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Abstract

After Industrial Revolution, due to fast progressing of technology and the life
style changing, the world energy consumption exponentially grew and accompanied
with large amount of greenhouse gas (GHG) emissions in decades. The increasing of
GHG emissions makes global warming which results in intensification of weather and
climate extremes, so almost all country positively promote many policies and
measures to reduce GHG emissions. According to IEA (2015), emissions reductions
from efficiency improvements in the end-use sectors accounts for 38% of total
reductions higher than renewables and other technologies. In 2008, Taiwan also
passed the Sustainable Energy Policy Guideline. In the guideline, the goal is to
improve energy efficiency by more than 2 % per annum, so compared with the level
in 2005, energy intensity will decrease 20% by 2015. Therefore, this study uses
multilevel-hierarchical index decomposition analysis based on Shapley/Sun method to
analyze the trend of Taiwan's changing energy intensity (EI) from 2002 to 2013. We
also explore the impact of “Sectoral EI change” and ““Structural Change” on total EI

in past few years and provide some directions for improving El in the future.
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The results show that total EI decreasing (-21.1%), excluding the structure
effect (-24.2%), over the past few years in Taiwan is mainly due to the effect of “pure
EI change”, including industrial sector (-14.4%), transport sector (-4.3%), residential
sector (-3.4%), and etc. We also find that Electronic Parts Manufacturing (-3.2%),
Basic Metal Industries (-3%), Chemical Materials Manufacturing (-2.1%) are major
subsectors contributed to the pure industrial EI change. While low-EI manufacturing
industry grew quickly over the past years in Taiwan, service sector transforming to
industrial sector have made the EI deteriorate. Therefore, the overall structural change
effect (3.15%) makes little contribution to the total EI change.

In addition, this study also estimates the marginal contribution of EI for
sub-sector assuming the industry structure keep constant. We found improving energy
efficiency of high-El and high energy consumption industry is the most effective
measure to decrease total EI in Taiwan. In summary, we suggest that government
should not only focus on improving energy efficiency of high-El industry but also
keep tracking high energy-consuming industry and supervising its energy efficiency
improvement. In addition, the GDP structure should be transformed from Industry
Sector to service sector, Service-oriented Manufacturing Industry and other low-El
industry, so that the total EI will continue to improve to meet the policy target.
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1. Introduction

After Industrial Revolution, due to fast progressing of technology and the life
style changing, the world energy consumption exponentially grew and accompanied
with large amount of greenhouse gas (GHG) emissions in decades. The increasing of
GHG emissions makes global warming which results in intensification of weather and
climate extremes, so almost all country positively promote many policies and
measures to decrease GHG emissions. According to IEA (2015), emissions reductions
from efficiency improvements in the end-use sectors accounts for 38% of total
reductions higher than renewables (30%), CCS development (13%) and other
technology.

More than 98% primary energy use depends on import every year in Taiwan and

the expenditure on importing energy is up to 13.25% of GDP in 2013, so energy
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supply and demand is especially a crucial issue in Taiwan. We have to use the energy
more efficiently to lower the impact from the deficit of energy source. In 2008, the
congress of Taiwan also passed the energy policy: Taiwan’s Sustainable Energy Policy.
In the policy, the goal is to improve energy efficiency by more than 2 % per annum,
so that when compared with the level in 2005, energy intensity will decrease 20% by
2015.

Energy intensity is one of the most common concepts to describe the energy
efficiency which is defined as
Energy input into a process/ Useful output of a process.

