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Preface
Climate change is the toughest environmental issue facing the world in this century. It aﬀects sustainable development for every country and the survival of human kind. It is also an urgent challenge to the international society. Article 4 and Article 12 of the United Nations Framework Convention on Climate Change
(UNFCCC) state that all parties shall communicate with the Conference of the Parties for a general description of steps taken or envisaged by the party to implement the Convention; and based on the “common but
diﬀerentiated responsibilities,” Annex I countries and non-Annex I countries have diﬀerent timetables and
contents in the communication. However, it doesnʼt matter whether a nation is an Annex I or non-Annex
I country, the national communications shall include all greenhouse gas emission and removal inventory,
steps to implement the Convention and any information that helps to fulﬁll individual obligations under the
Convention.
Despite the fact that the Republic of China (hereinafter referred to as Taiwan) is not a signatory of the
UNFCCC, Taiwan actively takes actions in mitigation and adaptation to act on the global environmental issue. Having issued the ﬁrst edition of National Communications in 2002, Taiwan will be issuing the second
edition of National Communications this year (2012), which has been examined publicly, and then reviewed
and passed by the National Council for Sustainable Development, Executive Yuan. “National Communications, 2nd Edition” is edited mainly in accordance with National Communications Reporting Guidelines for
UNFCCC Annex I and non-Annex I countries and includes 9 chapters: National Proﬁle and Environment Basic Information, Greenhouse Gas Emission Statistics and Trend Analysis, Taiwanʼs Policies and Measures for
Greenhouse Gas Reduction, Greenhouse Gas Emission Prediction, Impact and Adaptation Strategy of Climate
Change, Climate Change and System Observation Study, Technical R&D, Demand and Transfer, International
Cooperation and Exchange, and Education, Training and Public Awareness.
Global warming is the greatest challenge human beings are facing in the 21st century. The island
characteristic of Taiwan makes it especially vulnerable in the face of global climate change. Typhoon Fanapi
which hit Taiwan on September 19, 2010 and Typhoon Morakot on August 8, 2009 caused devastation that
was seldom witnessed in the last century. In the wake of these disasters, environmental issues began to attract increasingly greater attention. In view of this, implementation of energy saving and carbon reduction
and building a living environment for low-carbon society is the inevitable route Taiwan has to take to cope
with climate change. With the foundation of sustainable development, Taiwan hopes to contribute to international greenhouse gas emission reduction. The “National Communications, 2nd Edition” is to present our
contributions and endeavors to cope with global climate change since our “National Communications, 1st
edition” and Kyoto Protocol taking eﬀect in 2005. Through “National Communications, 2nd edition”, we will
be able to let international society clearly understand our determination and intention to actively participate
in international aﬀairs, promote global sustainable development, and enhance our ability to cope with climate change. On the eve of the publication of “National Communications, 2nd Edition,” we want to gratefully acknowledge all the experts and scholars, all the people from other ministries and our EPA colleagues
who have participated in the editing for their excellent work. We also want to express our thanks to people
of all levels of society for their strong support.
Sincerely,

Stephen Shu-hung Shen
Minister
Environmental Protection Administration, Executive Yuan
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Executive Summary
Climate change has been the most serious interna-

during post-Kyoto period and only issued a political

tional environmental issue confronting the world since

declaration (Copenhagen Accord), all parties continue

the start of the 21st century. After Kyoto Protocol came

to expedite talks of controversial issues, hoping to com-

into force in 2005, not only has the global reduction of

plete all the negotiations on post-Kyoto international

greenhouse gases entered into a new era, but a post-

norms. Considering the development trend of interna-

Kyoto negotiation door has been opened. In the end

tional norms and strengthening the integrative function

of 2007, the United Nations Framework Convention on

of existing inter-ministerial group, in January 2010, the

Climate Change Conference of the Parties planned a

Executive Yuan founded the Energy Saving and Carbon

so-called “Bali Roadmap” and called for meeting among

Reduction Promotion Commission to ask each depart-

the developed country Parties on the responsibility for

ment to set up annual target, timeline, tasks, execution

greenhouse gas reduction for post-Kyoto period and

and propaganda plan according to the national target.

anticipated the developing country Parties to consider

Through attaining the target set for each department, it

setting up measurable, reportable and veriﬁable volun-

is expected to achieve Taiwanʼs cumulative greenhouse

tary mitigation actions.

gas reduction target.

Although Taiwan is not a member of the UN, as

After years of efforts in economic development,

a member of the global village, to fulfill the responsi-

Taiwanʼs economic strength should not be underesti-

bility to protect the global environment and prevent

mated. Nevertheless, Taiwan lacks energy reserves, so

adverse eﬀects of international politics or trade, Taiwan

Taiwan relies on imports for new energy demand as

has always been closely observing the development of

economic development and living standard improve.

international environmental conventions. Taiwan also

Taiwanʼs dependence on imported energy increased

agrees to the “common but diﬀerentiated responsibili-

from 77.3% in 1977 to 97.1% in 2000 and further to

ties” principle disclosed in Article 3 of the United Na-

99.34% in 2008. Oil dependence started to fall after the

tions Framework Convention on Climate Change and

energy diversification measures took effect, from the

acknowledges that full consideration should be given

highest point 76.9% in 1977 to 51.4% in 2000, and fur-

to the burden and capabilities for the Parties with spe-

ther down to 49.4% in 2008. However, nearly all of Tai-

cial needs and special circumstances and economical

wanʼs oil demand relies on imports, so the dependence

and effective measures should be taken to deal with

on imported oil is usually higher than 99%. In addition,

climate change. Since Taiwan issued the first national

with economic development, the carbon dioxide emis-

communication in 2002, to respond to the domestic

sion as a result of fuel combustion in Taiwan increased

and international regulatory development to cope

132.55% from 1990 to 2008.

with climate change, in May 2002 the Executive Yuanʼs
National Council for Sustainable Development (NCSD),

Due to Taiwanʼs geographical topography, Ty-

founded in 1997, started to be led by the Premier, who

phoon Kalmaegi and Typhoon Sinlaku in 2008, and Ty-

also serves as the chairman of the council. In November

phoon Morakot in 2009 led to heavy casualties. Typhoon

2008, the NCSD has further established the Energy Sav-

Morakot brought record-high rainfall and caused losses

ing Carbon Reduction and Climate Change Working

in animal husbandry, forestry and ﬁshery for as high as

Group. Although the 15th Conference of United Na-

16.4 billion NTD, and 699 people were killed or missing.

tions Framework Convention on Climate Change could

It is the deadliest typhoon in Taiwanʼs recorded history.

not reach a conclusion in the negotiations among the

This example points out the potential impact to Taiwan

Parties on the rights and obligations under the Protocol

under severe weather conditions and extreme rainfall
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Executive Summary

due to climate change. With consideration of economic

Taiwanʼs land-use is mainly on forest resources, which

development and transformation, as well as national se-

take up about 2,101,719 hectares or 58.37% of the total

curity and climate change adaptation, the execution of

area; followed by agricultural land, about 825,947 hect-

greenhouse gas reduction and climate change adapta-

ares or 22.94% of the total area; the rest is made up of

tion measures is very challenging. Nevertheless, before

urban buildings, transportation, water works facilities

an international consensus is reached, Taiwan is striving

and other uses. Taiwan Island has an average tempera-

to achieve the goal that will bring the national carbon

ture of around 22 ℃. The average minimum tempera-

dioxide emissions from fuel combustion in 2020 back

ture does not exceed 12 to 17 ℃. In summer the peak

to the level in 2005 and keep up with the worldʼs stan-

temperature can be as high as 35 ℃. The average pre-

dards.

cipitation is about 2,500 mm and up to 4,000 mm in the
mountains. Taiwanʼs population exceeded 22 million in

In accordance with United Nations Framework

1999. The population went up to 22.77 million in 2005.

Convention on Climate Change national communica-

By the end of 2008, the population was about 23.04 mil-

tion preparation guidelines, the second National Com-

lion. Since 1990, the economic structure led to the rise

munication for the Republic of China is prepared with

of the service industry (by about 7% annually), the de-

the summary as follows:

cline of the manufacturing industry (by about 5%) and

Chapter 1 National Proﬁle and
Basic Environmental Status

agriculture industry (decline by about 2%). See Table 1
for Taiwanʼs national proﬁle.
Taiwanʼs energy supply in 2000 was 103.808 mil-

Situated at the intersection of East and Southeast

lion kiloliters of oil equivalent. In 2008, it increased to

Asia, Taiwan borders the Paciﬁc Ocean on the east and

141.252 million kiloliters of oil equivalent. The analysis

the Taiwan Strait on the west, spans from 119 to 124

for the percentage of each type of energy source in

degrees East longitude and from 21 to 25 degrees north

total energy supply in 2008 indicates that oil was in the

Latitude, and has a land area of 36,006 square kilome-

ﬁrst place (49.9%); coal is the second (32.7%); followed

ters. Taiwan Island is about 377 km long and 142 km

by natural gas, including liquefied natural gas (8.6%),

wide. Two-thirds of the entire island are mountainous.

nuclear power (8.4%), hydropower 0.3%. For energy

Table 1. Taiwan National Proﬁle
Index

Year 2008

Population (thousands)

23,037

Land area (square kilometers)

36,006

GDP (million NTD)

13,070,904

GDP per capita (million NTD)

552,164

%GDP from industry

29.3

%GDP from services

69.13

% GDP from agriculture

1.6

Arable land area (square kilometers)

8223.6

Total number of livestock
(number of slaughtered)

Cow: 28,806, pig: 8.75 millions, Sheep: 130 thousands, chicken: 353.36millions, duck: 31.73 millions

Forestry area (square kilometers)

Coniferous forest: 4,393, broad-leaved forest: 11,174, bamboo: 1,495, width mixed coniferous forest:
3,954 Total: 21,017

Average life expectancy (year)

Male: 75.59 female: 81.94

Literacy rate

Population above 15 years old: 97.8%
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supply sources, energy imports in 2000 made up more

house Gas Inventories issued by Intergovernmental

than 98.7% of total energy supply. In 2008, it reached

Panel on Climate Change (IPCC) and with reference to

99.3%. In 2000, energy consumption was about 91.7374

uncertainty management and estimated according

million kiloliters of oil equivalent. In 2008, it increased

to actual situations. Total greenhouse gas (GHG) emis-

to 115.6994 million kiloliters of oil equivalent, of which

sion increased from 147,109 kilotons of carbon dioxide

53.0% was consumed by the industrial sector, 12.8%

equivalents (excluding carbon dioxide removal) in 1990

by the transportation sector, 11.7% by the services sec-

to 284,515 kilotons of carbon dioxide equivalents (ex-

tor, 11.3% by the residential sector, 7.3% by the energy

cluding carbon dioxide removal) in 2008, indicating the

sector, and 1.0% by the agricultural sector. See Figure 1

emission increased by 93.40% and the annual growth

and Figure 2 for details of Taiwanʼs energy supply and

rate was 3.73%. But emission in 2008 was less than that

energy consumption.

of 2007 by 4.14%. Net greenhouse gas emission in-

Chapter 2 Greenhouse Gas Emission
Statistics and Trend Analysis
Taiwanʼs greenhouse gas emission statistics are
based on national greenhouse gas inventories estab-

creased from 128,406 kilotons of carbon dioxide equivalents in 1990 to 264,707 kilotons of carbon dioxide
equivalents in 2008, indicating the emission increased
by 106.15% and the annual growth rate increased by
4.10%. But net emission in 2008 was less than in 2007 by
4.46%. The data are shown in Table 2 and Figure 3.

lished according to the Guidelines for National Green-

Natural gas 6.23%

Natural gas 8.63%

Nuclear energy 10.74%
Coal 31.90%

Renewable energy 0.07%
Hydropower
generation 0.42%

Coal 32.70%

Nuclear energy 8.37%
Renewable energy 0.12%
Hydropower
generation 0.29%

Energy supply in
2000 is about
103,808.4
kiloliter oil
equivalents

Energy supply in
2008 is about
141,251.5
kiloliter oil

Oil 49.89%

Oil 50.64%

Figure 1. Year 2000 and 2008 Energy Supply Structure in Taiwan

Data Source: Taiwan Energy Annual Report, Bureau of Energy, Ministry of Economic Aﬀairs (2010)

Non-energy
consumption 4.31%

Energy sector 8.99%

Residential
sector 12.47%

Service sector
11.55%
Entertainment
sector 1.57%
Transportation
sector 15.74%

Non-energy
consumption 2.86%

Service sector
11.68%

Energy
consumption in
2000 is about
91,737.4 kiloliter
oil equivalents

Entertainment
sector 1.0%

Industrial
Sector 45.37%

Energy
sector 7.33%

Residential
sector 11.33%

Energy
consumption in
2008 is about
115,699.4 kiloliter
oil equivalents

Transportation
sector 12.84%

Figure 2. Taiwan Energy Consumption Structure between 2000 and 2008

Data Source: Taiwan Energy Annual Report, Bureau of Energy, Ministry of Economic Aﬀairs (2010)

Industrial
sector 52.96%
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Table 2. Taiwan Greenhouse Gas Emission Inventories from 1990 to 2008 by Gas Type

Unit: kilotons of carbon dioxide equivalents

Year

CH4

CO2

N2O

HFCs

PFCs

CO2
absorption

SF6

Total GHG
emission

Net GHG
emission

1990

122,399

11,974

12,736

NE

NE

NE

-18,704

147,109

128,406

1991

131,853

11,219

13,537

NE

NE

NE

-16,947

156,609

139,661

NE

1992

141,259

12,116

13,383

1993

152,725

13,424

13,679

1,592

NE

NE

-18,979

166,759

147,780

NE

NE

-19,107

181,420

162,313

1994

160,162

14,000

13,937

1,802

NE

NE

-19,173

189,900

170,727

1995

167,308

15,545

13,902

1,689

NE

NE

-19,206

198,445

179,239

1996

175,754

15,495

14,217

2,752

NE

NE

-19,133

208,218

189,085

1997

188,951

15,447

12,360

3,115

NE

NE

-19,283

219,873

200,590

1998

198,340

15,149

11,908

4,391

NE

NE

-19,298

229,788

210,490

1999

207,130

14,660

12,258

3,392

NE

NE

-19,301

237,440

218,139

2000

224,661

11,028

12,443

5,639

2,386

494

-19,360

256,651

237,291

2001

230,576

9,200

12,437

5,412

2,021

546

-18,601

260,193

241,592

2002

239,593

7,250

12,205

5,415

2,509

593

-19,554

267,565

248,011

2003

248,599

6,196

11,205

4,920

2,776

969

-19,624

274,665

255,041

2004

257,279

5,920

11,734

4,494

2,852

1,285

-19,672

283,565

263,893

2005

263,819

4,979

11,461

1,647

2,505

2,893

-19,628

287,303

267,676

2006

271,774

4,486

11,674

1,028

2,657

2,993

-19,738

294,611

274,873

2007

274,973

4,127

11,429

1,031

2,309

2,933

-19,730

296,801

277,071

2008

263,606

4,727

10,839

1,001

1,498

2,844

-19,807

284,515

264,707

GHG emission (kilo tons of carbon dioxide equivalents)

500,000
300,000

150,000
400,000

250,000
350,000
300,000

200,000

250,000
150,000

200,000
150,000

100,000
100,000
50,000

50,000

0
-50,000

0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 12004 2005 2006 2007 2008 (Year)

Total GHC/ Net GHC emission (kilo tons of carbon dioxide equivalents)

Notes:
1. NE means Not Estimated due to insuﬃcient data or incomplete statistical work.
2. Data source: EPA Executive Yuan (except data of carbon dioxide emission due to fuel combustion by energy sector came from Bureau of Energy
Ministry of Economic Aﬀairs).
HFCs emission

PFCs emission

CO2 absorption
SF6 emission
CH4 emission
N2O emission
CO2 emission
Total GHG emission

Net GHG emission

Figure 3. Taiwan Greenhouse Gas Emission Trend by Gas Type between 1990 and 2008

Data source: EPA Executive Yuan (except data of carbon dioxide emission due to fuel combustion by energy sector came from Bu
reau of Energy Ministry of Economic Aﬀairs).

By gas type, the largest source of greenhouse gas

methane emission decreased by 60.52% and the an-

emission in Taiwan is carbon dioxide, followed by ni-

nual growth rate was -5.03%; nitrous oxide emission

trous oxide and fluorinated greenhouse gas. Between

decreased by 14.90% and the annual growth rate was

1990 and 2008, carbon dioxide emission increased

-0.89%.

by 115.37% and the annual growth rate was 4.35%;
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By energy consumption sector, in 1990 energy

change and forest absorption), industrial manufacturing

sector had 75.36% of total greenhouse gas emission

sector had 6.09%, agriculture sector had 4.03%, waste

in Taiwan (not including land use change and forest

treatment sector had 1.28%; energy sector has always

absorption), industrial manufacturing sector had 7.98%,

been the largest sector for Taiwanʼs greenhouse gas

agriculture sector had 9.70%, waste treatment sector

emission. The greenhouse gas emission trend between

had 6.98%; and in 2008, energy sector had 88.59% of

1990 and 2008 for each sector in Taiwan is shown in

total greenhouse gas emission (not including land use

Table 3 and Figure 4.

Table 3 Taiwan Greenhouse Gas Emission Inventories from 1990 to 2008 by Sector

Unit: kilotons of carbon dioxide equivalents

Year

Manufacturing
Industry

Energy

Agriculture

Land Use
Change and
Forestry

Waste
Treatment

Total GHG
Emission

Net GHG
Emission

1990

110,861

11,735

14,275

-18,704

10,238

147,109

128,406

1991

119,952

12,108

15,054

-16,947

9,494

156,609

139,661

1992

128,230

13,218

14,862

-18,979

10,448

166,759

147,780

1993

137,637

16,877

15,126

-19,107

11,779

181,420

162,313

1994

145,679

16,468

15,362

-19,173

12,391

189,900

170,727

1995

153,188

16,022

15,223

-19,206

14,012

198,445

179,239

1996

161,636

17,093

15,539

-19,133

13,949

208,218

189,085

1997

174,037

18,277

13,532

-19,283

14,028

219,873

200,590

1998

185,417

17,553

12,986

-19,298

13,833

229,788

210,490

1999

195,398

15,308

13,437

-19,301

13,297

237,440

218,139

2000

215,504

17,813

13,621

-19,360

9,712

256,651

237,291

2001

219,869

19,815

13,533

-18,601

7,896

261,113

242,512

2002

227,852

20,492

13,157

-19,554

6,065

267,565

248,011

2003

237,229

20,269

12,040

-19,624

5,127

274,665

255,041

2004

245,319

20,825

12,512

-19,672

4,908

283,565

263,893

2005

251,716

19,382

12,382

-19,628

3,823

287,303

267,676

2006

259,283

19,444

12,554

-19,738

3,33098

294,611

274,873

2007

262,804

18,713

12,256

-19,730

3,029

296,801

277,071

2008

252,058

17,334

11,474

-19,807

3,649

284,515

264,707

Data source: EPA Executive Yuan (except data of carbon dioxide emission due to fuel combustion by energy sector came from Bureau of Energy
Ministry of Economic Aﬀairs).
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Figure 4. Taiwan Greenhouse Gas Emission Trend by Sector between 1990 and 2008

Data source: EPA Executive Yuan (except data of carbon dioxide emission due to fuel combustion by energy sector came
from Bureau of Energy Ministry of Economic Aﬀairs).
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The change in greenhouse gas emission for each

energy, environmental protection and economy and lay

sector between 1990 and 2008 is analyzed below. The

down the blueprint for Taiwanʼs mid-term energy policy

greenhouse gas emission by energy sector increased

up to the year 2025 and pave the road for a low-carbon

by 127.36% and the annual growth rate was 4.67%;

society.

the greenhouse gas emission from the manufacturing
industry increased by 47.71% and the annual growth

In March 2010, the Executive Yuan Energy Saving

rate was 2.19%; the greenhouse gas emission from the

and Carbon Reduction Promotion Commission pub-

agriculture sector decreased by 19.62% and the annual

lished the national energy saving and carbon reduction

growth rate was ‒1.21%; the greenhouse gas emission

plan, including building a sound regulatory system,

by waste treatment sector decreased by 64.36% and

transforming low-carbon energy system, creating a low-

the annual growth rate was ‒5.57%; the greenhouse

carbon community and society, creating a low-carbon

gas emission by land use and forestry sector increased

industrial structure, constructing green transportation

by 5.90 % and the annual growth rate was 0.32%. Year

networks, constructing green landscape and promot-

2008 had less total 2008 greenhouse gas emission than

ing new green buildings, expanding energy saving and

year 2007 by 4.14%, in which energy sector had 4.09%

carbon reduction technical capacity, promoting energy

decrease, manufacturing industry sector had 7.37%

saving and carbon reduction in public works, deepen-

decrease, agriculture sector had 6.38% decrease and

ing energy saving and carbon reduction education and

waste treatment had 20.48% increase, and land use and

strengthening energy saving propaganda and com-

forestry sector had 0.39% increase.

munication. Each department will strive to achieve its
annual target, and then the national greenhouse gas

In summary of level estimate analysis and trend es-

reduction target will be attained through accumulation

timate analysis, the key greenhouse gas emission sourc-

of contribution from each department. The directions

es are energy industry and manufacturing industry and

and projects for ten benchmark programs are shown in

construction, all of which are due to fuel combustion.

Table 4.

Chapter 3 Taiwan’s Policy and
Measures for Greenhouse Gas
Reduction
Since fuel combustion is the largest source of
greenhouse gas emission in Taiwan and dependence
on energy imports is as high as 99%, energy policy is

Table 4 Ten Benchmark Programs and Key Projects
Benchmark Program

Direction

(1) building a sound regulatory system

From global viewpoint, combine climate
change and energy areas to build a complete
regulatory system. Employ proper policy tools
and administrative control to create green
growth opportunity.

(2) transforming low-carbon
energy system

Develop low-emission, low-pollution, safe, independent and sustainable low-carbon energy
system. Reduce natural resource consumption
and environmental impact.

(3) creating a low-carbon
community and society

On the basis of low-carbon community, build
low-carbon cities, create low-carbon culture,
nourish low-carbon life style, create low-carbon
economy and accomplish prospective lowcarbon society.

