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Abstract

This study aims to assess the linkage effects of energy consumption and CO;
emissions for 34 major industries in Taiwan by using multiplier analysis and cluster
anaysis. Results indicate that there is a strong linkage between energy consumption
and pollution emission. Industries such as iron & steel, power generation, paper &
product and petro-chemical materials will continue to play important roles in Taiwan's
economic development, yet they need to be improved for better energy and
environmental bases. Other industrial chemicals, highway, cement, artificial fibers and
non-metallic mineral products should not be encouraged to expand in the future. Also,
sectors such as public service & others and commercial sector are worthy for further
promotion. This study indicates that industry development should be integrated with
environmental and energy policies, in order to assure environmental sustainability, energy
security and economical gains.

EYWORDS: energy and environmental linkage; multiplier analysis; interindustry
linkage; cluster analysis
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ABSTRACT

This study aims to assess the linkage effects of energy consumption and CO, emissions and
NOx) for 34 major industries in Taiwan by using multiplier analysis and cluster analysis.
Results indicate that there is a strong linkage between energy consumption and pollution
emission. Industries such as iron & steel, power generation, paper & product and petro-
chemical materials will continue to play important roles in Taiwan's economic development,
yet they need to be improved for better energy and environmental bases. Other industrial
chemicals, highway, cement, artificial fibers and non-metallic mineral products should not be
encouraged to expand in the future. Also, sectors such as public service & others and
commercial sector are worthy for further promotion. This study indicates that industry
development should be integrated with environmental and energy policies, in order to assure
environmental sustainability, energy security and economical gains.

KEYWORDS: energy and environmental linkage; multiplier analysis, interindustry
linkage

1. INTRODUCTION

Taiwan has very limited indigenous energy sources on land, since energy plays avital rolein
national economic development. The total amount of Taiwan's energy supply increased from
31.78 million kiloliters of oil equivalent in 1982 to 113.23 million kiloliters of oil equivalent
in 2002, for an annual average growth rate of 6.6 . Security of energy supply has been the
top priority in Taiwan's energy policy. Yet, there are growing environmental concerns
among the public over energy activities. Also, the government in Taiwan is becoming more
aware of energy-related regional and global environmental problems. Therefore, it is
important to understand the interrelationships between energy and environment in order to
seek mutual gains for energy security and environmental sustainability.

A number of studies (Huang,1994; Hawdon,1995; Proops, 1996; Caster,1998;Chang, 1998;
Sun,1999; Chen, 2001) have been conducted in dealing with energy and environmental
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analysis. This study uses the multiplier analysis and cluster analysis to assess the linkage
effects between energy consumption and air pollutant emissionsin order to provide insight for
relevant policy making in Taiwan.

2.METHODOLOGY

As pollution is regarded as the "externality" of regular economic activities, many forms of
pollutant emissions can be related in a measurable way to energy consumption or production
processes. In this study, CO, are used as pollution indices to evaluate relationships between
energy consumption and pollutant emissions.

The multiplier analysis, derived from the input-output model is frequently applied to estimate
the inter-industry relationships and the direct and indirect impact of industry. Most of
studies use the energy and pollution multipliers to quantify the total impacts of the energy
input and pollution output associated with interindustry activities, and they can be formulated
as the following:

RERO-AY 123 (10 X D) oot ()
Q=Q(I-A)1= Z OF )i e 1" 20 [ N 2)
where

R:[ 7 Jin, energy multiplier, total impact of energy coefficient which specifies the
amount of energy k required directly and indirectly by per million dollars(US) worth
of output of industry j ,

Q:[ Gv J1xn, pOllution multiplier, total impact of pollution coefficient which specifies the
amount of pollutant p emitted directly and indirectly caused by per million dollars(US)
worth of output of industry |,

(I-A)™": Leontief inverse matrix, based on technical matrix of Taiwan domestic transaction,

bij : element of Leontief inverse matrix,

R: [rij]axn, direct energy coefficient of energy k (eg. Coal & its products, oil & its products,
natural gas & liquefied natural gas) for industry j (10’K cal/US$10°),

Q: [Opj]axn, direct pollutant coefficient of pollutant p (eg. CO,) from industry j (ton
pollutant/US$10°),

I'i : consumption of energy k by theindustry i per million dollars worth of output,

Qri : emissions of pollutant p of industry i per million dollars worth of output.