However, the above description is still an abstract concept so a quantitative
indicator needs to be created. According to different measurable unit usage, four kinds
of indicator are able to use including Thermodynamic Indicator,
Physical-Thermodynamic Indicator, Economic-Thermodynamic Indicator and
Economic indicator (Bor, 2008). In addition, there are two ways to inspect the energy
efficiency in general in past research. Some studies use bottom-up method by
examining the progress of all production process and equipment efficiency to
integrate and evaluate the total energy intensity improvement in the industry. The
Thermodynamic Indicator and Physical-Thermodynamic Indicator are usually used
for its convenience when bottom-up method is adopted. It is easier to get precise
results of real energy efficiency changing and investigate the reason of improvement
through bottom-up method (Yang, 2012 ; Huang et al., 2013), but it is difficult to

compare energy efficiency cross industries due to different measurable physical
quantity of useful output. If the technology make great progress, it is also hard to
track the energy efficiency trend of specific technique for long time. Therefore, other
studies replace physical unit with monetary unit for the useful output and adopt
top-down method to do energy intensity research. The total energy intensity trend can
be easy to inspect through top-down method then look deeper into every industry to
analysis how their energy intensity changing affect total energy intensity. This study
will focus on tracking Taiwan’s energy intensity trend so we adopt top-down methods.

Index decomposition analysis (IDA) is the most common method to do
top-down study including issues of energy intensity, electricity demand, CO, emission
and etc. (Subhes C et al., 2005; Steenhof, 2006; Cian et al., 2014; Xu et al., 2014;

Boonkham et al., 2015). Generally, the total energy intensity at a specific level is
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often decomposed to give the contribution of factors linked to activity structure shifts
and energy efficiency improvement. We refer to the IDA studies conducted at a
specific level as those using single level decomposition models. It is pointed out in the
IDA studies that the energy intensity effect estimated at a finer level gives a better
proxy for energy efficiency change. However, when the structure effect is studied
using a single-level decomposition model, a finer level may lead to a higher degree of
cancellation among sub-category effects (Ang, 1993). As a result, some compromise
IS needed in determining the “right” level to give representative estimates of the
structure and energy intensity effects in a single-level study. This makes the
single-level analysis decomposition results somewhat specific. Therefore, Xu & Ang
(2014) provide comprehensive multilevel-hierarchical methodology to overcome
above limitations. In the multilevel-hierarchical decomposition model, we can inspect
structure effect at different level in the same time so that a better understanding of
relationship between energy efficiency improvement and activity structure shifts can
be achieved. In the decomposition analysis, Divisia index and Laspeyres index are
most widely used and there is no preference of index selection. However a desirable
index still has to satisfy factor-reversal, time-reversal, proportionality, and
aggregation tests. (Ang, 2004) In addition, it is also concerned with ease of result
interpretation and saving of computation-time so this study adopt refined-Laspeyres
index of additive form (Shapley/Sun method) to calculate the decomposition results.
There are many studies focusing on tracking Taiwan energy intensity from
top-down in the past( #~%& 3% % ¥ & %,1992 ; Huang and Wang,1996 ; £ 424 % sk
=,2003 ; Bor, 2008 ; Huang et al., 2014 ; & $§ %>, 2015 ) but almost all the studies

lacked of finer comparison among different level due to using single-level
decomposition. While Bor (2008) give special contributing weight factor to complete
multilevel decomposition analysis of Taiwan's energy intensity, their methodology is
too special to investigate how the activity structure shifts put impact on total energy
intensity. Therefore, in order to elaborately research structure effect and intensity
effect at different level, this study uses multilevel-hierarchical index decomposition
analysis based on Shapley/Sun method to analyze the trend of Taiwan's changing
energy intensity (EI) from 2002 to 2013.