(4) creating a low-carbon
industrial structure

Facilitate the industry to move to low-carbon,
increasing added value to unit carbon emission, lowering carbon emission per unit
production and strengthening green energy
industrial development.

always the most essential part of Taiwanʼs measures for
energy demand and supply as well as greenhouse gas
reduction. In view of the evolution of National Energy
Conference and national energy policy, in 2008 the Executive Yuan approved “Sustainable Energy Policy” with
the fundamental principles to establish a two-high-twolow (“high efficiency”, “high value”, “low emission” and
“low dependence”) energy consumption model and
energy supply system, hoping to achieve triple-win in

Lower carbon emission from transportation
sector. Build convenient rapid and intelligent
(5) constructing green transtransportation system. Promote the use of lowportation networks
carbon fuels. Alleviate the growth of car and
motorcycle usage.
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Benchmark Program

Direction

Accelerate implementation of transforming old
(6) constructing green
and new building into green building. Build
landscape and promoting energy saving carbon reduction living environnew green building
ment. Strengthen carbon sink function of natural resources like forests.
Employ technologies to facilitate the goal of
(7) expanding energy saving energy saving carbon reduction. Use technologies of new energy, renewable energy and
and carbon reduction
low-carbon energy to gain international comtechnical capacity
petitiveness.
Government leads energy saving carbon re(8) promoting energy saving
duction campaign and establishes energy savand carbon reduction in
ing carbon reduction speciﬁcations for public
public works
work.
(9) deepening energy saving Strengthen school education in energy saving
carbon reduction. Promote public awareness
and carbon reduction
of energy saving carbon reduction.
education
communication

government policies as key diplomatic focus.

also to promote voluntary energy saving and signing
intention of cooperation among 65 business groups
like hospitals, hotels, department stores, and seven convenience store franchises. For research institutes and
administrative units in agriculture, forestry, ﬁshing and
husbandry sector, it is to form research groups to cover
every ﬁeld with focus on “energy saving and carbon reduction” and propose four-year mid-term action plans.
In the manufacturing industry sector, the Ministry
of Economic Aﬀairs conducts greenhouse gas inventory
audit for each type of industry and provides assistance

On legislation with respect to greenhouse gas re-

in verification and registration, and established audit

duction, Taiwan has the Greenhouse Gas Reduction Act

methodology, techniques and software in accordance

(draft), the Renewable Energy Development Act, the

with the 1996 IPCC Guideline and ISO/CNS 14064-1 and

Energy Management Act and the Energy Tax Bill (draft),

14064-2 international standards. In the area of promot-

among which the Renewable Energy Development

ing industrial voluntary reduction, the EPA signed with

Act and the Energy Management Act were passed

the Taiwan TFT-LCD Association（TTLA） and Taiwan

in June 2009. Before all legislations are passed, each

Semiconductor Industry Association（TSIA） in 2004

government department has started to implement its

and 2005 the memorandum for voluntary perﬂuorocar-

function-related policy and program to assist in national

bons (PFCs) emission reduction to commit to total PFCs

greenhouse gas reduction and adaptation.

emission in year 2010 to be 90% below the average
emissions of 1997 and 1999. Since the implementation

In the energy sector, it is to promote the use of

of industrial energy resources integration in 2009, indus-

natural gas, renewable energy, energy price rationaliza-

trial areas are moving toward the goal of “zero waste.”

tion, and to improve energy eﬃciency and implement

It is estimated that greenhouse gas emission can be

measures for energy saving, greenhouse gas inventory

reduced by more than 50,000 tons of carbon dioxide

audit and voluntary reduction by energy industry. In the

equivalents every year. By the end of 2008, 33 compa-

manufacturing industry sector, the reduction measures

nies in Taiwan had been invited to participate in an in-

executed by six industrial associations include 2,237

ternational carbon disclosure project.

items, which contribute accumulative reduction of 5.345
million tons of carbon dioxide equivalents. In the trans-

In the agriculture sector, it is to establish agricultur-

portation sector, it is to build a green transportation

al greenhouse gas estimation and monitoring system,

system with seamless highways, a rapid and convenient

encourage agricultural equipment using clean energy,

public rail transport network and intelligent road ser-

assist farmers in livestock management and improving

vices, establish an urban traﬃc environment based on

nitrogen fertilizer technology, shelter animal houses

people-oriented green vehicles and improve personal

from sunlight to lower temperatures, improve fertilizer

vehicle eﬃciency level. In the residential and commer-

eﬃciency or use feed additives. In the forestry sector, in

cial sector, it is to subsidize citizens to buy products

2005 it set up the measures and policy to assure carbon

with energy saving labels. An estimated 25,000 tons of

absorption by forestry resources for the next 20 years,

carbon dioxide emission will be saved every year. It is

target at “sustaining forestry resources and building
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sound forestry carbon management”, and plan on increasing forestry carbon absorption function by sustaining forestry resources, and maintain forestry health and

Chapter 4 Greenhouse Gas
Emission Forecast

strengthen carbon preservation, and promote carbon

In compliance with the energy strategy require-

management policy and economic analysis, and keep

ment, “Market Allocation - MARKAL” energy engineering

up with international activities, and increase carbon

model is used to provide decision-making reference

substitute eﬃciency.

data, and analyze emission statistics during the national
energy conference preparation stage and future situa-

In the waste treatment sector, in the end of 2008,

tions. The generated data are used as the basis for the

24 municipal solid waste incinerators were operating,

governments to unify information and plan energy pol-

treating 19,258 tons of garbage every day and generat-

icy. The conditions to be deﬁned by the model include

ing 8,000,000 degrees of electricity. Urban wastes that

actual economic growth forecasts, population and

went to incineration were as high as 95.7%. It was also

household growth projections, industrial structure evo-

to promote “zero waste policy”, which includes source

lution trend, power demand forecasts, and international

reduction, waste mandatory separation and recycling

energy prices. The settings for these conditions come

etc. In husbandry and agricultural wastes, it is to pro-

from estimation by research institutes or academic insti-

mote the installation of secondary solid-liquid separa-

tutes that employ diﬀerent prediction models for indus-

tion equipment for 200 farms, repair in 150 places for

trial development trend and forecast.

anaerobic tank red mud airbags, wastewater treatment
sludge removal and sludge concentration tank design

According to common design conditions, like re-

and reflux pipeline. All the 150 incinerators in Taiwan

newable energy development goal, LPG usage, nuclear

have been gradually transformed to regional biomass

power generators, energy eﬃciency improvement and

energy centers to eﬀectively resolve issues with agricul-

power source development, the settings are conducted

tural wastes (like straw) and advanced toward collective

and then the “Taiwan MARKAL” model is used to pre-

transportation, processing and recycle technology de-

dict the baseline of carbon dioxide emission due to

velopment.

fuel combustion. The prediction of total carbon dioxide
emission is shown in Figure 5. For example, of high GDP

In other sectors, in 2007 the EPA set up the “National
Greenhouse Gas Registry Platform” and expected to col-

simulation result, year 2002 had 465 million tons of carbon dioxide emission.

lect greenhouse gas emission data from 80% energy sector and agriculture sector within three years. It is hoped
compliance with international trend to encourage the
industries to start committing to carbon reduction as
early as possible. From 2009, it is to promote “low-carbon
city” and within two years each county started two lowcarbon model communities. There are 50 low-carbon
communities nationwide. Within five years, six lowcarbon cities will be formed. Within 10 years, the goal is
to form four low-carbon living circles in northern, central,
southern and eastern Taiwan, respectively.

Carbon dioxide emission (million tons)

to establish voluntary reduction audit mechanism in

550
500

465
441

450

418

400
350
300
250

252
252

200

2005

2010
High

Medium

2015
Low

2020 (Year)
Nationally goal

Figure 5. Taiwan Total Carbon Dioxide Emission Baselines
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To achieve the goals of Taiwanʼs National Appro-

than 30 days, but it increases to 40 to 50 days. Although

priate Mitigation Actions (NAMAs): “by 2020 reduce

total precipitation does not change much, the chance

total greenhouse gas emission below baseline by at

of heavy rainfall has increased. In recent years, the num-

least 30%”, the estimate of reduction by each policy and

ber of typhoons striking Taiwan each year increased

measure is shown in Figure 6. The measures include

from 3.3 times to 4.2 times. The sea level around Taiwan

energy saving measures (increasing efficiency at en-

shows interdecadal oscillation. Between 1961 and 2003,

ergy consumption end and realizing energy intensity

sea level had risen 2.4 mm each year.

reduction by 2% every year), clean source measures (expanding the use of natural gas, developing renewable

In the area of hydrology and water resource im-

energy, using nuclear power generation, increasing

pacts, although Taiwanʼs annual precipitation has not

power generation eﬃciency etc.), carbon sequestration

changed much, the oscillation between wet and dry

and carbon right management and other measures

seasons has become increasingly clear, affecting the

(strengthening renewable energy, levying energy tax,

function of water reservoirs in water supply and flood

applying new low-carbon technology and engineering

control. The frequencies for ﬂoods, droughts, typhoons

measures, increasing energy utilization eﬃciency, etc.).

and heavy rainfalls are increasing. In 2009, a water conservancy construction white paper to cope with global

500

CO2 emission (million tons)

465

450
400

389
373
368

350

339
336

300
252

259 263

250

252
240

2010

Saving
energy intensity decreasing

Natural gas

power generation efficiency
and carbon sequestration

Carbon management program

Renewable energy

and increasing water resources, developing new water
sources, improving water quality, increasing water utili-

252

zation eﬃciency and water resource allocation; disaster
management measures in water resource allocation in

200

2005

water resource management measures in maintaining

303

2020 emission returns to 2005 level.
2000

climate change was issued. It covers strengthening

2015

2020

(Year)

Nuclear power generation
Other measures

Figure 6. Goals and Measures for National Appropriate
Mitigation Actions

Chapter 5 Eﬀect and Adaptation
Strategy of Climate Change
Impact

droughts, strengthening ﬂood control and elimination
projects, and adopting disaster response management
and risk management.
In the area of food and security impacts, rice crops
are subject to risks of chill, high temperatures, droughts,
heavy rainfall and typhoons; other crops under the inﬂuence of unstable global climate and biomass development have experienced signiﬁcant price increase. Under

Between 1897 and 2008, Taiwanʼs average temper-

the inﬂuence of warm climate, ﬁshery has experienced

ature increased 0.8 ℃ (ground temperature rose about

high summer catch and fishing seasonality becomes

0.9 to1.4 ℃). In recent three decades (1979 to 2008)

insigniﬁcant; abnormal climate also impacts the oceans.

warming accelerated significantly (about 0.23 to 0.40

Food security adaptation measures include adopting

℃ /10 years). In the last century, precipitation varied

planned production, rotation and fallow measures; in-

between the south and the north. Also because there

tegrating rice procurement, import and export; setting

is ﬂuctuation in precipitation in a year due to the rainy

up an integrated system for rice growing, production

season and non-rainy season, the difference between

and sales. Fishery adaptation is mainly on implementing

dry season and wet season becomes more and more

fishery resource management and conservation and

clear. High temperature weather in a year was no more

adjusting ﬁshery structure.
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In the area of land and marine ecosystem impacts,

to high temperature effect/urban heat island effect,

there is a trend for ﬁr forests in high-altitude mountains

increase in operation cost and energy saving invest-

to move to even higher altitudes; rising temperature

ment; security threat by heavy rains and typhoons to

and precipitation weakens the forests, accelerates loss

transportation, power and oil gas facilities in geological

of forests and frequency and scale of landslides; the

disasters areas sensitive to heavy rainfall and typhoons

salmon population is related to the number of typhoon

and within ﬂood plains.

strike each year in Taiwan; sea surface temperature
anomalies caused huge coral bleaching phenomenon
in Kenting National Park, Green Island, Orchid Island and
East Atoll areas. The adaptation measures include con-

Chapter 6 Climate Change and
System Observation Study

ducting vegetation survey and vegetation mapping in

Taiwanʼs climate change research focuses are clas-

national forests in recent years as the baseline for long-

sified into water resources, meteorology, agriculture,

term vegetation monitoring; establishing frozen gene

ﬁshery, forestry, oceans, ecology, health, and others. The

sample banks for wildlife and plants and backup; desig-

number of research projects increases every year. The

nating important wetlands conservation areas; applying

subjects are mostly on water resources and weather.

strict standards to examine large development projects

They are most research reports from the projects of Na-

along natural coastline in accordance with sustainable

tional Science Council.

coastline development program.
Climate change research involves cross-ﬁled collaboraIn the area of human health impacts and adapta-

tion. The Council for Economic Planning and Development,

tion, in urban areas, patients with cardiovascular dis-

Executive Yuan has in recent years conducted cross-filed

eases are most sensitive to temperature changes, and

database and knowledge bank integration and assess-

people whoʼve had a stroke and have hypertension are

ment on adaptation policy and strategy. Between 2003

affected the most by continuous abnormal tempera-

and 2008, the National Science Council conducted 10 large

ture events; climate warming may cause the spread-

projects for diﬀerent ﬁelds and subjects and the integrated

ing of Dengue fever; seasons with less rainfall are likely

researches covered meteorology study, farm forestry ﬁshery

to have an outbreak due to water and food infection.

husbandry impacts, and ecological impacts. The EPA also

The Centers for Disease Control, Department of Health,

conducted integrative study on impact of climate change.

Executive Yuan has planned a “Four-year Program for

Projects of the Water Resources Agency, Ministry of Eco-

Dengue Fever and Other Vector-borne Infectious Dis-

nomic Aﬀairs emphasized fragility and adaptability for ﬂood

eases Prevention”, including disease surveillance and

and water resources due to climate change.

notiﬁcation, emergency disease treatment, mosquitoes
breeding source removal and inspection, setting a na-

Taiwanʼs weather observation is mainly on the

tional health command center, establishing center for

observation system of Central Weather Bureau of the

epidemic control if necessary to coordinate among all

Ministry of Transportation and Communications. Other

government departments to jointly deal with the chal-

auxiliary observation systems are established by the

lenge of epidemic disease due to climate change.

EPA, Water Resources Agency, and Joint Irrigation Association. Climate observation includes ground and high-

The social and economic impacts are mainly on

altitude weather observation, meteorological observa-

industrial loss from droughts and floods due to pre-

tion, weather radar observation and walrus observation.

cipitation change; cost of air conditioning systems due

The climate satellite observation data are provided by
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Formosat-3 satellite, which was made by the National

to reach energy policy goals in four aspects: energy

Space Organization of National Applied Research Labo-

technology strategy, energy technology, energy saving

ratories, and exchanged with foreign countries.

and carbon reduction and talent nurturing.

Future work will aim at improving forecast ability

In the area of technology demand, the technology

for climate change and disaster vulnerability and impact

items that Taiwan needs international support include:

under climate and environmental changes. The tasks will

production of disaster vulnerability and risk map and re-

include improving climate change simulation and pre-

lated analytical technology for vulnerability and risk un-

diction techniques, establishing analytical technology

der climate change and adaptation. For climate change

for disaster vulnerability and impact under climate and

simulation and prediction by atmospheric global circu-

environment change systematic on a scientiﬁc quantita-

lation model and global atmosphere-ocean coupled

tive basis, and assessing and verifying the vulnerability of

model, Taiwan needs climate change prediction data

existing disaster-preventing system facing climate and

from foreign institutions and Taiwanʼs data on a global

environmental change, and prioritizing the tasks.

scale, greenhouse gas reduction eﬃciency benchmark

Chapter 7 Technical R&D,
Demand and Transfer
Between 2001 and 2006, Taiwan started to pro-

and optimal feasible technology.

Chapter 8 International
Cooperation and Exchange

mote renewable energy, energy reutilization and en-

Due to political reasons, Taiwan was not able to

ergy saving technology R&D and applications, which

sign the United Nations Framework Convention on

benefit every aspect in energy supply, energy saving,

Climate Change and the Kyoto Protocol. Through non-

environmental improvement and related industrial

governmental organizations or private enterprises,

development. The contribution of new energy source

Taiwan can collaborate with other countries only on

and energy saving has reached 5.3 million kiloliters of oil

the basis like energy R & D, reduction technologies and

equivalents and carbon dioxide pollution reduction has

climate change research.

reached 15.55 million tons. Transferable technologies
cover three major areas: development and utilization of

In the area of collaboration with annex-one coun-

renewable energy, energy reutilization and advanced

tries, through Agreement between the American Insti-

research, and energy saving technology R&D 3. There

tute in Taiwan and the Taipei Economic and Cultural

are 379 transferable technologies.

Representative Oﬃce in the United States for Technical
Cooperation in the Field of Environmental Protection,

In accordance with “Sustainable Energy Policy”, in

Taiwan has established MARKAL model and conducted

2009 Taiwan proposed the “Green Energy Industry Sun-

bilateral talks on a regular basis with the United States,

rise Project” for developing technologies in the areas

Japan and the European Union, or entered into an

like solar photovoltaic, LED lighting, wind power, bio-

agreement to promote scientiﬁc and technological ex-

fuel, hydrogen and fuel cells, energy information and

changes and cooperation, and introduced the “Energy

communication, and electric vehicles etc. It is followed

Star” program jointly with the United States Environ-

by the “National Energy Technology Project” to increase

mental Protection Agency.

energy independence, reduce greenhouse gas emission and consolidate the energy industry. It is expected

In the aspect of collaboration with non-annex one
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countries, under UNFCCC, Taiwan collaborates with

technology talent nurturing, national energy technol-

friendly countries as high priority and uses technology

ogy talent nurturing, sustainable campus, which are to

and capital in exchange with non-annex one countries

promote curriculum R&D and teaching, implementa-

as well as providing assistance to jointly cope with glob-

tion of environmental protection in campus, in hope of

al climate change. Theses countries are in Central Amer-

nurturing forward-looking technical talents.

ica, the Pacific, and Africa. The tasks are to strengthen
capability, establish system, cooperatively promote

In job training, Ministry of Economic Affairs held

voluntary greenhouse gas reduction, and develop and

training for the industry in greenhouse gas inventory

promote impact adaptation.

audit, energy, management, energy saving and carbon
reduction counseling, strengthening professional capa-

In the area of global climate change research, Tai-

bilities etc. School workers participate in campus energy

wan has participated in humanity and social programs

management and greenhouse gas inventory training

for global climate change, the International Geosphere-

and complete school improvement project. Teachers

Biosphere Program, International Biodiversity Program

in each level of education system integrate cross-field

and World Climate Research Program, and become an

resources to incorporate energy saving and carbon

important partner in international research collabora-

reduction into curriculum through professional knowl-

tion. In 2008, Taiwan signed the Paciﬁc Ocean Observa-

edge and teaching training.

tion Cooperation memorandum and joined the international greenhouse gas reduction cooperation. Many

In public awareness, the Environmental Protection

cities in Taiwan have joined the International Council for

Administration in 2008 started to promote nationwide

Local Environmental Initiatives and exchanged experi-

carbon reduction and energy saving movement. Ten

ence with many international cities in building capacity.

energy saving and carbon reduction principles in daily

Environmental NGOs also participate in and organize

life were issued. All government offices were encour-

the Global Greens meeting, which is also a diplomatic

aged to sign the declaration. Through websites and

breakthrough for Taiwan in the face of international po-

activities, the goal is to build Taiwan into a low-carbon

litical hurdles.

society and sustainable country. The Bureau of Energy,

Chapter 9 Education, Training
and Public Awareness

Ministry of Economic Affairs also started to offer discounts on utility charges as an incentive for energy
conservation, subsidized purchase of products with the
energy-saving label, awarded organizations that made

Energy education in Taiwan began in the 1980s,

excellent energy savings achievement, and actively

initially because of the oil shortage crisis and the need

promoted energy saving and carbon reduction. Local

to emphasize the importance of energy conservation

governments also put “energy saving and carbon re-

(energy saving). Later, with international development

duction” as a key on their political agenda. While stress-

trends, in 2005, Taiwan formally adopted the principle

ing diversified energy sources, the government is also

of greenhouse gas reduction (carbon reduction).

developing speciﬁc programs to ﬁt local culture. Nongovernmental organizations hold innovative activities

In school education, Bureau of Energy, Ministry of

like lights off during summer solstice, let computers

Economic Affairs, Ministry of Education, National Sci-

save the climate action plan, and participating in world

ence Council are fully engaged in activities, such as

citizensʼ summit on global warming to raise public

assisting schools to promote energy education, green

awareness.
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Chapter 1 National Proﬁle
Basic Environmental Status

T

he natural environment, social structure, and

take up about two-thirds of the main island. From east

change and development for a country deeply

to west, there are the Coastal Mountain Range, the

affect the country's greenhouse gas emission, as well

Central Mountain Range, the Snow Mountain Range,

as the impact of climate change. From the perspectives

the Yushan Mountain Range, and the Alishan Mountain

of geographic location and land use situation, climate,

Range. Among them, the Central Mountain Range has

demographics, economy, transportation, energy,

the steepest terrain, starting in Su-ao in the north and

industrial processes, agriculture, forestry, ﬁshing, animal

ending in Oluanpi in the south, forming the backbone

husbandry, mining, waste, government organizations

of the island and also dividing the rivers ﬂowing to the

and legislation, this chapter will present Taiwanʼs

east and the west.

national proﬁle and environmental status.

1.1 Geographic Location and
Land Use Situation

The island is covered by rolling hills and mountains
in a north-south direction, so most rivers flow in eastwest direction. Among as many as 119 rivers, most have
drainage areas of less than 2,000 square kilometers,

Taiwan is located on the edge of the Paciﬁc Ocean

and only six rivers are longer than 100 km, Chou-

and on the southeastern edge of the Asian continental

Shui Creek of 186 km being the longest. Due to an

shelf with the Paciﬁc Ocean on the east, Fujian Province

uneven distribution of seasonal rainfall, river ﬂow varies

located across Taiwan Straight on the west, the Bashi

dramatically with summer being ﬂood season and river

Channel on the south, Ryukyu Islands on the northeast,

water level can rise and run into the sea rapidly after a

spanning from 119 to 124 degrees east longitude, 21 to

storm, with tendency to cause disasters for poor river

25 degrees north latitude. Its eﬀective territory includes

water drainage. Winter is dry season with little or no

the main island and 21 affiliated islands, 64 islands

water in the rivers.

of the Penghu archipelago, 12 islands of the Kinmen
archipelago, 36 islands of the Matsu archipelago, Pratas,
Taiping Island (located in the Nansha Islands) etc.,
covering a total area of 36,191 square kilometers. Taiwan
Island, its affiliated islands and Penghu Islands total
36,006 square kilometers

[1]

, and Taiwanʼs main island

has 35,873 square kilometers [2].
Taiwan is about 377 kilometers long from north
to south, about 142 kilometers wide from east to west,
with land descending from east to west, mainly in
mountainous terrain, hills, basins and plains. Mountains

1. Website for Government Information Oﬃce, ROC, http://info.gio.gov.tw
2. 2009 Environment White Paper by EPA, Executive Yuan, 2009.
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1.2 Climate

1.2~1.3

1.3 Population

The Tropic of Cancer goes through the middle

Taiwan had a total population of 15 million in 1971,

of Taiwan Island. Its climate is subtropical and tropical

more than 22 million in 1999, and 23.04 million people

oceanic with an annual average temperature of about

as of the end of 2008

22 oC, the average minimum temperature not lower

national household registration was 7,665,000, with 3.0

than 12 to 17 ℃, and above 20 ℃ after April for as long

people per household on average [4].

[3]

(as shown in Figure 1.3.1). The

as nine months, and up to about 35 ℃ as the highest
temperatures in summer. Spring and winter have more

In 2008, the natural population increase rate was

temperature variation than summer and autumn. In

0.24%. The population density was 637 people per

winter, snow can be found only on high mountains.

square kilometer. Kaohsiung and Taipei metropolitan
areas had a population density of 9,933 and 9,650

The average annual rainfall is about 2,500 mm.

people per square kilometer, respectively

[5]

. Young

The northeast monsoon in winter, the southwest

population (0-14 years) accounted for about 16.95%,

monsoon in summer and the typhoons between June

and has been declining year by year; working age

and November bring abundant rainfall to the island.

population (15 to 64 years) accounted for about 72.62%;

Due to the terrain and monsoon, rainfall in different

and elderly population (aged 65 and above) accounted

regions and seasons varies signiﬁcantly. In general, the

for about 10.43%, increasing year by year. There is a clear

mountains receive more rainfall than the plains, by up

trend toward the aging society. Average life expectancy

to 4,000 mm; the eastern region receives more rainfall

was 78.57 years old, with males being 75.59 years

than the western; and the windward areas have more

and females being 81.94 years. The areas with higher

rainfall than the leeward areas.

degree of urbanization usually had higher average life
expectancy. By region, northern region had the highest
and the eastern region had the lowest.

25,000

20,000

15,000

10,000

5,000

Total (thousands)

1961 1971 1981 1991 1998

1999 2000 2001

11,149 14,995 18,194

22,092

20,606 21,929

0-14 years

5,112 5,805

5,754

15-64 years

5,759

8,736

11,637 13,833 15,303 15,492

278

454

Above 65 years

803

5,427
1,345

4,815
1,810

4,735
1,865

2002 2003 2004 2005

22,277 22,406 22,521
4,703

4,662

4,599

15,652 15,770 15,891
1,921

1,973

2,031

22,605 22,689
4,482

2006 2007 2008

22,770 22,877 22,958 23,037

4,387

4,259

4,146

1,031

3,905

16,035 16,152 16,295 16,444 16,585 16,730
2,088

2,150

2,217

2,287

2,343

2,402

Figure 1.3.1 Taiwanʼs present population statistics [3]
3. Department of Statistics, Ministry of the Interior, 4th Week Bulletin of Statistics 2009 (population structure analysis as of the end of 2008). http://www.moi.gov.tw
4. of Household Registration, Ministry of the Interior, Year 2008 Important Population Indices (2009).
5. Department of Household Registration, Ministry of the Interior, Statistics of Registered Households, Gender and Population Density by County and City (2009)
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Statistical data

[6]

indicate that in 2008 at age 15

and above literacy rate was 97.8%, in which higher

1.4 Economy

education (both college graduates and incomplete)

Since 1990, the economic structure has changed

accounted for 34.91%, secondary education (junior

significantly. Between 1990 and 2000, the service

high school, vocational high school graduates and

industry has had an increasing share of gross domestic

incomplete) accounted for 32.92%, primary education

product (GDP), a total increase of 7%, while both

(elementary school graduates and incomplete)

manufacturing industry (down by 5%) and agricultural

accounted for 15.23%. The share by higher education

industry (about down by 2%) declined. In terms of

shows an increasing trend year by year.

GDP growth rate, the period between 1990 and 2000
had slightly higher GDP growth rate than the period
between 2001 and 2008. Due to the impact of Internet
bubble and US 911 terrorist attack in 2001 and the
ﬁnancial crisis in 2008, the GDP growth rate was far less
than other years, as shown in Table 1.4.1.

