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This research applies the panel data stochastic
production frontier to estimate total factor-energy
efficiency (TFEE) scores for regions in Taiwan during
2004-2008. The panel data stochastic frontier
analysis (SFA) model to estimate TFEE is extended
from the cross-section version of Zhou et al. (2012).
This SFA panel data model can be empirically
estimated by using that proposed by Battese and
Coelli (1992) and hence the free software kindly
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provided by Professor T.J. Coelli (1996) can be used
for estimation. This paper is an effort to
complement the work of the TFEE index proposed by Hu
and Wang (2006) ; moreover, it is also a very good
experiment to further try to extend the SFA modeling
for estimating energy efficiency.

There are six inputs (the employed population, amount
of productive electricity power consumed, amount of
electricity consumed for household electric light,
amount of electricity consumed for non-household
electric light, amount of gasoline sales, and amount
of diesel sales) and one output (the total real
income in the base year of 2005) in the SFA models.
Note that the rankings in TFEE scores of the same
energy source, obtained by the SFA models, are all
stable over time. Most administrative regions in
Taiwan are not efficient in almost all kinds of
energy use. The average TFEE scores in various
energy sources during 2004-2008 are: productive
electricity power (0.6444), household lighting
(0.875134), non-household lighting (0.895671),
gasoline (0.846243), and diesel (0.672207). It can
be seen that the efficiencies of using productive
electricity power and diesel need to improve very
much. [t is a priority for regions where
manufacturing and high-tech industries concentrate to
achieve more efficient use of productive electricity.
[t is a priority for non-metropolitan regions to
improve the efficiency of both household and non-
household lighting. It is a priority for all regions
to improve the motor-vehicle energy efficiency in
order to improve gasoline efficiency. It is a
priority for non-metropolitan regions to improve the
diesel use efficiency.

Stochastic Frontier Analysis (SFA), Total-factor
Energy Efficiency (TFEE), Panel Data
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The Total-factor Energy Efficiency of Regions in Taiwan:

An Application of the Stochastic Frontier Analysis

Jin-Li Hu'
Institute of Business Management, National Chiao Tung University

Taiwan

Abstract

This research applies the panel data stochastic production frontier to estimate total
factor-energy efficiency (TFEE) scores for 23 administrative regions in Taiwan
during 2004-2008. The panel data stochastic frontier analysis (SFA) model to
estimate TFEE is extended from the cross-section version of Zhou et al. (2012). This
SFA panel data model can be empirically estimated by using that proposed by Battese
and Coelli (1992) and hence the free software kindly provided by Professor T.J.
Coelli (1996) can be used for estimation. This paper is an effort to complement the
work of the TFEE index proposed by Hu and Wang (2006); moreover, it is also a very
good experiment to further try to extend the SFA modeling for estimating energy
efficiency.

There are six inputs (the employed population, amount of productive electricity
power consumed, amount of electricity consumed for household electric light, amount
of electricity consumed for non-household electric light, amount of gasoline sales, and

amount of diesel sales) and one output (the total real income in the base year of 2005)



in the SFA models. Note that the rankings in TFEE scores of the same energy source,
obtained by the SFA models, are all stable over time. Most administrative regions in
Taiwan are not efficient in almost all kinds of energy use. The average TFEE scores
in various energy sources during 2004-2008 are: productive electricity power
(0.6444), household lighting (0.875134), non-household lighting (0.895671), gasoline
(0.846243), and diesel (0.672207). It can be seen that the efficiencies of using
productive electricity power and diesel are needed to improve very much. It is a
priority for administrative regions where manufacturing and high-tech industries to
concentrate to achieve more efficient use of productive electricity. It is a priority for
non-metropolitan regions to improve the efficiency of both household and non-
household lighting. It is a priority for all administrative regions to improve the motor-
vehicle energy efficiency in order to improve gasoline efficiency. It is a priority for

non-metropolitan regions to improve the diesel use efficiency.

Keywords: Stochastic Frontier Analysis (SFA), Total-Factor Energy Efficiency

(TFEE), Panel Data
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Introduction

Taiwan is insufficient in natural resources and constrained by a limited
environment-carrying capacity (Ministry of Affairs 2008). Since 97.9% of Taiwan’s
total energy consumption is imported (Bureau of Energy 2008), the foreign market
fluctuations or policy changes can easily affect its energy supply and security.
Because energy has great impacts on economic development as well as ecological
environment, whether or not the energy use is efficient is an important issue for
Taiwan.

