Energy Monitoring

Energy base line and
Energy Equation by Regression

BY

DR. PAITOON TERMSINVANICH
GM and consultant - Energenius co.,Ltd

Senior Committee Prime Minister Industrial Awards (Energy Management)
Invited Lecturer Technology Promotion Association(Thailand-J
Invited Lecturer Chulalongkorn U

Invited Lecturer Dhurakijbundit Univers



® walnwnlanisasny aunisnassy Energy Equation by

Regression Technigue

® NOLAEIUISORANIN AITURAUNFRNISLINEI9TY A28

Energy Equation



VYUY

®  N19E519 AUNITWANY Energy Equation by Regression

Technique



Conceptual Represent of Energy Performance

Energy Efficiency

Energy Intensity

Energy Consumption
Energy Use Qer/



A20819n159M91 Energy baseline from loading
parameter (Variable)

Feb
Mar
Apr
May
Jun
Jul
Aug

Sep

806,280.00
664,400.00
951,160.00
958,240.00
750,280.00
780,200.00
783,560.00
725,760.00

835,680.00

503,216.09
365,391.56
637,431.95
614,787.95
400,780.78
463,618.19
473,046.97
451,149.42

559,735.20

1.82

1.49

1.56

1.87

1.68

1.66

1.61

1.49



-~

=il 3,1‘

parameter(Variable)

A29819n159N" Energy baseline from loading

index

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20

kWh/ton

N

Do kWh/ton

<<‘0

ER

?Q\ @'b* 3\)0

month

N X Ky o
W ?99 R & P




Relevant variable affect to Energy Performance

Efficiency and loading parameter in process
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A20819n159MY1 Energy baseline by Regression

© The regression equation is

@® EE = 326674 + 0.939 Ton

® S=419533 R-Sq=788% R-Sq(ad)j) =76.7%

@® Analysis of Variance

@® Source DF SS MS F P
@® Regression 1 65511119750 65511119750 37.22 0.000
® Residual Error 10 17600759716 1760075972

® Total 11 83111879467
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A, B C D F G H I

. EnPl{Real/Far
Month | wasawlww (kwh)| Total Ton KWhiTon Forecast Err Yol ecast)

Jan B06,280.00 1 503,216.00 1.60 799,193.91 7,086.09 0.89%|  10089%
Feb 66440000 365,3081.56 1.82 B9, 77667 |- 537T6.67 -0.80% 899.20%
Mar 851,160.00 537,431.95 1.49 025, 222 G0 25,937.40 2.80% 102.80%
Apr 258,240.00 G14,787.95 1.56 803,959 89 5428011 G005 106.00%
May 750,280.00 400,780.78 1.87 TO3,007 15 47 272 85 B.72% 106.72%
Jun 7E0,200.00 463,618.18 1.68 TE62,011.48 18,1858.52 2.39% 102.39%
Jul 783,560.00 473,046.97 1.66 T70.865 10 12,694 90 1.65% 101.65%
Aug 725.760.00 451,149.42 1.81 750,303.31 |- 24,543 31 -3.27% 96.73%
Sep 835,680.00 559,735 20 1.49 852.265.35 |- 16,585.35 -1.95% 98.05%
Oct 802,000.00 580,344 98 1.38 87161785 |- ©69.617.95 -7.99% 892.01%
Mowv 719.200.00 493,897.60 1.46 790,443 85 |- 71,243.85 -9.01% 90.99%
Dec 818,600.00 203,216.08 1.63 799,193 91 19, 406.09 2.43% 102.43%




A20819n159M11 Energy baseline by Regression
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A29819n159AN1 Energy baseline by Regression
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A29819n159AN1 Energy baseline from loading

©
parameter(Variable)
USumwaisHEaas USumns UFanmnas
Month | waaanwlnwn (kwh) PTasda nAeLadasnk | HEReIaIEA-