1.5 Transportation
Taiwan uses high speed rail (THSR in abbreviation)
as the major mass transportation means in the western
region and is building urban mass transportation
Table 1.4.1 Taiwan’s Major Economic Indices [8]
Year

Economic
Growth Rate
(%)

GDP total
(million NTD)

GDP and Share by Industry Type
Agriculture

GDP per capita
(million NTD per capita)

Industry
Share(%)

Service

1990

6.87

4,430,055

218,456

3.58

34.14

62.28

1991

7.88

4,958,220

241,822

3.38

33.61

63.01

1992

7.56

5,534,544

267,315

3.06

32.98

63.96

1993

6.73

6,110,101

292,363

3.00

31.84

65.16

1994

7.59

6,685,505

317,049

2.67

31.44

65.90

1995

6.38

7,277,545

342,188

2.57

30.89

66.53

1996

5.54

7,906,075

368,729

2.41

30.22

67.37

1997

5.48

8,574,784

396,355

2.22

29.87

67.91

1998

3.47

9,204,174

421,519

1.99

29.32

68.69

1999

5.97

9,649,049

438,384

2.56

33.19

64.25

2000

5.80

10,187,394

459,212

2.06

32.37

65.57

2001

-1.65

9,930,387

444,489

1.85

27.62

70.53

2002

5.26

10,411,639

463,498

1.82

30.38

67.80

2003

3.67

10,696,257

474,069

1.71

31.20

67.08

2004

6.19

11,365,292

501,849

1.68

31.75

66.57

2005

4.70

11,740,279

516,516

1.67

31.26

67.08

2006

5.44

12,243,471

536,442

1.61

31.33

67.06

2007

5.98

12,910,511

563,349

1.49

31.38

67.12

2008

0.73

12,698,501

552,164

1.60

29.25

69.16

6. Department of Statistics, MOI, 12th Week Bulletin of Statistics 20098 (education background statistics for ROC citizens above 15 years old) http://www.moi.gov.tw
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networks to connect northern, middle and southern

1.5

2. Highway

regions, in addition to a complete highway system
to connect to regional expressways. Airport and

As of the end of 2008, the total highway length

seaport transportation capacity and service quality

in Taiwan is about 40,000 kilometers. Road density is

are improving

[7]

. The following describes the present

1,119 meters per square kilometer. At present, highway

status for railways, highways, sea and air transportation,

systems connect to regional expressways across the

respectively.

island to form a complete highway network, which
works with primary and secondary roads and streets as

1. Railway

the main transportation means for Taiwanʼs residents.

Originally, the Taiwan Railways Administration

The domestic vehicle density is extremely high.

(TRA in abbreviation) is responsible for providing

The number of road-using vehicles has grown rapidly.

railway transportation services. Since the THSR started

From 1991 to 2008, the total number of vehicles

operation in 2007, the THSR has been the primary

increased from 10.61 million to 21.09 million, a 1.98

transportation means and the TRA has become a

times growth. Among these, passenger cars and

secondary means for long-distance passenger transport

motorcycles increased the most, by 2.23 times and 1.93

service in the western region. Taipei and Kaohsiung

times, respectively. But the number of passengers in

metropolitan areas started MRT operation in 1996 and

public transport dropped from 1.565 billion in 1990 to

2008 respectively to provide quick and convenient

990 million in 2003, and then gradually climbed up to

transport services. As of the end of 2008, total passenger

around one billion and 1.05 billion in 2008. The average

number is about 690 million, in which the MRT accounts

trip length slightly decreased from 16.28 kilometers per

for 69.5%, the TRS accounts for 25.9% and the THSR

trip in 1990 to 14.97 kilometers per trip in 2008.

accounts for 4.4%. In terms of average trip length, the
MRT is about 7.86 kilometers per trip, the TRA is 48.8

Highway freight transport showed dramatic

kilometers per trip and the THSR is 214.7 kilometers

growth, increasing from 245.8 billion tons in 1990 to

per trip. In general, the MRT provides mass and short-

604.1 billion tons in 2008, a growth rate of 2.46 times.

distance transport services, the TRA provides regional

Highway transport mileage increased from 46.96 ton/

transport services, and the THSR provides long-distance

km in 1990 to 49.92 ton/km in 2008.

transport services. A complete railway service network
has been established.

3. Sea Transportation
Taiwan is an island economy and depends heavily
on import and export. Imported and exported goods
mostly rely on ship transport. So port construction
significantly affects the national economy. Currently,
Taiwan has four primary international ports: Keelung,
Kaohsiung, Taichung and Hualien, and one secondary
international port, Suao. For Taiwanʼs port operation

7.2008 ROC DOT Yearbook, Department of Transportation and Communications, http://www.motc.gov.tw
8.Directorate-General of Budget, Accounting and Statistics, Executive Yuan, ROC Monthly Bulletin of Statistics, 2009.
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status, the imported volume was 103,328 kilotons
and exported volume was 17,853 kilotons in 1991; the

1.6 Energy

imported volume rose to 189,261 kilotons and exported

Since Taiwan lacks energy resources, it

volume rose to 45,745 kilotons in 2008. The import

seriously depends on imported energy as economic

increased by 1.83 times, and the export increased by

development and living standards improve. Taiwanʼs

2.56 times, showing a larger growth. Although the

dependence on imported energy was 77.3% in 1977

number of people entering and exiting the country

and increased to 97.1% in 2000 and 99.34% in 2008. The

increased during the period between 1991 and 2008,

dependence on petroleum due to diversified energy

since 2000, with some fluctuation, it stayed between

policy dropped from 76.9% in 1977 as a historical high

250,000 to 300,000.

down to 51.4% in 2000 and 49.5% in 2008. However,
almost all the petroleum is imported and dependence
on import is as high as 99%. Since the first oil crisis,
the government has actively sought different import
sources.

1. Energy Supply
In 1990, Taiwanʼs energy supply was 58,520.7
kiloliters of oil equivalents. It increased gradually

4. Air Transportation

to 103,808.4 kiloliters of oil equivalents in 2000 and
141,251.5 kiloliters of oil equivalents in 2008. From 1990

In the past, the entry and exit of travelers and

to 2008, it increased by 2.41 times.

freights by air was not high in Taiwan. Since the relaxing
of overseas travel restrictions in 1979 and the continuing

From the energy supply structure in Figure 1.6.1,

economic growth, the travelers and freights have been

it is clear that petroleum had the largest share. But it

increasing every year. In 1991, the number of travelers

decreased from 50.64% in 2000 to 49.89% in 2008. The

was 22,832,000 and the freight volume was 714,808

next is coal, whose share increased from 31.90% in

tons; in 2008 the number of travelers was 35,236,000

2000 to 32.70% in 2008. Natural gas (including liquid

and the air traveler number dropped to 9,850,000 due

natural gas) share increased from 6.23% in 2000 to 8.63%

to the THSR operation, less than that in1991 (11,210,000).

in 2008, making it the fastest growing energy. As for

The import and export volume increased by 2.22 times

nuclear energy supply, between 2000 and 2008, it did

from 1991 to 2008. Among it, international freight

not change much. Due to the drastic increase of total

volume increased by 1.55 times. But re-export volume

energy supply, the share of nuclear energy dropped

also increased rapidly from 7.2% in 1996 to 32.5% in

from 10.74% in 2000 to8.30% in 2008. Renewable energy

2008. It is clear that re-export is an essential portion of

had 0.12% share in 2008, indicating some progress has

air shipment.

been made after government promotion.
Moreover, in1990, imported energy accounted for
96.05% of total energy supply. It was 98.77% in 2000 and
up to 99.35% in 2008, indicating increasing dependence
on imported energy.

24

Second National Communication of the Republic of China（Taiwan）
under the United Nations Framework Convention on Climate Change

1.6

Liquefied natural
gas 6.23%

Liquefied natural
gas 8.63%

Nuclear energy 10.74%

Nuclear energy 8.37%
Coal 31.90%

Renewable energy 0.07%
Hydropower
generation 0.42%

Renewable energy 0.12%
Hydropower
generation 0.29%

Coal 32.70%

Energy supply in
2000 is about
103,808.4
kiloliter oil
equivalents

Energy supply in
2008 is about
141,251.5
kiloliter oil

Oil 49.89%

Oil 50.64%

Figure 1.6.1 Taiwan Year 2000 and 2008 Energy Supply Structure[9]
Non-energy
consumption 4.31%

Entertainment
sector 1.57%
Transportation
sector 15.74%

Energy
sector 7.33%

Residential
sector 11.33%

Residential
sector 12.47%

Service sector
11.55%

Non-energy
consumption 2.86%

Energy sector 8.99%

Service sector
11.68%

Energy
consumption in
2000 is about
91,737.4 kiloliter
oil equivalents

Entertainment
sector 1.0%

Industrial
Sector 45.37%

Energy
consumption in
2008 is about
115,699.4 kiloliter
oil equivalents

Transportation
sector 12.84%

Industrial
sector 52.96%

Figure 1.6.2 Taiwan Energy Consumption Structure between 2000 and 2008[9]

Power generation capacity increased from 17,812.4

means for power generation anymore. Based on power

kW in 1990 to 46,381.6 kW in 2008, a growth rate of

liberalization policy, private power plants were put into

2.60 times, slightly slower than the growth of energy

plan since two-stage open policy was implemented

supply. Thermal power generation had the highest

in June and December 1995. Their power generation

share, from 51.52% in 1990 decreasing to 46.33% in

capacity has increased up to 7,384.8 kW in 2008, 15.92%

2008. To reduce carbon dioxide emission, gas-burning

of total power generation. In addition, cogeneration

power generation capacity increased from 748 kW in

increased from 962.1 kW in 1990 to 7,733.3 kW in 2008,

1990 to 9,077 kW in 2008, a growth rate of 12.14 times.

a growth rate of 8.35 times, where power generation

The generated power share also increased from 4.20%

share increased from 5.20% to 16.67%, a tremendous

to 19.57%, indicating gas-burning power generation

achievement in cogeneration.

has already become an important source of power. At
the same time, oil-burning power generation capacity

Nuclear power generation capacity is maintained

decreased from 4,754 kW in 1990 to 3,609.7 kW in 2008,

at 5,144 kW. However, its power generation share

76% of the original. The generated power share also

decreased from 28.88% in 1990 to 11.09% in 2008,

dropped from the original 26.69% to 7.78%, indicating

indicating power generation is diversifying.

oil-burning power generation is no longer a primary

9. Bureau of Energy, MOEA, Annual Report of Energy Statistics, 2010.
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2. Energy Consumption

other sectors in addition to continuing energy saving
measures by energy sector and energy consuming

In 1990, Taiwanʼs energy consumption was

industries in order to reduce carbon dioxide emission.

50,986.7 kiloliters of oil equivalents. In 2000, it was

Taiwan energy eﬃciency indices are shown in Table 1.6.1.

91,737.4 kiloliters of oil equivalents and the average
energy consumption per person was 4,146 liters of oil
equivalents. In 2008, it increased to 115,699.4 kiloliters
of oil equivalents and the average energy consumption
per person was 5,051 liters of oil equivalents.

3. Energy Eﬃciency Indicators
Since 2001, Taiwanʼs energy intensity has been
dropping. The average energy consumption per person
increased gradually from 2,519.98 liters of oil equivalents
in 1990 to 5,051.41 liters of oil equivalents in 2008. This
is because for many years Taiwanʼs energy productivity
is maintained at 100 to 110 NTD/liter of oil equivalents,
which shows that Taiwan needs to consider changing
the share of energy intensive industries in the entire
industrial structure and energy saving measures by
Table 1.6.1 Taiwan energy eﬃciency indices[9]

Year

Average energy
consumption per
Mid-year population
person
(thousands)
（liter of oil
equivalents/person）

Energy productivity
（actual GDP/
domestic energy
consumption）
（NTD/liter of oil
equivalents）

Energy intensity
（domestic energy
consumption /
actual GDP）
（liter of oil equivalents/
thousand NTD）

Average power
usage
(degree/person)

1990

20,233

2,519.98

104.27

9.59

4,193.49

1991

20,459

2,666.60

105.14

9.51

4,566.30

1992

20,656

2,805.82

106.45

9.39

4,822.38

1993

20,849

2,913.65

108.40

9.23

5,242.09

1994

21,035

3,091.10

108.96

9.18

5,619.18

1995

21,215

3,227.55

110.06

9.09

5,940.95

1996

21,388

3,354.99

110.84

9.02

6,279.68

1997

21,577

3,492.48

111.32

8.98

6,640.90

1998

21,777

3,686.96

108.10

9.25

7,097.82

1999

21,953

3,856.15

108.66

9.20

7,331.40

2000

22,125

4,146.32

106.08

9.43

7,978.51

2001

22,278

4,356.56

98.61

10.14

8,102.36

2002

22,397

4,487.21

100.24

9.98

8,495.36

2003

22,494

4,639.90

100.07

9.99

8,911.93

2004

22,575

4,817.78

101.97

9.81

9,297.54

2005

22,652

4,907.57

104.46

9.57

9,651.20

2006

22,740

5,001.82

107.65

9.29

9,945.34

2007

22,828

5,221.05

108.87

9.19

10,230.43

2008

22,904

5,051.41

112.97

8.85

10,033.83
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1.7 Industrial Process

1.7~1.8

import market was open, traditional industries have
gradually lost their competitiveness in cost and quality

With industrial structure change and globalization

and the domestic-based industries will face even

in the 1990s, the competitive advantage for each

more pressure. The domestic market-based traditional

country has changed and the industrial structure has

agriculture will lack global competitiveness. Although

been redistributed. High-tech industry prompted

joining the WTO will do more good than harm to overall

Taiwanʼs economic growth and the GNP doubled in ten

economic development for the long term, its short-

years since 1990. The average unemployment rate has

term impact on industrial structure is something that

been able to stay below 3% since 1990.

cannot be overlooked.

To face the impact of globalization, Taiwanʼs
government has actively developed Taiwan to be an
Asia-Pacific Regional Operations Center. In 1991, the
Six-Year National Development Plan was proposed to

1.8 Agriculture, Forestry, Fishery,
Husbandry and Mining
1. Agriculture

delineate the top ten emerging industrial items that are
suitable for Taiwanʼs development for the next ten years

With the continuous development of industrial

as well as objectives for overall and individual industries.

and commercial economy, agricultural land has been

Since then, top ten emerging industrial development

converted into non-agricultural land and crops have

strategies have become the key strategies to assist

been declining. In 2008, the total cultivated land area

Taiwanʼs manufacturing industries to break through the

is 820,000 hectares, 11% less than that in 1977, 22.8%

bottleneck and open up new opportunities and adjust

of total national land area, in which paddy fields lost

industrial structure to improve technology levels. In

420,000 hectares, or 51.1%, and dry farmland was

1998, the Executive Yuan passed the Technology-based

402,000 hectares [10].

National Promotion Plan, which was proposed by the
National Science Council with objectives to improve

2. Forestry and Natural Conservation

overall technical capability level, promote economic
development, increase standard of living and build
independent defense capability.

Since the functional demand of forests by the
society has transformed from woods to public services,
and in 1989 the forestry department began to operate

On January 1, 2002, Taiwan formally became a

using public budget, forestry management model

member of the World Trade Organization (WTO). In

started shifting to conservation and recreation-based

addition to being able to handle international trade

operation. In 2008, Taiwanʼs total forest area was

disputes properly, joining the WTO can raise export

2,101,719 hectares, or 58.35% of Taiwanʼs total land

opportunities and facilitate normalization of cross-strait

area, in which broad-leaved forest took up 1,117,448

economic and trade relations. While export-oriented

hectares, coniferous forest 439,328 hectares, coniferous

industries and those with export potential will benefit

and broad-leaved mixed forest 395,427 hectares and

due to the lower tariffs and open markets, after the

bamboo forest 149,516 hectares [11]. The Executive Yuan-

10. 2008 Taiwan Agricultural Report by Council of Agriculture, Executive Yuan, 2008.
11. Conservation website by Forestry Bureau, Council of Agriculture, Executive Yuan, http://conservation.forest.gov.tw

Second National Communication of the Republic of China（Taiwan）
under the United Nations Framework Convention on Climate Change

1.8~1.9

27

Chapter 1 National Proﬁle and Environment Basic Information

approved National Spatial Development Strategic Plan

domestic livestock and poultry are as follows: pigs

will be based on continuous ecological corridor principle

6,440,000, chickens 100,000,000, cattle 138,000, sheep

and put mountains higher than 1500 meters elevation

235,000, ducks 9,180,000, and geese 1,990,000.

into national park areas ﬁrst and actively protect national
rare and precious resources. As of the end of 2009, the

5. Mining

Ministry of the Interior had designated eight places as
national parks, or 8.64% of Taiwanʼs total land area [12].

Taiwan does not have rich mineral resources. The
mineral resources with economical value include coal,
oil and natural gas as energy resources; gold, silver,
copper, iron sulﬁde and heavy minerals as main metal
minerals; limestone, marble, dolomite, china clay, fire
clay and salt as industrial minerals; and sand from rivers,
land and seas.

3. Fishery
Taiwan's fishery resources by operation mode
can be divided into two major categories: fishing and
aquaculture. Fishing includes inland, coastal, inshore
and offshore fishing activities. Aquaculture includes
inland and sea aquaculture activities. In 2000, the ﬁshing
industry output was 1,100,000 tons and the aquaculture

1.9 Wastes [14]

industry output was 260,000 tons. In 2008, the fishing

Garbage quantity increases with economic

industry output was 760,000 tons, and the aquaculture

development and population growth. Taiwan has been

industry output was 280,000 tons

[13]

.

striving to recycle and reduce garbage at the source.
In early times, landfills were the solution to waste

4. Husbandry

treatment. Later, incinerators were built. As of the end
of 2008, there were 24 incinerators in operation. The

Due to the impact of foot and mouth disease

incineration rate for household garbage reached 94.6%.

in pigs in 1997 and Taiwanʼs joining WTO in 2002, all

Other types of garbage were treated in landfill sites.

species of livestock, except for chickens, have been

Proper treatment rate of garbage reached 99.9%. In

reduced. As of the end of 2008, the numbers of major

1997, the government started the 4-in-1 Recycle Project,

12. National Spatial Development Strategic Plan by Council for Economic Planning and Development, Executive Yuan 2010.
13. 2008 Taiwan Fishery Statistical Report by Department of Fisheries, Council of Agriculture, Executive Yuan, 2008.
14. Statistical Database by EPA, Executive Yuan, http://210.69.101.110/WEBSTATIS
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and each community started a self-operating recycling
organization. After sorting, resources and wastes were
separated at recycling points. Subsidiaries were also

1.9~1.10

1.10 Government Organization
and Legislation

provided to local garbage collection and recycling

The Republic of China was founded in 1912 as the

operation. In 2002, the Resources Recycling Act was

first democratic republic in Asia. The ROC government

implemented to strengthen source reduction and

is operating in accordance with the Constitution, the

recycling and build a complete recycling system. Since

Constitutional Amendments and the relevant laws and

then, waste recovery rate has gradually increased and,

regulations. The President, the Executive Yuan, Legislative

in 2004, exceeded the landfill rate, and reached 42.5%

Yuan, Judicial Yuan, Examination Yuan, and Control Yuan

in 2008. To further improve the waste recovery rate, in

jointly exercise the power of governance. There is a

2003 and 2005, kitchen waste recycling and bulk waste

balance of power between local government and central

recycling were promoted. In 2005 and 2006, waste

government. According to Constitution, the President is

classiﬁcation was stepwise implemented.

the head of state. Since the 9th term, the President has
been directly elected by the people and serves a four-year

In 2008, the waste recovery quantity was 3,234,000

term and can be re-elected once [ ].

tons, 77.2% of the total resource recovery of 24,908,000
tons. Paper made up the most with 1,280,000 tons;

The Executive Yuan Premier is appointed by the

the next was metal cans (397,000 tons); and glass

President. Vice Premier, heads of ministries and ministers-

containers (169,000 tons); followed by other metal

without-portfolio are appointed by the Premier. Existing

products (160,000 tons), plastic products (111,000 tons),

Executive Yuanʼs organization includes eight ministries: the

PET bottles (97,000 tons) and aluminum cans (45,000

Ministry of the Interior, the Ministry of Foreign Aﬀairs, the

tons). Kitchen waste recovery quantity was 691,000 tons

Ministry of National Defense, the Ministry of Finance, the

(21.4%). Since kitchen waste contains high volume of

Ministry of Education, the Ministry of Justice, the Ministry

water, it is not suitable for incineration. Landfill could

of Economic Affairs, and the Ministry of Transportation

cause secondary pollution problems like odor and

and Communications; and 2 commissions: the Mongolian

seeping water. Recovery and reutilization are the best

and Tibetan Aﬀairs Commission, the Overseas Compatriot

treatment. Bulk waste recovery quantity was 44,000

Affairs Commission; and five to seven ministers-without-

tons (1.4%). Bulk waste includes disposed sofas, beds

portfolio. The organization also includes the Central

and bicycles, etc. They are large in size and diﬃcult to

Bank, the Directorate-General of Budget, Accounting

collect at a fixed location and fixed time. In the past,

and Statistics, the Central Personnel Administration, the

they were mostly incinerated or landfilled. In recent

Government Information Office, the Department of

years, appointment-based, designated collection sites

Health, the Environmental Protection Administration,

are adopted, and afterward repair is conducted to make

the National Palace Museum, the Veterans Affairs

them reusable, or scrap metals and wood are collected

Commission, the Mainland Affairs Council, the Council

as raw materials to save natural resources. This will help

for Economic Planning and Development, the Veterans

accomplish the goal of full waste classiﬁcation and zero

Aﬀairs Commission, the National Youth Commission, the

waste.

National Science Council, the Research Development and

15. ROC Presidential Oﬃce, Government Organization and Briefs, http://www.president.gov.tw
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Evaluation Commission, the Council of Agriculture, the
Council for Cultural Affairs, the Council of Labor Affairs,
the Public Construction Commission, the Council of
Indigenous Peoples, the Sports Aﬀairs Council, the Atomic
Energy Council, the Fair Trade Commission, the Consumer
Protection Commission and the Central Election
Commission.
The Legislative Yuan is assembled by Legislative Yuan
members, who represent the people to exercise legislative
power. The Legislative Yuan has power to decide by
resolution upon statutory or budgetary (final accounts)
bills, or bills concerning martial law, amnesties, declarations
of war or peace, treaties, and other important aﬀairs of the
state; and propose amendment to the Constitution, the
case of territorial changes and the impeachment or the
recall of the president and vice president; and exercise
consent on the presidential nomination of the president
and vice president for the Judicial Yuan, the Examination
Yuan, the Control Yuan, grand justices, Examination Yuan
ministers-without-portfolio, Control Yuan ministerswithout-portfolio, the Auditor General and the Attorney
General of the Supreme Prosecutors Oﬃce; and hear the
presidentʼs State of the Nation Address.
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Chapter 2 Greenhouse Gas Emission
Statistics and Trend Analysis

A

1. Energy Sector

of greenhouse gas emission from related energy

The estimation of greenhouse gas emissions

activities, industrial manufacturing activities, agricultural

from energy use includes all emissions generated from

activities, land-use change and forestry, and waste

fuel use, energy production, transportation, storage

treatment allows understanding of status and trend

and transfer. This part includes biomass energy but

for the greenhouse gas emission for each country and

excludes international shipping. In the energy sector,

facilitates adopting responsive measures. This chapter

fuel combustion is the major source of Taiwanʼs

will introduce various types of greenhouse gases and

greenhouse gas emission. The estimation adopts

emission and absorption of greenhouse gases by each

Reference Approach and Sectoral Approach in 1996

sector between 1990 and 2008 in Taiwan and discuss

IPCC Guidelines. Classification for sector and fuel is

the critical sources and trend analysis for greenhouse

basically identical to that in 1996 IPCC Guidelines.

gases.

In the energy sector, estimation of greenhouse gas

ccording to the Guidelines for National Greenhouse
Gas Inventory under the UNFCCC, estimation

emission is different for different data classification

2.1 Greenhouse Gas Inventory
Methodology and Statistical
Procedure

and involves diﬀerent calculation tier. Tier 1 calculation
involves energy supply and demand, while tier 2 and
3 calculations proceed with technologically classified
data. Carbon dioxide calculation is in accordance with

In 1999 Taiwan established the National Greenhouse

Reference Approach and Sectoral Approach in 1996

Gas Inventory in accordance with Guidelines for National

IPCC Guidelines. Estimation for non-CO 2 greenhouse

Greenhouse Gas Inventory

[1]

(1996 IPCC Guidelines as

gases is based on emission coefficients. Gas emission

abbreviation) issued by the Intergovernmental Panel

is determined by fuel type, combustion technology,

on Climate Change (IPCC) in 1996 and with reference

operation condition, control technology, maintenance,

[2]

and equipment age. It requires detailed technically

published as supplementary materials by the IPCC in

classified data, so it is not listed in tier 1 method. The

2000 and 2003, respectively. The inventory describes

activity data used to estimate Taiwanʼs greenhouse

the actual status in Taiwan and includes definition

gas inventory comes from energy balance table (new

of emission source, identification of critical emission

version) published by the Bureau of Energy, MOEA.

source, accessibility of activity data and emission

Moreover, the Carbon Emission Factors (CEF), Fraction

coefficient. The following will describe the range and

of Carbon Oxidized and Fraction of Carbon Stored

statistical methodology for Taiwanʼs greenhouse gas

involved in the calculation for this sector mainly

inventory.

come from the Default Value specified in 1996 IPCC

to “Good Practice” and “Uncertainty Management”

Guidelines.