Since Hu and Wang (2006) and Hu and Kao (2007) first proposed the total-
factor energy efficiency (TFEE) index, the follow-up empirical papers have been
applying the data envelopment (DEA) approach to compute the energy input target (or
the total energy input slack). By referring to Hu and Wang (2006), Zhou, Ang and
Zhou (2012) derive an econometric equation for estimating TFEE via re-arranging a
single-equation stochastic production function. The current version of Zhou, Ang and
Zhou (2012) 1s still for only cross section data and analyzes 21 OECD countries in the
year 2001. This paper further extends the cross-section SFA model of Zhou, Ang and
Zhou to a panel data, stochastic frontier analysis (SFA) model. The total-factor
energy efficiency scores of 23 administrative regions in Taiwan from 1999 to 2008
will be estimated by this extended panel data SFA model. Fortunately, the panel data
SFA approach of Battese and Coelli (1992) can be used to estimate by this extended
panel data SFA model.

The application of the total-factor energy efficiency index to Taiwan’s regions
can be found in Hu et al. (2012). Their study applies data envelopment analysis
(DEA) to compute the efficient energy-saving ratios for 23 administrative regions in
Taiwan from 1999-2005. One output (total income) and seven inputs (local

government expenditure, employment, processed trash, household and commercial
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electricity consumption, industrial electricity consumption, gasoline sales volume, and
diesel sales volume) are considered in the DEA models. It is found that most of the 23
administrative regions do not efficiently use household and commercial electricity,
industrial electricity, gasoline, and diesel, even with respect to Taiwan’s own
efficiency frontier. Their results suggest that improving energy efficiency in
household and commercial electricity use is a priority for non-metropolitan regions.
There is still much room to improve the efficiency of electricity use for industries,
especially for regions where manufacturing and high-tech industries concentrate, by
means of cleaner production, energy-saving technology and equipment, etc. Motor
vehicle energy efficiency is the key factor for saving gasoline. The energy efficiency
of farming machines and carrying equipment should be continuously improved,
especially for rural regions.

Hu et al. (2011) applies the four-stage DEA procedure to calculate the energy
efficiency of 23 regions in Taiwan from 1998 to 2007. After controlling for the effects
of external environments, only Taipei City, Chiayi City, and Kaohsiung City are
energy efficient. Note that Kaohsiung City reaches the efficiency frontier due to the
adjustment via partial environmental factors such as higher education attainment and
transport vehicles. They also find a worsening trend for Taiwan’s energy efficiency.
Not only is there a gap of energy efficiency between Taiwan’s metropolitan and non-
metropolitan regions, but the gap has also widened in recent years. Those inefficient
counties should be given priority and the savings potential. Except for road density,
the evidence indicates that each environmental factor has partial incremental effects
on input slacks. As more cars and motorcycles are unfavorable externalities affecting
partial energy efficiency, the central government should help local governments retire
inefficient old motor vehicles, encourage energy-saving vehicle models, and provide

convenient mass transportation systems. Besides, people with higher education cause
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industrial energy inefficient in Taiwan. The consciousness of effective energy saving
1s necessary to schools, communities, and employee accordingly.

This paper 1s a follow-up work which is most similar to Hu et al. (2012) by
applying the panel data stochastic production frontier to estimate TFEE scores for 23
administrative regions in Taiwan. Instead of the sample period of 1999-2005, this
paper uses the data during 2004-2008. Similar patterns with those found in Hu et al.
(2012) are found by the SFA approach extended from Zhou et al. (2012). This paper
is an effort to complement the work of the TFEE index proposed by Hu and Wang
(2006); moreover, it is also a very good experiment to further try to extend the SFA

modeling for estimating energy efficiency.

Research Methodology
Zhou et al. (2012) apply the single-equation, output-oriented stochastic frontier
analysis (SFA) model to estimate the total-factor energy efficiency. Their version is
still a cross-section SFA model, which analyze 21 OECD countries in 2001.
Combining Zhou et al. (2012) and Battese and Coelli (1992), this paper further
extends a panel data SFA model to estimate the total-factor energy efficiency.
Following Zhou et al. (2012), we assume that the stochastic frontier distance
function is in the Cobb-Douglas functional form:
In D (K, Lir, Eir, Yi) = o+ B nK;, + By InLy; + B InE; + B InY; + v, (1)
where D(+) is the distance function, K is the capital stock, L; is labor employment, E;
is the energy input, Yit is the real economic output, i indicates the region, and ¢
indicates the time, and v;, is the statistical noise following the normal distribution,.
Since the distance function is homogeneous of degree one in the energy input, the
above equation can be re-arranged as:
In Dg (Kit, Lis, Eit, Yi)) =In Eiy + o + B InKj; + B InLi; + B Inl + B InY; +vie (2)
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which can be also arranged as
-InE; = fo + BilnK;, + BrInL;, + B Inl + BeInY, + vy, - InDg (K, Lis, Eir, Yir)(3)
That s,