- <

Jan 806,280.00 170,741 .35 250,162_30 73.312.44
Feb 664,400.00 72,555 .14 214 50270 78.5353.72
Mar 951,160.00 215,563 .30 333,322_00 00, 546.65
Apr 05 8,240.00 202.657.45 300,635.00 11.,495_50
MMay 750,280.00 71.645.00 248 87910 80.2558.68
Jun 7 80, 20:0.00 132,040.04 247 63390 83,944 25
Jul 783,560.00 150,135_86 235,631.40 87.279.71
Aug 725,760.00 124 264 72 257 .165.00 69.719.70
Sep £335,680.00 206,528_00 276,240.20 76 967 .00
Ot S02,000.00 253.515.00 244 _890.00 81.939.00
Mo 719, 200.00 199 069_ 00 236.116_60 58.712.00
Dec 81 8,600.00 170,741_35 259 162_30 73.312.44




A28819n159011 Energy baseline by Regression

@© The regression equation is

® EE = 118893 + 0.428 @0 + 1.59 U1 + 2.45 aaLn

® S =20563.4 R-Sq=959% R-Sqadj) = 94.4%

@ Analysis of Variance Source

® DF SS MS F P

@® Regression 3 79729040707 26576346902 62.85 0.000
@® Residual Error 8 3382838759 422854845

@® Total 11 83111879467



A29819n159011 Energy baseline by Regression

UsunamsHas | dSunaans USunans aplReatForec
Month | Waaawlwwa (kWh) a3asda pAaLa3as | WEseFasda- | Forecast Err %Er ast)

Jan 806,280.00 170.741.35 | 259.162.30 73,312 44| 78365383 | 2262617 2.80%| 102:89%
Feb 664.400.00 7235514 | 214,502.70 78.533.72|| 683.327.91 |- 1802791 -2.77% 97.23%
Mar 951,160.00 213.563.30 | 333.322.00 00,546 65| 962,119.36 |- 10,9503 | -1.14% 98.86%
Apr 958.240.00 202,657.45 | 300.635.00 111.495.50| | 956,804.01 1,435.99 0.15%|  100.15%
May 750,280.00 7184300 | 248.879.10 80.258.68|| 74100774 8.372.28 1.13%|  101.13%
Jun 780,200.00 132.040.04 | 247.833.90 83,044 25| 774,80745| 5.392.55 0.70%|  100.70%
Jul 783,560.00 150,135.86 | 235.631.40 s7.270.71|| 77164036 | 1191064 1.54%|  101.54%
Aug 725,760.00 124.264.72 | 257.165.00 6o.710.70|| 751.783.92 |- 26.023.902| -346% 96.54%
Sep £15,680.00 206.528.00 | 276.240.20 76.067.00|| 835,078.05 601.95 0.07%|  100.07%
Ot 802,000.00 253,515.00 244 39000 81.930.99|| 817,525.50 |- 15,525.50 -1.90% 98.10%
Nov 719.200.00 100.069.00 | 2386.116.60 58.712.00|| 72336433 |- 416433 -058% 99.42%
Dec 818.600.00 170.741.35 | 259,162.30 73.312.44|| 78365383 | 3494617 | 4.46%|  104.46%




MID819N1TIANT Energy baseline by Regression
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A29819n159AN Energy baseline by Regression
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A29819n1571 Energy Baseline by Regression

EE2007 Room Temp Humid day
JAN 470600| - - 4,245 1.4 5 45 31
FEB 4511117373@ 1.6 7.14 28
MAR 497760 4::-3@, =L 10.35 -
APR 505440 3‘ 3.8 10.43 30
MAY 503240 3522 3.4 10_51 31
JUN ao711s)iiiiiiiiZHEie 3 9 10.84 30
JUL 519120 3525 3.3 9. 84 31
AUG 513360 3552 3.5 9 79 31
SEP 475480 32@9 3.1 10.15 30
OCT 497560 4202 25 8 65 31
NOV 427280 3&3? 1.5 4. 54 30
DEC 453160|:iiiiiiiEnds > 1 639 31




A28819n1591 Energy Baseline by Regression

© The regression equation is
© EE2007 = 97579 + 16.8 Room + 4953 Temp
+ 10519 Humid + 7206 day
® S =14278.8 R-Sq=284.1% R-Sqlad)) = 75.0%
@ Analysis of Variance
@ Source DF SS MS F P
@® Regression 4 7544489371 1886122343 9.25 0.006
@ Residual Error 7 1427187563 203883938
® Total 11 8971676934