1. IPCC, Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, 1996
2. IPCC, Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories, 2000
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2. Industrial Manufacturing Sector

3. Agricultural Sector

The total emission of greenhouse gas from the

For the emissions in agricultural sector, the

industrial manufacturing process is classified and

management involves the waste from the fermentation

reported in details for each process in accordance

in digestion system and from excretion from the

with international industrial standards, but does not

livestock raised by humans and the one from growing

include emission from energy use. Taiwanʼs industrial

crops, such as soils of rice fields and other cultivated

manufacturing sector involves a broad range, which

lands and greenhouse gases from burning agricultural

includes non-metal process, chemical process, metal

wastes. The calculation of greenhouse gas emissions

process, halocarbons (including PFCs and HFCs) and

from utilizing fuels and waste generation is in the

sulfur hexafluoride. In total, there are five classes and

energy sector and waste sector. The statistical data

48 industries/processes. Most processes produce

between 1990 and 1999 for Taiwanʼs agricultural sector

greenhouse gases, while few processes produce

came from the Taiwan Annual Agricultural Report

carbon dioxide and other greenhouse gases from

issued by the Department of Agriculture and Forestry,

high temperature processes with the use of carbon

Taiwan Provincial Government. Since 2000, due to the

monoxide and other greenhouse gas containing raw

downscaling of the provincial government, the data has

materials, such as five industries/processes with the

been obtained from the Annual Agricultural Statistical

use of limestone and dolomite, soda ash, asphalt road

Report issued by the Council of Agriculture, Executive

pavement and calcium carbide products.

Yuan. As for emission coefficient, the main source is
local research reports or the suggested values by 1996

In Taiwan, perfluorocarbons (PFCs),
hydroﬂuorocarbons (HFCs) and sulfur hexaﬂuoride (SF6)

IPCC Guidelines if the local research reports are not
available.

are mostly used for economically critical industries,
including semiconductor, TFT LCD, power generation,

4. Land-Use Change and Forestry Sector

magnesium alloy and refrigeration and air conditioning.
To assure the credibility, minimal error and extendibility

For the greenhouse gases released and removed

for activity data of industrial manufacturing sector,

from land-use change and forestry activities, the

the data source for all industries/processes is

statistical items include five classes: changes in

published government statistical data. If there is no

forests and other woody species, forests and prairies,

government data available, the statistical data from

abandoned land, carbon dioxide release and absorption

industrial associations will be used. With increasing

by soils and others. The contents include above-ground

reliability in scientific data, the emission coefficients

biomass, underground biomass, dry fallen trees and

for the semiconductor industry, TFT LCD industry and

organic carbon in soils. The estimation of greenhouse

refrigeration and air conditioning industry from 2000

gases from the forestry sector, due to incomplete data

to 2008 mainly took references to the default values

of Taiwanʼs forestry resources and land use investigation

provided by 2006 IPCC Guidelines or were based on

and forestry data, only follows the principles in 1996

industrial measurements. Moreover, the complete data

IPCC Guidelines and uses domestically accessible and

for fluorinated gas emissions from the power industry

inducted data for classification and calculation. The

and magnesium alloy industry became available after

coefficients mainly come from domestic research

2005.

reports. If there is no such data, default values in 1996
IPCC Guidelines will be used. “Dead organic matters”
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are considered by 1996 IPCC Guidelines to have

landfills, methane release from wastewater treatment

insigniﬁcant change in carbon storage. Hence, it can be

and nitrous oxide release from human sewage.

assumed as “0”, i.e. input and loss cancel out each other.
For the part of soils, since classiﬁcation and estimation
are still underway, currently there is insufficient data,
and statistical work can not be completed.

5. Waste Sector

2.2 Statistics on Various
Greenhouse Gases Emission
and Absorption
1. Total Greenhouse Gas Emission

According to the 1996 IPCC Guidelines,

According to the National Communication
[3]

greenhouse gas emissions from the waste sector

Reporting Guidelines for Annex I countries

, a

include emissions from solid waste landﬁlls, wastewater,

greenhouse gas emissions inventory should include

waste incineration and other waste management

emission sources and sinks for six greenhouse gases

facilities. Carbon dioxide produced from incineration

-- carbon dioxide, methane, nitrous oxide, PFCs, HFCs

or decomposition of any petrochemicals should be

and sulfur hexaﬂuoride -- and involve energy, industrial

included in the calculation without repeat. Moreover,

process, agriculture, land use change and forestry and

carbon dioxide emissions from organic waste treatment

waste. The various greenhouse gas emissions and their

and rotting should not be included in the calculation.

trends for Taiwan from 1990 to 2008 are shown in Table

The carbon dioxide emissions from waste landﬁlls and

2.2.1 and Figure 2.2.1. Total greenhouse gas emission

incinerators include methane release from solid waste

increased from 147,109,000 tons of carbon dioxide

Table 2.2.1 Taiwan Greenhouse Gas Emission Inventories from 1990 to 2008 by Gas Type[4]、[5]
Unit: kilotons of carbon dioxide equivalents
Year

CO2

HFCs

PFCs

SF6

1990

122,399

CH4
11,974

N2 O
12,736

NE

NE

NE

CO2absorption
-18,704

Total GHG emission Net GHG emission
147,109

128,406

1991

131,853

11,219

13,537

NE

NE

NE

-16,947

156,609

139,661

1992

141,259

12,116

13,383

NE

NE

NE

-18,979

166,759

147,780

1993

152,725

13,424

13,679

1,592

NE

NE

-19,107

181,420

162,313

1994

160,162

14,000

13,937

1,802

NE

NE

-19,173

189,900

170,727

1995

167,308

15,545

13,902

1,689

NE

NE

-19,206

198,445

179,239

1996

175,754

15,495

14,217

2,752

NE

NE

-19,133

208,218

189,085

1997

188,951

15,447

12,360

3,115

NE

NE

-19,283

219,873

200,590

1998

198,340

15,149

11,908

4,391

NE

NE

-19,298

229,788

210,490

1999

207,130

14,660

12,258

3,392

NE

NE

-19,301

237,440

218,139

2000

224,661

11,028

12,443

5,639

2,386

494

-19,360

256,651

237,291

2001

230,576

9,200

12,437

5,412

2,021

546

-18,601

260,193

241,592

2002

239,593

7,250

12,205

5,415

2,509

593

-19,554

267,565

248,011

2003

248,599

6,196

11,205

4,920

2,776

969

-19,624

274,665

255,041

2004

257,279

5,920

11,734

4,494

2,852

1,285

-19,672

283,565

263,893

2005

263,819

4,979

11,461

1,647

2,505

2,893

-19,628

287,303

267,676

2006

271,774

4,486

11,674

1,028

2,657

2,993

-19,738

294,611

274,873

2007

274,973

4,127

11,429

1,031

2,309

2,933

-19,730

296,801

277,071

2008

263,606

4,727

10,839

1,001

1,498

2,844

-19,807

284,515

264,707

Note: NE means it is not estimated due to insuﬃcient data or incomplete statistical work.
3. UNFCCC, FCCC/CP/1999/7, 2000.
4. Final Report on National Communication and Greenhouse Gas Emission Inventory Establishment and Application, 2010, Environmental Protection Administration,
Executive Yuan
5. Website of Bureau of Energy, MOEA, http://www.moeaec.gov.tw
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Figure 2.2.1 Taiwan Greenhouse Gas Emission Trend by Gas Type between 1990 and 2008[4]、[5]

equivalents (excluding carbon dioxide removal) in 1990

1990 and 2008. The emission trend is shown in Figure

up to 284,515,000 tons of carbon dioxide equivalents

2.2.2. In 1990, Taiwan had carbon dioxide emission of

(excluding carbon dioxide removal) in 2008, with

122,390,000 tons of carbon dioxide equivalents. In 2008,

emission increase by 93.40% and average annual growth

it was 263,606,000 tons, with a 115.37% increase. Among

rate of 3.73%. The total emission in 2008 is less than

all, the energy sector, between 1990 and 2008, increased

that in 2007 by 4.14%. Net greenhouse gas emission

from 110,852,000 tons to 252,042,000 tons of carbon

increased from 128,406,000 tons of carbon dioxide

dioxide, with a 127.37% increase; the industrial process

equivalents in 1990 up 264,707,000 tons of carbon

sector, between 1990 and 2008, increased from 11,

dioxide equivalents in 2008, with emission increase by

547,000 tons to 11,564,000 tons of carbon dioxide, with

106.15% and average annual growth rate of 4.10%. The

a 0.14% increase; land use change and forestry was the

net emission in 2008 is less than that in 2007 by 4.46%.

carbon dioxide sink and the absorbance increased from
18,704,000 tons of carbon dioxide in 1990 to 19,807,000

By gas type, carbon dioxide has the largest

tons of carbon dioxide in 2008, with a 5.90% increase.

emission; the next is nitrous oxide, followed by
fluorinated greenhouse gas. Between 1990 and 2008,

The emission by energy sector is calculated

carbon dioxide emission grew by 115.37% with an

according to sectoral approach, reference approach

average annual growth rate of 4.35%; methane emission

and energy balance table (new version) in Tier 1

decreased by 60.52% with an average annual growth

method in the 1996 IPCC Guidelines. By reference

rate of -5.03%, a negative growth; nitrous oxide emission

approach, it is found that the emission due to fuel

decreased by 14.90% with an annual growth rate of

combustion between 1990 and 2008 increased from

-0.89%, a negative growth.

111,379,000 tons to 254,670,000 tons of carbon dioxide,
with a 128.65% increase and average annual increase

2. Carbon Dioxide Emission

rate of 4.70%. Please refer to Figure 2.2.3.

The energy sector and industrial process sector are

For per capita emission of carbon dioxide, in 1990

the main emission sources of carbon dioxide in Taiwan.

it was 5.5 tons of carbon dioxide per person; in 2000, it

Table 2.2.2 shows the inventories of all carbon dioxide

was 9.7 tons of carbon dioxide per person; in 2007, it

emission sources and absorbance for Taiwan between

was 11.5 tons of carbon dioxide per person; in 2008, it
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Table 2.2.2 Taiwan Greenhouse Gas Emission Inventories from Year 1990 to Year 2008 by Sector[4]、[5]
Unit: kilotons of carbon dioxide equivalents
Greenhouse Gas Emission Source and
Absorption Type

1990

1995

2000

2001

2002

2003

2004

2005

2006

2007

2008

110,852

153,176

215,489

219,854

227,836

237,213

245,303

251,699

259,266

262,787

252,042

1A. Fuel Combustion

110,852

153,176

215,489

219,854

227,836

237,213

245,303

251,699

259,266

262,787

252,042

1A1. Energy Industry

50,705

79,925

129,737

134,875

138,911

149,175

155,211

161,983

169,404

173,047

167,410

1A2. Manufacturing Industry
and Construction

30,213

34,976

42,023

40,950

43,755

42,247

42,554

41,335

42,655

44,442

41,086

1A3. Transportation

19,450

28,533

32,875

32,914

34,197

34,164

35,501

36,478

36,406

35,071

33,103

1A4a. Commerce

3,582

2,419

3,188

3,525

3,458

3,852

3,989

4,100

4,125

4,067

4,090

1A4b. Residential

3,985

4,574

5,328

5,160

5,081

4,992

5,101

5,203

5,046

5,080

4,997

1A4c. Agriculture, Forestry,
Fishery and Husbandry

2,917

2,749

2,338

2,430

2,434

2,783

2,947

2,600

1,630

1,080

1,356

11,547

14,132

9,172

10,722

11,757

11,386

11,976

12,120

12,508

12,186

11,564

10,445

13,064

8,589

10,203

11,186

10,817

11,418

11,408

11,291

10,890

10,205

2B. Chemical Industry

462

469

52

22

20

33

498

476

454

455

4

2C. Metal Process

640

600

531

498

550

536

511

686

764

841

1,354

5. Land Use Change and Forestry Sector

-18,704

-19,206

-19,360

-18,601

-19,554

-19,624

-19,672

-19,628

-19,738

-19,730

-19,807

Total CO2 Emission (excluding LUCF)

122,399

167,308

224,661

230,576

239,593

248,599

257,279

263,819

271,774

274,973

263,606

Net CO2 Emission (including LUCF)

103,696

148,102

205,301

211,975

220,038

228,975

237,608

244,191

252,036

255,242

243,799

1. Energy Sector

2. Industrial Manufacturing Sector
2A. Non-Metal Process

Note: LUCF means Land-Use Change and Forestry.

Land use change and
forestry sector

Energy sector

Industrial manufacturing sector

280,000
250,000

250,000
200,000

CO2 emission (kilotons of CO2)

Greenhouse gas emission (kilo tons carbon dioxide)

300,000

150,000

100,000

220,000

190,000

160,000

二氧化碳排放量千公噸二氧化碳)

50,000

130,000

0

Sectoral approach
Reference approach

-50,000

0
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Figure 2.2.2 Taiwan Greenhouse Gas Emission Trend by Sector
between Year 1990 and Year 2008[4]、[5]

100,000

1990 1992 1994 1996 1998 2000 2002 12004 2006 2008 (Year)
1991 1993 1995 1997 1999 2001 2003 2005 2007

Figure 2.2.3 Trend of Carbon Dioxide Emission from Fuel
Combustion in Energy Sector in Taiwan between
1990 and 2008 (Reference/Sectoral approaches)[5]
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decreased to 11.0 tons of carbon dioxide per person.

(carbon dioxide emission per unit GDP) was 0.0207 kg

Between 1990 and 2008, the growth rate for average

in 1990, 0.0214 kg in 2000, 0.0203 kg in 2007 and 0.0193

annual per capita emission was 3.93%. It was 4.35% less

kg in 2008, which details are shown in Table 2.2.3 and

in 2008 than in 2007. Carbon dioxide emission intensity

Figure 2.2.4.

Table 2.2.3 Indicators of Carbon Dioxide Emission from Fuel Combustion in Energy Sector in Taiwan (sectoral approach)[5]、[6]
Year

carbon dioxide emission

Per capita emission

carbon dioxide emission intensity

(kilotons of carbon dioxide )

Growth rate (%)

(tons of carbon dioxide /person)

(kg of carbon dioxide /NTD)

1990

110,851

2.1

5.5

0.0207

1991

119,943

8.2

5.9

0.0208

1992

128,220

6.9

6.2

0.0206

1993

137,626

7.3

6.6

0.0207

1994

145,669

5.8

6.9

0.0204

1995

153,176

5.2

7.2

0.0201

1996

161,624

5.5

7.6

0.0200

1997

174,024

7.7

8.1

0.0202

1998

185,403

6.5

8.5

0.0206

1999

195,384

5.4

8.9

0.0205

2000

215,488

10.3

9.7

0.0214

2001

219,855

2.0

9.9

0.0223
0.0226

2002

227,836

3.6

10.2

2003

237,213

4.1

10.5

0.0227

2004

245,303

3.4

10.9

0.0221

2005

251,699

2.6

11.1

0.0217

2006

259,265

3.0

11.4

0.0212

2007

262,787

1.4

11.5

0.0203

2008

252,042

-4.1

11.0

0.0193

Note: Between 1990 and 2008, the annual growth rate for carbon dioxide emission from fuel combustion in energy sector was 4.80%.

12

Per capita emission (tons of CO2 per person)
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Figure 2.2.4 Trends for Carbon Dioxide Emission and Per Capita Emission from Fuel
Combustion in Energy Sector in Taiwan between 1990 and 2008[5]、[6]

6. Website of Directorate-General of Budget, Accounting and Statistics, Executive Yuan, http://www.dgbas.gov.tw
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Table 2.2.4 and Figure 2.2.5 show the carbon

industry and construction industry had 41,086,000 tons

dioxide emission in the energy sector in Taiwan

of carbon dioxide equivalents, accounting for 16.30%,

between 1990 and 2008. In the energy sector in 2008,

and decreased from 2007 by 7.55%; the transportation

energy industry had emission of 167,410,000 tons of

industry had 33,103,000 tons of carbon dioxide

carbon dioxide equivalents, accounting for 66.42% of

equivalents, accounting for 13.13%, and decreased

carbon dioxide emission from fuel combustion, and

from 2007 by 5.61%; commerce had 4,090,000 tons of

decreased from 2007 by 3.26%; the manufacturing

carbon dioxide equivalents, accounting for 1.62%, and

Table 2.2.4 Carbon Dioxide Emission Inventory for Energy Sector in Taiwan between 1990 and 2008[5]
Unit: kiloton of carbon dioxide
Manufacturing
Industry and
Construction

Energy Industry

1990

50,705

30,213

19,450

3,582

3,985

2,917

110,852

1991

57,187

31,697

20,679

3,491

4,216

2,673

119,943

1992

61,268

33,136

23,792

2,954

4,424

2,646

128,220

1993

68,944

33,390

25,842

2,465

4,337

2,648

137,626

1994

73,930

34,355

27,265

2,985

4,439

2,694

145,668

1995

79,925

34,976

28,533

2,419

4,574

2,749

153,176

1996

85,546

35,926

29,503

3,143

4,730

2,776

161,624

1997

96,476

37,583

30,230

2,457

4,827

2,451

174,024

1998

105,773

38,240

31,525

2,917

4,927

2,021

185,403

1999

113,262

39,152

32,444

3,123

5,383

2,020

195,384

2000

129,737

42,023

32,875

3,188

5,328

2,338

215,489

2001

134,875

40,950

32,914

3,525

5,160

2,430

219,854

2002

138,911

43,755

34,197

3,458

5,081

2,434

227,836

2003

149,175

42,247

34,164

3,852

4,992

2,783

237,213

2004

155,211

42,554

35,501

3,989

5,101

2,947

245,303

2005

161,983

41,335

36,478

4,100

5,203

2,600

251,699

2006

169,404

42,655

36,406

4,125

5,046

1,630

259,266

2007

173,047

44,442

35,071

4,067

5,080

1,080

262,787

2008

167,410

41,086

33,103

4,090

4,997

1,356

252,042

Average Annual
Growth Rate (%)

6.86

35.99

Transportation

3.00

Commerce

0.74

Residential

Agriculture, Forestry,
Fishery and Husbandry

Year

CO2 Emission from Energy Sector (kilotons of CO2)
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Figure 2.2.5 Carbon Dioxide Emission Trend for Energy Sector in Taiwan between 1990 and 2008[5]
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increased from 2007 by 0.57%; residential had 4,997

3. Methane Emission

tons of carbon dioxide equivalents, accounting for
1.98%, and decreased from 2007 by 1.63%; agriculture

The main methane emission in Taiwan is from

forestry fishery and husbandry had 1,356,000 tons of

the agricultural sector, waste sector and energy

carbon dioxide equivalents, accounting for 0.54%, and

sector. In 2008, total methane emission was 4,727,000

increased from 2007 by 25.56%.

tons of carbon dioxide equivalents. Among all, the
waste sector had 3,103,000 tons of carbon dioxide

For the average annual growth rate in the energy

equivalents; the agricultural sector had 1,595,000

sector between 1990 and 2008, manufacturing

tons of carbon dioxide equivalents; the energy sector

industry and construction industry had 35.99%, as

had 14,000 tons of carbon dioxide equivalents (refer

the highest; the next was 6.86% for energy industry;

to Table 2.2.5 for details). The waste sector is the

3.00% for transportation, 1.27% for residential, 0.74% for

largest source for methane emission, responsible for

commercial; while it declined by -4.17 % for agriculture,

65.65%, and includes 1,854,930 tons of carbon dioxide

forestry, ﬁshery and husbandry.

equivalents (39.24%) from garbage landfill sites and

Table 2.2.5 Methane Emission Inventory for Taiwan between 1990 and 2008[4]、[5]
Unit: kiloton of carbon dioxide equivalents
GHG Emission Source
and Absorbance Sink
Type
1. Energy Sector

1990

1995

2000

2001

2002

2003

2004

2005

2006

2007

2008

7.88

10.47

12.67

12.73

13.16

13.43

13.80

14.03

14.16

14.14

13.53

1A. Fuel Combustion

7.88

10.47

12.67

12.73

13.16

13.43

13.80

14.03

14.16

14.14

13.53

1A1. Energy Industry

1.05

1.56

2.12

2.07

2.03

2.11

2.14

2.23

2.36

2.34

2.26

1A2. Manufacturing
Industry and
Construction

1.89

2.17

2.62

2.66

2.96

2.90

2.97

2.91

3.07

3.33

3.14

1A3. Transportation

3.93

5.87

6.92

6.97

7.14

7.33

7.56

7.78

7.68

7.47

7.12

1A4a. Commerce

0.48

0.32

0.41

0.45

0.44

0.49

0.50

0.51

0.52

0.51

0.51

1A4b. Residential

0.33

0.38

0.44

0.43

0.42

0.41

0.42

0.43

0.42

0.42

0.42

1A4c. Agriculture,
Forestry,
Fishery and
Husbandry

0.20

0.19

0.16

0.17

0.17

0.19

0.20

0.18

0.11

0.07

0.09

2. Industrial Process Sector

4.83

5.88

7.98

10.50

10.71

11.34

11.76

11.78

11.63

15.96

15.20

2B. Chemical Industry

4.83

5.88

7.98

10.50

10.71

11.34

11.76

11.78

11.63

15.96

15.20

4. Agricultural Sector

2,201.63

2,037.77

1,827.99

1,793.03

1,693.27

1,586.91

1,508.42

1,655.11

1,660.74

1,607.43

1,595.04

4A. Livestock
Gastrointestinal
Fermentation

617.86

690.28

579.43

553.20

533.98

524.69

514.31

517.70

511.04

499.99

487.05

4B. Animal Waste
Treatment

335.32

375.23

377.37

370.15

360.15

361.64

361.87

445.09

465.60

448.68

451.65

4C. Rice Culturing

1,210.54

937.48

840.18

841.61

769.68

673.68

608.85

668.48

658.85

636.63

632.74

37.91

34.79

31.01

28.08

29.46

26.90

23.39

23.85

25.25

22.13

23.60

9,760.08

13,491.35

9,179.20

7,383.60

5,533.24

4,584.46

4,386.43

3,298.07

2,799.22

2,489.90

3,103.49

8,955.05

12,650.33

8,398.95

6,338.90

4,498.16

3,600.26

3,364.07

2,345.19

1,915.22

1,179.19

1,854.93

805.03

841.02

780.25

1,044.70

1,035.08

984.21

1,022.36

952.88

884.01

1,310.71

1,248.55

11,974.41

15,545.48

11,027.84

9,199.86

7,250.38

6,196.14

5,920.41

4,978.99

4,485.75

4,127.42

4,727.26

4F. Agricultural Waste
Burning
6. Waste Sector
6A. Garbage Landﬁll
Sites
6B. waste water
treatment
Total Methane
GHG Emission Source and
Absorbance Sink Type

Second National Communication of the Republic of China（Taiwan）
under the United Nations Framework Convention on Climate Change

2.2

1,248,550 tons of carbon dioxide equivalents (26.41%)

from landfill sites between 1990 and 2008 had a

from wastewater treatment. The agricultural sector

negative growth (-8.37%). The main reasons are related

was the second largest source, responsible for 33.74%

to policies in promoting garbage reduction, zero waste

emission, and includes 633,000 tons of carbon dioxide

landﬁll, methane processing and methane recovery for

equivalents (13.39%) from rice culturing, 487,000 tons

power generation.

of carbon dioxide equivalents (10.30%) from emission
by livestock gastrointestinal fermentation, 451,650 tons

4. Nitrous Oxide Emission

of carbon dioxide equivalents (9.55%) from animal
waste treatment, and 24,000 tons of carbon dioxide
equivalents (0.5%) from burning agricultural waste.

The main nitrous oxide emission source in
Taiwan is from the agricultural sector, with the waste
sector, industrial process sector and energy sector all

Figure 2.2.6 shows the methane emission trend for

contributing some emission. In the agricultural sector,

each sector in Taiwan between 1990 and 2008. In 1990,

nitrous oxide emission is mainly from farming soil

total methane emission was about 11,974,000 tons of

emission (accounting for 99%), which includes chemical

carbon dioxide equivalents, which had the highest

fertilizer, animal wastes, nitrogen-ﬁxing crops and crop

from garbage landfill sites (74.78%), the next highest

waste, etc.

was from rice culturing (10.11%), wastewater treatment
(6.72%) and then emission by livestock gastrointestinal

In 2008, the nitrous oxide emission in Taiwan was

fermentation (5.16%). From 1990 to 2008, the emission

about 10,839,000 tons of carbon dioxide equivalents,

decreased by 60.52%, with annual growth rate of -5.03%.

which the agricultural sector had 9,879,000 tons of

During the same period, the waste sector decreased by

carbon dioxide equivalents (91.15%), the waste sector

68.20% and the agricultural sector decreased by 27.55%.

had 545,000 tons of carbon dioxide equivalents (5.03%),

Among all, the waste sector, between 1990 and 2000,

and the industrial process sector had 412,000 tons of

decreased methane emission by 28.04%, mainly due to

carbon dioxide equivalents (3.80%), and the energy

large decrease in landfill quantity. As of 2008, garbage

sector had 3,000 tons of carbon dioxide equivalents

landfill continued to decrease. The methane emission

(0.03%), as shown in Table 2.2.6.