In(1/E;) = Bo + B nK;e + B InLis + Be InY e + vie- uy 4)
where u;; 1s the ineffciency term which follows a non-negative distribution and vit -
uit is the error component term of a stochastic production frontier. Eq. fits in the
panel data, stochstic frontier model proposed by Battese and Coelli (1992). The free
software Frontier 4.1 kindly provided by Professor Coelli (1996) can be used to
estimate Eq (4). The total-factor energy effciency of region i at time # then is

TFEE;; = exp(-uir) (5)
Therefore, we then can apply the panel data, stochastic production frontier approach
to estimate the total-factor energy efficiency and are limited to use the input-oriented
data envelopment analysis (DEA) suggested by Hu and Wang (2006) and Hu and Kao
(2007). Moreover, if we use disaggregate energy inputs, we can also change the
logged inverse energy input on the left-hand side of Eq. (4) and keep other logged
inputs on the right-hand side of Eq. (5), such that we can obtain the TFEE scores of

different energy inputs.

Data and Variables

The data are regional and annual for 23 administrative regions in Taiwan during
2004-2008. There are six inputs (the employed population, amount of productive
electricity power consumed, amount of electricity consumed for household electric
light, amount of electricity consumed for non-household electric light, amount of
gasoline sales, and amount of diesel sales) and one output (the total real income) in
the stochastic frontier analysis (SFA) models.

The data of productive electricity power, electricity of household light, non-
household light are from Taiwan Power Company. The productive electricity power
usage refers to non-lighting electricity usage including most of the production and
service operations. The data of gasoline and diesel sales are from Bureau of Energy,

Administrative Yuan. The data of regional income is obtained by multiplying the
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average household income and the total number of households, from the National
Statistics maintained by Directorate-General of Budget, Accounting, and Statistics,
Administrative Yuan. The nominal total income is converted into the real income in
2005 prices by dividing the GDP deflator. Therefore, this is a panel data set of 23
administrative regions in Taiwan from 2004 to 2008.

The definitions and units of these input and output variables can be found in Table
1. Table 2 lists the correlation coefficients among these input and output variables.
The isotonicity property that an output cannot decrease as an input increases is

satisfied.

Empirical findings

Tables 3-7 list the SFA regression results on each logged inversed energy input.
As the methodology section shows, the efficiency score obtained from the SFA model
depicted in Eq. (4) is exactly the TFEE score for region i at time .

The parameter vy is the proportion of variance in the inefficiency term (u) to the
total variance of the error component term (v - ). As Tables 3-7 show, all estimated y
values are significantly different from zero and more than 0.9, indicating that the
stochastic frontier analysis model is more appropriate than the ordinary least square
method by taking into account the inefficiency term.

As Coelli et al. (2005) define, the parameter u is the parameter for a non-negative
truncated distribution. An estimated y which is not significantly different from zero
implies that the inefficiency term u should follow the half normal distribution. On the
contrary, an estimated u which is significantly different from zero implies that the
inefficiency term u should follow a truncated normal distribution. Tables 3-7 show

that most of the inefficiency terms should follow truncated normal distributions.

10



The parameter 7 indicates the trend of time-varying inefficiency. A negative
(positive) n implies that the inefficiency is decreasing (increasing) over time.
Therefore, productive electricity power usage has no significant efficiency changes
over time. Household lighting, non-household lighting, and diesel showed decreasing
inefficiency (improving TFEE scores). However, the use of gasoline showed
increasing inefficiency (worsening TFEE scores).

Note that the rankings in TFEE scores of the same energy source, obtained by the
SFA models, are all stable over time. Most administrative regions in Taiwan are not
efficient in almost all kinds of energy use. The average TFEE scores in various
energy sources during 2004-2008 are: productive electricity power (0.6444),
household lighting (0.875134), non-household lighting (0.895671), gasoline
(0.846243), and diesel (0.672207). It can be seen that the efficiencies of using
productive electricity power and diesel are needed to improve very much.

The five most productive electricity power-efficient regions in Taiwan are:
Keelung City (0.919911), Chiayi City (0.911952), Taitung County (0.775006),
Taichung City (0.766040), and Taipei County (0.714997). The five most productive
electricity power-inefficient regions in Taiwan are: Hsinchu City (0.394130),
Changhua County (0.463992), Taoyuan County (0.550894), Yilan County (0.542966),
and Tainan County (0.572035). Among them Hsinchu City and Tainan County have
science parks while Changhua County, Taoyuan County, and Yilan County have large
industrial parks. These regions are of many manufacturing industries.

