit Proses
	Impact Categories

	
	Acidification
	Eutrophication
	Fresh water aquatic ecotox.
	Global warming (GWP100a)
	Human toxicity
	Marine aquatic ecotoxicity
	Photochemical oxidation
	Terrestrial ecotoxicity

	
	kg SO₂  eq/1 pcs Vacuum Cleaner
	kg PO4--- eq/1 pcs Vacuum Cleaner
	kg 1,4-DB eq/1 pcs Vacuum Cleaner
	kg CO₂ eq/1 pcs Vacuum Cleaner
	kg 1,4-DB eq/1 pcs Vacuum Cleaner
	kg 1,4-DB eq/1 pcs Vacuum Cleaner
	kg C2H4 eq/1 pcs Vacuum Cleaner
	kg 1,4-DB eq/1 pcs Vacuum Cleaner

	Mixing 3
	0,000
	0,000
	0,000
	0,0012
	0,000
	0,000
	0,000
	0,000

	Mixing 7
	0,0000
	0,0000
	0,0000
	0,0017
	0,0000
	0,0000
	0,0000
	0,0000

	Mixing 38
	0,0000
	0,0000
	0,0000
	0,0005
	0,0000
	0,0000
	0,0000
	0,0000

	Mixing 59
	0,0000
	0,0000
	0,0000
	0,0005
	0,0000
	0,0000
	0,0000
	0,0000

	Mixing 59
	0,0000
	0,0000
	0,0000
	0,0003
	0,0000
	0,0000
	0,0000
	0,0000

	Mixing 34
	0,0000
	0,0000
	0,0000
	0,0002
	0,0000
	0,0000
	0,0000
	0,0000

	Mixing 36
	0,0000
	0,0000
	0,0000
	0,0001
	0,0000
	0,0000
	0,0000
	0,0000

	Mixing 23
	0,0000
	0,0000
	0,0000
	0,0006
	0,0000
	0,0000
	0,0000
	0,0000

	Mixing to Extruder
	0,0000
	0,0000
	0,0000
	0,0002
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 56
	0,0000
	0,0000
	0,0000
	0,0621
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 3
	0,0000
	0,0000
	0,0000
	0,6555
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 7
	0,0000
	0,0000
	0,0000
	1,2428
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 54
	0,0000
	0,0000
	0,0000
	0,0745
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 38
	0,0000
	0,0000
	0,0000
	0,2795
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 59
	0,0000
	0,0000
	0,0000
	0,3271
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 59
	0,0000
	0,0000
	0,0000
	0,2249
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 34
	0,0000
	0,0000
	0,0000
	0,2174
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 36
	0,0000
	0,0000
	0,0000
	0,2795
	0,0000
	0,0000
	0,0000
	0,0000

	Injection 23
	0,0000
	0,0000
	0,0000
	0,4846
	0,0000
	0,0000
	0,0000
	0,0000

	Extruder
	0,0000
	0,0000
	0,0000
	0,1367
	0,0000
	0,0000
	0,0000
	0,0000

	Spray
	0,0006
	0,0001
	0,0013
	0,0957
	0,4009
	2558,6983
	0,000025
	0,0402

	Assembly
	0,0000
	0,0000
	0,0000
	0,1220
	0,0000
	0,0000
	0,0000
	0,0000

	Packing
	0,0000
	0,0000
	0,0000
	0,0000
	0,0000
	0,0000
	0,0000
	0,0000

	Total
	0,0006
	0,0001
	0,0013
	4,2076
	0,4009
	2558,6983
	0,000025
	0,0402



Table 2. Detailed Normalization
	Unit Proses
	Impact Categories
	Total

	
	Acidification
	Eutrophication
	Fresh water aquatic ecotox.
	Global warming (GWP100a)
	Human toxicity
	Marine aquatic ecotoxicity
	Photochemical oxidation
	Terrestrial ecotoxicity
	

	Mixing 3
	0,00E+00
	0,00E+00
	0,00E+00
	2,75E-17
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	2,75E-17

	Mixing 7
	0,00E+00
	0,00E+00
	0,00E+00
	4,01E-17
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	4,01E-17

	Mixing 38
	0,00E+00
	0,00E+00
	0,00E+00
	1,12E-17
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	1,12E-17

	Mixing 59
	0,00E+00
	0,00E+00
	0,00E+00
	1,28E-17
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	1,28E-17

	Mixing 59
	0,00E+00
	0,00E+00
	0,00E+00
	8,18E-18
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	8,18E-18

	Mixing 34
	0,00E+00
	0,00E+00
	0,00E+00
	5,76E-18
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	5,76E-18