The concept of interindustry linkage effect was developed by Hirschman (1985). It was
based on the assumption that the economy could be promoted by adopting an imbalanced
investment policy to generate an equilibrium growth among the related industries. In other
words, economy in related industries can be boosted through linking input and output
activities.

In general, linkage effect is classified into "forward linkage effect” and "backward linkage
effect”. The former indicates that the output of certain industry productivity may be used as
input to other industries, while the latter means that production activities of a certain industry
may induce more uses of other industries as input. The calculation of the interindustry
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linkage effect was constructed by Bear and Kerstenetzky(1964). It can be presented as the
following:

S, Sh,
j=1 /=1
Ui'= (3) U @)
EZIJZ iby %ZBZ b
=1 j=1 =1 j=1

where
Ui’ = sensibility index of dispersion, denoting the forward linkage effect,
Uj® = power index of dispersion, indicating the backward linkage effect,
b j = element of Leontief inverse matrix,

n
Zb ; =sum of elementsin row i of Leontief inverse matrix,

j=1
n

Zb ; =sum of elementsin column j of Leontief inverse matrix.
/=1

In addition, the hierarchical cluster analysis approach was selected to measure the similarity
among various industries in order to demonstrate the characteristic distribution pattern of
energy and pollution multipliers.

3. DATA CONSOLIDATION

The basic input-output Table for 1999 and the final demand sectors used in this study were
originally developed by the Accounting Office of the Executive Yuan in Taiwan (2001).
The energy consumption of various industries is based on the data from the “ Taiwan Energy
Balance Sheets’ (Taiwan Energy Commission, 2002). Because the sector classifications of
the basic input-output table and the “Taiwan Energy Balance Sheets’ are not identical, we
combined them into a 34-sector table (Lin, 1996). Since the focus of this study is on the
domestic industry productivities, CO, was selected as pollution indices, since the global
climate changes received most of the attention among other environmental problems. The
CO, emission of thirty-four industries are estimated according to the IPCC guidelines'’?,
while emissions caused by the electricity and power generation sectors are allocated to
various industries according to the rate of electricity consumption.

4. RESULTSAND DISCUSSION

Coupling Effects of Energy and Pollution Coefficients

The energy coefficients for all 34 sectors are computed and listed in Table 1. Because of
high coal and oil coefficients, the electricity & power generation sector has the highest energy
coefficient. During 1999 in Taiwan. The Taiwan government intends to increase the share
of coal to meet the increasing demand in power generation as part of its strategy for energy
diversification. Other industrial chemicals, petro-chemical materials, highway and cement
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are among the top five in energy coefficient compared to other industries. These sectors also
have high rankings regard to CO, emission coefficient, which delineates the coupling
relationship between energy consumption and CO, emission.

Relationships of Energy and Pollution Multipliers

The total (direct and indirect) impacts of energy and pollution coefficients analysis for al 34
sectors are displayed in Table 2. Again, the results indicate that electricity & power
generation ranks the highest for CO, multiplier due to its very high energy coefficient.

Comparing Tablel and Table 2, results of energy multiplier analysis indicate that the cement
sector has more indirect impacts compared to the highway sector. Asaresult, it changes the
order in ranking for the energy multiplier. Similarly, artificial fibers and plastic material are
ranked higher in the energy multiplier(Table 2) compared to energy coefficient(Table 1).
On the other hand, sectors such as storage & communication, commercial sector and public
service & others rank fairly low in energy multiplier compared to rankings of those energy
coefficient.