Using the average TFEE scores, the five most household lighting-efficient regions
in Taiwan are: Chiayi County (0.986128), Tainan County (0.978335), Yilan County
(0.955966), Nantou County (0.955201), and Hsinchu County (0.934161). All of these
top five lighting-efficient regions are non-metropolitan areas. Using the average

TFEE scores, the five most household lighting-inefficient regions in Taiwan are:
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Kaohsiung City (0.704565), Penhgu County (0.780697), Taichung City (0.785362),
Taipei City (0.791725), and Chiayi City (0.798864). Four out of the five most
lighting-inefficient regions in Taiwan are metropolitan regions.

Using the average TFEE scores, the five most non-household lighting-efficient
regions in Taiwan are: Taipei County (0.993619), Taichung City (0.991862), Chiayi
City (0.9895449), Taitung County (0.974983), and Pingtung County (0.969574).
Using the average TFEE scores, the five most non-household lighting-inefficient
regions in Taiwan are: Tainan County (0.710120), Kaohsiung County (0.741300),
Hualien County (0.795379), Yilan County (0.800030), and Hsinchu County
(0.823214). The five most non-household lighting-inefficient regions in Taiwan are
all non-metropolitan regions.

Using the average TFEE scores, the five most gasoline-efficient regions in Taiwan
are: Penghu County (0.997407), Yilan County (0.908660), Changhua County
(0.897513), Kaohsiung City (0.887033), and Hualien County (0.881621). Four out of
the five most gasoline-efficient regions in Taiwan are non-metropolitan regions.
Using the average TFEE scores, the five most gasoline-inefficient regions in Taiwan
are: Taichung City (0.760268), Chiayi City (0.779064), Nantou County (0.798919),
Hsinchu County (0.790638), and Tainan County (0.798919). The five most gasoline-
inefficient regions in Taiwan are metropolitan as well as non-metropolitan regions.

Using the average TFEE scores, the five most diesel-efficient five regions in
Taiwan are: Taipei City (0.976926), Hsinchu City (0.958829), Tainan City
(0.879633), Chiayi City (0.778340), and Taichung City (0.768783). All these five
most diesel-efficient regions in Taiwan are metropolitan regions. Using the average
TFEE scores, the five most diesel-inefficient regions in Taiwan are: Hualien County

(0.549941), Yilan County (0.565606), Taichung County (0.574413), Yunlin County
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(0.575256), and Taitung County (0.592946). The five most diesel-inefficient regions

in Taiwan are all non-metropolitan regions.

Conclusion
This paper applies the panel data stochastic production frontier to estimate TFEE

scores for regions in Taiwan, using the panel data during 2004-2008. The SFA

approach extended from the cross-section SFA of Zhou et al. (2012) to a panel-data

SFA. This paper is an effort to complement the work of the TFEE index proposed by

Hu and Wang (2006) and Hu and Kao (2007).

Most administrative regions in Taiwan are not efficient in almost all kinds of
energy use. The average TFEE scores in various energy sources during 2004-2008
are: productive electricity power (0.6444), household lighting (0.875134), non-
household lighting (0.895671), gasoline (0.846243), and diesel (0.672207). That is,
the efficiencies of using productive electricity power and diesel need to improve very
much.

Although here we use a different sample period and a different methodology, the
empirical findings are generally consistent with Hu et al. (2012) who use the DEA
approach to compute TFEE scores. Based on the empirical findings, we come up with
the following energy efficiency policy suggestions:

1. It is a priority for regions where manufacturing and high-tech industries
concentrate to achieve more efficient use of productive electricity. Firms should
be encouraged with incentive measures and administrative schemes to engage in
cleaner production and adopt energy-conserving technology and equipments.
The industrial sector can be restructured towards a high value-added and low
energy intensive structure.

2. It is a priority for non-metropolitan regions to improve the efficiency of both
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household and non-household lighting. For these regions, energy-saving
facilities such as LED bulbs should be especially encouraged.

It 1s a priority for all regions to improve the motor-vehicle energy efficiency in
order to improve gasoline efficiency. Both of the central and local governments
should put more efforts on retiring inefficient old motor vehicles, encouraging
energy-saving vehicle models, providing convenient mass transportation systems
to reduce the usage of private vehicles, and building the user-oriented and green-
oriented municipal transportation environment.