Methane Emission (kilotons of CO2 Equivalents)

40
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6,000
4,000
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Figure 2.2.6 Methane Emission Trend for each Sector in Taiwan between 1990 and 2008[4]
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Table 2.2.6 Nitrous Oxide Emission Inventory for Taiwan between 1990 and 2008[4]
Unit: kiloton of carbon dioxide equivalents
GHG Emission Source and
Absorbance Sink Type
1. Energy Sector

1990

1995

2000

2001

2002

2003

2004

2005

2006

2007

2008

1.02

1.48

2.21

2.29

2.40

2.54

2.61

2.70

2.79

2.85

2.73

1A. Fuel Combustion

1.02

1.48

2.21

2.29

2.40

2.54

2.61

2.70

2.79

2.85

2.73

1A1. Energy Industry

0.48

0.82

1.46

1.53

1.59

1.75

1.80

1.89

1.98

2.03

1.95

1A2. Manufacturing
Industry and
Construction

0.30

0.34

0.40

0.40

0.43

0.42

0.42

0.42

0.43

0.47

0.44

1A3. Transportation

0.17

0.26

0.30

0.30

0.31

0.30

0.32

0.32

0.32

0.31

0.29

1A4a. Commerce

0.04

0.03

0.03

0.03

0.04

0.04

0.04

0.04

0.04

0.04

0.04

1A4b. Residential

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

1A4c. Agriculture,
Forestry,
Fishery and
Husbandry

0.02

0.02

0.02

0.02

0.02

0.02

0.02

0.02

0.01

0.01

0.01

2. Industrial Process Sector

183.07

193.85

115.20

182.75

207.05

206.74

205.79

205.79

246.85

238.70

411.53

2B. Chemical Industry

183.07

193.85

115.20

182.75

207.05

206.74

205.79

205.79

246.85

238.70

411.53

12,073.63

13,185.55

11,793.28

11,739.73

11,463.72

10,453.36

11,003.70

10,727.07

10,893.11

10,648.75

9,879.14

28.37

29.71

34.05

33.79

33.03

33.37

33.31

44.51

47.37

45.86

46.79

12,032.04

13,143.64

11,748.50

11,696.21

11,420.48

10,410.67

10,962.29

10,674.32

10,837.03

10,595.24

9,824.20

13.22

12.19

10.73

9.72

10.21

9.32

8.10

8.25

8.72

7.65

8.15

478.11

520.66

532.80

512.64

531.53

542.59

522.05

524.99

531.16

538.60

545.24

10.52

0.58

0.26

0.02

0.34

2.15

6.22

9.07

10.48

13.45

15.31

467.58

520.08

532.54

512.62

531.19

540.44

515.83

515.92

520.68

525.15

529.94

12,735.83

13,901.54

12,443.50

12,437.41

12,204.70

11,205.22

11,734.15

11,460.56

11,673.91

11,428.90

10,838.63

4. Agricultural Sector
4B. Animal Waste
Treatment
4D. Rice Culturing
4F.Agricultural Waste
Burning
6. Waste Sector
6A. Garbage Landﬁll
Sites
6B. waste water
treatment
Total Nitrous Oxide
Emission

The nitrous oxide emission trend for each sector in

from the agricultural sector (94.80%). The waste sector

Taiwan between 1990 and 2008 is shown in Figure 2.2.7.

had 3.75%, industrial process sector had 1.44%, and

In total nitrous oxide emission, it was 12,736,000 tons of

energy sector had 0.01%. In 1996, nitrous oxide emission

carbon dioxide equivalents in 1990, in which most came

was at its highest, 14,217,000 tons of carbon dioxide

Nitrous Oxide Emission (kilotons of CO2 Equivalents)

16,000

Garbage landfill site
14,000

12,000

10,000

8,000

Fuel combustion
Agricultural waste burning
(rice crop burning)
Livestock waste treatment

6,000

Chemical industry

4,000

Waste water treatment

2,000
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Figure 2.2.7 Nitrous Oxide Emission Trend for each Sector in Taiwan between 1990 and 2008[4]
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equivalents, in which the agricultural sector had 94.85%,

used, the related domestic industries have started

waste sector had 3.69%, industrial process sector had

to take appropriate measures in use management

1.45%, energy sector had 0.01%. In total nitrous oxide

and emission reduction in accordance with strict

emission, from 1990 to 2008, it decreased by 14.90%, with

management requirements on high global warming

an average annual growth rate of -0.89%. During the same

potential gases by the international society.

period, farmland emission had the greatest decrease,
18.35%, with average annual growth rate of 1.12%.

The emission from Taiwanʼs HFCs decreased from
1,592,000 tons of carbon dioxide equivalents in 1993 to

5. Fluorinated Greenhouse Gas Emission

1,001,000 tons of carbon dioxide equivalents in 2008. The
emission from PFCs decreased from 2,386,000 tons of

In recent years, global climate change has been an

carbon dioxide equivalents in 2000 to 1,498,000 tons of

issue that the international society has been increasingly

carbon dioxide equivalents in 2008; while the emission

concerned about. Carbon dioxide from massive fossil

from SF6 increased from 494,000 tons of carbon dioxide

fuel combustion is the most concerned greenhouse

equivalents in 2000 to 2,844,000 tons of carbon dioxide

gas. With technical advancement, the fluorides with

equivalents in 2008, as shown in Table 2.2.7.

high greenhouse gas potential and applications
for emerging technical industries have also caught

For total emission of ﬂuorinated greenhouse gases,

increasing attention. Fluorinated greenhouse gases are

it decreased from 8,518,000 tons of carbon dioxide

mostly used in economically critical industries, including

equivalents in 2000, about 3.32% of total greenhouse gas

semiconductor, optoelectronics, power facilities and

emission for 2000, to 5,343,000 tons of carbon dioxide

magnesium alloy, which are emission concentrating

equivalents in 2008, about 1.88% of total greenhouse gas

industries. While these gases have been increasingly

emission for 2008, with emission reduction of 37.28%. In

Table 2.2.7 Emissions of PFCs, HFCs and SF6 by Industrial Process Sector in Taiwan between 1990 and 2008[4]
Unit: kiloton of carbon dioxide equivalents
Year

emission from
PFCs use

emission from
SF6 use

emission from HFCs
production

emission from
HFCs use

Total emission from
HFCs production
and use

Total emission
from ﬂuorinated
greenhouse gas

1990

NE.

NE

NE

NE

NE

NE

1991

NE

NE

NE

NE

NE

NE

1992

NE

NE

NE

NE

NE

NE

1993

NE

NE

1,591.67

NE

1,591.67

1994

NE

NE

1,801.80

NE

1,801.80

1,801.80

1995

NE

NE

1,689.48

NE

1,689.48

1,689.48

1,591.67

1996

NE

NE

2,751.84

NE

2,751.84

2,751.84

1997

NE

NE

3,114.54

NE

3,114.54

3,114.54

1998

NE

NE

4,390.78

NE

4,390.78

4,390.78

1999

NE

NE

3,392.06

NE

3,392.06

3,392.06

2000

2,385.62

493.61

4,887.79

751.39

5,639.18

8,518.41

2001

2,021.47

546.12

5,412.42

919.44

5,412.42

8,899.45

2002

2,508.99

593.03

4,547.09

868.22

5,415.31

8,517.33

2003

2,776.12

969.18

4,082.83

837.14

4,919.97

8,665.28

2004

2,851.56

1,285.12

3,604.54

889.78

4,494.31

8,630.99

2005

2,505.30

2,892.73

677.66

969.06

1,646.73

7,044.76

2006

2,656.53

2,992.85

0.00

1,028.22

1,028.22

6,677.60

2007

2,308.86

2,932.56

0.00

1,030.87

1,030.87

6,272.29

2008

1,497.74

2,844.09

0.00

1,001.09

1,001.09

5,342.92

Note: NE means it is not estimated.
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2008, the emission of ﬂuorinated greenhouse gases was

By sector, in 1990 the energy sector had

14.82% less than that of 2007. Among all the reductions,

greenhouse gas emission (excluding land use change

PFCs had -35.13%, SF6 had -3.02% and HFCs had -2.89%,

and forestry absorbance) of 75.36% of total greenhouse

as shown in Figure 2.2.8. The preliminary analysis

gas emission in Taiwan; the industrial process sector

indicated the PFCs and HFCs emission reductions were

had 7.98%; the agriculture sector had 9.70%; the waste

due to reduced usage by the semiconductor industry,

sector had 6.96%; in 2008, the energy sector had

while SF6 emission reduction was due to reduced usage

greenhouse gas emission (excluding land use change

by the power industry and magnesium alloy industry.

and forestry absorbance) of 88.59% of total greenhouse

2.3 Statistics on Greenhouse Gas
Emission and Absorbance by
Sector
1. Greenhouse Gas Emission by Sector

gas emission in Taiwan; the industrial process sector
had 6.09%; the agriculture sector had 4.03%; the waste
sector had 1.28%. The energy sector has been the
largest sector for greenhouse gas emission in Taiwan for
many years. Between 1990 and 2008, the greenhouse
gas emission trend by sector in Taiwan is shown in
Figure 2.3.1 and Table 2.3.1.

14,000

kiloton of CO2 Equivalents

12,000

10,000

Emission from HFCs use

8,000

Emission from HFCs production

6,000

Emission from SF6 use

4,000

Emission from PFCs use

2,000

0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 12004 2005 2006 2007 2008 (Year)

Figure 2.2.8 Fluorinated Greenhouse Gas Emission Trend for Industrial Process Sector in Taiwan
between 1990 and 2008[4]
GHG emission (kilotons of CO2 equivalents)
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Table 2.3.1 Greenhouse Gas Emission Inventory by Sector in Taiwan between 1990 and 2008[4]、[5]
Unit: kilotons of carbon dioxide equivalents
Year

Energy Sector

Industrial
Process Sector

Agriculture
Sector

Land Use Change and
Forestry Sector

Waste Sector

Total GHG
Emission

Net GHG
Emission

1990

110,861

11,735

14,275

-18,704

10,238

147,109

128,406

1991

119,952

12,108

15,054

-16,947

9,494

156,609

139,661

1992

128,230

13,218

14,862

-18,979

10,448

166,759

147,780

1993

137,637

16,877

15,126

-19,107

11,779

181,420

162,313

1994

145,679

16,468

15,362

-19,173

12,391

189,900

170,727

1995

153,188

16,022

15,223

-19,206

14,012

198,445

179,239

1996

161,636

17,093

15,539

-19,133

13,949

208,218

189,085

1997

174,037

18,277

13,532

-19,283

14,028

219,873

200,590

1998

185,417

17,553

12,986

-19,298

13,833

229,788

210,490

1999

195,398

15,308

13,437

-19,301

13,297

237,440

218,139

2000

215,504

17,813

13,621

-19,360

9,712

256,651

237,291

2001

219,869

19,815

13,533

-18,601

7,896

261,113

242,512

2002

227,852

20,492

13,157

-19,554

6,065

267,565

248,011

2003

237,229

20,269

12,040

-19,624

5,127

274,665

255,041

2004

245,319

20,825

12,512

-19,672

4,908

283,565

263,893

2005

251,716

19,382

12,382

-19,628

3,823

287,303

267,676

2006

259,283

19,444

12,554

-19,738

3,330

294,611

274,873

2007

262,804

18,713

12,256

-19,730

3,029

296,801

277,071

2008

252,058

17,334

11,474

-19,807

3,649

284,515

264,707

Between 1990 and 2008, total greenhouse gas

2. Greenhouse Gas Emission from Energy Sector

emission in Taiwan increased by 93.40% with an annual
growth rate of 3.73%, among which the energy sector

The types of greenhouse gas emission from the

increased by 127.36% with an annual growth rate of

energy sector include carbon dioxide, methane and

4.67%; the industrial process sector increased by 47.71%

nitrous oxide. The total greenhouse gas emission from

with an annual growth rate of 2.19%; the agriculture

the energy sector increased every year. But in 2008,

sector decreased by 19.62% with an annual growth rate

it decreased for the first time, as shown in Table 2.3.2

of -1.21%; the waste sector decreased by 64.36% with

and Figure 2.3.2. In 1990, among the total greenhouse

an annual growth rate of -5.57%; land use change and

emission from the energy sector, the energy industry

forestry absorbance increased by 5.90% with an annual

had 45.74%; the manufacturing industry and

growth rate of 0.32%. In 2008, the total greenhouse gas

construction had 27.26%; transportation had 17.55%;

emission was 4.14% less than that of 2007. Among all,

commerce had 3.23%; residential had 3.59%, agriculture

the energy sector decreased by 4.09%; the industrial

forestry fishery and husbandry had 2.63%; in 2008, the

process sector decreased by 7.37%; the agriculture

energy industry had 66.42%; the manufacturing industry

sector decreased by 6.38%, and the waste sector

and construction had 16.30%; transportation had

increased by 20.48%; while land use change and forestry

13.14%; commerce had 1.62%; residential had 1.98%,

sector had carbon absorbance increase by 0.39%.

agriculture forestry ﬁshery and husbandry had 0.54%.

Table 2.3.2 Greenhouse Gas Emission Inventory for Energy Sector in Taiwan between 1990 and 2008[4]、[5]
Year

1990

1995

2000

2001

2002

2003

2004

2005

2006

2007

2008

carbon dioxide emission (kiloton of carbon dioxide equivalents)
Energy Industry

50,705

79,925

129,737

134,875

138,911

149,175

155,211

161,983

169,404

173,047

167,410

Manufacturing Industry and Construction

30,213

34,976

42,023

40,950

43,755

42,247

42,554

41,335

42,655

44,442

41,086

Transportation

19,450

28,533

32,875

32,914

34,197

34,164

35,501

36,478

36,406

35,071

33,103
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Year

1990

1995

2000

2001

2002

2003

2004

2005

2006

2007

2008

Commerce

3,582

2,419

3,188

3,525

3,458

3,852

3,989

4,100

4,125

4,067

4,090

Residential

3,985

4,574

5,328

5,160

5,081

4,992

5,101

5,203

5,046

5,080

4,997

Agriculture, Forestry, Fishery, Husbandry
Total

2,917

2,749

2,338

2,430

2,434

2,783

2,947

2,600

1,630

1,080

1,356

110,852

153,176

215,489

219,854

227,836

237,213

245,303

251,699

259,266

262,787

252,042

methane emission (kiloton of carbon dioxide equivalents)
Energy Industry

1.05

1.56

2.12

2.07

2.03

2.11

2.14

2.23

2.36

2.34

2.26

Manufacturing Industry and Construction

1.89

2.17

2.62

2.66

2.96

2.90

2.97

2.91

3.07

3.33

3.14

Transportation

3.93

5.87

6.92

6.97

7.14

7.33

7.56

7.78

7.68

7.47

7.12

Commerce

0.48

0.32

0.41

0.45

0.44

0.49

0.50

0.51

0.52

0.51

0.51

Residential

0.33

0.38

0.44

0.43

0.42

0.41

0.42

0.43

0.42

0.42

0.42

Agriculture, Forestry, Fishery, Husbandry

0.20

0.19

0.16

0.17

0.17

0.19

0.20

0.18

0.11

0.07

0.09

Total

7.88

10.47

12.67

12.73

13.16

13.43

13.80

14.03

14.16

14.14

13.53

nitrous oxide emission (kiloton of carbon dioxide equivalents)
Energy Industry

0.48

0.82

1.46

1.53

1.59

1.75

1.80

1.89

1.98

2.03

1.95

Manufacturing Industry and Construction

0.30

0.34

0.40

0.40

0.43

0.42

0.42

0.42

0.43

0.47

0.44

Transportation

0.17

0.26

0.30

0.30

0.31

0.30

0.32

0.32

0.32

0.31

0.29

Commerce

0.07

0.06

0.06

0.06

0.06

0.07

0.07

0.07

0.06

0.06

0.06

Residential

0.04

0.03

0.03

0.03

0.04

0.04

0.04

0.04

0.04

0.04

0.04

Agriculture, Forestry, Fishery, Husbandry

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

Total

0.02

0.02

0.02

0.02

0.02

0.02

0.02

0.02

0.01

0.01

0.01

Total greenhouse gas emission (kiloton of carbon dioxide equivalents)
Energy Industry

50,707

79,927

129,741

134,879

138,915

149,179

155,215

161,987

169,408

173,051

167,414

Manufacturing Industry and Construction

30,215

34,979

42,026

40,953

43,758

42,250

42,557

41,338

42,659

44,446

41,090

Transportation

19,454

28,539

32,882

32,921

34,204

34,172

35,509

36,486

36,414

35,079

33,110

Commerce

3,583

2,419

3,188

3,525

3,458

3,853

3,990

4,101

4,126

4,068

4,091

Residential

3,985

4,574

5,328

5,160

5,081

4,992

5,101

5,203

5,046

5,080

4,997

Agriculture, Forestry, Fishery, Husbandry

2,917

2,749

2,338

2,430

2,434

2,783

2,947

2,600

1,630

1,080

1,356

110,861

153,188

215,504

219,869

227,852

237,229

245,319

251,716

259,283

262,804

252,058
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Figure 2.3.2 Greenhouse Gas Emission Trend for Energy Sector in Taiwan between 1990 and 2008[4]、[5]
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For the greenhouse gas emission between 1990

For detailed emission data and percentage for the

and 2008, the energy industry increased by 230.16%

energy sector by industry, please refer to Table 2.3.3.

with an annual growth rate of 6.86%; the manufacturing

According to the greenhouse gas emission analysis for

industry and construction increased by 35.99% with an

the energy sector including the manufacturing industry

annual growth rate of 1.72%; transportation increased by

and construction, transportation, commerce, residential,

70.20% with an annual growth rate of 3.00%; commerce

agriculture forestry ﬁshery and husbandry and others, in

increased by 14.18% with an annual growth rate of 0.74%;

2008 the total greenhouse gas emission was 252,058,000

residential increased by 25.40% with an annual growth

tons of carbon dioxide equivalents, or 88.59% of total

rate of 1.27%; agriculture, forestry, fishery and husbandry

greenhouse gas emission in Taiwan, among which the

decreased by 53.51% with an annual growth rate of -4.17%.

energy industry had 167,414,000 tons of carbon dioxide

For the greenhouse gas emission in 2008, the energy

equivalents, 66.42% of total emission in the energy

sector decreased to 252,058,000 tons of carbon dioxide

sector; the manufacturing industry and construction

equivalents, 4.09% less than that of 2007, among which

had 41,090,000 tons of carbon dioxide equivalents

the manufacturing industry and construction(-7.55%),

(16.30%); transportation had 33,110,000 tons of carbon

transportation (-5.61%) and energy industry (-3.26%) had

dioxide equivalents (13.14%); residential had 4,997,000

relatively higher decreases, while agriculture, forestry,

tons of carbon dioxide equivalents (1.98%); commerce

ﬁshery and husbandry increased by 25.56%.

had 4,068,000 tons of carbon dioxide equivalents
(1.62%); agriculture, forestry, ﬁshery and husbandry had
1,356,000 tons of carbon dioxide equivalents (0.54%).

Table 2.3.3 Total Greenhouse Gas Emission Quantity and Percentage for Energy Sector in Taiwan[4]、[5]
Unit: kiloton of carbon dioxide equivalents
Year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Energy Industry

Manufacturing Industry
and Construction
30,125

50,707
(45.74%)

(27.26%)

57,189
(47.68%)

31,699
33,138
33,392
34,357
37,979
35,929
37,586
38,243

31,532
(17.01%)

39,155
(20.04%)

30,237
(17.37%)

(20.63%)

113,265
(57.97%)

29,509
(18.26%)

(21.60%)

105,776
(57.05%)

28,539
(18.63%)

(22.23%)

96,479
(55.44%)

27,271
(18.72%)

(22.83%)

85,548
(52.93%)

25,847
(18.78%)

(23.58%)

79,927
(52.18%)

23,797
(18.56%)

(24.26%)

73,932
(50.75%)

20,683
(17.24%)

(25.84%)

68,946
(50.09%)

19,454
(17.55%)

(26.43%)

61,270
(47.78%)

Transportation

32,451
(16.61%)

Commerce
3,583
(3.23%)
3,492
(2.91%)
2,954
(2.30%)
2,465
(1.79%)
2,985
(2.05%)
2,419
(1.58%)
3,143
(1.94%)
2,457
(1.41%)
2,917
(1.57%)
3,123
(1.60%)

Residential

Agriculture, Forestry,
Fishery and Husbandry

3,985
(3.59%)

2,917
(2.63%)

4,216
(3.52%)

2,673
(2.23%)

4,424
(3.45%)

2,646
(2.06%)

4,337
(3.15%)

2,648
(1.92%)

4,439
(3.05%)

2,694
(1.85%)

4,574
(2.99%)

2,749
(1.79%)

4,730
(2.93%)

2,776
(1.72%)

4,827
(2.77%)

2,451
(1.41%)

4,927
(2.66%)

2,021
(1.09%)

5,383
(2.76%)

2,020
(1.03%)

Total
110,861
119,952
128,230
137,637
145,679
153,188
161,636
174,037
185,417
195,398
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Year
2000
2001
2002
2003
2004
2005
2006
2007
2008

Energy Industry

Manufacturing Industry
and Construction

Transportation

42,026

129,741
(60.20%)

32,882

(19.50%)

134,879

(15.26%)
40,953

(61.34%)
138,915

(14.97%)
43,758

34,204

(19.20%)

149,179

(15.01%)
42,250

(62.88%)
155,215

(14.40%)
42,557

(63.27%)

35,509

(17.35%)

161,987

(14.47%)
41,338

(64.35%)

36,486

(16.42%)

169,408

(14.49%)
42,659

(65.34%)

36,414

(16.45%)

173,051

(14.04%)
44,446

(65.85%)
167,414

(13.35%)
41,090

(66.42%)

33,110

(16.30%)

(13.14%)

4,992
5,101

2,947
(1.20%)

5,203

2,600

(2.07%)

(1.03%)

5,046

1,630

(1.95%)

(0.63%)

5,080

1,080

(1.93%)

4,091
(1.62%)

2,783
(1.17%)

(2.08%)

4,068
(1.55%)

2,434
(1.07%)

(2.10%)

4,126
(1.59%)

35,079

(16.91%)

5,081

4,101
(1.63%)

2,430
(1.11%)

(2.23%)

3,990
(1.63%)

2,338

5,160

3,853
(1.62%)

Total

(1.08%)

(2.35%)

3,458
(1.52%)

34,172

(17.81%)

5,328
(2.47%)

3,525
(1.60%)

Agriculture, Forestry,
Fishery and Husbandry

Residential

3,188
(1.48%)

32,921

(18.63%)

(60.97%)

Commerce

(0.41%)

4,997

1,356

(1.98%)

(0.54%)

215,504
219,869
227,852
237,229
245,319
251,716
259,283
262,804
252,058

The analysis for growth rate for the energy

The types of greenhouse gases from industrial

sector between 1990 and 2008 indicated that the

process sector include carbon dioxide, methane,

energy sector had 6.86%, transportation had 3.00%,

nitrous oxide, PFCs, HFCs and SF 6 . Over years, the

manufacturing industry and construction had 1.72%,

greenhouse gas emission from this sector appeared

residential had 1.27%, commerce had 0.74% and

ﬂuctuating, as shown in Table 2.3.4 and Figure 2.3.3. The

agriculture forestry fishery and husbandry had -4.17%,

total greenhouse gas emission from industrial process

among which the energy industry and transportation

sector increased from 11,735,000 tons of carbon dioxide

and manufacturing industry and construction had

equivalents in 1990, about 7.98% of total greenhouse

relatively high growth rates, while agriculture, forestry,

gas emission in Taiwan, to 20,825,000 tons of carbon

ﬁshery and husbandry showed decreasing growth rates.

dioxide equivalents in 2004, which became the year
with most emission, accounting for 7.34% of total

3. Greenhouse Gas Emission from Industrial
Process Sector

emission in Taiwan. In 15 years, it increased by 77.46%.
The increase after 2002 was mainly due to the increase
in ﬂuorinated greenhouse gas emission.