2 Literature review

HER and FEZ  (1992) applied Divisia index and Laspeyres index
decomposition method to investigate the trend of energy consumption, energy
intensity and contribution of factors linked to intensity effect and structure effect of
Industry Sector from 1961 to 1990 in Taiwan. They found that the growing of high
energy intensity industry made the total EI deteriorate before 1973 but the total El
was improved after 1979 due to intensity effect decreasing fast. Huang and Wang
(1996) also applied Divisia index decomposition to examine the trend of energy
intensity from 1981-1993 in Taiwan Manufacturing Sector and they got similar
conclusion with &%} and &3 (1992). LR#4i& and 5EPU17.(2003) compared
different Divisia index and Laspeyres index methods by analyzing the trend of energy
intensity from 1981 to 2001 in Taiwan Manufacturing Sector. They found that using
different index could get similar results if the residual term is small enough to ignore.
In addition, the intensity effect kept decreasing and structure effect was fluctuating
with little contribution to total EI changing during this period. Bor (2008) first time
applied multi-level decomposition to compare the contribution of all sectors to total
El changing through special weight factor from 1992 to 2008 in Taiwan. The result
showed the deterioration of energy efficiency in Chemical Material Manufacturing
made the total energy worse in this period of time. However the contribution of
activity structure shifts is hard to inspect in this method and the conclusion is quite
different from other studies duo to different definition of real GDP. Huang et al. (2014)
and & {p #> (2015) applied Logarithmic Mean Divisia Method Index (LMDI) to
investigate the trend of energy intensity from 1962-2013 in Taiwan and get similar
results with other studies. In summary, the Taiwan’s EI was improving over past
decades due to fast-decreasing intensity effect and structure effect only made little
contribution in this few years. However, how the structure of activity shifts made so
little contribution in Taiwan? What is the contribution of intensity effect of different
sector in Taiwan? How can we use the decomposition results to find the key industry
for improving the energy intensity efficiently in the future? These issues are not well
examined in the previous studies.

3. Methodology

In order to investigate the contribution of intensity effect and structure effect at
different level of industry to total energy intensity changing, we build a hierarchical
structure of industry as Table 1 and Fig. 1. The first level is composed of agriculture
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sector, industrial sector, service sector, Transport Sector and Residential Sector. Each
sector can be disaggregated into sub-sectors in Level 2 such as manufacturing is one
of sub-sectors of industrial sector. The disaggregation at finer level can be done with
same rule. This study ultimately divides the industry into 4 levels in Taiwan. The
energy intensity changing at each level can be disaggregated into intensity effect and
structure effect of next level so the contribution of sectoral intensity effect at any level
to total energy intensity can be calculated by using Shapley/Sun method.

- Overl ey iy cange PE
]

- - l —
| Level 2
Intensity effect 1 ;
- Chemical Products

Intensity effect
Structure effect of i

- - Chemical Material
Chemical industry . .
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Fig. 1
Hierarchical decomposition structure of Taiwan.
Data source: depicted by author
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Energy comsumption of Sector
h = (4)
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According to the second raw of formula (5), we find that total energy change Al
is affected by Sectoral energy intensity change AA;, GDP share shifts AB;, and
interaction term AA;AB;, and we divide the interaction term equally to all the factors
linked to Sectoral energy intensity change and GDP share shifts by applying
Shapley/Sun method. Therefore, the Sectoral intensity effect Al;n related to AA; and
the structure effect Alg; related to AB; is calculated and single-level decomposition is
done. We can decompose the Sectoral energy intensity change in the similar way by
replacing Al with AA; in the formula (5). In this way, Sectoral energy intensity change
AA; is combined with sub-sectoral intensity effect Algp-intj related to sub-sectoral
energy intensity change Aa; and sub-structure effect Algyp-s related to GDP share of A
sector shifts Ab; as formula (7)

m
AA; = Z(Aaj(b]p +1/24b)) + Aby(a +1/28a)))
4 ()
= (Z Alsub—int,j) + (Alsub—str)
j=0

So far we complete single-level decomposition at level 2. In order to investigate
how sub-sector affects total energy intensity, we adopt multilevel-hierarchical
decomposition as formula (8) by combining formula (6) and formula (7).

m
Al = AA;(BY + 1/2AB) = (Z(Aa,-(b;’ +1/2Ab)) + Abj(a) + 1/24a))))(BY + 1/2AB))

m J=0 m (8)
= ((Z AIsub—int,j) + (Alsub—str))(Blp + 1/2AB;) = (Z AIsub—int,ij) + (Alsub—str,i)
j=0 j=0
AIsub—int,ij = Alsub—int,j(BiO + 1/2AB;) (9)



From formula (8) we show a multiplicative weigh factor can connect two
single-level decompositions at hierarchical level and we can keep decomposing into
finer level by following same procedure until the whole multilevel-hierarchical
decomposition is completed.

