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MES or manual data had limitations in linking productivity with energy use. By
applying a 4M1E-based multidimensional analysis framework, energy-related
Keywords: KPIs were structured, including KPI Code #5100 (monthly electricity usage) and
FEMS KPI Code #5200 (electricity or CO, per production unit). Actual data from J
AMIE Industry Co., Ltd. was used to evaluate energy consumption, cost, and emissions,
Legacy system(ERP, MES, POP etc) and additional KPIs Code (#5300, #5400, #5500) were verified using simulation
FOM data. This integration enables data-driven insights into operational losses and
Multi-dimension analysis provides a practical tool for factory operation management.
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Fig. 4 FOM structure and analysis components (Source: Digital
Factory Center''))

Table 1 QPR dataset applied to the FOM system

Item Detail

Manual gpr file Product type

Manual downtime file Downtime type
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FOM Management Indicators(Code Number)

Product volumc Total(1100), Product(1200),

(1000) Machine(1300), Worker(1400)
Downtime Total(2100), Product(2200),

(2000) B ‘Machine(2300), Worken(2400), Factor(2500)

Defect Total(3100), Produc(3200),

(3000) Machine(3300), Worken(3400), Factor(3500)

Nonconformity

(4000)

Total(4100), Product(4200),
Machine(4300), Worken(4400). Factor(4500)

Detailed Analysis Contents

Yearly, Monthly, Weekly, Daily,
Work(day/night, 8-hour, etc.) shift,
3-step scling scope

(factory. production linc, production detail linc)

Fig. 5 FOM code management indicator list (Source: Digital

Factory Center''”)
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Table 2 Key items of the KPI code system

Code Item Definition Unit Objective
Monthly Total electricity Total electricity
#5100 | electricity consumed by the kWh consumed by
usage factory the factory
Energy .
. Evaluati f
Energy/CO consumption or kWh/ vael;zrlon 0
#5200 | 5 per unit | CO, emissions per kg . &
L efficiency by
product unit weight (kg) of | tCO,
product
product
Energy Evaluation of
Energy per .
. consumption per kWh/ energy
#5300 unit by L. .
. unit weight (kg) by kg efficiency by
equipment . .
each equipment equipment
Energy Evaluation of
Energy per .
. consumption per kWh/ energy
#5400 unit by . .
unit weight (kg) by kg efficiency by
worker
each worker worker
tificati
Electricity Quantification
Energy consumed durin of energy loss
#5500 | usage by . s kWh due to
downtime or defect
factor abnormal
occurrences .
operations
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Table 3 Summary of FOM KPI analysis results (2H 2024)

Prod (kg) / | Elec. Cost #5100 |#5200 Energy| #5200 CO,
Month Rev. (K KRW) /| Electricity intensity emissions
(M KRW) Ratio usage (kWh) | (kWh/kg) (tCOy)
147,923 16,803
07 ; ; 104,654 0.749 49.679
(3122) (18.6) ’
144,746 16,458
08 ’ ; 102,411 0.752 48.615
(305.5) (18.6) ’
127,522 13,159
09 ’ ’ 90,220 0.748 42.827
(269.2) (20.5)
171,954 17,104
10 ; ’ 121,663 0.753 57.753
(363.0) (21.2) ’
127,013 15,900
11 ’ ’ 89,863 0.751 42.658
(268.1) (16.9) ’
146,617 17,660
12 ’ ; 103,270 0.719 49.022
(303.0) (17.2) ’
25,00
90,000
85,000
80,000
2024.07 2024.08 202409 2024.10 2024.11 2024.12
m Plant 1 production(kg) === Plant 1 electricity usage (kWh)

Fig. 6 Monthly trends in electricity usage and production
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Table 4 Simulated energy usage per machine

Machine 1 Machine 2
Electrici Electrici
Month| Production| ~ - | #5300 | Production | ™Y | 45300
usage usage
(kg) (kWhkg) | (kg) (kWh/kg)
¥ | wwn ¥ e
07 73,219 49,552 0.677 74,704 55,102 0.738
08 74,982 53,455 0.713 69,764 48,956 0.702
09 64,944 45,657 0.703 62,578 44,563 0.712
10 86,655 62,350 0.720 85,299 59,313 0.695
11 61,758 42,345 0.686 65,255 47,517 0.728
12 71,291 54,546 0.765 72,326 48,724 0.674
Table 5 Simulation data by man
Man 1 Man 2
Electrici Electrici
Month | Productions i(;agzlty #5400 | Production icsagcelty #5400
(kg) (kWhkg)|  (kg) (kWhkg)
(kWh) (kWh)
07 78,879 53,055 0.673 69,044 51,599 0.747
08 68,209 45,581 0.668 76,537 56,830 0.743
09 59,703 39,882 0.668 67,819 50,338 0.742
10 80,533 53,801 0.668 91,421 67,862 0.742
11 61,020 40,816 0.669 65,993 49,047 0.743
12 70,671 48,102 0.681 72,946 55,168 0.756

Table 6 Simulation results for each downtime factor

Factor 1 Factor 2

Month | downtime | Production | #5500 | downtime | Production | #5500
(min) | gp (ke | kWh) | (min) | gp (kg) | (Wh)

07 73 484.1 342.5 47 318.0 225.0

08 54 3834 2713 35 2312 163.6

09 78 502.5 355.5 34 211.1 149.3

10 56 439.6 311.0 22 170.0 120.3

11 88 566.1 400.5 56 380.7 269.3

12 71 620.3 446.0 26 230.5 165.7
). ol FeIA) 4¥E, 4 WY 5 UK 2] U2 JFL
HHJeh Al Zxtol, AlA| FolME AAARE ol LA|AF
829 AH Az o AV} glovt, FE IoT 7lite] A
-2 A AS AA7E oFdEE Boh AUet AF 240

7Fsd ZoR 7.

£35] KPI Code #55000] w2 AlE#old &4 A3}, Hl7He-L
A2 F 717l A v7Fe 2912 el o 52 Ay SA4ES
7123190tk g Eol, 129 7]% H7HERQ11L 446.0 kWho)
718 &Alo] BT H7HE8.912% 165.7 kWhE e oF
2,78 Zpolg BSIth ol Al ol 7R A BAE Bof H]
7} Q91 ofluA] W] £2S $]2 HRE f S HolF
o, H)7F58R12 Bt vl7Hz 8ol #A19] th-go] TS AlFEH A
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