Table 2.3.4 Greenhouse Gas Emission Inventory from Industrial Process Sector in Taiwan between 1990 and 2008[4]
Unit: kiloton of carbon dioxide equivalents
Year

1990

1995

2000

2001

2002

2003

2004

2005

2006

2007

2008

CO2

11,547

14,132

9,172

10,722

11,759

11,386

11,976

12,120

12,508

12,186

CH4

5

6

8

11

11

11

12

12

12

16

15

N2O

183

194

115

183

207

207

206

206

247

239

412

HFCs

NE

PFCs

NE.

NE

SF6

NE.

NE

Total

11,735

1,689

16,022

11,564

5,639

5,412

5,415

4,920

4,494

1,647

1,028

1,031

1,001

2,386

2,021

2,509

2,776

2,852

2,505

2,657

2,309

1,498

494

546

593

969

1,285

2,893

2,993

2,933

2,844

17,813

19,815

20,492

20,269

20,825

19,382

19,444

18,713

17,334

Note: NE means it is not estimated.
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Figure 2.3.3 Greenhouse Gas Emission Trend for Industrial Process
Sector in Taiwan between 1990 and 2008[4]

In 2008, the total greenhouse gas emission from

and have accomplished significant results since they

the industrial process sector was 17,334,000 tons of

installed pollution control equipment in their processes

carbon dioxide equivalents (1.88%), 7.37% less than that

for exhaust gases (required eﬃciency 95% and up).

in 2007, among which the emissions of carbon dioxide
(-5.10%), PFCs (-35.13%), SF6 (-3.02%) and HFCs (-2.89%)
had more reduction. Preliminary analysis indicated that

4. Greenhouse Gas Emission from Agriculture
Sector

reduction of carbon dioxide emission was mainly due to
reduced production of cement and usage of limestone.

The types of greenhouse gases from the

Reduction in PFCs and HFCs emissions was related to

agriculture sector include methane and nitrous oxide.

reduced usage by the semiconductor industry. SF6

The greenhouse gas emission from this sector appeared

emission reduction was due to reduced usage by the

to be fluctuating. It increased from 14,275,000 tons

power industry and magnesium alloy industry.

of carbon dioxide equivalents in 1990, approximately
9.70% of total greenhouse gas emission in Taiwan,

In Taiwan, ﬂuorinated greenhouse gas emission is

to 15,539,000 tons of carbon dioxide equivalents in

mainly from the semiconductor industry and the thin

1996, as the peak year, about 7.46% of total emission in

film transistor-liquid crystal display (TFT-LCD) panel

Taiwan. In 2003, it was 12,040,000 tons of carbon dioxide

industry. In recent years with increasing capacity, the

equivalents, approximately 4.38% of total greenhouse

overall emission has maintained constant because

gas emission in Taiwan, 15.66% less than that in 1990,

the TFT-LCD industry and semiconductor industry

with annual growth rate of -1.30%, as shown in Table

had signed voluntary PFCs emission reduction

2.3.5 and Figure 2.3.4.

memorandum with the EPA as early as 2004 and 2005
Table 2.3.5 Greenhouse Gas Emission Inventory for Agriculture Sector in Taiwan between 1990 and 2008[4]
Unit: kiloton of carbon dioxide equivalents
Type

1990

1995

2000

2001

2002

2003

2004

2005

2006

2007

2008

CH4

2,202

2,038

1,828

1,793

1,693

1,587

1,508

1,655

1,661

1,607

1,595

N2O

12,074

13,186

11,793

11,740

11,464

10,453

11,004

10,727

10,893

10,649

9,879

Total

14,275

15,223

13,621

13,533

13,157

12,040

12,512

12,382

12,554

12,256

11,474
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Figure 2.3.4 Greenhouse Gas Emission Trend for Agriculture Sector in Taiwan
between 1990 and 2008[4]

In 2008, the greenhouse gas emission from the

forestry resources. Carbon stock is not increased much

agriculture sector in Taiwan was 11,474,000 tons of

by forestation or decreased much by forest disturbance.

carbon dioxide equivalents, 6.38% less than that in 2007,

Between 1990 and 2008, the annual carbon stock from

among which livestock gastrointestinal fermentation

forestry resources was 4,622,000 tons of carbon in 1991,

had 4.24%, animal waste had 4.34%, rice ﬁeld had 5.51%,

as the lowest (mainly due to forest fire), while it was

soil had 85.62%, and residue combustion had 0.28%.

5,402,000 tons in 2008, as the highest, as shown in Table

Methane emission was 1,595,000 tons of carbon dioxide

2.3.6.

equivalents, 0.77% less than that in 2007; while nitrous
oxide emission was 9,879,000 tons of carbon dioxide

Figure 2.3.5 shows the greenhouse gas emission

equivalents, with a 7.23% reduction. Nitrous oxide

trend for land use change and forestry in Taiwan

emission mostly came from soil. The emission reduction

between 1990 and 2008. In 1990, the absorbance

was due to reduced usage of chemical fertilizers, which

was 118,700,000 tons of carbon dioxide equivalents,

in 2007 was 970,000 tons; while in 2008 was 892,000 tons

while in 2008 it was 19,807,000 tons of carbon dioxide

with an 8.05% reduction. Methane emission reduction

equivalents, 77,000 tons of carbon dioxide equivalents

was mostly on livestock gastrointestinal fermentation,

(0.41%) more than that in 2007. From 1990 to 2008,

13,000 tons of carbon dioxide equivalents (-2.6%) less

carbon dioxide absorbance increased by about 5.94%,

than that in 2007, mainly due to reduced number of

with annual growth rate of 0.32%.

livestock.

5. Greenhouse Gas Absorbance from Land
Use Change and Forestry Sector

6. Greenhouse Gas Emission from Waste
Sector
The types of greenhouse gases from the waste

The greenhouse gas absorbed from land use

sector include methane and nitrous oxide. Over the

change and the forestry sector is mainly carbon dioxide.

years, the greenhouse gas emission from the sector

Over the years, the greenhouse gas absorbance by

appeared to be ﬂuctuating, as shown in Table 2.3.7 and

this sector appeared to be fluctuating. Carbon stock

Figure 2.3.6. It decreased from 10,240 tons of carbon

does not change every year and is mainly affected by

dioxide equivalents in 1990, 6.96% of total greenhouse
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Table 2.3.6 Carbon Dioxide Absorbance by Forestry Resources in Taiwan between 1990 and 2008[4]
Year

LWOOD-REMOVALS
Lfuelwood
Ldisturbance
△CG-TOTAL
△CG-AFF
△C
(kiloton of carbon) (kiloton of carbon) (kiloton of carbon) (kiloton of carbon) (kiloton of carbon) (kiloton of carbon)

1990

5,210

0

93

15

1

CO2吸收量
(kiloton of
carbon dioxide
equivalents)

5101

-18,704

1991

5,210

20

60

9

539

4622

-16,947

1992

5,210

26

51

8

1

5176

-18,979

1993

5,210

40

32

3

4

5211

-19,107

1994

5,210

51

27

2

3

5229

-19,173

1995

5,210

62

27

6

1

5238

-19,206

1996

5,210

68

27

4

29

5218

-19,133

1997

5,210

83

20

4

10

5259

-19,283

1998

5,210

92

20

5

14

5263

-19,298

1999

5,210

114

21

4

35

5264

-19,301

2000

5,210

136

19

2

45

5280

-19,360

2001

5,210

140

18

3

256

5073

-18,601
-19,554

2002

5,210

154

26

3

2

5333

2003

5,210

182

33

7

0

5352

-19,624

2004

5,210

201

28

5

13

5365

-19,672

2005

5,210

209

27

3

36

5353

-19,628

2006

5,210

212

34

4

1

5383

-19,738

2007

5,210

219

33

4

16

5381

-19,730

2008

5,210

231

27

3

2

5402

-19,807

備註：
△C = (△CGTOTAL + △CGAFF) - (LWOOD-REMOVALS + Lfuelwood + Ldisturbance)
△CG-TOTAL：average annual carbon stock change for forestry resources
△CG-AFF：annual carbon stock change due to forestation
LWOOD-REMOVALS：annual carbon stock decrease due to commercial logging
Lfuelwood：annual carbon stock decrease due to ﬁrewood usage
Ldisturbance：annual carbon stock decrease due to other factors

Kiloton of CO2 equivalents

50

-5,000

CO2 absorbance

-10,000

-15,000

0
-20,000
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 （Year）

Figure 2.3.5 Greenhouse Gas Emission Trend for Land Use Change and
Forestry Sector in Taiwan between 1990 and 2008[4]

gas emission in Taiwan, to 3,650 tons of carbon dioxide

From 1999 to 2000, methane emission was greatly

equivalents in 2008, 1.28% of total greenhouse gas

reduced mainly due to garbage reduction measures

emission in Taiwan, 64.36% less than that of 1990, with

that caused massive reduction in reduced sanitary

annual growth rate of -5.57%.

landﬁll capacity and general landﬁll capacity as well as
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Table 2.3.7 Greenhouse Gas Emission Inventory for Waste Sector in Taiwan between 1990 and 2008[4]
Unit: kiloton of carbon dioxide equivalents
Type

1990

CH4

9,760.08

1995
13,491.35

2000

2001

2002

2003

2004

2005

2006

2007

2008

9,179.20

7,383.60

5,533.24

4,584.46

4,386.43

3,298.07

2,799.22

2,489.90

3,103.49

N2O

478.11

520.66

532.80

512.64

531.53

542.59

522.05

524.99

531.16

538.60

545.24

Total

10,238.19

14,012.02

9,712.00

7,896.23

6,064.77

5,127.05

4,908.48

3,823.06

3,330.38

3,028.50

3,648.73

Kiloton of CO2 equivalents

15,000

10,000

N2O emission
CH4 emission
5,000

0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

（Year）

Figure 2.3.6 Greenhouse Gas Emission Trend for Waste Sector in Taiwan between 1990 and 2008[4]

the methane recovery measure. In the waste sector

trend from the data in national inventory, and the

in 2008, general waste landfill had the most methane

inventory data for more than one year are available, use

reduction, 52% less than that in 2007, due to continuing

the following formula to calculate the contribution of

reduction in garbage landﬁll.

each emission source to overall inventory trend:

2.4 Greenhouse Gas Critical
Sources and Trend Analysis
The emission inventory will use Level Assessment

Trend Assessment＝Level Assessment ×∣
emission trend−overall trend∣
Tx,t＝Lx,t ×∣｛〔（Ex,t −Ex,0）/ Ex,t〕−〔（Et −E0）/ Et〕｝∣

and Trend Assessment included in the Tier 1 method
of IPCC Guidelines to identify critical emission sources

In which, Tx,t is the contribution of emission source

(critical factors). The following describes the parameter

x to overall inventory trend, called trend assessment

estimation by Tier 1 method:

value;

Level Assessment (L x,t )＝ emission source x

Ex,t、Ex,0 is emission of emission source x in t,0 year

emission in t year (Ex,t)/ total emission (Et)
Et、E0 is emission of overall inventory x in t,0 year
Rank level assessment values (Lx,t) for each source
in t year from high to low, and then add up the values

For the same reason, rank trend assessment value

until the sum gets to 95%, the emission source will be

for each emission source and then add up the values

the critical source for that year.

until the sum gets to 95%, the emission source will be the
critical emission source for the overall inventory trend.

When level assessment value is not large enough
and not identified as a critical source, with different
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The Tier 1 method was used to analyze critical

process (2A), which includes carbon dioxide emission

greenhouse gas emission sources for Taiwan between

from cement manufacturing. The type of greenhouse

1990 and 2008 to study the effect of emission sources

gas for agricultural soils (4D) is nitrous oxide. The use of

on total national greenhouse gas emission and the

halocarbons and SF6 (2F) leads to emissions of PFCs, HFCs

results are shown in Table 2.4.1. Among 17 emission

and SF6.

sources in 2008, the sum of seven emission sources
including energy industry (1A1), manufacturing industry

According to the analysis of greenhouse gas

and construction (1A2), transportation (1A3), non-metal

emission trend between 1990 and 2008, the ranking

process (2A), agricultural soils (4D), use of halocarbons

for the emission sources affecting the emission trend

and SF6 (2F), residential (1A4a) reached 95.60% of total

is: energy industry (1A1), manufacturing industry and

greenhouse gas emission in 2008. Four emission sources

construction (1A2), garbage landfill (6A), agricultural

belong to fuel combustion by energy sector. Non-metal

soils (4D), non-metal process (2A), use of halocarbons

process (2A) and use of halocarbons and SF6 (2F) belong

and SF6 (2F), transportation (1A3), commerce (1A4a),

to industrial process sector. Agricultural soils belong

residential (1A4a) etc. Among all, garbage landfill sites

to agriculture sector (4D). From the above analysis, it is

(6A), non-metal process (2A), agricultural soils (4D) are

known that the top three emission sources in Taiwan

emission sources with emission reduction, contributing

are all from fuel combustion. The type of greenhouse

to greenhouse gas emission reduction for Taiwan; while

gas is mainly carbon dioxide. The next is non-metal

the energy industry (1A1), manufacturing industry and

Table 2.4.1 Critical Source Analysis for Greenhouse Gas Emission for Taiwan in 2008
1990年
greenhouse gas emission
source and absorbance

Emission Contribution

2008年

GHG Emission
(kiloton of carbon dioxide
equivalents)

Level
Assessment

Accumulated
Level Assessment

Critical Source?
Trend
Assessment

Level
Assessment

Trend
Assessment

1A1. Energy Industry

50,706.53

167,414.21

58.84%

58.84%

46.35%

ν

ν

1A2. Manufacturing Industry
and Construction

30,215.20

41,089.57

14.44%

73.28%

11.60%

ν

ν

1A3. Transportation

19,454.10

33,110.40

11.64%

84.92%

3.02%

ν

ν

2A. Non-metal Process

10,445.40

10,205.15

3.59%

88.51%

6.68%

ν

ν

4D. Agricultural Soils

12,032.04

9,824.20

3.45%

91.96%

8.99%

ν

ν

ν

2F. Use of Halocarbons and SF6
1A4a. Residential

NE

5,342.92

1.88%

93.84%

3.57%

3,985.34

4,997.42

1.76%

95.60%

1.81%

ν
ν

1A4a. Commerce

3,582.52

4,090.54

1.44%

97.03%

1.90%

ν

6A. Garbage Landﬁll Site

8,965.57

1,870.24

0.66%

97.69%

10.34%

ν

6B. Waste Water Treatment

1,272.61

1,778.49

0.63%

98.32%

0.46%

1A4c. Agriculture, Forestry,
Fishery and Husbandry

2,917.22

1,356.10

0.48%

98.79%

2.86%

2C. Metal Process

640.00

1,354.33

0.48%

99.27%

0.08%

4C. Rice Culturing

1,210.54

632.74

0.22%

99.49%

1.14%

4B. Animal Waste Treatment

363.69

498.44

0.18%

99.67%

0.14%

4A. Livestock Gastrointestinal
Fermentation

617.86

487.05

0.17%

99.84%

0.47%

2B. Chemical Industry

649.70

431.12

0.15%

99.99%

0.55%

51.13

31.75

0.01%

100.00%

0.04%

4F. Agricultural Residue
Combustion

Notes：1.νis critical source.
2. NE means it is not estimated.
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Chapter 3 Taiwanʼs Policies and Measures for
Greenhouse Gas Reduction

I

n accordance with “common but differentiated

responsibilities” principle disclosed in Article 3

of the United Nations Framework Convention on
Climate Change (UNFCCC), on the basis of fairness,

3.1 Taiwan’s responsive
standpoint and government
organization framework

full consideration should be given to the burden

As Taiwan faces the new global environmental

and capabilities for the Parties with special needs

protection trend, Taiwanʼs greenhouse gas emission

and special circumstances and all Parties shall adopt

increased by 98.14% from 1990 to 2008 as Taiwanʼs

economical and effective measures to deal with

economy was growing. For future economic

climate change. Taiwan acknowledges the principle

development and transformation, national security and

of UNFCCC and Taiwan has always been closely

adaptation to climate change, on legal basis and with

observing the development of UNFCCC as well as

reference to UNFCCC regulations and the standpoint of

devoted to implementing policies and measures to

non-Appendix I countries, the Taiwan government has

reduce greenhouse gases. This chapter describes our

planned out reduction goals and reduction measures,

responsive standpoint and government organization,

and proposed blueprints for voluntary energy saving

climate change issues, key policies to reduce

goals and national greenhouse gas emission reduction

greenhouse gases, legislation progress, policies and

goals before international consensus is reached. This is

measures that are underway.

to demonstrate Taiwanʼs willingness and determination
to share the responsibilities with the international
society to reduce greenhouse gases.
Energy Saving carbon Reduction Promotion

Organizer (Executive Yuan vice Prime Minister)
Assistant Organizer (Executive Yuan Secretary-General, Ministers without Portfolio)

Promotion Commission (14 representatives)

Figure 3.1.1 Organizational Structure for Executive Yuanʼs Energy Saving
Carbon Reduction Promotion Commission

Project and standard
management group (CEPD)

Advocate and communication
group (MOFA, GIF)

Low-carbon engineering group
(Executive Yuan Public
Construction Commission)

Energy saving carbon reduction
technology group (NSC)

Green landscape and green
architecture (MOI, COA) (MOEA)

Green Transportation Promotion
group (MOTC)

Low-carbon industry group
(MOEA)

Low-carbon community and
society group (EPA)

Low-carbon energy system group
(MOEA)

Energy saving carbon reduction
education group (MOE)

Secretary Office (MOEA)

Commission Meeting
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3.1~3.2

To respond to global climate change issues and

benchmark programs that cover all aspects of energy

domestic and international regulatory affairs, the

saving and carbon reduction. Each department will

Executive Yuan founded the Working Committee on

strive to achieve its annual goal and then the national

Global Environmental Change Policy in 1994 and it

greenhouse gas reduction goal will be attained through

comprised of heads of ministries, experts and scholars.

accumulation of contribution from each department.

The committee contained six working groups to deal

Periodic reviews and white paper on energy saving and

with global environmental issues and sustainable

carbon reduction will also be issued and discussed.

development. In 1997, the committee was upgraded
to become the National Council for Sustainable

The following describes the overall key policies

Development. In 2002, Legislative Yuan passed the

and related legislation progress as Taiwanʼs response

Basic Environment Act to give statutory status to the

to climate change with respects to the National Energy

council. In 2008, the National Council for Sustainable

Saving Carbon Reduction Plan and strengthening its

Development set up the Energy Saving, Carbon

regulatory system.

Reduction, and Climate Change Working Group
(convened by the EPA) as the main platform in the

1. National Energy Saving Carbon Reduction Plan

country to respond to global climate change issues.
The ten benchmark programs under the National
To implement domestic energy saving carbon

Energy Saving Carbon Reduction Plan cover every

reduction measures and strengthen cross-department

aspect and include building a sound regulatory system,

integration, the Executive Yuan founded the Energy

transforming low-carbon energy system, creating low-

Saving and Carbon Reduction Promotion Commission

carbon communities and society, creating a low-carbon

in January 2010, to require each department to set up

industrial structure, constructing a green transportation

annual goals, timeline, tasks, execution and campaign

network, constructing green landscape and promoting

plans according to the national goal. Through attaining

new green buildings, expanding energy saving and

the goal set for each department, it is expected to

carbon reduction technical capacity, promoting

achieve Taiwanʼs cumulative greenhouse gas reduction

energy saving and carbon reduction in public works,

goal. The organizational structure for the commission is

deepening energy saving and carbon reduction

shown in Figure 3.1.1.

education and strengthening energy saving campaigns
and communication. Under the policy guidance, each

3.2 Overall Policy Focus and
Related Legislation Progress

benchmark program contains several key benchmark
projects and accountable departments to set out
a pathway for Taiwanʼs energy saving and carbon

In March 2010, Executive Yuanʼs Energy Saving

reduction.

Carbon Reduction Promotion Commission published
[1]

The directions, projects and accountable

as the overall policy guideline for Taiwan to respond

departments for the ten benchmark programs are

to climate change issues. The plan contains ten

shown in Table 3.2.1.

the National Energy Saving Carbon Reduction Plan

1. Executive Yuanʼs Energy Saving Carbon Reduction Promotion Commission Website by Bureau of Energy, MOEA, www.moeaboe.gov.tw
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Table 3.2.1 Ten Benchmark Programs and Key Projects
Benchmark Program

(1) building a sound
regulatory system

Direction

From global viewpoint, combine climate
change and energy areas to build a complete
regulatory system. Employ proper policy tools
and administrative control to create green
growth opportunity.

Benchmark Project
Build a sound regulatory system for greenhouse gases
management.

MOEA

Establish “Renewable Energy Development Act” and “Energy
Management Law” amendment and sub-law.

MOEA
MOF

Promote renewable energy multiplication project.

MOEA

Develop low-emission, low-pollution, safe,

Lower carbon emission from power generation system.

MOEA

consumption and environmental impact.

Promote intelligent grids.

MOEA

(2) transforming lowindependent and sustainable low-carbon
carbon energy system energy system. Reduce natural resource

Promote assessment on reasonable use of nuclear energy.
Establish low-carbon communities.
On the basis of low-carbon community, build
Create low-carbon cities.
(3) creating a low-carbon low-carbon cities, create low-carbon culture,
nourish low-carbon life style, create low-carbon
community and
economy and accomplish prospective lowBuild low-carbon island.
society
carbon society.
Promote energy saving carbon reduction campaign.

Facilitate the industry to move to low(4) creating a low-carbon carbon, increasing added value to unit carbon
emission, lowering carbon emission per unit
industrial structure
production and strengthening green energy
industrial development.

Lower carbon emission from transportation
sector. Build convenient rapid and intelligent
transportation system. Promote the use of lowcarbon fuels. Alleviate the growth of car and
motorcycle usage.

Accelerate implementation of transforming
old and new building into green building.
Build energy saving carbon reduction living
environment. Strengthen carbon sink function
of natural resources like forests.

(7) expanding energy
saving and carbon
reduction technical
capacity

Employ technologies to facilitate the goal
of energy saving carbon reduction. Use
technologies of new energy, renewable energy
and low-carbon energy to gain international
competitiveness.

(8) promoting energy
saving and carbon
reduction in public
works

Government leads energy saving carbon
reduction campaign and establishes energy
saving carbon reduction speciﬁcations for
public work.

Strengthen school education in energy saving
carbon reduction. Promote public awareness
of energy saving carbon reduction.

Establish international view on energy saving
(10) strengthening energy carbon reduction. Make public aware of the
importance of energy saving carbon reduction.
saving propaganda
and communication Support and execute government policies as
key diplomatic focus.

EPA, MOEA
EPA, MOEA
EPA, MOE, MOTC
EPA, MOE
MOEA, NSC

Conduct environmental assessment on energy-intensive
industries.

MOEA

Promote green energy industrial sunrise project.

MOEA
COA

Build green seamless public highway transportation system.

MOTC

Promote construction of convenient and rapid mass rail
transportation network.

MOTC

Establish intelligent road services.

MOTC

Build people-oriented green vehicle based urban transportation
environment.
Improve private vehicle eﬃciency.

(6) constructing green
landscape and
promoting new green
building

AEC

Promote industrial energy saving and carbon reduction.

Promote agricultural energy saving and carbon reduction

(9) deepening energy
saving and carbon
reduction education

EPA

Plan “Sustainable Energy Fundamental Law”.

Promote green tax system.

(5) constructing green
transportation
networks

Accountable
Department

MOI
MOEA

Promote green buildings and use of energy saving carbon
reduction construction materials.

MOI

Promote energy saving carbon reduction labeling for architecture.

MOI

Promote reforestation project.

COA

Promote national energy project,

NCS

Conduct all-aspect energy technical talent nurturing project.

NCS

Establish sustainable low-carbon speciﬁcations and mechanism
for public work.

PCC, CEPA

Promote including energy saving carbon reduction measures into
public work life cycle quality management mechanism.

PCC

Strengthen government procurement procedure and
speciﬁcations for energy saving carbon reduction.

PCC

DOE and all schools implement energy saving carbon reduction
project.

DOE

Build sustainable green campus and assessment system for
energy saving carbon reduction in schools.

DOE

Implement communication and propaganda on energy saving
carbon reduction.

GIO, RDEC, GPE,
MOEA and others.

Promote environmental foreign policy on energy saving carbon
reduction.

MOFA, EPA
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3.2

countries. Through carbon reduction mechanism
design and public involvement, there is another major

Benchmark projects, policies and measures are

legislation ─ the Energy Tax Act ─ which provides a

executed on a legal basis. The following describes

policy-making tool with economic incentives to achieve

the established laws or proposed laws for Taiwanʼs

the goal of national greenhouse gas reduction.

government to cope with climate change issues.
The framework of the Greenhouse Gas Reduction
Act (draft) is shown in Figure 3.2.1 [2].

