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Summary

▶Abstract

This report presents the first attempt to evaluate the progress of Taiwan towards sustainable
development during the past decade. Over the past two decades, Taiwan, with several Asian
countries, experienced the fastest economic growth, and little attention was paid to sustainability.

Many statistics indicate how far away Taiwan is from sustainable development. Numbers, in
population density, motor vehicle per kilometer of road, fertilizer and pesticide usage, and cement
consumption all are among highest in the world.

Using the methodology developed by Sustainable Energy Watch, several indicators are presented.
Most indicators listed in this report show little improvement, and some are getting worse over the
past ten years. All indicators are much worse than world averages. These indicate the urgent
need for Taiwan to take immediate action.

▶Conclusions

There are few improvements in Taiwan energy policies of the past ten years leading towards
sustainable development. Some of the indicators point to an opposite direction. Reasons may be
manifold. Taiwan experienced a most active political transformation in the nineties. Energy issues
were shelved in the political struggle. Decades of emphasis were put on the importance of fast
economic development. Except for economic issues, the general public showed little interest in
global issues due to lack of means of participation in public life in the last two decades.

In 2000, the old ruling KMT lost Presidential election and became the opposition party for the
first time in 50 years. It was chaotic for many to adjust to the new situation, even up to the
present time. In a few years, people will not be satisfied with the symbolic promises, and will ask
for real commitments. By then, chances of improvement in sustainable development will be small.
From an environmental NGO's point of view, it is to be wished that the prediction is wrong.

▶Acknowlegements
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go to Ms. Hsu, Shu-Yin for collecting government reports.
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General Discussion of Taiwan

Taiwan is located in a delicate and unique geographical position. It is situated in subtropics
between the Asian continent and the Pacific Ocean. It receives influences from both the continent
and the ocean. Near half of the land is more than 1000 meters above sea level. Seasonal change
can be observed vertically within short distances. Taiwan also serves as an important winter
habitat for many migrating species. The near extinct Blackfaced Spoonbill is one among many
migrating birds. No wonder the 17th century Portugese sailors exclaimed 'Ilha Formosa' when
they set their first sight on it. 

Taiwan consists of 86 islands, with total area of 36,006 km2 , and costline of 1566.3 kms. Taiwan
island is the main island, and Penghu archipelago contains the most islands, 64 of them. The
percentage of land which is below 100 meters above sea level is 26.31%. Percentage of land
between 100 m to 1000 meters is 27.31%. About half of the land, 45.99%, belongs to the
mountain region. (Ministry of Interior, and Council of Agriculture, Taiwan). 

Arable land is 23.74% (as of 1999) of the total land. Half are for paddy fields and half for upland.
(Council of Agriculture, Taiwan). Although Taiwan possesses real natural beauty, it has few
natural resources and its environment is submitted to high stress, due to high population density,
fast economic development, pollution, etc. 

Total population increased from 10.792 millions in 1960 to 22.034 millions in 1999. Population
growth rate decreased 3.5 % in 1960, 2.4% in the 1970, 1.9% in the 1980, 1.2 % in 1990, and
to 0.7% in 1999. Therefore, Taiwan's population density is one of the highest in the world,
611.95 persons per square kilometer in 1999. (Ministry of Interior). Taking into consideration that
near half of the land are mountains, actual population density is much higher. Population density
in Taipei City is 9713 per square kilometer, while that of Kaoshiung is 9556 per square kilometer
in 1997. It is not expected to be much growth in population in the near future.

Rate of illiteracy decreased from 12.26% in 1980 to 5.08% in 1998 (Ministry of Education). As of
1998, education level for person aged 15 and over is 17.68% with primary education, 53.48%
with secondary education, and 23.01% with higher education.

The rate of economic growth changed from 11.1% in 1965, 13.9% in 1976, 11.6% in 1986, 6.4%
in 1995, to 5.7% in 1999. Given a fast economic growth associated with high population density,
the local environment has been streched very thin. Followings are some of the statistics:

Road traffic: The car ownership is 204 cars per 1000 people. In terms of the number of cars
per kilometer of road, the number is 229 per kilometer. This number is only second to that of
Hong Kong, 276 cars / km (the Economist, 1999). In addition, there are motorcycles which
represent 2.4 times more vehicles than passenger cars.

Fertilizer use:  Application of nitrogen fertilizer on per square kilometer arable land is 49.5
tons. It is about 30% more than that in Netherland, 35.6 tons. Total chemical fertilizer
consumed per square kilometer is 137.8 tons, which is only second to that of Singapore,
324.7 tons (The World Bank, 2000). 

Pesticide use:  The average amount of pesticide applied to the cultivated land is 4098 Kg per
square kilometer. It is much higher than in all OECD countries.

