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(energy efficiency)

(global warming) (climate 

change) (energy transition)

(International Energy Agency)

2017 2060 (carbon 

neutral) 34% ( 300

CO2e )

IEA (2017) 2016

1.7

2,500 2015 9%

2017

11 23

( 2017) 2020

2% ( 2005 )

43% (2025 2005 )

50% (2030 2005 )

(Final Energy Consumption, 

TFC)

283-298 107 9
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(multiple benefits) (energy transition)

(no regret strategy) (IEA, 2014) (Logarithm 

Mean Divisia Index, LMDI) ( )

IEA (2015) 2014 2015

(multiple benefits) 11 (2005-2015) 39%

1,526 (LOE) 2016 4,265

36%

: 2018 04 03
: 2018 08 08
: 2018 08 22

1  
2  
3  
4  
5  
* : 02-86741111#67335, E-mail: cmlee@mail.ntpu.edu.tw
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IEA (2015)

(decomposition)

(activity effect) ( GDP (

Gross Domestic Product, GDP)

) (structure 

effect) (

) (efficiency effect) (

)

(Logarithm 

Mean Divisia Index, LMDI) 1

IEA 1990

5.7

GDP

Ang et al. (1994, 1997, 1998, 2003, 2004, 

2005) LMDI

( Boyd et al., 

1998 Na and Lee, 2008 Jin and Hwang, 2009a

Baležentis et al., 2011 González et al., 2014a

Zhang et al., 2011 Kim, 2017)

( Lee and Oh, 2006 Liu et al., 2007

Han and Shin, 2007 Jin and Hwang, 2009b

Oh et al., 2010 Zhao et al., 2010 Wang et al., 

2011 Xu et al., 2012 Jeong and Kim, 2013

Tian et al., 2013 González et al., 2014b Ren et 

al., 2014 Xu et al., 2014)

LMDI

(2014) 2007 2011

5.41% (2014)

(2015)

(2017)

LMDI

( m u l t i p l e 

benefits) (IEA, 2014)

(first 

fuel)

(payback) 2

(Micale et al., 2015)

( 2016)

(

2015)

(white certificate)

(Giraudet and Finon, 

2014) 26

LMDI

(

)

IEA (2015)

1  (Laspeyres Index) (Arithmetic Mean Divisia Index, AMDI)
LMDI LMDI (Ang et al.,1998)

2  (2017) 3,000 3
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(LMDI)

(1)
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  i  t 
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2015) 1 1
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4.78% 1.36%

0.62%

0.45%

6.31% 1.88%

1.23% 0.03%
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−
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)ln(
lnln 00
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i

t
i

i
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t
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i
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EE
EEE ∑ −

−
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1 (2005-2015)

2005 39,169 10,695 6,474 5,697 3,616 3,013 1,496 1,586 1,411
2006 40,764 11,486 7,073 6,027 3,667 2,770 1,537 1,559 1,443
2007 42,470 12,833 7,617 6,029 3,518 2,630 1,569 1,553 1,455
2008 40,799 11,748 8,068 5,749 3,370 2,318 1,532 1,446 1,382
2009 38,013 11,518 7,682 4,981 2,955 2,011 1,320 1,331 1,326
2010 42,419 12,489 8,644 6,157 3,209 2,111 1,587 1,408 1,444
2011 43,504 12,121 9,157 6,482 3,626 1,943 1,647 1,466 1,429
2012 42,865 11,867 9,342 6,222 3,492 1,830 1,633 1,473 1,400
2013 43,832 12,076 9,794 6,502 3,571 1,770 1,666 1,447 1,416
2014 43,513 11,633 10,216 6,392 3,233 1,696 1,742 1,444 1,435
2015 42,656 11,376 10,331 5,958, 3,194 1,570 1,712 1,312 1,407

 
(%) 0.86 0.62 4.78 0.45 -1.23 -6.31 1.36 -1.88 -0.03

(2017)



286

11 (2005-

2015) GDP 2 2

GDP

2

11

9.61%

7.38% 5.07%

4.72% 0.16%

1.64% 0.77%

(GDP)

(2005-2015)

3 3

2005 12.19 LOE/

8.1 LOE/ 4.01%

(

)

(

)

11 (2005-2015)

4 1

4 1 151%

11

61% ( 39% ( 2005 ))

11

97%

2 11 (2005-2015)

