Qs

s a ) )
2158158 AU NAUUNIVE U 25 adun 3 Aueneu - Sunau 2563 50

nswgnsaldunuaslindinuuazdviinsldndsnudnniglunszuiunisudn
ARYENNTITANNRELUUNYAMTIFULATAMURELTIBUWI
Prediction of Energy Cost and Specific Energy Consumption in Manufacturing

Process with Multiple Linear Regression Equation and Equivalent Unit

anus AdaygyIn®
Sakon Klongboonijit*
Received July 20,2020 & Retrieved October 31,2020 & Accepted December 30, 2020

UNANED

nAfeliAefunsiueduuiumdsnusazadvinislindsousuneg (SEO Tunszuauns
wAnsgaLNsInaesuUUNTRaLdduLaz Amhefisuyi lunsdlfnuasdulssnudidnnsednddivi
MINARLKIIRSBIENMSeTnd 4 Ussn ievhnmsteseilgmisddiambedieumindhuldliou
AUSHIUNISNARYRILNIsTBannTodndunasUssianliiduArusununisuaniisuindeneou
Gi’e]ﬁ]’]ﬂiijuﬁ%EJ%E]H@‘UENU%N’]mﬂﬁIsmWﬁW Hounas LPG wazaUsunain1snanfiouiinue uneians
Bidnnsedind 4 Usziam douvds 12 eu etieuvaiiansmaunisoanesiuunmaaidadunviins
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591 1A9eanns 1) Ege (KWh) = (3.926 x 10°) - (9.112 x 10°) EQ, + (8.287 x 10°) EQ, - (1.020 x 10°)
EQ;+ (5.461 x 10°) EQ, dwifuduvunisldnasaunislniia 2) £, (Liters) = (4.239 x 10%) - (1.185 x
10%) EQ, + (2.868 x 10%) EQ, - (3.023 x 10%) EQ, +(1.722 x 10*) EQ, d1mfudunun1slandsaunia
Founds LPG way 3) Erom (MJ) = (1.526 x 107) - (3.596 x 10°) EQ, + (3.747 x 10° EQ, - (1.172
x 109 EQ, + (2.425 x 10°) EQ, d1mSuUAunun1slondaauniIandasy LLasLﬁaﬂWLaﬁagaﬂ%mmms
wAnTeunuuaTe e sBidnusetndia 4 Ussian induusiudeluiignaranusaaiing
Juaunas SECnaslilh Weiwds LPG wavndasusiu tessaunis 1) SECq. (kWh/1000 ft?) = 0.007
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— 17.696 EQ oy + 17,492 duisuluiln 2) SEC,,. (liters/1000 ft2) = 0.0005 EQ% .y - 0.9861
FQpow + 549.88 dmsuTemas LPG uay 3) SEC o (MJ/1000 ft%) = 0.0389 EQ% o — 89.953 EQqyp +

77,610 @ASUNSIUIIN
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Abstract

This research is about how to predict the energy cost and specific energy consumption
(SEQ) in manufacturing process with multiple linear regression equation and equivalent unit. The
case study is the electronic factory that produces 4 types of electronic print circuit board. To
analyze this problem, the equivalent unit is applied to transfer production quantities of each
type of electronic print circuit board into the equivalent production quantities. With data of
quantities of electricity consumption, LPG consumption and the equivalent production
quantities for 4 types of electronic print circuit board for 12 months in the past, the multiple
linear regression technique is applied to develop the prediction equations for energy
consumption cost of electricity, LPG and total energy as 1) Eg. (kWh) = (3.926 x 10°) - (9.112 x
10°) EQ, + (8.287 x 10°) EQ, - (1.020 x 10°) EQ,+ (5.461 x 10°) EQ, for energy consumption cost of

electricity, 2) Eqy,, (Liters) = (4.239 x 10%) - (1.185 x 10%) EQ, + (2.868 x 10%) EQ, - (3.023 x
10%) EQ,+ (1.722 x 10 EQ, for energy consumption cost of LPG and 3) E;.., (MJ) = (1.526 x 10) -
(3.596 x 10° EQ, + (3.747 x 10°) EQ, - (1.172 x 10%) EQs+ (2.425 x 10°) EQ, for energy

consumption cost of total energy. Finally, with the additional data of total equivalent
production quantities for 4 types of electronic print circuit board, SEC equations of electricity,
LPG and total energy are developed as 1) SEC, (kWh/1000 ft?) = 0.007 EQ% i — 17.696 EQqop +
17,492 for electricity, 2) SECo(liters/1000 ft?) = 0.0005 EQ% .,y - 0.9861 EQ;on
+ 549.88 for LPG and 3) SECty (MJ/1000 ft%) = 0.0389 EQ%., — 89.953 EQqu + 77,610 for total

energy.
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Fre = @g + @, X EQ; + 2, X EQ, + ... + & X EQ,