A29819n15911 Energy Baseline by Regression

EE2007 | Room Temp | Humid day Forecast Err o Err EnPI CUSUM %CUSUM
JAN 470600 14 L 45 31 459 90375 10,696.25 2.33% 102.33% 10.696.25 2.33%
FEB 4611117 16 714 28 445 331 .46 h 23024 1.17% 101.17% 16.926 49 3.50%
MAR 49??’5[]; 35 10.3% 31 61538015 |- 17.620.15 -3.42% 96.58%] - 1,693.6R 0.08%
APR 505440 18 10.43 30 498 758.37 5.681.63 1.34% 101.34% 4 987 97 1.42%
MAY 5[]324[]5 34 10.51 31 60752949 |- 4.289.49 -0.85% 99.15% 698.48 0.57%
JUN 49?1155 19 10.84 30 497 669 66 |- RE4 GR 0.11% 99.89% 143 82 0.46%
JUL 519120 3.3 934 31 500,036.86 19.083.14 3.82% 103.82% 19.226.96 4.28%
AUG 513360 15 979 3l 500,955 11 12 404 89 248% 102.48% 31 631.85 6.76%
SEP 4?548[]5 3.1 1015 30 48979235 |- 14.312.35 -2.92% 97.08% 17.319.50 3.83%
OcT 497560 25 865 31 494 930 45 2 629 55 0.53% 100.53% 19.949 05 4 36%
NOV JETEEEIE 15 4 54 30 43391036 |- 6.630.36 -1.53% 98.47% 13,318.69 2.84%
DEC 453160 21 6.39 31 464 90911 (- 11,749.11 -2.53% 97.47% 1.669.58 0.31%




A29819n1511 Energy Baseline by Regression
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AI9819N1911 Energy Baseline by Regression (EnPI)

EnPI

105.00%

100.00% N /\\//\ A
\V4 N/

95.00%

9000% I I I I I I I I I I I I
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC



30,000.00

20,000.00

10,000.00

-10,000.00

-20,000.00

AI9819N15%1 Energy Baseline by Regression
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AI9E19N1591 Energy Baseline by Regression
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AI9E19N15W1 Energy

Baseline by Regression

EE2008 Room Temp | Humid day Forecast Err %Err EnPI CUSUM %CUSUNJ
b ! : .
JAN 479,880.00 4,383 16 64| 31 469,929.80 99502 2.12% 10212%| 99502 2.12%
FEB 450,280.00 4,043 1.9 773 28 457,991.97 -T711.97| -1.68% 98.32%| 223823 043%
MAR 487.040.00 3,95 3.1 933 31 500,922 37 | -13882.37| -2.77% 97.23%| -11644.1] -2.34%
APR 480,160.00 329 37 1059 30 498 904 51 | -18744 51| -3.76% 96.24%| -30388.7| -6.09%
MAY 492.240.00 354700 3.8 986 31 503,093.34 | -10853.34| -2.16% 97.84%| -41242] -8.25%
JUN 475,222.00 3,310 3.6 991 30 491.441.09 | -16219.09| -3.30% 96.70%| -57461.1] -11.55%
JUL 462 730.00 3,351 3 949 31 49194611 | -29216.11| -594% 94.06%| -86677.2| -17.49%
AUG 488 140.00 3,69 3.3 984 31 50289286 | -1475286| -2.93% 97.07%| -101430] -20.43%
SEP 423,658.00 2693 2.8 9g| 30 475,956.00 -52298| -10.99% 89.01%| -153728| -31.41%
OCT 458,192.00 3,667 24 10.39| 31 503,750.21 | -45558.21| -9.04% 90.96%| -199286| -40.46%
NOV 395 605 .48 3,151 12 6.5 30 44101290 | -45407.42|-10.30% 89.70%| -244694] -50.75%
.DEC ] 344 34100 2470 04 476 31 41367264 | -6933164|-16.76% 33.24%. -314[}25. -67.51%
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A29819n15%" Energy Baseline by Regression
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A29819n15%"1 Energy Baseline by Regression
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A29819n15M1 Energy Baseline by Regression
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Thank you for your Attention

Dr.Paitoon Termsinvanich

Energenius Co.,ltd
www.energeniusth.com

Email: paitoontsv.eng@gmail.com
Tel.081-647-0229