2005 2,632,428 219,005 964,494 187,473 68,468 128,414 217,748 53,111 104,265
2006 2,832,766 232,236 1,091,823 203,149 73,934 123,790 221,938 52,591 96,325
2007 3,198,856 276,870 1,245,230 214,892 85,143 127,656 230,447 57,096 98,970
2008 3,212,264 249,631 1,329,992 205,920 86,959 117,759 220,570 51,949 90,054
2009 3,131,574 290,097 1,335,867 201,843 92,098 104,624 179,005 48,600 77,026
2010 3,841,281 316,423 1,688,355 247,751 119,286 121,983 231,476 51,282 91,453
2011 4,102,224 287,800 1,909,971 235,973 136,613 115,017 249,925 48,509 94,483
2012 4,254,944 321,489 2,084,642 242,326 146,477 110,054 233,302 50,164 96,472
2013 4,327,147 351,112 2,105,382 310,114 151,889 113,543 234,002 51,329 96,921
2014 4,680,518 337,469 2,382,819 325,154 144,247 112,330 241,545 54,002 99,515
2015 4,668,067 347,392 2,415,447 307,532 139,532 108,888 228,635 53,973 96,515

 
(%) 5.90 4.72 9.61 5.07 7.38 -1.64 0.49 0.16 -0.77

(2016) (93SNA) 1981Q1~2015Q4
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11 33.5% 

( 3 )

2005 11

(2005-2015) 1,526

( 2 ) 2016

4,265 36%

(2012-2015) 3

3 289.9

(2012)3 181 (2013) 160.3 (2014)

51.4 (2015)

3 (2005-2015)
LOE/

2005 12.19 48.84 6.71 30.39 52.82 23.46 6.87 29.88 13.54
2006 11.87 49.46 6.48 29.67 49.60 22.38 6.93 29.65 14.98
2007 11.16 46.35 6.12 28.06 41.32 20.61 6.81 27.20 14.71
2008 10.78 47.06 6.11 27.92 38.76 19.69 6.95 27.85 15.36
2009 10.30 39.70 5.75 24.68 32.08 19.22 7.37 27.38 17.21
2010 9.51 39.47 5.12 24.85 26.90 17.31 6.86 27.45 15.79
2011 9.21 42.12 4.79 27.47 26.54 16.90 6.59 30.23 15.13
2012 8.78 36.91 4.48 25.68 23.84 16.63 7.00 29.36 14.51
2013 8.83 34.39 4.65 20.97 23.51 15.59 7.12 28.19 14.61
2014 8.19 34.47 4.29 19.66 22.41 15.10 7.21 26.74 14.42
2015 8.10 32.75 4.28 19.38 22.90 14.43 7.49 24.32 14.59

 
(%) -4.01 -3.92 -4.40 -4.40 -8.02 -4.74 0.87 -2.04 0.75

4 11 (2005-2015) TFC

2005 100% 100% 100% 100%
2006 104% 107% 99% 98%
2007 108% 118% 100% 91%
2008 104% 117% 97% 91%
2009 97% 114% 101% 82%
2010 108% 134% 99% 75%
2011 111% 141% 94% 77%
2012 109% 144% 96% 70%
2013 112% 146% 101% 65%
2014 111% 153% 96% 62%
2015 109% 151% 97% 61%

3  2012 2011
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682

LMDI 2014

2015 1,603,029

514,321

IEA (2015) (Avoided 

Energy Consumption, AEC)

IEA (2015)

(beneficial to national energy 

1

2 11 (2005-2015)
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3 4 (2012-2015)

5 2013-2015

( / ) ( / )
2014 2261.20 3,457,493   
2015 1896.34 2,899,596

(2016)
 2014 30.368 2015 31.898

security) (5)

MV = AEC × EP            (5)

MV (Market Value, 

MV) AEC (Avoided Energy 

Consumption, AEC) EP  Energy 

Price, EP) 2014 (

) 1,603.029 2015

( ) 514,321

(MV)

2014 2015

1. 

5 1

6 0.654

5 2

2014 3,457,493 /

2015 2,899,596 /

2. 

12

6

7

2014 24,034,619 /

2015 18,208,926

/

3. 

8 2 3

6

8 4 5

2014 21,848,324 /

2015 10,936,442

/

4. 

9 2
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7 2013-2015

2014 2015 2014 2015
( / ) ( / ) ( / ) ( / )

(LPG) 12.89 11.26 17,485,078 15,278,652
98 28.5 23.4 32,883,350 26,998,961
95 26.5 21.4 30,575,747 24,691,358
92 25 19.9 28,845,044 22,960,655

26.5 21.4 35,946,825 24,691,358
29.5 22.6 31,236,764 23,930,537
23 17.4 24,642,945 18,642,923
23 17.4 24,642,945 18,642,923
16 10 16,921,131 10,921,110

10.87 5 11,655,041 5,655,020
21.53 14 20,185,619 13,123,652
20.01 20.01 18,758,788 12,968,969

24,034,619 18,208,926

 (2016)

8 2013-2015

2014 2015 2014 2015
/ / / /

19.42 10.43 21,847,762 11,732,279
 

( ) 19.00 9.96 21,372,320 11,203,596

18.66 9.59 20,989,869 10,787,398

20.61 8.91 23,183,344 10,022,494
21,848,324 10,936,442

 (2016)

6

0.654
( )LPG 0.737

0.866
0.944
0.933
1.066
0.889
0.248

 (2016)
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2013-2015

6

2014 12,379,032 /

2015 11,814,516 /

9 3

5. 