ETher = bO + bl X EQ1 + b2X EQ2 + ...+ biX EQ|

Ergtal = Co + €4 X EQp + ¢, X EQ, + ... + ¢ X EQ
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LazUHITBLANMIendnguil 4 a1 ST, = 16.25 unil Tawazldan ST Adesdigatiude ST, = 10.53
uit Wusmsileman EU veaunasasdidnnsedindusiazngu vinloilsien

EU, = EU,/ EU, = 1.00 EU, = EU,/ EU, = 1.26

EU, = EUy/ EU,

1.44 EU, = EU,/ EU, = 1.54

dletiienen EU, EU, EU, wae EU, TugaurUSunaunsnanunsasBiannsedndusazngu vse
Q, Q, Q, waz Q, lums1edl 1 awlildAUTinunsdnisuiiunnesdidnsedndudaznay vie
EQ, EQ, EQ, way EQ, fuuanslilumsai 2
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A13197 1 JayanislindsnunasUSinansndnuneasdidnnselind deunds 12 Weu

YTHUMIHER (Q x 1000 ft?)
Feudl | i (Wh) | LPG Gm%) | ngu X, | ndu X, | ndu X, | ndu X,
1 6,265,740 64,786 293.04 | 219.78 146.52 73.26
2 6,343,020 73,326 305.36 | 229.02 152.68 76.34
3 7,081,680 93,710 369.08 | 276.81 184.54 92.27
4 6,261,840 57,646 298.68 | 224.01 149.34 74.67
5 6,216,480 65,116 308.16 | 231.12 154.08 77.04
6 6,967,560 94,702 351.60 | 263.70 175.80 87.90
7 7,256,820 93,604 338.96 | 254.22 169.48 84.74
8 7,263,900 78,592 32572 | 244.29 162.86 81.43
9 6,792,720 80,500 280.08 | 210.06 140.04 70.02
10 6,614,940 76,792 264.76 198.57 132.38 66.19
11 6,221,700 83,022 222.36 166.77 111.18 55.59
12 5,470,440 71,228 231.64 173.73 115.82 5791

ielddayausinaunsldndanuluin e kwh) msldndanuauseu LPG iy &n9) uag

nsldndanusin e M) Tumisnei 3 saufudeyausununisndadisuyinvetundansidnnsetng

[

usiaznay (EQ) Tumadt 2 agannsaduimmeaduyundsnusagauaunisd 2 - 4 fail
1) gunisnensainslanasanulaiin (Eg) Tumiag kwh

Fee = (3.926 x 109 - (9.112 x 10°) EQ, + (8.287 x 10°) EQ, - (1.020 x 10%) EQ,+ (5.461 x 10°) EQ,
2) aumsnennsadnsldndsnuanudeuainidemas LPG () lumie ans

Frner = (4.239 x 10%) - (1.185 x 10%) EQ, + (2.868 x 10%) EQ, - (3.023 x 10%) EQ4+ (1.722 x 10%) EQ,
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A13197 2 JayanslindnunasUSinansndnfisuinueswunneastidnnsednd dounds 12 eu

Usuainswaaisumin (EQ x 1000 ft2)
Foudt | lulihh (kwh) | LPG Bn%) | ngu X, | ndu X, | ngu X, | ndu X, | EQuw
1 6,265,740 64,786 293.04 276.92 | 210.99 | 112.82 893.77
2 6,343,020 73,326 305.36 288.57 | 219.86 | 117.56 931.35
3 7,081,680 93,710 369.08 348.78 | 265.74 | 142.10 | 1,125.70
a 6,261,840 57,646 298.68 282.25 | 215.05 | 114.99 910.97
5 6,216,480 65,116 308.16 291.21 | 221.88 | 118.64 939.89
6 6,967,560 94,702 351.60 332.26 | 253.15 | 135.37 | 1,072.38
7 7,256,820 93,604 338.96 320.32 | 244.05 | 130.50 | 1,033.83
8 7,263,900 78,592 325.72 307.81 | 234.52 | 125.40 993.45
9 6,792,720 80,500 280.08 264.68 | 201.66 | 107.83 854.25
10 6,614,940 76,792 264.76 250.20 | 190.63 | 101.93 807.52
11 6,221,700 83,022 222.36 210.13 | 160.10 85.61 678.20
12 5,470,440 71,228 231.64 21890 | 166.78 89.18 706.50