(1) Legislation of the Greenhouse Gas Reduction Act
The Greenhouse Gas Reduction Act promoted by
the Environmental Protection Administration is the key

The Greenhouse Gas Reduction Act (draft) has the
following main points:

legislation that Taiwan announces to the world that it
is willing to share the responsibilities of protecting the

1.The central competent authority shall draft a

earth. It is also critical to the legislative consensus for

greenhouse gas reduction program, submit it to the

national sustainable economic development meeting

Executive Yuan for approval, and then implement it.

and national energy meeting. The law specifies the

The central industry competent authority pursuant to

cross-department greenhouse gas reduction operation

the greenhouse gas reduction program sets reduction

mechanism, reduction execution model and execution

targets and action plans, and promotes them. The

tools. Its primary objective is to reduce greenhouse

central industry competent authority with respects

gas emission. It will also make the world acknowledge

to energy, industry, transportation and residential

Taiwanʼs eﬀorts in greenhouse gas reduction. The draft

and commercial policies shall regularly review and

is currently being reviewed at the Legislative Yuan. If

adjust its greenhouse gas reduction policies; industry

passage of the law can be accelerated, it will be the

competent authority shall provide guidance to

first legislation example of its kind in developmenting

enterprises for inventory, registration, verification,

Greenhouse Gas Reduction Framework

General
(Article 1 to 4)

Government Authorities and
Responsibilities
(Article 5 to 10)

˙ Executive Yuan to promote integration.
˙ Promote national greenhouse gas reduction policy.
˙ Promote emission source inventory, registry and voluntary
reduction.
˙ Periodic review and adjustment on national energy, industry,
vehicle and residential and business policies.

Reduction Measures
(Article 11 to 17)

Education and
Advocate
(Article 18 to 20)

Penalties and
Supplementary Provisions
(Article 21 to 28)

˙Publish emission source for inventory registry.
˙Set greenhouse gas efficiency standards.
˙Total control timeline and conditions: central competent authority to set up
reduction goal, central industrial competent authority to set up emission quota.
˙Central competent authority controls emission exchange and quota trade.
˙Adopt BACT for above certain scale, new or altered emission source; obtain
sufficient deduction for exchange after total control.

Figure 3.2.1 Framework of Taiwanʼs “Greenhouse Gas Reduction Act (draft)”

2. Our Recent Campaigns on National Greenhouse Gas Reduction, by Hongkwong Liu, Huijen Chien and Yiling Wu, Sustainable Industrial Development Bimonthly, Vol.
43, 2009.
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voluntary reduction and participation in international

Act (draft) also takes references to current European

cooperation reduction program for all emission

Union Greenhouse Gas Emission Trading System (EU

sources, and may provide awards or subsidies.

ETS) and the greenhouse gas trading system by the
electricity industry in the northeastern U.S. states, and

2.The competent authorities in municipality and

plans on a statutory reduction as Taiwan responsibility,

county (city) shall cooperate to promote greenhouse

and accordingly sets up the upper limit of emissions,

gas reduction policies and action plans and set up

and employs the trading system to help achieve

greenhouse gas reduction programs and execute

reduction goals, and is expected to put a certain

them.

percentage of the emission right to sell in "auctions"
or an "allocation" system, which is more fair than a

3.The enterprise with emission source on the published
list by the central competent authority shall conduct

"free quota" system and also allows new companies to
obtain emission right easier.

annual emission inventory and periodic registry, and
be subject to inspection by designated organizations;

6. To acknowledge the early reduction efforts, prior to

their greenhouse gas emission should meet the

implementation of total emission control, emission

annual average greenhouse gas eﬃciency standards.

source reduction project (preliminary project, as
shown in Figure 3.2.2) is executed to allow trade

4. Central central competent authority shall follow

or exchange of emission quota. Meanwhile, the

international greenhouse gas emission control

Act (draft) will also authorize the central industry

timelines to publish the notice of total greenhouse

competent authority to award or subsidize the

gas control volume periodically after implementing

industries taking voluntary reduction initiative and to

greenhouse gas emission inventory, registry,

encourage the industries to participate in domestic or

verification system and establishing emission quotas

international joint trade and exchange projects (as in

and trading system.

Figure 3.2.2). The trade and exchange project adopted
by the industries shall be promoted ﬁrst domestically

5. In addition to the international regulatory framework

to achieve Taiwanʼs reduction requirement. The

and regulatory development of each country, the

EPA is actively investigating and planning on the

Before the Act*
takes effect

StageⅠ

StageⅡ

Voluntary reporting, Mandatory inventory,
inventory and
reporting and
reduction
reduction

Participant

Emitters’
Voluntary
Participation

EIA Offset

Performance
standards
& Offsets

Designated
sources

Designated sources
and new entrants

Neutral Carbon /
Carbon Footprint

Performance
Standard / Offsets

1. Domestic Credit Certification :
Early Reduction Project
Domestic Offset Project

2. International Offsets :
CERs from CDM

StageⅢ

Cap-and-Trade
&
Offsets
Responsibility to industry
authorities, then allocated
to designated sources

Cap-and-Trade /
Offsets

3. Credit Sources :
Domestic Offset Project
CDM
Post-Kyoto offsets

Figure 3.2.2 GHG Reduction Strategies by Stages
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management system for the greenhouse gas

helps achieve the purposes in increasing self-produced

certification and verification organizations adopting

energy and promoting energy diversification; in the

international standards and related measures to

area of environmental protection, it helps reduce

[3]

industrial greenhouse gas veriﬁcation guidelines .

greenhouse gas emissions; in the area of economic
development, it is expected to drive the development

To keep updated with emission data and assessed

of emerging renewable energy industry.

reduction beneﬁts, the EPA actively establishes systems
for emission source inventory, registration, inspection

The Renewable Energy Development Act states

and certification and national database platform, and

that for the next 20 years Taiwan's renewable energy

continues to build emission logs and baseline for each

capacity will add 6.5 million to 10 million kilowatts,

sector to assess reduction potential and cost. The EPA

significantly enhancing Taiwan's renewable energy

also requires major development or alteration projects

use; and the government will use renewable energy

to conduct greenhouse gas emissions management

purchase mechanism, awards and deregulation as

by the environmental impact assessment process and

incentives to set up private renewable energy facilities;

environmental impact assessment review committee

and for heat utilization from renewable energy, the

requirements. To provide developers with guidance

government will also set up goals to increase self-

in producing environmental impact statement and

produced energy and make full use of renewable

assessment report, and assist environmental impact

energy development potential in Taiwan.

assessment committee review, with respects to the
operation standards for the environmental impact

In renewable energy purchase mechanism, the

statement and assessment report focusing on

government will provide reasonable profit incentives

greenhouse gas emission increase and trade exchange

for setting renewable energy facilities, and require

process, the EPA is working on review references

power companies to connect renewable energy in

(draft) speciﬁc to development by Industry and energy

parallel to power grids and conduct wholesale purchase

sector. In addition, for the greenhouse gas emission

of renewable energy. The Ministry of Economic Affairs

management in those major investment projects that

will organize a committee comprising department

have completed environmental impact assessment,

representatives, scholars, experts and industrial

the EPA has also begun the committed tracking and

accosications to determine and then publish the

monitoring mechanism for greenhouse gas emission

wholesale rate and formula for renewable energy and

and continues to monitor development of individual

review them every year. If necessary, hearings will be

environmental impact assessment case.

held to assure that information is completely open and
transparent.

(2) Renewable Energy Development Act
As incentives, rewards will be given within a certain
After the Renewable Energy Development Act

period to renewable energy generating equipment

was passed by the Legislative Yuan in June 2009,

with potential in the early stages of technological

the foundation of renewable energy for long-term

development; for heat use of renewable energy, in

development was established; in the area of energy, it

addition to incentive rewards from pertroleum funds,

3. Sustainable Energy Policy Guidelines, Executive Yuan, 2008.
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rewards from agricultural development funds are also

(4) Enegy Tax Bill (Draft)

given for using fallow land to grow energy crops for
producing bio fuels.

The Energy Tax Bill was jointly proposed by
legislators in May 2006 to impose energy tax on oil, gas,

For deregulation, the government will remove

coal and natural gas. The Energy tax is a consolidation

the renewable energy self-user power-generation

of various existing taxes and fees. The initial plan is to

qualifications and excessive electricity wholesale

use the energy tax to replace the existing excise tax on

restrictions in the Electricity Act, and will also simplify

oil, gas, rubber, tires, beverage products, ﬂat panel glass,

the administrative procedures regarding land use,

electronics and appliances, and vehicle fuel tax. It is not

import tariff reduction and license acquisition

to create a new tax. The key points in the Energy Tax Bill

renewable energy.

(draft) legislation include:
1.Energy taxes should be a progressive tax and adjusted
annually to reduce the impact on commodity prices
and the economy. The principles for tax rate are
based on unit heat capacity and carbon content for
different types of fossil fuels with consideration on
consumption attributes, envirronmental protection,
and energy saving eﬀect.
2. The tax will be imposed on the basis of quantity. The
ﬁnal tax rate should take reference to international tax
levels and impact on Taiwanʼs commodity prices and

(3) Energy Management Law

overall economy, and reviewed and adjusted every
two years based on international situations.

The Legislative Yuan in June 2009 passed the
Energy Management Law amendment and specifies

3. Future implementation of the energy tax will consider

that if the lighting, electricity, air conditioning and freezer

removing some excise taxes and reforming taxation

refrigerator equipment in departments, oﬃce buildings

system.

and other public places used for lighting, electricity
have excessive cooling or leakage conditions and no

4. The use of increased tax revenue should be given

improvement after notification, the maximum penalty

priority for raising exemption or lowering individual

will be NT$100,000 and could be repeatedly imposed,

income tax and business income tax to maintain tax

and may be fined per double punishment. The Act

neutrality, reduce corporateʼs burdon for employee

also specifies fuel economy standards for vehicles and

benefits and create a win-win situation. Other uses

performance standards for the electrical and equipment

will be for environment and energy R&D expenditure,

industry to achieve energy saving carbon reduction

public works, industry development support and

goals; the Act also specifies that the executive branch

social welfare. Some tax revenue should be given to

should establish an energy development program, as

help local governments.

review criteria for Taiwanʼs energy development and use.
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The conclusions from the related meetings in

summary of national energy meetings and evolution of

the Executive Yuan in 2009 pointed out that energy

energy policies, the energy policies and achievements

tax has become an international trend and a national

by each sector are described as follows:

consensus. In order to prevent global warming and
promote environmental protection and sustainable

(1) Energy Policies

development, the participating members and Advisory
Committee showed unanimous support; energy tax

The Executive Yuan in June 2008 approved the

consolidation starts as high priority from existing

Sustainable Energy Policy Guidelines[ ] in hopes of

excise tax on oil and gas, automobile fuel tax and the

setting out the blue print for Taiwanʼs energy policies

Petroleum Funds, with high level of consensus; future

for the medium term from now to year 2025 and

energy tax will depend on heat values and carbon

pave the way to a low-carbon society with triple-

content and national competitiveness factors and

win perspectives of energy efficiency, environmental

different energy tax rates will be applied to different

protection and economic development.

types of energy. Currently, the draft is being developed
by the competent authority (the Ministry of Finance).

3.3 Present Policies and Measures

1. Fundamental Principles:
The fundamental principles of Sustainable Energy
Policy Guidelines are to establish “high eﬃciency”, “high

Before the previously mentioned legislation

value”, “low emission” and “low dependence” as in the

is completed, all government departments have

“two-high-two-low” energy consumption model and

started to implement policies and measures

energy supply system, as shown in Figure 3.3.1.

specific to their department functions to facilitate
greenhouse gas reduction and adaptation. According
to the classification defined in the Guidelines for
National Greenhouse Gas Inventories issued by
Intergovernmental Panel on Climate Change (IPCC) in

(1) ”High eﬃciency”: increase energy utilization and
production eﬃciency.
(2) ”High value”: increase added value to energy
usage.

1996, the following describes the policies and measures

(3) ”Low emission”: pursue a low-carbon and low-

adopted by Taiwanʼs government agencies since 2002

polluting energy supply and consumption

(after the 1st edition of National Communications was

model.

compiled) in the energy sector, industrial processes
sector, agricultural sector, land use and forestry sector,
waste sector.

1. Policies and Measures by Energy Sector

(4) ”Low dependence”: lower dependence on fossil
fuels and imported energy.
High efficiency

High value

Low emission

Low dependence

Increase energy use
and production
efficiency

Increase added value
to energy use

Pursue energy supply
and consumption
model in low carbon
and low pollution.

Reduce dependence
of imported fossil
fuel.

As Taiwan's dependence on energy import
Policy guidelines

reached 99% and greenhouse gas emission is mostly
from fuel combustion, energy policy has been critical to
Taiwanʼs energy supply and demand and greenhouse
gas emission reduction. The Executive Yuan approved
the Sustainable Energy Policy Guidelines in June 2008. In

Clean source
Energy supply

Energy saving
Energy demand

Figure 3.3.1 Sustainable Energy Policy Guidelines with “TwoHigh-Two-Low” Principle

Second National Communication of the Republic of China（Taiwan）
under the United Nations Framework Convention on Climate Change

3.3

63

Chapter 3 Taiwanʼs Policies and Measures for Greenhouse Gas Reduction

2. Key Objectives

possible power generation conversion eﬃciency.
●

(1) Increase energy eﬃciency

coal technology and develop carbon capture

In the next eight years, increase energy eﬃciency

and storage. Reduce carbon emissions from

by 2% every year. Reduce energy intensity before
year 2015 by 20% of the year 2005 level; and further

power generation systems.
●

reduce by 50% before year 2025.

to-long-term prices in a progressive way to

emission
Reduce national total carbon dioxide emissions

●

To promote fair energy prices and short-term
energy prices to reflect internal costs and mid-

(2) Develop clean energy and reduce carbon dioxide
●

Through international joint R&D, introduce clean

reﬂect external costs.
●

Implement "smart grid and meter." Integrate

to bring year 2020 level to year 2005 level and

smart meters with information and

year 2050 level to year 2000 level.

communication systems. Establish an energy

Increase low-carbon fuel percentage in power

management platform for power users.

generation system from 40% to 55% before year
2025.
(3) Assure stable energy supply

(2) For “energy saving,” promote measures in energy
saving carbon reduction by each department, as
shown in Table 3.3.1:

Build a secure energy supply system to facilitate
the economic development goal for future

4. Build a sound legal foundation and mechanism

economic growth and US$30,000 as average
individual annual income by 2015.

(1) Legal foundation
The Renewable Energy Development Act and

3. Clean Energy and Energy Saving

the Energy Management Law amendment are
completed. The government will continue to

Sustainable Energy Policy Guidelines start with

promote legislation of the Greenhouse Gas

“clean energy” in energy supply and “energy saving” in

Reduction Act (Draft) and Energy Tax Bill (Draft) as

energy demand.

the legal foundation for promoting energy saving
measures.

(1) For “clean energy”, promote energy structure reform and
efficiency improvement:
●

(2) Supporting mechanism
●

Actively develop carbon-free renewable energy.

Promote liberalization of energy market.

Effectively use renewable energy potential to

Eliminate market entry barrier. Provide high

attain 8% share in overall power generation by
2025.
●

●

quality energy service.
●

Plan on carbon right trade and set up carbon

Increase the use of low-carbon natural gas and

reduction fund. Assist industries in carbon reduction

attain 25% share in overall power generation by

and energy saving to obtain reduction quota. Promote

2025.

and participate international carbon reduction

Promote energy diversification and use nuclear

mechanism and enhance Taiwanʼs carbon reduction
capacity through international cooperation.

energy as an option for carbon-free energy.
●

Establish fair, eﬃcient and open energy market.

Accelerate power plant renovation. Set plans to

●

In four years, increase energy related research

raise overall power plant eﬃciency. Require new

fund from 5 billion NTD to 10 billion NTD to

power plants to meet global standards of best

increase R&D capabilities.
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Table 3.3.1 Measures in Energy Saving Carbon Reduction by Each Sector
Sector

Objectives

Measures
Adjust industrial structure. Move in the direction of high added value and low energy consumption. Make carbon
emission per unit value drop by 30% in 2025.
Deﬁne carbon emission quota. Assign carbon reduction responsibilities. Encourage the industry to strengthen
production and sales system for energy saving carbon reduction.
Promote ”New Thousand Billion Energy Industry Flagship Program” to encourage promoting green energy industry
in energy saving carbon reduction and renewable energy and create new energy economy.

Manufacturing
Industry Sector

Establish low-carbon
industry economy

Establish all-aspect energy saving service system. Form MOEA Energy Saving Service Center and assist in building
internal service team.
Promote energy saving technology: promote high eﬃciency motor project and boiler eﬃciency improvement
project and establish unit product and equipment energy consumption indices.
Promote voluntary energy saving: promote voluntary energy saving and signing intention of cooperation among 4
convenience store franchises, 7 warehouse clubs, 19 hospital groups, 21 hotel franchises and 13 department stores,
including 9,286 sales sites.
Provide rewards and ﬁnancial incentives: increase deductible to 15% for investment in energy saving and clean
energy equipment; and 10% for technology.
Assist small businesses to increase energy saving carbon reduction capabilities. Provide incentive measures and
management mechanism. Encourage clean production applications.
Build rapid mass transport system to alleviate use and growth of vehicle.
Build “Intelligent Transport System”. Provide instant traﬃc information. Strengthen traﬃc management function.

Transportation
Sector

Develop green
transportation system

Establish human-oriented green-vehicle based urban transportation environment. Build municipal mass transport
system and urban bicycle routes.
Promote energy saving vehicles: encourage use of fuel eﬃcient cars and promote silent revolution with electric
cars.
Increase eﬃciency standard for new private vehicle and by 25$ before 2025.
Promote the use of LED on traﬃc signal lights. By 2010, replace all traﬃc lights with LED lamps.
Build new landscape with green architecture: New architecture will adopt green design, use green materials and
green construction. Promote architecture labeling of energy saving carbon reduction. Deepen implementation of
green architecture.
Nourish “Energy saving Lohas family”: promote electricity discount program. Offer discount to residential and
elementary and middle school power users that electricity usage in the same period this year is less than that last
year.
Expand solar energy water heating system and maintain global leading position: by 2012 total installation of
2,296,000 square meters; total users of 574,000 households. Maintain global leading position.
After “Renewable Energy Development Act“is passed, promote building 100,000 households of solar rooﬁng and
accelerate installation of solar energy equipment.

Residential and
Promote energy-saving
commercial
Lohas life facilities
sector

Promote energy-saving lighting revolution and completely replace incandescent lamps: government oﬃces and
schools will lead to replace all incandescent lamps by the end of this year. By 2012, Taiwan will completely replace
incandescent lamps.
Encourage energy-saving Lohas shopping: subsidy purchasing products with energy-saving labels and promote
energy eﬃciency grade labeling system on appliances and electrical products.
Form ”Energy-saving Lohas market” and ”Energy-saving image shopping circle”; assist service industry in signing
voluntary energy saving agreement.
Increase energy eﬃciency for all types of electric products. By 2011, increase by 10%〜50%. Further, employ energy
communication technology and advanced metering framework to promote intelligent energy saving network.
Promote energy saving lighting revolution. Promote replacement of traditional lighting with 20-90% energy-saving
high-eﬃciency product.
Strengthen overall urban planning. Promote urban plantation movement and build low-carbon cities.
Promote “Low-carbon energy-saving green architecture”. Promote energy-saving design and management for
new architecture and HVAV system.

Government

General public

●

Promote negative growth in oil and electricity use for government oﬃces and schools for next one year and save
energy by 7% before 2015.
Policy planning should consider “carbon neutralization” and use principles of prevention, warning and screening
for carbon management.
Promote civil campaign in energy saving carbon reduction. Encourage general public to “reduce one kilogram
carbon every person every day”.
From central to local government, from organizations and schools to civil organizations, develop organization
movement to promote carbon-free consumption and build low-carbon and cyclic society.

Build roots for energy-saving carbon-reduction

(2) Energy industry

environment education. Promote national
education and advocacy and sustainable green
campus.

Expanding natural gas usage, promoting
renewable energy usage, energy price rationalization,
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increasing energy eﬃciency, promoting energy saving
[4]

and actual reduction data :

Since 2005, the renewable energy share in power
generation or the use of renewable energy has
increased every year. Taiwanʼs renewable energy

1. Expand nature gas usage

usage between 2005 and 2008 is shown in Table 3.3.2.

Increase gas-burning power generation capacity

3. Energy price rationalization

factor and build new gas-burning power plants.
The objective is to reach 10,500,000 tons of natural

(1) Oil and Nature Gas Price

gas usage by 2010, 16,000,000 tons by 2020 and

As Formosa Petrochemical entered Taiwanʼs

20,000,000 tons by 2025; since 2005, natural gas usage

oil production market in September 2000, the

has increased every year; in 2005 natural gas usage

MOEA abolished oil price formula at the same

was 7,600,000 tons, in 2006 it was 7,800,000 tons, in

time and started to promote domestic energy

2007 it was 8,520,000 tons, and in 2008 it increased to

price rationalization, eliminate the unfairness in

9,270,000 tons.

non-oil-users to subsidize the oil-users, allow oil
product prices to be determined by the market

2. Promote renewable energy usage

through a transparent, open and fair mechanism
that a floating pricing mechanism is developed

There are mainly two strategies: (1) increase renewable

to formally liberalize Taiwanʼs oil product market.

energy share in power generation with the goal of
reaching 5,139,000 kilowatts by 2010, 10% power

(2) Electricity Price

generation share, 8,000,000 to 9,000,000 kilowatts by

To promote energy price rationalization requires

2025, and 12% total power generation capacity in

that short-term energy price reﬂects internal cost

the future; (2) promote the use of renewable energy,

and is adjusted flexibly in accordance with fuel

promote the use of biomass alcohol to 1,000,000 to

cost variation; and long-term price depends on

3,000,000 kiloliters by 2010, 2,000,000 to 6,000,000

social cost and environmental cost and the plan

kiloliters by 2015, and 3,000,000 to 9,000,000 kiloliters

is to integrate external cost into internal cost.

by 2020; promote the use of biomass diesel to 100,000

Electricity price adjustment was implemented

kiloliters by 2010.

in July and October 2008, with accumulated
increase of 25.2%.

Year

Table 3.3.2 Taiwanʼs renewable energy usage between 2005 and 2008
Total wind energy
Total renewable energy
Total solar energy based
based power generation based power generation
Biomass diesel
power generation capacity
capacity
capacity
(thousand kilowatt)
(thousand kilowatt)
(thousand kilowatt)
(thousand kilowatt)

Alcohol gasoline
(thousand kilowatt)

2005

2,650.3

23.9

1.0

679

2006

2,773.9

103.7

1.4

1,876

0

2007

2,883.4

187.7

2.4

101,896

676

2008

2,967.6

252.1

5.6

1,081,719

2,291

4. 2005 National Energy Meeting Conclusion Execution and Review, MOEA, 2009.

0
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3.3

14064-2 Validation. As of 2008, 10 companies
had acquired ISO 14064-2 Validation. In 2008, 3
energy companies were assisted to obtain ISO

Taiwanʼs energy intensity gradually dropped from

14064-2 Verification, as the first examples, which

9.65 liter of oil equivalent/ thousand NTD in 2005

contributed actual carbon dioxide reduction of

to 9.11 liter of oil equivalent/thousand NTD in 2008.

88,390 tons.

On average the annual reduction rate was 1.9%,
approaching the goal of -2% per year. The effect

(3) Manufacturing Industry Sector

in increasing energy usage and promoting energy
saving has been signiﬁcant.

To assist the industry to cope with international
greenhouse gas reduction trend, since 2005 the

5. Energy industry greenhouse gas inventory and
voluntary reduction agreement

government has implemented the industrial
greenhouse gas inventory method and technical
software in accordance with 1996 IPCC guidelines and

(1) Assist Energy Industry in Greenhouse Gas

ISO 14064 international standards, and has established
an industrial greenhouse gas information center and

Inventory Check
As of 2008, 113 companies had been assisted.

assisted the industry to conduct greenhouse inventory

More than 95% of companies reached 2005

check and emission intensity study, and has promoted

emission baseline. Twenty companies acquired

voluntary greenhouse gas reduction among six energy

ISO14064-1 external verification statement

intensive industries: steel, petrochemical, cement,

and met the requirements of emission data

paper making, artiﬁcial ﬁber and cotton fabric printing

quality by the Greenhouse Gas Reduction Act.

and dying. In total, between 2004 and 2008, the six

The achievement also contributes to voluntary

industries have executed 2,237 reduction tasks and

greenhouse gas reduction system, which is one

accumulated reduction up to 5,345,000 tons of carbon

of the most important fundamental tasks.

dioxide equivalents. Please refer to Table 3.3.3.