Asfor pollution multiplier, the top five CO, multiplier include electricity & power generation,
other industrial chemicals, cement, highway, and iron & steel. Coincidently, these industries
are identified as the most significant industries causing the greenhouse effect in Taiwan(”.
Also, it is noticeable that the cement and the iron & steel sectors rank higher in the CO,
multiplier compared to energy multiplier due to their large share of coal consumption. On
the other hand, petro-chemical materials and non-metallic mineral products have lower ranks
in the CO, multiplier compared to the energy multiplier due to their higher natural gas
multiplier. Sectors such as storage & communication, commercial sector and public service
& othersrank consistently low in energy multiplier, as well asin CO, multiplier. The above
results indicate a significant linkage between energy consumption and CO, emission.

Highlights of Significant Industries

In this study, the cluster analysis was used to demonstrate the characteristic distribution
pattern of energy and pollution multipliers. Table 3 highlights results of the cluster analysis,
total interindustry relationships, and rankings of energy and pollution multipliers.
Highlights of some major industries are summarized the following:

Electricity & power generation

As shown in Table 3, power generation ranks the highest for coal energy multiplier and CO,
multipliers. According to the current energy policy in Taiwan, the share of electricity supply
will continue to increase in the future. It indicates that power generation will continue to
play a very important role for economical and industrial activities in Taiwan. For future
improvement, Taiwan needs to have a larger share of natural gas and non-fossil fuel for
electricity generation and continue to improve facilities for pollution control and for better
energy efficiency.
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Other industrial chemicals

Other industrial chemicals ranks the second CO, multiplier and the third energy multiplier as
shown in Table3. Also, Result of overall interindustry linkage analysis indicate that this
sector has little effects to overall industry development, therefore it is suggested that total
investment and productivity of this sector be cut in the future for better energy and
environmental bases.

Cement

As shown in Table 3, the cement sector ranks the third for CO, multiplier, and the sixth for
energy multipliers. As for overal interindustry relationships, this sector has a larger
backward linkage effect and relatively small in forward linkage effect. It ranks the twelfth
in overal interindustry linkage. Future mitigations may include upgrading industry
processes, substitution to clean fuels, enhancing regulation for better coal efficiency and
pollution control.

Highway

The highway sector ranks the fourth CO, multipliers, and the fifth for CO, pollution
multiplier. Also, the characteristic distribution pattern of the highway sector ranks the
second for energy cluster and the fourth for environmental cluster due to the rapid growth of
transportation and the lack of effective control devices for CO, emissionin Taiwan. Control
measure to abate transportation impacts in Taiwan may include upgrading the public
transportation system, phasing out old motors, substitution to clean fuels, improvement in
motor thermodynamic and mechanical devices to better energy efficiency.

Iron & steel

Results of cluster analysis indicate that the iron & steel sector ranks the fifth for CO;
multiplier and demonstrate similar attributes with the cement sector in the energy clusters.
However, the iron & steel ranks the third in overal interindustry relationships, while the
cement sector ranks the 29th as listed in Table 3. It indicates that the iron & steel sector
plays much more important role than the cement sector in Taiwan’s economic development.
For the future, mitigations may include upgrading industry process, enhancing regulation for
better coal efficiency and pollution control.

Electric machinery, Storage & communication, Commercial and Public services &
others

All these four sectors have similar attributes from cluster analysis. They rank very low in
energy multipliers aswell as pollution multipliers. Among these, the public service & others
sector has the highest ranking in overall interindustry relationships, which implies that this
sector would do very well to expand in terms of economical gains as well as sound energy
and environmental bases. Also, the commercial sector shares similar conditions with higher
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ranking in overal interindustry linkage effects. On the other hand, sector of storage &
communication has low rankings for energy and pollution coefficients, yet this sector has
lowest value in both forward and backward linkage effects. It is suggested that this sector
could be expanded to have larger share in overal industry development to meet mutual
benefits in energy and environmental gains.