It is a priority for non-metropolitan regions to improve the diesel use efficiency.
Energy efficiency of farming machines and diesel trucks should be continuously
improved especially for these regions. The local administrations of these regions
should encourage these equipments to change into hybrid energy systems with

financial incentives such as tax reductions and subsidies.
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Table 1 The summary of statistics of output and input variables

Variable Mean Stapde}rd Minimum Maximum Unit
deviation

Real regional annual Ten million
income (q) 37,688 41,273 2,444 173,836 NT dollars in 2005
éal;"r employment 139 470 379357 34,000 1,783,000 Person

1
Productive electricity s 111 779 4 949 453 152,186 21,417,491 KWH
power usage (Xz2)
g{";‘sehom lighting » 360399 2,371,023 179,952 10,483,479 KWH

3
Non-household 107477 69281  13.931  295.738 KWH
lighting (x4)

Gasoline sales (xs) 439,760 350,453 20,749 1,559,655 1000 Liters

Diesel sales (x¢) 159,929 118,841 6,113 483,538 1000 Liters
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Table 2 Correlation coefficient among the output and input variables

Variable

Real
regional

Labor

Productive Household

annual employment electricity

lighting

Non-

household Gasoline Diesel

income () power (x) (x3) lighting sales (xs) sales (x6)
(x4)
@
Real regional
annual 1.000000
income (q)
Labor
employment 0.602179  1.000000
(x1)
Productive
electricity ~ 0.582644  0.630882  1.000000
power (Xz)
Household ) sor 0 0983347 0.607034  1.000000
lighting (x3)
Non-
household 0436221 0918897 0.714268  0.884589 1.000000
lighting (x4)
Gasoline 0580231  0.961865 0.754496 0.944641 0.907651 1.000000
sales (xs)
Dieselsales ) 109085 0.647745  0.801091 0.567718 0.746756 0.758337 1.000000

(X6)
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Table 3 Stochastic production frontier estimation results on In(1/x;) - Productive

electricity power
Variable Estimated Parameter  Standard Error t-value
Constant -1.3065630 * 0.95106182 -1.3737940
In(q) -1.2294398 * 0.99272656 -1.2384475
In(x1) 2.9495283 *** 0.97890091 3.0131020
In(x3) -0.06163005 0.86233981 -0.07146841
In(x4) -1.2890324 ** 0.78725818 -1.6373693
In(x5s) -1.4234634 ** 0.81365116 -1.7494762
Ln(x¢) -0.19394420 0.76204430 -0.25450515
o’ =0l +0] 0.45335608 0.10711220 0.42325343
y 203/02 0.94984968 *** 0.05922801 16.037171
7 0.41502777 0.98647425 0.42071830
n -0.01148964 0.04243882 -0.27073405
Log-likelihood 132.40682
Total obs. 115
Note: * represents 10% level of significance, ** represents 5% level of

significance, *** represents 1% level of significance.
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Table 4 Stochastic production frontier estimation results on In(1/x3) - Household

lighting
Variable Estimated Parameter  Standard Error t-value
Constant -0.36805788 0.34034823 -1.0814156
In(q) -0.10359627 ** 0.04789100 -2.1631680
In(x1) -0.48505454 *** 0.12073656 -4.0174620
In(x7) -0.05272361 0.04427626 -1.1907872
In(x4) -0.14903231 ** 0.08458443 -1.7619355
In(x5s) -0.23484742 *** 0.06881438 -3.4127666
Ln(x¢) -0.04220431 ** 0.02465665 -1.7116807
o’ =0l +0] 0.00882669 ** 0.00424889 2.0774080
y 203/02 0.99183955 *** 0.00440007 225.41430
7 0.11261376 * 0.07207568 1.5624377
n -0.00851004 * 0.00583103 -1.4594388
Log-likelihood 317.0100
Total obs. 115
Note: * represents 10% level of significance, ** represents 5% level of

significance, *** represents 1% level of significance.
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Table 5 Stochastic production frontier estimation results on In(1/x4) - Non-household

lighting
Variable Estimated Parameter  Standard Error t-value
Constant -0.65242929 *** 0.14440670 -4.5179987
In(q) -0.05019453 0.04740015 -1.0589532
In(x1) -0.85115050 *** 0.07771839 -10.951726
In(x7) 0.14420173 *** 0.03816485 3.7783913
In(x3) -0.04812594 0.08906860 -0.5403245
In(x5s) 0.02100793 0.08108486 0.2590857
In(X¢) -0.00491637 0.02520803 -0.1950317
o’ =0l +0] 0.06848051 0.12926156 0.5297825
y = 03/02 0.99842997 *** 0.00300592 332.15405
7 -0.35555815 1.10091520 -0.32296598
n -0.04643062 *** 0.00836963 -5.5475143
Log-likelihood 298.7602
Total obs. 115
Note: * represents 10% level of significance, ** represents 5% level of

significance, ***

20

represents 1% level of significance.