A15799 3 ATNEIUTWTUNITNAAWKII9RTDLANNTTNAToUNAY 12 Loy

el Tt LPG WAIIUTI
(kwh) (MJ) (@n9) (MJ) (MJ)
1 6,265,740 | 22,556,664 64,786 1,724,603.32 24,281,267.32
2 6,343,020 | 22,834,872 73,326 1,951,938.12 24,786,810.12
3 7,081,680 | 25,494,048 93,710 2,494,560.20 27,988,608.20
4 6,261,840 | 22,542,624 57,646 1,534,536.52 24,077,160.52
5 6,216,480 | 22,379,328 65,116 1,733,387.92 24,112,715.92
6 6,967,560 | 25,083,216 94,702 2,520,967.24 27,604,183.24
7 7,256,820 | 26,124,552 93,604 2,491,738.48 28,616,290.48
8 7,263,900 | 26,150,040 78,592 2,092,119.04 28,242,159.04
9 6,792,720 | 24,453,792 80,500 2,142,910.00 26,596,702.00
10 6,614,940 | 23,813,784 76,792 2,044,203.04 25,857,987.04
11 6,221,700 | 22,398,120 83,022 2,210,045.64 24,608,165.64
12 5,470,440 | 19,693,584 71,228 1,896,089.36 21,589,673.36

3) @unsnensalnslEnasuTIN (B, Tunte MJ
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From = (1.526 x 107) - (3.596 x 10°) EQ, + (3.747 x 10° EQ, - (1.172 x 10°) EQ,+ (2.425 x 10°) EQ,

NAIINUU IN15AUIUNIANATTAITIINAIUTUNIZN IS U (SEC,) M19ndeenu

ANTOU (SEC,.,) HATNANIUTI (SECr,,,) H0UNAT 12 1hou Adlun19197 4 — 6 wiauaun1sneInsal

AN SEC

AN5199 4 WARIANATTINTT IINSIIUTUNIEN NG 39 b3

W Tl EQ.., SECe
LOBDUN
(Kwh) (x1000 ft?) (KWh/1000 ft?)
1 6,265,740 893.77 7,010.46
2 6,343,020 931.35 6,810.57
3 7,081,680 | 1,125.70 6,290.91
q 6,261,840 910.97 6,873.82
5 6,216,480 939.89 6,614.05 )
SEC,,,=0.007 EQ’,, — 17.696 EQ,,, + 17,492
6 6,967,560 | 1,072.38 6,497.29
7 7,256,820 | 1,033.83 7,019.36
8 7,263,900 993.45 7,311.79
9 6,792,720 854.25 7,951.68
10 6,614,940 807.52 8,191.67
11 6,221,700 678.20 9,173.84
12 5,470,440 706.50 7,743.01
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SECy, = 0.0005 EQ"y,,, - 0.9861 EQy,,, + 549.88

M3EsEUIAUUNIAY
as1edt 5 uansAndainnsdndsusmemandanunnufouaniiemas LPG

W LPG EQsny SECeee
e (@n9) (x1000 ft?) |  (@m5/1000 ft°)

1 64,786 893.77 72.49

2 73,326 931.35 78.73

3 93,710 1,125.70 83.25

i 57,606 910.97 63.28

5 65,116 939.89 69.28

6 94,702 1,072.38 88.31

7 93,604 1,033.83 90.54

8 78,592 993.45 79.11

9 80,500 854.25 94.23

10 76,792 807.52 95.10

11 83,022 678.20 122.42

12 71,228 706.50 100.82

A9 6 LARIANNYUNIT LINAIINUTUAIENA I UTIY

61

eud WA FQ,., SECke
(MJ) (x1000 ft) | (MJ/1000 ft?)

1 24,281,267.32 893.77 27,167.24

2 24,786,810.12 931.35 26,613.85

3 27,988,608.20 1,125.70 24,863.29

4 24,077,160.52 910.97 26,430.25

5 24,112,715.92 939.89 25,654.83 SEC,.. = 0.0389 BQ?,.., - 89.953 BQpow + 77,610
6 27,604,183.24 1,072.38 25,741.05

7 28,616,290.48 1,033.83 27,679.88

8 28,242,159.04 993.45 28,428.36

9 26,596,702.00 854.25 31,134.56
10 25,857,987.04 807.52 32,021.48
11 24,608,165.64 678.20 36,284.53
12 21,589,673.36 706.50 30,558.63
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Ere = (3.926 x 10°) + (-9.112 x 10°) EQ, + (8.287 x 10°) EQ, + (-1.020 x 10°) EQ,+ (5.461 x 10°) EQ,
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SECq = 0.007 EQ%ypy — 17.696 EQp .y + 17,492
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