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Abstract : It is important to improve the energy performance in the industrial sector, and therefore most of the
manufacturing companies need the energy performance indicators to identify the target and to verify the energy
savings. However, the conventional energy performance indicators such as the total energy consumption and the
energy intensity are not proper to use. The reason is that they do not consider adequate relevant variables
including productions in the boundary of the manufacturing companies.

Therefore, the study provides the advanced energy performance indicator using by the linear regression model

according to each energy source to manage the target and to verify the energy performance properly.
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Table 1 Correlation of the total energy consumption vs.
the total production

Period |Total Energy (GJ) [Total Production (ea)

Jan 95,040 622,043

Feb 87,202 517,199

Mar 85,695 604,227

Apr 89,074 708,296

May 86,799 760,033

Jun 88,102 783,033

Jul 101,645 868,671

Aug 93,424 661,228

Sep 82,877 677,738

Oct 85,184 723,563

Nov 90,510 692,534

Dec 84,084 487916

p-value| F-test R? Llne%“qlggggiSSIOH

0.114 0.114 0.231 |Y = 0.024 X + 73065.64

Y : total energy consumption
X ! total production
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Fig. 1 Schematic diagram of the energy flow of a
manufacturing facility in the physical boundary
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Table 2 Correlation of the LNG consumption vs. the thofsl AELS AYASt Q7] wEo 1Eor
product A FEAA e} FABAT A8 gAY S A
Period LNG (G]) Product A (ea) o YA EZ ZI B ute o
Jan 1,334 480,771 .
Feb 1119 376,833 U A A 2= AFE3FaL A AT AR ol A
Mar 1,271 450,180 AREEL I Qe A doerE A7), LNGS
Apr 1,502 562,176 B oo MR i
S B Z3Ful= ~Elo] 9o
May 1,632 624,306 94“!‘ ] = o-«i“l‘ ﬂ o H © = ] P
Jun 1,634 625,994 H, $H GIRAAE AFAAR, =LA,
Jul 1,784 698,452 W= (CDD), Y=Y (HDD)S 23 3o
Aug 1,395 510,182 . - ~
Sep 1,365 495,713 Oﬂ ]:] X] 'd Hei }6]'1 ¥ 74] = 7& E H E.?}]:E}‘
Oct 1,411 518,016
Nov 1,362 494,372
Dec 1,042 339,603 Table 3 Overview of the Manufacturing Company
: . Energy Consumption 1,070 TJ/year in 2013
p-value| F-test R? Llne%‘qlsgtgigissmn
Energy Sources Electricity, LNG, Steam
0.000 0.000 09197 |Y = 0.0021 X + 339.462 - - — 5
Y : LNG consumption Company Site Size 284,546 m
X : product A Freezers, Washing Machines,

Table 2= Table 104 AFH AAA =
ALl A ARG Tl A A AFE
o] =T AN ALE5 = LNG AHEE A
AFEe AstFate] @A gRE EA3 4
ojth, 2 A¥=E B p-valueZt 0 o 717t
1 R*7F 09 oo m A AFE ] Aaleol

LNG A& %ol B3e Jdgaae Fag
Fogem, oo algs: ARt

339.46GJ9E S & F Utk F, 9] A}cg e A
AELS 23 A
o] LNG7} 9A3s
sttt

54

Main Products Ovens, Microwaves, etc.

Compressed Air System,

Main Utilities HVAC, Steam System, etc.
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Table 4 Identification of the Linear Regression Model according to the Electricity Consumption (TJ)
t-test F-test

No p-value R? adj R2 Linear Regression Model

A B C D p-value
1 |0.002 0.002 | 0.64 | 060 | + 0.000067 A + 25.712740
2 0.006 0.006 | 0.55 | 051 | + 0.026699 B + 12.090888
3 0.013 0.013 | 047 | 042 | + 0.148008 C + 68.442320
4 0.021 | 0.021 | 043 | 037 | - 0.030481 D + 76.806951
510133 | 0.502 0.008 | 0.66 | 058 | + 0.00005 A + 0.008976 B + 17.740364
6 | 0.001 0.007 0.000 | 0.85 | 0.81 | + 0.000054 A + 0.103605 C + 32.581286
7 10.046 0.802 | 0.010 | 064 | 056 | + 0.000062 A - 0.003837 D + 30.051387
8 0.005 | 0.010 0.001 | 0.79 | 0.75 | + 0.021215 B + 0.110343 C + 22.145172
9 0.063 0.248 | 0.013 | 0.62 | 053 | + 0.019728 B - 0.014952 D + 30.260102
10 0.060 | 0.096 | 0.013 | 0.62 | 054 | + 0.106257 C - 0.019992 D + 72.876091
111 0.089 | 0.424 | 0.010 0.001 | 0.86 | 0.81 | + 0.00004 A + 0.007364 B + 0.102217 C + 25.948586
12| 0.337 | 0.502 0.743 | 0.028 | 0.66 | 053 | + 0.000041 A + 0.009564 B - 0.005215 D + 23.114848
13 | 0.006 0.008 | 0.426 | 0.001 | 0.86 | 0.81 | + 0.000066 A + 0.112843 C + 0.008808 D + 23.233692
14 0.028 | 0.027 | 0.613 | 0.004 | 0.80 | 0.72 | + 0.019128 B + 0.103085 C - 0.005249 D + 27.862383
151 0.099 | 0.508 | 0.013 | 0.511 | 0.003 | 0.87 | 0.79 | +0000062 A + 000636 B+ 011039 C + 000/614 D + 1873697