5. CONCLUSIONS

This study aims to assess the linkage effects of energy consumption and air pollutant
emissions for 34 major industries in Taiwan during 1999 by using multiplier analysis and
cluster analysis. Results indicate that power generation, other industrial chemicals, petro-
chemical materials, cement, highway, and artificial fibers are among the highest in energy
multiplier, which aso imply that these industries have lower energy efficiency compared to
other industries. The above-mentioned industries also hold high rankings in CO, multipliers,
which proves that there is a strong linkage between energy consumption and pollution
emission.

Results of this study also indicate that iron & steel, power generation, paper & product and
petro-chemical materials are identified as high energy demand, high pollution emission, and
high rankings in overal interindustry linkage effects. This means that the above-mentioned
industries will continue to play important roles in Taiwan's economic development, yet they
need to be improved for better energy and environmental bases. On the other hand, other
industrial chemicals, highway, cement, artificial fibers and non-metallic mineral products are
identified as high energy demand and high pollution with low rankings in overal
interindustry relationships, therefore, these industries should not encouraged to expand
further in the future. Also, this study indicates that sectors such as public service & others
and commercial sector are worthy for promotion because these industries have very high
rankings in overall interindustry relationships with low energy demand and low pollution
emission. In order to cope with growing concerns of environmental impacts from energy
activities in Taiwan, energy policy has to be integrated with environmental policy. It is
anticipated that stringent environmental standards and regulations will play important rolesin
Taiwan, which may have impacts on energy policy makings and the energy structure of
Taiwan. The methodology and results of this study can be valuable in further application for
integrating energy and environmental policies.
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Tablel Coupling Effects of Energy and CO, Coefficients
Unit*: 10’K cal/US$10°

Unit**: ton/US$10°

Natural CO+*
Sector Electricity* |Rank| Coal* Rank Qil* Rank Gas* Rank| Energy* |Rank Rank
Coefficie
Coefficient Coefficient Coefficient Coefficient nt Coefficient
1. Agricultura,

Forestry & 1309 | 22 0.00 12 4850 12 0.00 20| 616 | 18| 1493 | 16

Fishery
Z'Eg:'c?gr'rd ated 1133 | 24| 000 12 | 1567 | 20 | 2379 508 | 20| 89 | 19
3Foods& Products | 1402 | 20 0.00 12 2350 17 0.57 13| 381 | 2| 627 20
”ggﬁfs‘ %92 | 13| 216 10 | 6602 10 110 | 12| 1052 | 15| 1825 | 15
5.Leather & Products| 1751 | 19 0.00 12 34.11 14 0.00 20| 516 | 19| 897 18
6.Lumber & Products| 1850 | 18 0.00 12 4.29 25 0.00 20| 228 | 26| 110 27
7.Paper & Products | 59.25 49.42 8 66.01 1 0.39 16| 1751 | 12 || 3315 | 11
8.Printing 7.28 28 0.00 12 1.42 29 0.00 20| 87 |2 33 31
9.0il & Gas 2639 | 16 | 000 12 | 21072 57.81 2049 | 7 | 5608 | 9

Refineries
10.Coal Products 73.34 0.00 12 84.37 9 0.00 20| 1577 | 13| 2185 | 13
11'%2;&“3“%' 5040 | 10 | 107.03 780.14 1828 955.8 7344 | 7
12.Plastic Materials |  59.05 7 58.38 2.04 28 0.00 20 | 1195 | 14 || 1903 | 14
13.Artificial Fibers | 162.65 94.13 0.18 34 0.00 20 | 2570 | 10| 3001 | 12
14.Plastic Products 6.47 31 0.00 12 9.06 22 053 14| 161 | 27| 248 24
15.Rubber Products | 133.68 0.00 12 148.68 7 522 g8 | 2876 | 8 || 3970 | 10
16.0ther Industrial