	Mixing 36
	0,00E+00
	0,00E+00
	0,00E+00
	3,53E-18
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	3,53E-18

	Mixing 23
	0,00E+00
	0,00E+00
	0,00E+00
	1,49E-17
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	1,49E-17

	Mixing to Extruder
	0,00E+00
	0,00E+00
	0,00E+00
	3,66E-18
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	3,66E-18

	Injection 56
	0,00E+00
	0,00E+00
	0,00E+00
	1,48E-15
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	1,48E-15

	Injection 3
	0,00E+00
	0,00E+00
	0,00E+00
	1,57E-14
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	1,57E-14

	Injection 7
	0,00E+00
	0,00E+00
	0,00E+00
	2,97E-14
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	2,97E-14

	Injection 54
	0,00E+00
	0,00E+00
	0,00E+00
	1,78E-15
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	1,78E-15

	Injection 38
	0,00E+00
	0,00E+00
	0,00E+00
	6,68E-15
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	6,68E-15

	Injection 59
	0,00E+00
	0,00E+00
	0,00E+00
	7,82E-15
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	7,82E-15

	Injection 59
	0,00E+00
	0,00E+00
	0,00E+00
	5,37E-15
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	5,37E-15

	Injection 34
	0,00E+00
	0,00E+00
	0,00E+00
	5,20E-15
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	5,20E-15

	Injection 36
	0,00E+00
	0,00E+00
	0,00E+00
	6,68E-15
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	6,68E-15

	Injection 23
	0,00E+00
	0,00E+00
	0,00E+00
	1,16E-14
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	1,16E-14

	Extruder
	0,00E+00
	0,00E+00
	0,00E+00
	3,27E-15
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	3,27E-15

	Spray
	2,31E-15
	5,85E-16
	5,38E-16
	2,29E-15
	1,56E-13
	1,32E-11
	6,81E-16
	3,68E-14
	1,34E-11

	Assembly
	0,00E+00
	0,00E+00
	0,00E+00
	2,92E-15
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	2,92E-15

	Packing
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00
	0,00E+00

	Total
	2,31E-15
	5,85E-16
	5,38E-16
	1,01E-13
	1,56E-13
	1,32E-11
	6,81E-16
	3,68E-14
	1,35E-11





Table 3. Emission from Production Process (Mixing)
	No Machine
	Amount of Material (kg)
	Duration (Jam)
	Power (KW)
	Electricity (KWh)
	Electricity (MWh)
	Emission CO₂ (kg)

	Mixing 3
	3661,6
	6,10
	3
	18,31
	0,01831
	15,928

	Mixing 7
	5327,92
	8,88
	3
	26,64
	0,02664
	23,176

	Mixing 38
	1484,98
	2,47
	3
	7,42
	0,00742
	6,460

	Mixing 59
	1707,54
	2,85
	3
	8,54
	0,00854
	7,428

	Mixing 59
	1088,17
	1,81
	3
	5,44
	0,00544
	4,734

	Mixing 34
	766,4
	1,28
	3
	3,83
	0,00383
	3,334

	Mixing 36
	468,94
	0,78
	3
	2,34
	0,00234
	2,040

	Mixing 23
	1978,24
	3,30
	3
	9,89
	0,00989
	8,605

	Mixing extruder
	487,16
	0,81
	3
	2,44
	0,00244
	2,119



Table 4. Emission from Production Process (Injection)
	No Machine
	Number of Production in 2024
	Frequency Machine running time in 2024 (times)

	Usage Time per shift (hours)
	Power (KW)
	Electricity (KWh)
	Electricity (MWh)
	Emission CO₂ (kg)

	Injection 56
	92830
	10
	7
	14,1
	987,00
	0,987
	858,69

	Injection 3
	18308
	48
	7
	31
	10416,00
	10,416
	9061,92

	Injection 7
	18309
	91
	7
	31
	19747,00
	19,747
	17179,89

	Injection 54
	19461
	12
	7
	14,1
	1184,40
	1,1844
	1030,428

	Injection 38
	92064
	45
	7
	14,1
	4441,50
	4,4415
	3864,105

	Injection 59
	73088
	64
	7
	11,6
	5196,80
	5,1968
	4521,216

	Injection 59
	89429
	44
	7
	11,6
	3572,80
	3,5728
	3108,336

	Injection 34
	110753
	35
	7
	14,1
	3454,50
	3,4545
	3005,415

	Injection 36
	183527
	45
	7
	14,1
	4441,50
	4,4415
	3864,105

	Injection 23
	109949
	50
	7
	22
	7700,00
	7,7
	6699

	extruder
	18043
	22
	7
	14,1
	2171,40
	2,1714
	1889,118