Cement consumption:  Annual per capita consumption of cement is 992 Kg. Comparing with
countries in the similar earthquake zone, It is about 1/3 higher than that in Japan. (as of
1995, United State Geological Survey). 

No wonder, a nationwide environmental survey indicated 45% of the residents feel the
environment is either bad or very bad. Fifty percent of the people say it is normal. Only five
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percent feel it is good. Seventy five percent people believe govern-ment policy should put more
emphasis on environmental protection instead of industrial development. Only 5 percent chose
more industrial development over environmental protection (Hsu et. al., 2000). 

In the following sections, several Sustainable Energy Watch indicators are calculated. Detailed
explanations are given in most cases, followed by summary.
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The Eight Indicators

▶Indicator 1: CO2 emissions from the energy sector 
     (per capita)

Emissions of CO2 evolved roughly parallelly to the total energy consumption in the last ten years.
The ratio between CO2 and total energy consumption is 2.14 kg CO2 /Toe in 1990, 2.31 in 1995,
and 2.36 in 1997.

It is interesting to note that total energy consumption in 1981 is 28,517.6 Mtoe. The
corresponding CO2 /energy ratio is 0.965, less than 1/2 of that in the 90's. The reason for such
big increase in CO2 emissions is the fuel change. From 1981 to 1999, the consumption of coal
increased by factor of 8.5, while oil increased 2.3 times.

Since 1981, there are 4 nuclear commercial reactors, with a total capacity of 3872 MW. Although
many people strongly suggest that nuclear energy should be included as an important alternative
to reduce greenhouse gases emissions, in Taiwan's experience, nuclear energy does not help in
reducing greenhouse gas emissions. Some claim that the huge output from nuclear power
promotes energy consumption and reduces the need for energy conservation.

All indicators have similar formla, as I = (X-Y ) = Z. Where I is the indicator; X the value of
certain parameters; Y is the reference toward sustainability; and Z is a segment which goes from
0 to 1. For the first indicator, the assigned numbers for Y, Z are 339, and 791 kgC per capita.
These correspond to 30% and 70% of the 1990 world average CO2 emissions in terms of kgC.
The higher is the number means the farther away it is from sustainability. The corresponding
numbers in kgCO2 are 1243 (30%), and 2900 (70%).

Table 1. Past Figures and Future Projection CO2 Emissions in Taiwan

Year
Total CO2

(Mtons CO2)
CO2 per capita
(tons CO2)

Indicator 1

1981 27.51 1.52 0.09
1990 112.7 5.54 1.51
1995 162.5 7.63 2.08
1997 184.5 8.50 2.32
2000 223.0 10.1 2.75
2005 261.6 11.2 3.05
2010 294.8 12.1 3.30

Source: Energy Committee, Ministry of Economic Affairs, Taiwan

Numbers provided in the table above indicate a drastic change in the eighties in energy use. The
trend becomes worse if the government projection materialize. 
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▶Indicator 2: Local Air Pollution

The per capita emissions are 15.75 Kg and 23.86 Kg, respectively. These numbers are not
particularly high when comparing with OECD countries. The per square kilometer loading for SOx
and NOx are 9.66 tons and 14.17 tons respectively. The latter numbers are much higher than in
most OECD countries. The reason for these differences is our high population density. Below
please find the list of annual emissions of SOx and NOx  in Taiwan. 

Here the indicator is the pollutant ratio between current year and a reference year. The higher
the number means that the amount of pollutants are increasing. In this case, indicator in 2000 is
slightly less than that of 1992, the reference year. Emissions of SOx droped, but NOx increased in
similar percentage during this period.

Indicator 2: Annual overall emission (tons/yr)

Year SOx NOx Indicator 2

1991 617268 430524 1.1779
1992 487985 407963 1
1993 463410 414499 0.9809
1994 410142 415427 0.9215
1995 445460 646103 1.2760
1996 425033 526077 1.0892
1997 407645 517108 1.0572
1998 387320 496017 1.0053
1999 347100 525746 1.0000
2000 347843 510003 0.9794

Source: Environmental Protection Administration, Taiwan

In this study, year 1992 was chosen as the reference year, since earlier data showed
abnormal fluctuations. Quality of these data sets are questionable, for example there is a big
jump between NOx data of 1994 and 1995.

In 2000, the corresponding indicator for SOx is (347843/487985)=.7128. The corresponding
indicator for NOx is 1.2501. Combining these two numbers gives the value of  0.9814.
Throughout the last decade, little improvement in pollution reduction was achieved. All these ten
indicators give the average of  1.0438± 0.0959.
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▶Indicator 3: Reliable electricity accessibility

close to 100 %
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▶Indicator 4: Investment in clean energy.