Chomioats 63.17 7.50 9 460.23 0.00 20 | 5309 1,233.3
17.Chemical

Dot 3187 | 14 0.00 12 2713 15 3152 05 |16 1122 | 17
18.Cement 53.96 9 | 39025 21.83 18 0.00 20 | 466.0 1,264.4
19.Non-Metallic

Minora broducts | 4358 | 12| 421 7 119.58 8 5751 27149 | 9 | 8600
20.Iron & Steel 4656 | 11 | 24220 37.59 13 759 7 | 339 796.7
21“%;‘;'3"0“5 1114 | 25 | 000 12 16.08 19 000 | 20| 272 | 25| 414 | 22
22 Metal Products 3052 | 15 0.00 12 10.80 21 155 10| 429 | 21| 305 23
23.Machinery 6.82 30 0.00 12 114 31 0.11 18| 81 | 33 31 2
24.Electric

Machinery 1159 | 23 0.00 12 132 30 1.46 11| 144 | 29 6.2 30
25.Transport

Euipments 7.39 27 0.00 12 3.40 26 0.45 15| 112 | 30 9.4 28
26.Misc.

More foctures 1025 | 26 0.00 12 25.16 16 0.03 19| 354 | 23| =555 21
27.Electricity &

Boner Goreration| 5633 8 | 166108 624.11 300.45 2,642.0 7,400.3
28.g]as§ywmer 69.62 0.00 12 0.89 2 000 |20 705 |17 19 |
29.Construction 126 33 0.00 12 555 23 0.00 20| 68 |34 145 26
30.Highway 0.64 34 0.00 12 | 74457 0.00 20 | 7452 1,791.2
31.Railway, Ship &

i, 711 29 0.00 12 | 23506 0.00 20 | 2422 | 11| s770 8
32.Storage &

o tion 1375 | 21 0.00 12 0.84 33 0.00 20 | 146 | 28 21 33
33'%20’2;?3"""" 2458 | 17 0.00 12 4.43 24 255 9 316 | 24| 163 25
M‘&“ﬁg‘;se”’ ice& 6.12 32 0.00 1 3.33 27 0.17 17| 96 |31 8.7 29
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Table2 Coupling Effects of Energy and CO, Multipliers
Unit*: 10K cal/US$10°

