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Energy Productivity, which 1s defined as the ratio of output divided by
energy consumption, 1s a useful indicator for understanding the energy
efficiency of an industry or an economy.

Conventionally, to measure the energy productivity for an economy, we
take the GDP from the National Income Accounts as output and the
energy consumption in terms of liter oil equivalent of an economy from
the Energy Balance Table as energy consumption.

The GDP from the National Income Accounts

The energy consumption from the Energy Balance Table
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However, this conventional approach ignores the heterogeneous
characteristics of energy inputs as well as outputs.

1. Christensen and Jorgenson (1970)
2. Gollop and Jorgenson (1980)
3. Liang and Jorgenson (1998)

All above have taken into account the heterogeneous characteristics
of the inputs to calculate the total factor productivity.

4. Liang (2005) further considers the heterogeneous characteristics
of the output as well as inputs related with industrial structure
changes to measure the total factor productivity.
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However, few, if any, researches have actually considered the
industrial structure changes’ effect to measure the energy
productivity.

Consequently, the objective of this paper is:

1. To propose a new method to incorporate the changes in
industrial structure as well as the energy quality changes into
the measurement of energy production.

2. An empirical study, which employs the industry-level data of
Taiwan during 1981-99, is also conducted.
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Given the energy consumption as E and value added as Y, the energy productivity
(PDE) of an industry can be defined as:

ppE=L (1)
E

This Conventional approach ignores the heterogeneous characteristics of energy
inputs as well as outputs. Taking the logarithms of equation (1), we get:

InPDE =InY —InE (2)

For the data at discrete points in time, the difference between successive logarithms of
energy productivity or energy productivity changes can be expressed as:

In PDE(T) —In PDE(T - 1) = (InY(T) = In E(T)) = (In Y(T = 1) - In E(T —1)) 3)
= (InY(T) - InY(T =1)) = (In E(T) - In E(T - 1))
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For considering the heterogeneous characteristics of energy inputs, the aggregate
energy (E) has to be decomposed into component energy, such as coal, oil products,
natural gas, and electricity before aggregation. Following Gollop and Jorgenson

(1980), we employ the translog index to do the aggregation. The translog index of
changes in energy inputs can be expressed as:

In E(T) — In(E(T - 1) = i S, (INE,(T)~In E,(T ~1) = In E*(T) —In E°(T) + EQ (4)
Where, SE,. :%[SEZ'(T)_SEZ'(T_I)]:

PE,. X E.
ZPE,- X E,
i=1

= The share of energy i in the aggregation energy cost (i=1,...m)

EQ = Energy quality change effect due to changes in energy consumption
structure of an industry

E°(T) = Conventional energy consumption (in liter oil equival€ént).



For taking care of the reallocation effect among industries, or energy reallocation
effects, this paper employs the following translog index to aggregate the industry-level
energy input into the energy input of the whole economy:

InE4(T)-In(E*(T-1)) = ZP:SEX (nE (T)-InE_(T -1))

x=1

—InE(T)~InE(T 1)+ ERE Le=1,....,R1 (5)
=InEC(T)-InES(T -1)+ EQ + ERE

Where ERE = Energy quality changes due to energy reallocation among industries,
or energy reallocation effects.

— 1
And Sex ZE[SEX(T)+SEX(T_1)]
P, xE,
P
ZPEX xE,
X=1

= The share of industry x's energy cost in the aggregate industry or MOnomy.
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Similarly, since the output of an aggregate industry or the whole economy is an
aggregate of individual industry-level output, this paper employs the translog index to
aggregate its output. The translog index of output change can be expressed as:

InY*(T)-InY*(T-1)= ZSYX[lnY )—=InY, (T -1)|=nY(T)-In¥Y(T -1)+ O0R  (6)

x=1, ..., Pindustry

Where OQR = output quality changes due to output reallocation among industries
or output reallocation effect.

And EYX :%[SYX(T)"'SYX(T_I)]

S, = the value share of industry x's total output in the aggregate industry or the

whole economy /&"



Finally, we define the new energy productivity (PDEY) indicator of the whole
economy as follows:

A
ppEY =L (7)

A

And, the change rate of PDEN is:

In PDE" (T)~n PDEY (T —1)=|InY ()~ InY (7 = 1)]- [n E*(7)- n £/ (T - 1)| (8)

The difference between equation (3) and equation (8) reveals that the difference
between the new energy productivity growth and the conventional is:

lin PDE" ()~ 1n PDE (T =1)|~ [In PDE(T)~ In PDE(T - 1)]
=OQR - ERE - EQ
= (Output reallocation effect — Energy reallocation effect)— Energy quality change rate

©)

= Industrial structure change effect — Energy quality change rate

Equation (9) implies that the energy productivity measured by the new method differs
with the conventional one by industrial structural change effect minus eng uality
change effect. /w"‘@"'k



The runs from 1981 to 1999.
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Real Value Added

The industry-level for value added at constant prices (1996 prices) during 1981-99
comes from the DGBAS.

Energy Input

Energy input consists of . We calculated the
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Table 1. The Growth of Energy Productivity in Taiwan, 1981-1999

Year 1981-99 1981-90 1990-99 1981-85 1986-90 1991-95 1996-99

(1) Growth of Energy Productivity
(New Method)

1.61 1.31 1.91 1.10 1.47 1.52 2.40

(2) Growth of Energy Productivity
1.22 0.38 2.07 0.27 0.46 2.66 1.32
(Without Structural Change)

(3) Growth of Energy Productivity
1.03 1.33 0.73 1.33 1.33 1.22 0.12

(Conventional)
(49)=(2)-3)
0.19 -0.95 1.34 -1.06 -0.86 1.45 1.21
Energy Quality Change Effect
(3)=(D)-(2)
0.39 0.93 -0.16 0.84 1.00 -1.14 1.07
The Effect of Structural Changes
G I Output Reallocation 0.27 0.19 0.35 0.29 0.11 0.48 0.20
G X Energy Reallocation  -0.12  -0.74 0.51 -0.55 -0.89 1.62 -0.88
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4. From the findings of (1) to (3), we conclude that the energy efficiency of Taiwan
during 1981-99 performed better if the new method was employed instead of the
conventional one.

5. As forementioned, the effect of a structural change is the difference between output
reallocation effect and energy reallocation effect.
positive (0.27 percent per annum), while
(-0.12 percent per annum) in Taiwan dur
output reallocation effect could be contri
value-added industries in GDP during 19
reallocation effect indicated that the shar
energy consumption had decreased durin
energy productivity by the new method
productivity in Taiwan during 1981-99.

the

6. Since the energy efficiency measured by

the industrial structure changes via outpu
effect on the energy productivity of an ec
of energy efficiency of an economy and
government to adopt so as to increase its