Table 6 Stochastic production frontier estimation results on In(1/xs) - Gasoline

Variable Estimated Parameter  Standard Error t-value
Constant 0.33323690 ** 0.19457004 1.71268350
In(q) 0.17231044 *** 0.06390736 2.69625340
In(x) -0.76565384 *** 0.10935708 -7.00141090
In(x3) -0.16215459 *** 0.03361443 -4.82395770
In(x3) -0.30629892 ** 0.11947036 -2.56380690
In(xs) 0.28850358 *** 0.06887592 4.18874370
In(x¢) -0.13425355 *** 0.03171400 -4.23325780
o’ =0l +0? 0.00391488 *** 0.00089233 4.38726330
y =ol/c? 0.96344417 *** 0.00848173 113.59049000
7 0.12282951 *** 0.02859984 4.29476180
n 0.07458590 *** 0.01048506 7.11354190
Log-likelihood 162.37418
Total obs. 115
Note: * represents 10% level of significance, ** represents 5% level of

significance, *** represents 1% level of significance.
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Table 7 Stochastic production frontier estimation results on In(1/xe) - Diesel

Variable Estimated Parameter  Standard Error t-value
Constant 0.02309977 0.64861431 0.03561403
In(q) 0.22689277 0.18771790 1.20869010
In(x) -0.22295138 0.63037760 -0.35367909
In(x3) -0.18305899 ** 0.08956627 -2.04383850
In(x3) 0.50534495 0.55337612 0.91320339
In(xs) -0.08305080 0.37091390 -0.22390856
In(x¢) -1.08754940 *** 0.33020392 -3.29356910
o’ =0l +0? 0.04620546 *** 0.01183768 3.90325380
y =ol/c? 0.96527591 *** 0.00841202 114.74962000
7 0.42237903 *** 0.08497307 4.97074020
n -0.04468470 ** 0.02403418 -1.85921460
Log-likelihood 155.04670
Total obs. 115
Note: * represents 10% level of significance, ** represents 5% level of

significance, *** represents 1% level of significance.
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Table 8 The TFEE scores of productive electricity power usage for regions in Taiwan

Region 2004 2005 2006 2007 2008 Average

Taipei County 0.720484 0.717761 0.715018 0.712253 0.709468 0.714997
Yilan County 0.595013 0.591456 0.587879 0.584282 0.580667 0.587859
Taoyuan County  0.558421 0.554675 0.550912 0.547131 0.543333  0.550894
Hsinchu County  0.596861 0.593313 0.589747 0.586160 0.582555 0.589727
Yilan County 0.550566 0.546783 0.542983 0.539167 0.535333  0.542966
Taichung County 0.622918 0.619522 0.616105 0.612668 0.609211 0.616085
Changhua County 0.472165 0.468089 0.464003 0.459905 0.455796  0.463992
Nantou County  0.736194 0.733595 0.730975 0.728335 0.725674  0.730955
Yunlin County 0.634823 0.631499 0.628156 0.624791 0.621406 0.628135
Chiayi County 0.720618 0.717897 0.715154 0.712391 0.709607 0.715133
Tainan County 0.579355 0.575714 0.572053 0.568375 0.564677 0.572035
Kaohsiung County 0.587665 0.584067 0.580450 0.576815 0.573160 0.580431
Pingtung County 0.716314 0.713559 0.710784 0.707987 0.705169 0.710763
Taitung County  0.779522 0.777283 0.775025 0.772748 0.770451 0.775006
Hualien County  0.682504 0.679500 0.676474 0.673427 0.670359 0.676453
Penghu County  0.658193 0.655021 0.651828 0.648614 0.645379 0.651807
Keelung City 0.921661 0.920795 0.919920 0.919036 0.918142 0.919911
Hsinchu City 0.402556 0.398347 0.394133 0.389916 0.385697 0.394130
Taichung City 0.770708 0.768393 0.766060 0.763706 0.761333  0.766040

Chiayi City 0.913869 0.912921 0.911962 0.910994 0.910016 0.911952
Tainan City 0.595613 0.592059 0.588485 0.584892 0.581279 0.588466
Taipei City 0.683919 0.680924 0.677909 0.674872 0.671814 0.677888

Kaohsiung City ~ 0.539342 0.535509 0.531659 0.527793 0.523911 0.531643

Average 0.650855 0.647769 0.644666 0.641546 0.638408 0.644649
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Table 9 The TFEE scores of household lighting for regions in Taiwan