(6)

10

2014

16,432,842 / 2015

13,517,074 / 11

2014

1,603.03

16,432,842 /

263.42

2015 514.32

13,517,074 /

69.52 12

(7)

  = 

% × MV             (7)

2013-2015

98% 2014 84,509

2015 50,571

13 2014

263.42 2015 69.52

9 2013-2015

( / ) ( / )
2014 3.07 12,379,032
2015 2.93 11,814,516

 (2016)

10 2013-2015

2014 8.33% 38.54% 3.22% 49.91%
2015 8.43% 38.84% 3.36% 49.37%

 (2016)

11 2013-2015

2014 2015
3,457,493 8.33% 2,899,596 8.43%

24,034,619 38.54% 18,208,927 38.84%
21,848,324 3.22% 10,936,442 3.36%
12,379,032 49.91% 11,814,516 49.37%

16,432,842( / ) 13,517,074 ( / )

 (2016)
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98%

1,102 (2014 )

290 (2015 ) 13

37%

 160

(2014 ) 51 (2015)

(8)

(Emission 

Factor, EF) (9)

  = 

          (8)

AC = APEC(  j ) × EF(CO2 /
 j )          (9)

2014

2.79 / 2015

2.75 /

14 2014 (

160 ) 4,472,451

2015 ( 51

) 1,440,099

15

IEA (2014

) (Capturing the 

14 2014 2015

 
( )

 
( )

 
( )

2014 121,264,301 43,512,522 2.79
2015 119,984,002 43,656,386 2.75

 (2016)

12 2014 2015

2014 2015
( ) 1,603.03 514.32

( / ) 16,432,842 13,517,074
( ) 263.42 69.52

13

2014 2015
(%) 98% 98%

23,433,753 23,492,074
 ( ) 84,509 50,571

 ( ) 1,102 290
( ) 83,406 50,281

 (2016)  (2016)
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Multi Benefits of Energy Efficiency)

(10)

(11)

  = (  ×  

) × 27 ( ) ×    (10)

  = (  /  

) × 100         (11)

IEA (2014)

27  

(Wade et al., 2000) (10)

2-3 ( 2017)

2014 526.85 (2

) 790.27 (3 ) 2015

139.04 (2 ) 208.56 (3

) 16 2017 4 13

32.22 ( 17 )

3,222

( 18 ) 

2014 2.4-8.1

2015 0.6-2.3

15

2014 2015
( ) 1,603,029 514,321

( ) 4,472,451 1,440,099

16

( ) 2 ( ) 3 ( )
2014 26,342,338,711 52,684,677,422 79,027,016,133
2015 6,952,101,500 13,904,203,000 20,856,304,500

17

2014/1/17 40.967
2015/1/16 36.757
2016/1/15 36.832
2017/4/14 32.222

18
( )

2014 2015
599,007 623,535
837,720 853,830

1.39 1.36

(2016)
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19 2014

2015 20

2014 0.21%-

0.70% 2015 0.06%-0.2%

2 3

( )

(IEA, 

2014)

(Logarithm Mean Divisia Index, LMDI)

10 (2005-2015)

39%

21

19
( )

2014 2015

24,132 6,945 

53,793 13,862 

80,525 23,768

20 (2013-2015)

 ( ) (%)

2014 11,535,000 0.21 - 0.70

2015 11,638,000 0.06 - 0.20

(2016)

21

2014 2015

( ) ( ) 263.42 69.52

( ) 526.9 – 790.3 139.0 – 208.6

( / ) 1,102 290

( CO2 ) 4.47 1.44

( / %) 2.4-8.1 ( 0.21 - 0.70) 0.6-2.3 ( 0.06 - 0.20)

1  2014 16,432,842 / 2015 13,517,074 /

2  2-3
3  (3)
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The Assessment of Multiple Benefit of Energy Saving on  
Manufacture Sector in Taiwan

Chien-Ming Lee1*     Han-Yu Tsai2     Yue-Rong Hong3     Tze-Chin Pan4 

Chi-Feng Huang4     Hsin-Chiu Lin5

ABSTRACT

Energy efficiency has its multiple benefits and becomes a no regret strategy for launching energy 
transition to respond to climate change internationally (IEA, 2014). This study applies the way of Logarithm 
Mean Divisia Index (LMDI) to assess the performance of energy efficiency on manufacture sector in 
Taiwan. Moreover, this research evaluates the multiple benefits of energy saving investment in 2014 and 
2015 respectively. The results show that the total energy saving has accumulated about 15,260 kLOE in the 
last ten years (2005-2015), and accounts for 36% share of the total amount of final energy consumption in 
2016. This study provides the rationality of energy efficiency investment supporting policy on manufacture 
sector by the Taiwanese government.
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