A : total production, B :
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Table 5 Identification of the Linear Regression Model according to the Imported Steam Consumption (TJ)
t-test F-test

No p—value R? adj R Linear Regression Model

A B[ C D [Pvae
1] 0.001 0.001 | 066 | 0.63 | - 0.000049 A + 49.876040
2 0.016 0.016 | 045 | 040 | - 0.017437 B + 55.116936
3 0.117 0.117 | 023 | 015 | - 0.073692 C + 17.876042
4 0.000 | 0.000 | 0.93 | 0.92 | + 0.032437 D + 10.569095
5 10.044 | 0.953 0.008 | 066 | 059 | - 0.000051 A + 0.000558 B + 49.380750
6 | 0.004 0.235 0.004 | 071 | 065 | - 0.000045 A - 0.037116 C + 47.415422
7 10.244 0.000 | 0.000 | 094 | 093 | - 0.00001 A + 0.028228 D + 17.955309
8 0.036 | 0.234 0.031 | 054 | 043 | - 0.015108 B - 0.046869 C + 50.846350
9 0.192 0.000 | 0.000 | 094 | 093 | - 0.003657 B + 0.029559 D + 19.198379
10 0.631 | 0.000 | 0.000 | 093 | 092 | - 0.007496 C + 0.031697 D + 10.846418
11| 0.058 | 0.901 | 0.263 0.015 | 0.71 | 061 | - 0.000047 A + 0.001146 B - 0.037332 C + 46.382908
12| 0.744 | 0.523 0.000 | 0.000 | 094 | 092 | - 0000004 A - 0002671 B + 0.028613 D + 19.892142
13| 0.253 0.579 | 0.000 | 0.000 | 094 | 092 | - 000001 A - 0.008508 C + 0.027275 D  + 18469329
14 0.219 | 0.647 | 0.000 | 0.000 | 0.94 | 092 | - 0.003617 B - 0.006897 C + 0.0289509 D + 19.358792
151 0.718 | 0.580 | 0.639 | 0.001 | 0.000 | 0.95 | 091 | —0000006 A-00042 B~ 00074 C + 0027734 D + 20190700

A ! total production, B :

total working hours, C : CDD, D : HDD

Table 6 Identification of the Linear Regression Model according to the LNG Consumption (TJ)
t-test F-test \ \

No n g—valué = value R |adj R Linear Regression Model
1 | 0.000 0.000 |0.920 | 0.912 | + 0.000002 A + 0.339462
2 0.000 0.000 | 0.928 | 0.920 | + 0.001591 B + 0.370523
3 0.420 0.420 | 0.066 | -0.027 | + 0.001344 C + 1.378634
4 0.004 | 0.004 | 0.585 | 0.544 | - 0.00087 D + 1.562496
5 10.903 | 0.343 0.000 | 0928 | 0912 | - 0 A + 0.001818 B + 0.376131
6 | 0.000 0.442 0.000 | 0.925 | 0.908 | + 0.000002 A - 0.000408 C + 0.317765
7 1 0.000 0.342 | 0.000 | 0.928 | 0.912 | + 0.000002 A - 0.00015 D + 0.474653
8 0.000 | 0.230 0.000 | 0.939 | 0.925 | + 0.001661 B - 0.000597 C + 0.336590
9 0.000 0.652 | 0.000 | 0.929 | 0914 | + 0.001509 B - 0.000073 D + 0.436910
10 0.644 | 0.007 | 0.017 | 0.595 | 0.506 | - 0.000594 C - 0.000928 D + 1.584476
11| 0.540 | 0.167 | 0.201 0.000 | 0.942 | 0.920 | - 0.000002 A + 0.002861 B - 0.00072 C + 0.358859
12| 0.875 | 0.662 0.662 | 0.000 | 0.930 | 0903 | + 0 A + 0.001112 B - 0.000092 D +  0.444782
13 | 0.000 0.251 | 0.207 | 0.000 | 0.939 | 0.917 | + 0.000002 A - 0.000633 C = 0.000211 D + 0.495818
14 0.000 | 0.177 | 0.395 | 0.000 | 0.945 | 0.924 | + 0.001521 B - 0.000723 C - 0.000138 D + 0.454862
151 0.847 | 0.433 | 0.207 | 0.560 | 0.000 | 0.945 | 0.913 | - 0000001 A + 0002008 B- 0000752 C - 0000118 D + 0446025

A : products A,

B : working hours for products A, C :

Fig. 2, Fig. 33 Fig. 4= Table 4, Table
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Table 7 Compared Results of the Conventional
Energy Performance Indicators with Linear Regression

Model
Total Ener Linear
Energy Intensgiz Regression
Consumption y Model
Y2013 1,070 TJ |131.9 TJ/M| 1,061 TJ
Y2014 1,027 T] [1235 TJ/M | 1,027 TJ
Energy
Saving 42 T] 68 TJ 33 TJ
Energy o o o
Perfo ce 3.96% 6.36% 3.14%
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