Unit**: ton/US$10°

Natural COP**
Sector Electricity* |Rank| Coal* Rank | Oil* |Rank| Gas* |Rank| Energy* | Rank Rank
Multiplier Multiplier Multiplier Multiplier Multiplier Multiplier
LAgricultural, Forestry & 2572 28 2074 3 96.86| 18 722 31 159.5| 30 4198 24
Fishery
2 Energy-related Sector 21.24| 30 59.30| 24 66.75| 25 38.67 186.0| 24 wo1s 23
3.Foods & Products 3166 20 4567 26 94.15| 20 10.20| 26 181.7| 25 395.5| 26
4 Textiles & Products 100.49 137.58| 11 | 222.80| 10 24.24| 13 4851 12 9284 12
5.Leather & Products 3055 23 37.10| 28 9321] 21 7.79| 30 1687| 29 3483| 30
6.Lumber & Products 3101] 21 62.15| 23 66.42| 26 12.49| 22 1721] 28 368.7| 29
7.Paper & Products 88.21 242,58 18349 12 3567 8 5500 9 1,2959| 8
8.Printing 29.33| 26 73.67| 18 60.85/ 28 13.14| 20 177.0| 26 4048 25
9.0il & Gas Refineries 30.60| 22 63.34] 21 | 24975 9 7142 4151 13 880.8| 13
10.Coal Products 8345/ 9 5296 25 | 14959 13 11.67| 24 297.7| 17 562.4| 19
11.Petro-Chemical Materials 7165 11 228.75 1012.60 50.53 1,3635 1,486.4
12.Plastic Materials 91.61 21268 7 387.49 3177| 11 7235 8 1,086.0/ 10
13.Artificial Fibers 206.26 276.69 363.20 3445 9 880.6 1286.7| 9
14.Plastic Products 39.27| 16 12184 12 | 14871 14 2251| 14 3323 15 654.7| 15
15.Rubber Products 166.19 85.08| 16 | 27164/ 8 21.76| 15 544.7| 10 969.3| 11
16.0ther Industrial Chemicals 8491 8 191.33| 8 65175 36.49| 7 964.5 22493
17.Chemical Products 51.24| 15 6272| 22 | 13622 15 46.44 206.6| 18 5210/ 21
18.Cement 80.15| 10 583.25 131.79] 17 26.92| 12 822.1 2,187.9
'13?6';'32{5'\"33“'0'\"'”%' 61.00| 13 15401 9 | 21378 11 82.69 5115 11 | 14648 7
20.Iron & Steel 85.76| 7 47479 132.46| 16 32.87| 10 7259 7 17727
21.Non-Ferrous Metal 3461 17 11641| 15 86.52| 22 15.89| 18 2534 19 593.0| 18
22.Metal Products 58.53| 14 139.33| 10 83.68| 23 18.41| 16 290.9| 16 652.5| 16
23 Machinery 34.02| 18 117.60| 14 64.70| 27 1283 21 2201 22 529.0| 20
24.Electric Machinery 2331] 29 39.19| 27 42.86) 31 9.01| 28 1144 31 2348 31
25 Transport Equipments 29.48| 25 7655 17 58.15/ 30 1068 25 1749| 27 3847 28
26.Misc. Manufactures 3202 19 68.68| 19 9595 19 1201| 23 208.7| 23 4387 22
27 Electricity & Power 7003| 12 | 190045 747.32 350.09 3,067.9 8,552.0
Generation
28.Gas & Water Supply 88.48 68.03) 20 50.67| 29 18.19| 17 2344 21 3875 27
29.Construction 28.17| 27 11904/ 13 80.44| 24 14.43| 19 2421 20 5955 17
30.Highway 820 34 2039| 34 | 798.02 9.06| 27 835.7 1,996.7
31.Railway, Ship & Aviation 12.86| 32 2491 32 | 29535 7 6.69| 32 3308 14 810.9| 14
32.Storage & Communication 17.97] 31 3001 30 2241] 34 563 33 76.0| 33 159.5| 33
33.Commercial Sector 30.15| 24 30.15| 29 3362 32 875 29 1027 32 1922 32
34.Public Service & Others 11.85 33 2410| 33 2453 33 495 34 65.4| 34 143.4] 34

Table3 Resultsof Cluster And Multiplier Analyses And Overall Industry Linkage For Major
Sectorsin Taiwan (1999)

Cluster CO, Energy Multiplier ranking™ Linkage Effect
Sector Analysis |Multiplier Natural |Forward|Backward gf?zglt
ranking' | Total | Coa |OQil Gas [(VI§) (V) ranking

27.Electricity & Power

Cereretion) 1 128 | 080 11
16.0ther Industrial Chemicals 2 8 7 0.98 1.04 13
30.Highway 3 34 27 0.85 0.66 26
18.Cement 3 17 12 0.55 0.94 29
20.Iron & Steel 4 7 16 10 2.00 1.25
11.Petro-Chemical Materials 5 214 1.22

4.Textiles & Products 7 12 12 11 |10 13 0.78 1.22 14
15.Rubber Products 7 11 10 16 |8 15 0.53 1.03 25
24.Electric Machinery 12 31 31 27 |31 28 1.33 1.23

32.Storage & Communication 12 33 33 30 (34 33 0.64 0.58 34
33.Commercial Sector 12 32 32 29 |32 29 175 0.61 7
34.Public Service & Others 12 34 34 33 |33 34 3.32 0.61

Notations: 1. results are taken from Table 2
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