4 Results and Discussion

4.1 Taiwan's energy intensity trend

Table 1 shows the accumulated rate of energy intensity change in 2013 from
base year 2002 and contribution of intensity effect and structure effect at different
levels of industry by applying multilevel-hierarchical energy intensity decomposition
in Taiwan. The average rate of El improvement is 1.92% close to 2% of government's
target from 2002 to 2013. The result from first level decomposition shows the
intensity effect of industrial sector is the main reason of total EI improvement but the
structure effect worsen the EI. However, when we look deeper into finer levels, the
intensity effect of industrial sector mainly results from interior structure effect of
Manufacturing. If all the structure effects at different levels are summed up, the total
structure effect is only 3.15% far less than structure effect of first level. The result
implies the activities towards low energy intensity grew in the manufacturing but
activities between Sectors moved in opposite direction so the overall structure effect
made little contribution to the total EI change. It is also pointed that the intensity
effect improvement is still influenced by physical energy efficiency improvement and
internal activities shifts. Therefore, El effect should subtract all the internal structure
effect in order to get better representation of physical Energy efficiency improvement.
Figure 2 shows the trend of Taiwan's changing energy intensity including the overall
structure effect and pure intensity effect. According to the trend, the EI goal of 2015
might be achieved successfully. The result also shows the total structure effect always
made little contribution over the past years as previous studies found. The pure
intensity effect (-24.2%), including industrial sector (-14.4%), transport sector (-4.3%),
residential sector (-3.4%), and etc. is still the main factor to decrease the total EIl and
Electronic Parts Manufacturing (-3.2%), Basic Metal Industries (-3%), Chemical
Materials Manufacturing (-2.1%) are major subsectors contributed to the pure
intensity effect of industrial sector.



Table 1 Taiwan's energy intensity hierarchical decomposition in 2013 from base year 2002: intensity effect

and structure effect in different level of industry.

Agriculture, Forestry and Animal Husbandry (0.09%)
Agriculture Sector |Fishing (-0.7%)
(-0.45%)

Structure effect in Agriculture Sector (0.16%)

Gas Supply (-0.15%)
Electricity Supply (-1.06%)

Mining and Quarrying (0.05%)

Water Supply and Remediation Services (-0.12%)

Construction (-0.09%)

Food, Beverage and Tobacco (-0.33%)

Textile, Wearing Apparel and Accessories (-0.63%)
Consumer goods ind. Wood, Bamboo products and Furniture (0%)
(-1.84%) Non-metallic Mineral Products (-0.94%)

Other Manufacturing (-0.06%)

Structure effect in Comsumer Goods Ind. (0.12%)
Leather, Fur and Related Products (0.01%)

Pulp, Paper and Paper Products (-0.17%)

Printing and Reproductiom of Recorded Media
(-0.03%)

Chemical industry Petroleum and Coal Products (-1.38%)

Industrial Sector (-0.3%) Chemical Products (-0.48%)

(-23.54%) Rubber Products (-0.07%)

Plastic Products (0.23%)

Manufacturing (-25.7%) Pharmaceuticals and Medicinal Chemical Products
(-0.1%)

Structure effect in Chemical Industi i3.77%i

Fabricated Metal Products (0.28%)
Metal and mechanical ind. [Machinery and Equipment (-0.17%)

3;:3: iIr:-ll (-0.36%) Transport Equipment (0.21%)
Taiwan Electrical Equipment (-0.02%)
(21.08%) Structure effect in Metal and Mechanical Ind. (2%)
. . |Computers, Electronic and Optical Products (-1.07%)
Information and electronic
|(n5d 68%) Structure effect in Information and Electronic Ind.
(-1.05%)
Structure effect in
Manufacturing
(-17.53%)

Structure effect in Industrial Sector (3.54%)

Wholesale and Retail Trade (-0.45%)
Accommodation and Food Services (0.08%)
Transport Services; Warehousing and Storage
(0.05%)

Information and Communication (-0.13%)

Service Sector
(-1.62%) Finance, Insurance and Real Estate (-0.07%)

Public Administration and Defence (-0.09%)

Business Services, Social and Personal Services and
others (-0.9%)

Structure effect in Service Sector (-0.12%)

Air Transportation (-0.22%)