Region 2004 2005 2006 2007 2008 Average
Taipei County 0.809322 0.807860 0.806388 0.804907 0.803415 0.824886
Yilan County 0.899252 0.898436 0.897614 0.896786 0.895952  0.896026
Taoyuan County 0.891576 0.890702 0.889822 0.888934 0.888040 0.898025
Hsinchu County  0.931379 0.930813 0.930243 0.929669 0.929090 0.934161
Yilan County 0.950375 0.949962 0.949545 0.949125 0.948702  0.934077
Taichung County 0.875401 0.874406 0.873403 0.872394 0.871376  0.879558
Changhua County 0.905298 0.904529 0.903753 0.902972 0.902185 0.914536
Nantou County ~ 0.957562 0.957208 0.956850 0.956489 0.956126 0.955201
Yunlin County 0.949597 0.949177 0.948754 0.948328 0.947898 0.955966
Chiayi County 0.984504 0.984372 0.984240 0.984106 0.983972 0.986128
Tainan County 0.993637 0.993583 0.993529 0.993473 0.993418 0.978335
Kaohsiung County 0.920104 0.919449 0.918790 0.918125 0.917455 0.914042
Pingtung County 0.897109 0.896277 0.895439 0.894594 0.893743 0.896571
Taitung County  0.902630 0.901840 0.901044 0.900242 0.899434  0.900832
Hualien County  0.901632 0.900834 0.900031 0.899221 0.898405 0.871982
Penghu County  0.765249 0.763501 0.761742 0.759973 0.758192  0.780697
Keelung City 0.857571 0.856445 0.855312 0.854170 0.853021 0.850476
Hsinchu City 0.834105 0.832813 0.831512 0.830202 0.828883  0.821642
Taichung City 0.786100 0.784485 0.782859 0.781223 0.779576  0.785362
Chiayi City 0.798345 0.796810 0.795264 0.793709 0.792143  0.798864
Tainan City 0.815921 0.814504 0.813077 0.811641 0.810194 0.804183
Taipei City 0.772642 0.770941 0.769228 0.767506 0.765772  0.791725
Kaohsiung City ~ 0.882131 0.881186 0.880234 0.879275 0.878309 0.704565

Average 0.885096 0.884194 0.883286 0.882371 0.881449 0.875134
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Table 10 The TFEE scores of non-household lighting for regions in Taiwan

Region 2004 2005 2006 2007 2008 Average
Taipei County 0.994195 0.993921 0.993633 0.993332 0.993016 0.993619
Yilan County 0.927513 0.924202 0.920747 0.917141 0.913379  0.920596
Taoyuan County 0.880133 0.874809 0.869266 0.863498 0.857497 0.869041
Hsinchu County  0.837796 0.830779 0.823491 0.815926 0.808076 0.823214
Yilan County 0.816293 0.808456 0.800328 0.791902 0.783170  0.800030
Taichung County 0.847883 0.841260 0.834377 0.827228 0.819805 0.834111
Changhua County 0.941248 0.938543 0.935719 0.932770 0.929690 0.935594
Nantou County ~ 0.989805 0.989323 0.988819 0.988291 0.987739 0.988795
Yunlin County 0.859160 0.852984 0.846563 0.839888 0.832953  0.846310
Chiayi County 0.873757 0.868172 0.862359 0.856312 0.850022 0.862124
Tainan County 0.732331 0.721569 0.710465 0.699016 0.687221 0.710120
Kaohsiung County 0.761555 0.751760 0.741635 0.731175 0.720376 0.741300
Pingtung County 0.972291 0.970994 0.969637 0.968217 0.966733  0.969574
Taitung County ~ 0.977222 0.976153 0.975034 0.973864 0.972640 0.974983
Hualien County  0.811972 0.803974 0.795681 0.787085 0.778181 0.795379
Penghu County  0.962284 0.960528 0.958692 0.956772 0.954766 0.958608
Keelung City 0.961927 0.960154 0.958301 0.956364 0.954338 0.958217
Hsinchu City 0.922690 0.919169 0.915495 0.911662 0.907664 0.915336
Taichung City 0.992596 0.992245 0.991879 0.991495 0.991093 0.991862
Chiayi City 0.990486 0.990037 0.989566 0.989074 0.988558 0.989544
Tainan City 0.972679 0.971400 0.970062 0.968662 0.967198  0.970000
Taipei City 0.959054 0.957151 0.955161 0.953081 0.950908 0.955071
Kaohsiung City ~ 0.903970 0.899643 0.895133 0.890433 0.885536  0.894943

Average 0.904302 0.900150 0.895837 0.891357 0.886707 0.895671
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Table 11 The TFEE scores of gasoline for regions in Taiwan