Data is not available. Numbers listed here are only the investment by state-owned Taipower
company during these years. Total investments by independent power producers are not known.
All IPPs are based on fossil fuel and the first one on line was in June 1999. Besides, some of the
hydro projects are meant for night pumping to store excess electricity generated from nuclear
power plant. The real investment in renewable energy must be lower. The trend will be worse in
recent year for the reasons mentioned.

In this indicator, the renewable investment ratio in 1990 was transformed into 1. An
investment of 95 % in renewable would correspond to zero in indicator 4. Increase in the
investment ratio would reduce the indicator. On the other hand, the larger the indicator is, the
less money is invested in renewables. 

Indicator 4: Investment in Clean Energy 

Year % Investment 
in Renewables

Indicator 4

1990 0.2497 1.000
1995 0.1460 1.148
1997 0.1221 1.148
1999 0.1185 1.187

Source: Taipower, Private Communication.
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▶Indicator 5. Energy vulnerability

This indicator is the ratio between the import non-renewable energy and total consumption of
non-renewable energy. Due to losses, consumptions are sometimes less than the amount
imported. Taiwan is highly dependent on imported energy.

Year
Import of 
Non-Renewables
(MTOE)

Consumption  of
Non-renewables
(MTOE)

Indicator 5

1990 54,759.4 50,710.1 1.080
1991 55,762.1 54,484.6 1.023
1992 60,901.1     56,910.6 1.070
1993 65,608.7 60,854.6 1.078
1994 69,664.3  65,228.9 1.068
1995 76,315.4  68,223.7 1.119
1996 79,998.8  71,602.4 1.117
1997 84,937.4  76,124.2 1.116
1998 88,770.6  80,139.7 1.108
1999 95,698.2 84,025.9 1.139

Source: Council for Economic Planning and Development, Taiwan
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▶Indicator 6: Importance of the public sector 
     in energy investments

This indicator is the ten times the ratio between the public investments in non-renewable energy
and the GDP. Followings are listed the total investment by Taipower company. As noted earlier,
some of the hydroelectric project are meant for storing excess electricity generated from nuclear
power plants. If those projects are included, there are higher indicator values.

Indicator 6. Public investment on Energy

Year TaiPower Investment in
Non-renewables (in M NT)

Taiwan GDP 
(in M NT)

Indicator 6

1990 27,481 4,307,043 0.064
1995 29,978 7,017,933 0.043
1997 28,361 8,328,780 0.034
1999 27,798 9,312,246 0.030
Source: Taipower Company, private communicaton.
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▶Indicator 7: Energy intensity

This indicator considers the consumption of primary energy per unit of  GDP. The world average
number in 1990, 10.64MJ/USD, is used for comparison. One-tenth the 1990 average, 1.06, were
set as the goal for sustainability. The 1990 world average is converted to an indicator 7 of 1,
using I = (X – 1.06) = 9:58. 9.58 is 90% of the 1990 world average. In Taiwan's case, little
changed in the nineties.

Indicator 7. Energy intensity

Year
Twn GDP
(in M USD)

Total Energy
Consumption
(in 103 TJ)

Energy 
Intensity
(MJ/USD)

Indicator 7

1990 160,184.5 2,200,766 13.739 1.323
1991 179,363.3 2,333,559.0 13.010 1.247
1992 212,191.5 2,462,273.8 11.604 1.101
1993 224,257.3 2,611,604.4 11.646 1.105
1994 244,278.1 2,814,295.8 11.521 1.092
1995 264,927.6 2,939,393.2 11.095 1.048
1996 279,611.2 3,082,112.8 11.023 1.040
1997 290,211.5 3,277,435.4 11.293 1.068
1998 267,153.8 3,453,444.3 12.927 1.239
1999 288,698.1 3,601,627.7 12.475 1.192
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▶Indicator 8: Deployment of Renewable Energy

Given the percentage of consumption of renewable energy within the total consumption of
primary energy, the world consumption of renewable energy in 1990 is 8.64%. Indicator is set as
I = x -0.95/(-0.8636). In Taiwan's case, there is little improvement in this period.

Indicator 8. Deployment of Renewable Energy

Year
Total Energy
Consumption
(MToe)

Hydro-Electric
(Mtoe)

Ratio of 
Renewables (x)

Indicator 8

1990 52,564.40 1854.3 0.0352 1.059
1991 55,736.10 1251.5 0.0224 1.074
1992 58,810.40 1899.8 0.0323 1.063
1993 62,377.10 1522.5 0.0244 1.072
1994 67,218.30 1989.4 0.0295 1.066
1995 70,206.20 1982.5  0.0282 1.067
1996 73,615.00 2012.6 0.0273 1.068
1997 78,280.20 2156 0.0275 1.068
1998 82,484.10 2344.4 0.0284 1.067
1999 86,023.40 1997.5 0.0232 1.073
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Taiwan Star

SEW  indicators, Taiwan
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