Transport Sector - 5
(-4.64%) Water Transportation (-0.43%)

Structure effect in Transport Sector (-0.35%)

Residential Sector
(-3.44%)

Structure Effect
(12.61%)

Data source: author's calculation
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Fig. 2 Taiwan's changing energy intensity trend (base year 2002)
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The pure intensity effect of each sector in the figure is a result of subtracting interior structure effect from
intensity effect of each sector.
Total structure effect is summation of all the structure effects in Table

Data source: author's calculation

4.2 The impact of Structure activity shifts on energy intensity

When we examine the structure effect at the first level, we found the GDP share

of industrial sector increase by 7.6% and that of service sector decrease by 6.5% over
the past years in Taiwan. The changing of activities with higher EI will make great
contribution to the structure effect so growing of industrial sector worsens structure
effect shown as Fig. 3. On the other hand, the industry in the manufacturing
transformed towards information and electronic industry from other high El
manufacturing so the internal structure effect of manufacturing improved a lot shown

as Fi

g. 4. In summary Taiwan's high-tech-export-oriented policy makes lower El

manufacturing industry growing but also decreases GDP share of industry in service
sector so the contribution of structure effect is limited.
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Fig. 3 The influence of GDP structure adjustment to energy intensity

Data source: author's calculation
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Fig. 4 The influence of GDP structure in the manufacturing adjustment to energy intensity
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4.3 Marginal analysis

4.3.1 Marginal analysis of energy intensity
The above discussion is inspecting the contribution of intensity effect and

structure effect at different level over the past years in Taiwan. We can use the data to
further investigate which industry may play important role in improvement of El in
the future. In order to check the potential of EI improvement of each industry, we do
the marginal analysis of EI. We decrease the energy intensity of all industry by 1%
and calculate contribution of each industry to the improvement of total EI assuming
the structure of industry stay unchanged. The result in the table 2 shows Chemical
Material Manufacturing (0.3%), Land Transportation (0.11%) and Residential Sector
(0.11%) will be top 3 factors to the contribution of improvement of total El in the
short term. In addition, we also find that not only energy efficiency changing of high
El industry but high energy-consumption industry (e.g. Electronic Parts and
Components and Computers, Electronic and Optical Products) make great impacts on

the total EI.

Table 2 The marginal contribution of energy intensity changing to total energy intensity

Industry Impact Industry Impact
Chemical Material 0.299% Fishing 0.005%
Land Transportation 0.114% Machinery and Equipment 0.005%
Residential Sector 0.106% Transport Services; Warehousing and Storage 0.004%
Basic Metal 0.065% Agriculture, Forestry and Animal Husbandry 0.004%
Electronic Parts and Components 0.061% Rubber Products 0.003%
Business Services, Social and Personal Services and others 0.057% Information and Communication 0.003%
Petroleumand Coal Products 0.035% Water Supply and Remediation Services 0.003%
Non-metallic Mineral Products 0.033% Finance, Insurance and Real Estate 0.002%
Computers, Electronic and Optical Products 0.032% Construction 0.002%
Electricity Supply 0.031% Water Transportation 0.001%
Textile, Wearing Apparel and Accessories 0.016% Mining and Quarrying 0.001%
Public Administration and Defence 0.016% Printing and Reproductiom of Recorded Media 0.001%
Fabricated Metal Products 0.015% Other Manufacturing 0.001%
Accommodation and Food Services 0.015% Electrical Equipment 0.001%
Pulp, Paper and Paper Products 0.013% Pharmaceuticals and Medicinal Chemical Products |  0.001%
Plastic Products 0.013% Wood, Bamboo products and Furniture 0.001%
Food, Beverage and Tobacco 0.011% Gas Supply 0.001%
Wholesale and Retail Trade 0.011% Air Transportation 0.001%
Transport Equipment 0.010% Leather, Fur and Related Products 0.001%
Chemical Products 0.008% Total 1.000%