Region 2004 2005 2006 2007 2008 Average
Taipei County 0.813757 0.825899 0.837331 0.848083 0.858186 0.836651
Yilan County 0.895266 0.902412 0.909096 0.915343 0.921181 0.908660
Taoyuan County  0.795528 0.808715 0.821149 0.832860 0.843879  0.820426
Hsinchu County  0.762199 0.777220 0.791426 0.804844 0.817500 0.790638
Yilan County 0.833778 0.844742 0.855047 0.864724 0.873804 0.854419
Taichung County 0.824511 0.836024 0.846854 0.857032 0.866587 0.846202
Changhua County 0.882586 0.890543 0.897993 0.904963 0.911481 0.897513
Nantou County ~ 0.766764 0.781539 0.795507 0.808695 0.821130 0.794727
Yunlin County 0.835971 0.846804 0.856984 0.866543 0.875509 0.856362
Chiayi County 0.789420 0.802949 0.815714 0.827743 0.839066 0.814978
Tainan County 0.771446 0.785968 0.799690 0.812641 0.824848 0.798919
Kaohsiung County 0.845872 0.856109 0.865721 0.874739 0.883192 0.865127
Pingtung County 0.790795 0.804247 0.816938 0.828895 0.840150 0.816205
Taitung County  0.844796 0.855098 0.864772 0.873849 0.882358 0.864175
Hualien County  0.864546 0.873636 0.882159 0.890144 0.897619 0.881621
Penghu County ~ 0.997007 0.997222 0.997421 0.997606 0.997778 0.997407
Keelung City 0.819304 0.831123 0.842246 0.852702 0.862523 0.841580
Hsinchu City 0.845432 0.855695 0.865332 0.874374 0.882851 0.864737
Taichung City 0.728409 0.745188 0.761108 0.776187 0.790450  0.760268
Chiayi City 0.749299 0.765003 0.779874 0.793934 0.807210 0.779064
Tainan City 0.836136 0.846960 0.857130 0.866680 0.875638  0.856509
Taipei City 0.795935 0.809098 0.821510 0.833200 0.844199 0.820788
Kaohsiung City ~ 0.870684 0.879392 0.887552 0.895193 0.902344 0.887033

Average 0.824804 0.836168 0.846874 0.856950 0.866423 0.846243
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Table 12 The TFEE scores of diesel for regions in Taiwan

Region 2004 2005 2006 2007 2008 Average
Taipei County 0.644817 0.632020 0.618910 0.605492 0.591772  0.618602
Yilan County 0.594101 0.580135 0.565882 0.551352 0.536558 0.565606
Taoyuan County  0.623243 0.609924 0.596302 0.582384 0.568176  0.596006
Hsinchu County  0.742308 0.732273 0.721924 0.711260 0.700277 0.721608
Yilan County 0.645303 0.632519 0.619421 0.606015 0.592307 0.619113
Taichung County 0.602558 0.588773 0.574696 0.560335 0.545703 0.574413
Changhua County 0.652801 0.640205 0.627295 0.614072 0.600545 0.626984
Nantou County  0.656340 0.643836 0.631015 0.617881 0.604440 0.630702
Yunlin County 0.603367 0.589600 0.575540 0.561196 0.546579 0.575256
Chiayi County 0.640749 0.627851 0.614642 0.601127 0.587312 0.614336
Tainan County 0.679057 0.667156 0.654935 0.642395 0.629539 0.654616
Kaohsiung County 0.625852 0.612595 0.599033 0.585172 0.571022  0.598735
Pingtung County 0.662087 0.649731 0.637058 0.624071 0.610773  0.636744
Taitung County  0.620316 0.606930 0.593241 0.579257 0.564987 0.592946
Hualien County  0.579031 0.564755 0.550204 0.535389 0.520324 0.549941
Penghu County  0.676223 0.664245 0.651946 0.639330 0.626398 0.651628
Keelung City 0.621389 0.608027 0.594363 0.580403 0.566156  0.594068
Hsinchu City 0.962340 0.960659 0.958905 0.957075 0.955165 0.958829
Taichung City 0.786529 0.777950 0.769080 0.759913 0.750445 0.768783
Chiayi City 0.795457 0.787187 0.778631 0.769784 0.760641 0.778340
Tainan City 0.889500 0.884759 0.879828 0.874702 0.869375 0.879633
Taipei City 0.978910 0.977961 0.976970 0.975935 0.974855 0.976926
Kaohsiung City ~ 0.649338 0.636654 0.623657 0.610349 0.596737 0.623347

Average 0.694855 0.683806 0.672480 0.660882 0.649014  0.672207
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