Data source: author's calculation

4.3.2 Marginal analysis of structure effect
Analyzing the marginal test of El is helpful for focusing on specific industry to

improve total El in the short term. However structure effect still should make
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comparable contribution in the long time so the marginal test of structure effect

should be examined at the same time. We increase the GDP share of one industry 1%
to examine how the total EI change in the test, provided that the EI stay constant in

the all industry. We find out that the decreasing the share of high-EI industry is much
more influential on total EI than increasing the share of low-EI industry due to
asymmetrical contribution shown as table 3. Therefore in order to improve the total El,
the adjustment of high EI industry (e.g. Chemical Material Manufacturing) is a crucial

problem to solve in the future

Table 3 The marginal contribution of GDP share changing to total energy intensity

Industry Impact Industry Impact
Chemical Material 17.000% Wood, Bamboo products and Furniture -0.394%
Land Transportation 7.251% Pharmaceuticals and Medicinal Chemical Products -0.421%
Non-metallic Mineral Products 4.757% Printing and Reproductiom of Recorded Media -0.475%
Pulp, Paper and Paper Products 3.931% Water Supply and Remediation Services -0.540%
Petroleumand Coal Products 2.368% Machinery and Equipment -0.549%
Plastic Products 2.282% Water Transportation -0.555%
Electricity Supply 2.034% Mining and Quarrying -0.611%
Basic Metal 2.011% Transport Services; Warehousing and Storage -0.623%
Textile, Wearing Apparel and Accessories 1.789% Agriculture, Forestry and Animal Husbandry -0.672%
Chemical Products 1.045% Business Services, Social and Personal Services and others | -0.688%
Fishing 1.035% Electronic Parts and Components -0.702%
Rubber Products 0.643% Air Transportation -0.785%
Fabricated Metal Products 0.209% Other Manufacturing -0.786%
Computers, Electronic and Optical Products 0.127% Public Administration and Defence -0.792%
Leather, Fur and Related Products 0.117% Electrical Equipment -0.825%
Transport Equipment 0.065% Construction -0.938%
Food, Beverage and Tobacco -0.069% Information and Communication -0.956%
Accommodation and Food Services -0.251% Wholesale and Retail Trade -1.128%
Gas Supply -0.303% Finance, Insurance and Real Estate -1.151%

Data source: author's calculation

5. Conclusion and Suggestions

This study applies multilevel-hierarchical index decomposition analysis to
elaborately investigate the possible cause of improvement of EI over the past 11 years
in Taiwan. It is the first time to study how the activity shifts at different levels to
influence the energy intensity in detail in Taiwan. We find that pure intensity effect of
industrial sector is still the most important factor just as previous studies discovered.
However, we also find that Electronic Parts Manufacturing, Basic Metal Industries,
Chemical Materials Manufacturing are major subsectors contributed to the pure
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industrial EI change. Besides, service sector transformed to industrial sector has made
the EI deteriorate while low-El manufacturing industry grew quickly over the past
years in Taiwan. Therefore, this overall structural change effect makes little
contribution to the total EI change.

In addition, this study also found improving energy efficiency of high-El and high
energy consumption industry is the most effective measures to decrease total El in
Taiwan by estimating the marginal contribution of EI for sub-sector. The result from
marginal test of structure effect reveals decreasing the GDP share of high El industrial
might be important in the future. The marginal analysis of El and structure effect
should be inspected periodically to make sure all key industries under control. In
summary, we suggest that government should not only focus on improving energy
efficiency of high-El industries but also keep tracking high energy-consuming
industries and supervising its energy efficiency improvement. Besides, the GDP
structure should be transformed from industry Sector to service sector,
service-oriented manufacturing industry and other low-EI industries, so that the total
EI will continue to improve to meet the policy target. However, there are still limits in
our study. For instance, using GDP as output of process is subject to vary due to
unstable price so the physical improvement of energy intensity might not be reflected
completely using Economic-Thermodynamic Indicator. Therefore, finding a method
to combine Physical-Thermodynamic Indicator and Economic-Thermodynamic
Indicator could be an important issue to understand real change of energy efficiency.
In addition, the improvement of energy efficiency doesn’t guarantee the improvement
of total factor productivity so figuring out the relationship between them could be
needed in the future.
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