(2) Promote Model Program with Voluntary
Reduction Agreement with Energy Industry

To expand industrial services in energy saving
carbon reduction, in October 2009, the energy-saving

In 2007, the first group of companies receiving

carbon-reduction service team for manufacturing

assistance had reduction plan to pass ISO

industry was organized and sent expert groups to

Table 3.3.3 Statistics on Voluntary Greenhouse Gas Reduction by Six Major Industries
Industrial association

2004 to 2008 reduction goal

Number of
participants

Energy saving
(ten thousand kiloliters of oil
equivalents)

2004 to 2008 total reduction

Reduction of carbon dioxide
equivalents (ten thousand tons)

Reduction of carbon dioxide
equivalents (ten thousand tons)

Steel

26

17.3

48

71.9

Petrochemical

91

83

240

264.5

Cement

12

32

89

109.9

Paper making

17

3.96

11.23

58.4

Artiﬁcial ﬁber

26

2

10.4

24.7

Cotton fabric printing
and dying

10

0.75

3.44

5.1

Total

182

139

402

534.5
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the plants to provide consultation, diagnosis and

system and build urban MRT systems, improve highway

demonstrative engineering improvement and extensive

passenger transport and city bus services and passenger

assistance with focus on process, thermal energy,

connection services; apply green transport system-

electric, refrigeration HAVC and lighting system as well

based land use planning and measures, the estimated

as waste recycling and renewable energy usage. The all-

accumulated reduction in 2008 was 524,300 tons of

aspect technical services on energy saving and carbon

carbon dioxide equivalents; decrease the use and growth

reduction are also extended to small businesses; in

of cars (motorcycles) through license management

2009 there had been 2,400 cases of services in energy

and emission inspection. The estimated accumulated

saving and carbon reduction, 460 companies receiving

reduction in 2008 was 208,900 tons of carbon dioxide

on-site assistance, over 2,000 suggestions in energy

equivalents; encourage local government to implement

saving and carbon reduction, and the actual reduction

transportation demand management measures and

reached 226,000 tons of carbon dioxide equivalents.

strengthen issuing citation for street parking violation;

Technical experts and the industries collaborate to

increase transportation system energy eﬃciency through

apply knowledge, technology and consensus in energy

employing highway electronic tolling, smart traﬃc control

saving and carbon reduction to design, production and

system, automatic port entry control, LED traffic lights

sales, and indirectly promote the development of the

and increasing vehicle energy efficiency standards. In

energy saving equipment industry and energy saving

2008, the estimated accumulated reduction was 125,300

service industry (Energy Service Company, ESCO) and

tons of carbon dioxide equivalents; advocate green mass

environment certiﬁcation industry.

transport, energy saving activities and conduct technical
projects in the energy ﬁeld; conduct technical projects of

In addition, the MOEA also promotes the formation

fundamental research in the energy ﬁeld.

of internal energy saving service teams in 12 big
enterprise groups including as many as 116 companies

(5) Residential and Commercial Sector

such as Formosa Plastics and Taipower; every year they
saved about 784,000 kiloliters of oil equivalents and
2,148,000 tons of carbon dioxide equivalents.

Promote signing the voluntary reduction
agreement among 65 groups, including hospitals,
hotels and department stores, set up 5% power saving

(4) Transportation Sector

goal; sign voluntary reduction intention of cooperation
agreement with seven convenience store chains;

Develop a green transportation system, promote

complete “subsidize civilian purchasing domestically

high speed rail, transform Taiwan Railways to an MRT

made products with energy saving label” planning
and implementation, between October 2008 and
March 2009, people will receive a NT$2,000 rebate on
the purchase of each unit of domestically made air
conditioner, refrigerator or laundry machine with the
energy saving label. Each year electricity saving is about
3,948 degrees and carbon dioxide emission reduction is
25,000 tons.
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(6) Agriculture, Forestry, Fishery and Husbandry Sector

The policies, measures and accomplishment by
agriculture, forestry, fishery and husbandry sectors are

The research institutes and administrative units in

shown in Table 3.3.4:

agriculture, forestry, fishery and husbandry under the
Council of Agriculture, Executive Yuan jointly organized

2. Measures of Industrial Process Sector

an “energy saving carbon reduction” research team to
cover every area and proposed a 4-year, mid-term action

Industrial greenhouse gas inventory, verification

plan, which will develop alternative energy, strengthen

and registry are conducted in accordance with the

forestry management and carbon absorption and

1996 IPCC guidelines and ISO/CNS 14064-1 and 14064-

storage function, recycle agriculture forestry waste and

2 international standards and the established methods,

develop biomass energy, eﬀectively utilize waste from

techniques and software. The following describes

agriculture, forestry, ﬁshery and husbandry sectors, and

organization type industrial voluntary reduction,

develop applicable technologies and measures for

program type small-scale reduction, industrial area

energy saving carbon reduction.

energy and resource integration and manufacturing
industry carbon disclosure program.

Table 3.3.4 Measures and Accomplishment by Agriculture, Forestry, Fishery and Husbandry Sectors[5],[6]
Sector

Measures
Promote alcohol gas
development and
application

Accomplishment
In 2006, 30 hectors of yam were grown and 5 hectors of cane were grown to conduct biomass alcohol pilot scale
production and cost analysis. The estimated yield was 2.8 kiloliters /hector, with production cost 43 to 45 dollars/
liter.
The potential crops as alcohol source include cane, sweet sorghum, corn and yam. The energy crop studies
include breeding, cultivating techniques, adaptation, alcohol production and by-product applications.
Study on domestically produced alcohol regarding productivity, energy and economic indices.

Agriculture

Energy crop development
and utilization and
technology improvement,
energy crop economic
beneﬁt analysis and
cultivation system and
integrated measures
Agriculture waste recycle,
incinerator converted to
regional biomass energy
center

Reduce fossil fuel
consumption and use for
power generation

In 2007, the promotion was to have biomass energy crops grow on fallow land, which actually covered 2,312
hectares, produces about 313 kiloliters biomass diesel, equivalent to 939 tons of carbon dioxide reduction.
In 2008, 154 hectares of biomass energy crops were grown on fallow land to produce 19 kiloliters of biomass
diesel, equivalent to 57 tons of carbon dioxide reduction.
To eﬀectively solve agriculture waste issues (straw), technology is towards development of centralized collection,
processing and reutilization.
Increase incentive, continue to buy back ﬁshing ships, encourage ﬁshing break. As the end of 2009, domestic
fishing ship number was reduced to 24,000. In recent five years, oil consumption was reduced to 1,100,000
kiloliters per year.
Advocate proper ship operation, maintenance and energy saving knowledge.
Subsidize on replacing with LED lighting.
Assist to set up model cultivation site using renewable energy and encourage energy equipment development,
product commercialization and promotion to relieve pressure on energy and resource consumption.

Fishery
Cultivate algae species as
biomass fuel source and
technology

Husbandry

In 2006, energy crop production and sales system was established, and three energy crops, soybean, sun ﬂower
and rape were promoted on fallow land which actually covered 1,506 hectors, producing 104 kiloliters biomass
diesel, equivalent to 312 tons of carbon dioxide reduction.

Since 2009 Fisheries Research Institute, Council of Agriculture started research on ”Algae Biomass Fuel Production
Technology Development” and conducted screening on high-yield algae, bioreactor and collection system.
In Fisheries Research Institute, Council of Agriculture Fisheries Research Institute, Council of Agriculture conducted
energy algae development, investigated algae quantity in Kenting and Small Okinawa, and assessed converting
gracilariopsis into alcohol.

Promote energy saving
carbon reduction
demonstration in model
livestock farm

Completed installation energy saving lighting in 200 livestock farms.

Improve septic treatment
in livestock farm

Improve septic treatment, produce methane for combustion, power generation and lighting.

5. Status of Council of Agriculture Promoting Energy Saving Carbon Reduction Guideline Action Plan by Chumshew Hwang, Agricultural Policy Conference on Energy
Saving and Carbon Reduction, 2008.
6. “Agricultural Policy Meeting on Climate Change Adaptation” by Council of Agriculture, Executive Yuan, 2010.
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(1) Organization type industrial voluntary reduction
For electronic industry with high potential of
ﬂuorine-containing greenhouse gas reduction, the EPA,
the Taiwan Semiconductor Industrial Association (TSIA),
and the Taiwan TFT-LCD Association (TTLA) signed
the Voluntary Perfluorocarbon Emission Reduction
Cooperation Memorandum. The TSIA is committed to
using perfluorocarbon emission in year 2000 of 0.73
million tons of carbon equivalents as standard level
and lowering perﬂuorocarbon emission in 2010 below

industrial parks -- Linyuan, Linhai and Dafa -- were

the standard level, which is equivalent to reaching the

selected to promote regional energy and resource

reduction goal of 20,000,000 tons of carbon dioxide

consolidation link, assist the companies in the industrial

equivalents between 2006 and 2010. After on-site

parks to implement resource consolidation and recycle,

verification, TSIA member companies in 2008 reduced

green architecture planning and renewable energy

perfluorocarbon emission in 3,180,000 tons of carbon

applications. It is expected to eﬀectively reduce energy

dioxide equivalents, and between 2006 and 2008, the

and resource consumption, lead the industrial areas

accumulated reduction in perfluorocarbon emission

towards the goal of zero waste. It is also estimated that

reached about 8,160,000 tons of carbon dioxide

there will be greenhouse gas reduction in 50,000 tons

equivalents.

of carbon dioxide equivalents every year.

The TTLA agreed that after 2003 new plants
should install above 90% Local Scrubber (LS). In 2010,

(3) Promote carbon disclosure project (CDP) for
manufacturing industry

perfluorocarbon emission should be controlled below
0.0335 tons carbon equivalent/square meters as the

To prepare for the possible impact on Taiwanʼs

level of year 2002. This is equivalent to that between

industries by international requirement of carbon

2006 and 2010, the emission reduction reached the

disclosure, since 2009, the MOEA has started to assist the

goal of 4,000,000 tons of carbon dioxide equivalents.

industries to establish the basic capabilities for carbon

After on-site verification, TTIA member companies

footprint inventory to meet the future international

in 2008 reduced perfluorocarbon emission in about

trend in carbon footprint label and verification. In

6,820,000 tons of carbon dioxide equivalents, and

2008, 33 companies had joined international carbon

between 2006 and 2008, the accumulated reduction

disclosure investigation and the efforts in collecting

in perﬂuorocarbon emission reached about 18,980,000

carbon footprint data had gained international

tons of carbon dioxide equivalents.

recognition. In the future, the government will keep up
with international carbon footprint calculation model

(2) Industrial area energy and resource integration

and assist domestic companies in calculating possible
greenhouse gas emission during product life cycle and

Since 2009, the Industrial Development Bureau,

meet international requirement of carbon footprint

MOEA started to promote industrial area energy and

data. Assistance will also be provided to the industries to

resource integration, in hope of leading industrial areas

encourage large corporations to lead carbon disclosure

into ecological development. First, three conventional

and carbon footprint management in industrial supply
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chains through product carbon footprint label system

forest health and minimize forest loss, maintain a

and jointly create green product business opportunities.

stable ecological system and strengthen sequestration
function, increase forestry product use efficiency; (3)

3. Measures of Agriculture and Forestry Sector

establish carbon estimation, investigation, monitoring
and veriﬁcation system, improve carbon management

Taiwanʼs agriculture sector has implemented the

performance, build carbon estimation baseline

following policies and measures regarding greenhouse

and dynamic monitoring system, develop publicly

gas reduction: (1) collect international greenhouse

accredited certification organizations, strengthen

gas collection specifications, correct local coefficients,

carbon management policy assessment and study,

establish greenhouse gas estimation, investigation

build forest carbon trade system and cost benefit

and monitoring system for agriculture sector; (2)

analysis study, actively participate international

through agricultural lending policy, encourage the

conference and keep up with international trend; (4)

use of agricultural equipment that operates on clean

expand carbon alternative performance: strengthen

energy like solar energy or wind power generated

replacing high energy consuming materials by forestry

energy to increase energy saving carbon reduction;

products, develop biomass fuel technology.

(3) support groups assist farmers at no cost in livestock
management and nitrogen fertilizer technology to

4. Measures of Waste Sector

reduce nitrous oxide emission; (4) animal houses
provide shield and water to lower temperature and

Since waste landﬁlls require a large land space and

replace air conditioning to reduce energy usage and

cause many subsequent issues, since 1991 Taiwan has

cost; (5) improve feed efficiency to lower manure

continuously built incinerators, and as of 2008, there

generation, or use additives to reduce methane

had been 24 municipal waste incinerators in operation

[5]

generation in the digestion process .

to treat 19,258 tons of garbage every day and generate
8,000,000 degree of electricity. The incineration rate for

In the aspect of forestry, the Council of Agriculture

municipal wastes was as high as 95.7%

[7]

. To realize a

in 2005 formed a task team for forestry resource

sustainable society for Taiwan, the EPA does not stress

management contribution to carbon sequestration

end-of-pipe treatment like waste incineration and

and set out the ultimate objective in “enhance forestry

landﬁlls, and instead, sets the policy goal of “zero waste”

resources, improve forest carbon management” and

to promote source reduction, mandatory garbage

started planning on policies and measures for carbon

classiﬁcation and resource recycle.

sequestration by forest resource between 2005 and
2025, which are (1) improve carbon sequestration:

In the aspect of industrial waste management,

actively encourage forestation and enhance forestry

in October 2000, the EPA established the Industrial

resources, strengthen forestry management and

Waste Control Center to use modern information

increase carbon sequestration performance, accelerate

management system to build a sound industrial waste

forestry restoration with national land restoration; (2)

source management, waste flow management, audit

strengthen carbon conservation function: maintain

and enforcing the ban. The administrative control

7. Statistical Database by Environmental Protection Administration, Executive Yuan, http://210.69.101.110/WEBSTATIS
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measures include integrating and coordinating among

collection, processing and reutilization technology

government offices in industrial sector regarding

development.

waste generation baseline investigation and installing
waste treatment facilities, and promoting waste

5. Measures of other sectors [8]

reduction and minimization, and setting up a clear list
of unidentiﬁed industrial waste treatment facilities. The

(1) National greenhouse gas registry platform

EPA in 2001 and 2002 implemented national industrial
waste control and clearing program and general waste

In July 2007, the EPA launched the National

treatment program, which is intended to solve the

Greenhouse Gas Registry Platform and expected to

issue of industrial waste treatment facility deﬁciency by

control 80% of the greenhouse gas emission by energy

strengthening source management, ﬂow tracking, audit

and industrial sectors within three years and build a

and coordination with the central industry competent

voluntary reduction audit mechanism to follow the

authority in planning and assisting in building treatment

international trend and encourage the industry to be

facilities.

engaged in reduction activities as early as possible.
Greenhouse gas inventory, registry, voluntary reduction

In the aspect of husbandry and agricultural

and emission trade system are the important responsive

wastes, the government has promoted installation of

measures for Taiwan to face the global greenhouse gas

secondary solid-liquid separation facility in 200 livestock

reduction challenge.

farms; repair on red mud biogas bags for anaerobic
tanks in livestock farms, sludge removal and sludge

National Greenhouse Gas Registry Platform is

concentration tank and loop design for 150 sites of

monitored and managed by the EPA and its operation

wastewater facilities; wastewater recycle in 50 sites;

range covers the energy related companies and

agricultural waste recycle; and converting incinerators

industries under the administration of the MOEA. The

to regional biomass energy centers to eﬀectively solve

industry competent authority provides assistance,

agricultural waste (e.g. straw) issues, and centralized

awards and subsidies as well as review of reduction
plan. Greenhouse gas registry mechanism includes
direct upload of inventory by emission sources
(including public and private sites) and veriﬁcation.
Currently, the data on the registry platform mostly
come from the industries voluntarily and most are
not verified. When Greenhouse Gas Reduction Act
is passed, the data from the registered companies
should be verified by an ISO14064-1 third party so
the emission data would have quality assurance. As
of December 2008, the statistics on registry platform
are shown in Figure 3.3.2. Year 2005 has the most

8. “Promote Greenhouse Gas Control System and Execute Inventory, Reduction and Registry” Program ﬁnal report by EPA, Executive Yuan, 2009.
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registered companies, 126, among which 83 companies

Low Carbon Cities Program. The objectives are to start

completed registry (without third party veriﬁcation), 43

with two cities within two years (through 2019) and

companies completed self-verification (34%). In 2008,

make a total of 50 low-carbon communities (village

of 73 companies, 44 companies (60%) completed self-

as unit, all government offices, schools, households

verification; annual emission statistics are shown in

and public and private organizations will participate);

Figure 3.3.3, and year 2005 had the highest emission

six low-carbon cities within five years (through 2014)

inventory, up to 166,660,000 tons of carbon dioxide

(city and town as unit, CEPD specified Penghu under

equivalents, which already had some representation;

the administration of Bureau of Energy, MOEA; and

the emission by the companies with completed registry

Kinmen under the administration of the EPA as low-

was 62% of that of year 2005.

carbon island); four low-carbon life circles within 10
years (through 2019) in northern, central, southern and

Number of registered companies

Number of companies with completed verification

Number of Companies

140
120

The EPA will use the program to lead green energy

43

100

9

industry team and financial groups and private fund

11

80

sources into the communities, increasing green life

60
40

94

83

44
86

20
0

1
2001

1
2002

16

14

2003

2004

2005

2006

2007

Number of registered companies

self-developing replicating policy environment,
evolving from low-carbon community to low-carbon

2008

life circle; improving global competitiveness through

Number of companies with completed verification

10,436
(62%)

18,000
16,000

domestic operation practice for green energy industry.
The promotion strategies include: rating mechanism,
investment with central government resources, and
cross-department promotion by local governments,
on-site energy service teams, electric car battery
exchange stations, domestic biomass equipment

14,000

862
(7%)

12,000

network development, and pig manure conversion to
green energy. The seven low-carbon measures will be

10,000
8,000
6,000

10,694

4,000

5,338

2,000
0

execution and local job opportunities and nourishing

29

Figure 3.3.2 Statistics on National Registry Platform between
2001 and 2008

Emission (10,000 tons of CO2e)

eastern parts of Taiwan respectively.
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238
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2007

energy, energy saving, low-carbon architecture,
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(22%)
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Figure 3.3.3 Emission Statistics on National Registry Platform
between 2001 and 2008

(2) Establish low-carbon homeland, green energy
industry and green life
The conclusion from the 2009 3rd National Energy
Meeting specified EPAʼs mission in promoting The

resource cycle, environment plantation, low-carbon

Realize low or even zero carbon emission for
a comfortable, friendly and happy environment
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life); as well as forming project task teams and utilization
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Chapter 4 Greenhouse Gas Emission
Prediction

G

reenhouse gas emission prediction and reduction

continue to provide the government with analytical

policies are closely related. The Taiwan government

data for energy supply demand planning, greenhouse

employs an economical model and energy engineering

gas emission prediction and reduction policy scenario

model on reduction policy research and discussion, and

simulation, and are also responsible for decision-making

an energy engineering model on final planning and

analysis and support system in the past National Energy

simulation. This chapter aims at Taiwanʼs greenhouse

Meetings regarding data on Taiwanʼs greenhouse gas

gas emission prediction tools and range to describe

emission statistics and future emission scenario, as the

simulation assumption, scenario analysis and simulation

basis for government news release and energy policy

results. In accordance with the Copenhagen Accord

meeting. Due to international creditability, the number

and based on Taiwanʼs greenhouse gas emission

of users and convenience in cross-country comparison

prediction in 2020, the National Appropriate Mitigation

(e.g. carbon dioxide reduction cost for different

Actions (NAMAs) are planned.

countries), MARKAL was selected as a systematic

4.1 Prediction Tools and Range

analytical tool that results can also be veriﬁed.
MARKAL is a simulation system to integrate

Greenhouse gas emission prediction requires

energy−environment−economy, and provide

grasping not only the trend of the economy, society

functions for decision making, policy analysis and

and energy use, but also mathematical modeling to

mid- to long-term planning. As shown in Figure 4.1.1,

provide logic and quantitative emission prediction.

the core of the model uses energy service demand

The MARKAL（MARKet ALlocation）engineering

(external variable) as the driving force for specific

model is an analytical tool for energy systems based

energy market, product production (e.g. petroleum)

on linear programming. To cope with the first energy

and energy supply demand technology combined

crisis, International Energy Agency (IEA) in 1976 started

planning (e.g. gas-burning combine cycle system and

multi-nation joint Energy Technology Systems Analysis

small vehicle). Model methodology employs linear

Program (ETSAP). In early times, the model was used

planning framework and considers possible scenarios

by most countries in the Organization for Economic

and restrictions for energy system development. With

Cooperation and Development (OECD) for national or

the objective of minimum cost of energy system, the

regional energy system planning to deal with energy

model simulates and plans the energy supply demand

shortage issues. It is presently mainly used by the OECD

system to satisfy future energy supply demand balance

countries and some developing countries for national,

and environment restrictions.

regional and global greenhouse gas reduction strategy
study to deal with climate change issues.

Some scenario assumption variables in MARKAL
model are based on the prediction results by Taiwan

Taiwanʼs MARKAL model and MARKAL-MACRO

Sustainable Energy Development Model (TaiSEND)

model were implemented between 1993 and 1994.

implemented by the Sustainable Development

Both models passed the inpscetion by the International

Research Laboratory of National Tsing Hua University. It

Energy Agency (IEA)/OECD. The models are applied

uses a generally balanced model for development basis

to deal with greenhouse gas reduction subjects and

to provide quantitative data of 3E impact assessment
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Figure 4.1.1 Energy Supply Demand Framework in MARKAL Model

for related policies as references for Taiwan to establish

forecasts. These assumptions are made according to

energy sustainable development policies. MARKAL

the results from model prediction by each industrial

applications include impact assessments on additional

research organization or academic institute, industrial

renewable energy percentage, international energy

development trend or expert opinions. The following

price increase, greenhouse gas reduction, nuclear

will describe scenario assumptions in detail.

power plant service extension and capacity expansion,
important investment projects, financial crises,

(1) Real Economic Growth Forecasts

expanded use and development of natural gas and
renewable energy, adopting gas combined cycle power
generation, and carbon capture and sequestration.

4.2 Assumptions and Scenario
Analysis
1. Assumptions

The real economic growth value is ascertained
according to the published data of national income
by the Directorate-General of Budget, Accounting
and Statistics, Executive Yuan. It is updated to the year
2008. The growth rates for gross domestic product
between 2006 and 2008 were 5.44%, 5.98% and 0.73%,
respectively. For 2009, the growth rate was presumably
-1.87% according to the latest published data by

Before long-term energy development

the Directorate-General of Budget, Accounting and

scenario analysis, the analytical procedure in energy

Statistics on February 22, 2010. The economic growth

engineering model requires assumptions, which

rates after 2010 were thoroughly discussed in eight

include: real economic growth forecasts, population

meetings among representatives of the EPA and related

and household growth projections, industrial structure

departments and experts and scholars with our basic

evolution trends and international energy price

greenhouse gas emission scenarios and determined
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based on the meeting consensus and prediction results

(3) Industrial Structure Evolution Trend

by Tsing Hua University. There are three cases: high rate,
medium rate and low rate. The economic growth rate
assumptions are summarized in Table 4.2.1.

TaiSEND model, which predicts that in 2025 agriculture,

Table 4.2.1 Assumptions on Economic Growth Rate[1]、[2]
Annual Growth Rate (%) for Gross Domestic Product (GDP)

Year

Industrial structure is mainly estimated by the

Low Case

Medium Case

High Case

2006〜2010

2.64

2.64

2.64

2011〜2015

3.58

4.44

5.30

2016〜2020

3.29

3.45

3.61

2021〜2025

3.04

2.84

2.63

(2) Population and Household Growth Projection
Population and household data come from

industry and service sectors will each have a share of
1.36%, 29.47% and 69.17%, respectively. The predicted
industrial structure each year is shown in Table 4.2.3.
Table 4.2.3 Predicted Industrial Structure[2]
Year

Agriculture

Industrial

Service

2010

1.49

30.95

67.56

2015

1.16

30.87

67.96

2020

1.46

30.51

68.03

2025

1.36

29.47

69.17

(4) International Energy Price Forecast

the economic and social observation table by the
Directorate-General of Budget, Accounting and Statistics.

Ninety-nine percent of Taiwanʼs energy is

Future population forecast is based on population

imported, so domestic energy prices are significantly

prediction between 2008 and 2056 published by the

affected by international energy prices. Future energy

Council for Economic Planning and Development. Total

price is an important parameter for MARKAL model.

population is expected to increase from 2008 gradually

Thus, future energy price prediction data are obtained

to the highest point in 2018. Population growth rate is

by considering current domestic energy price and

expected to start decreasing from 0.25% in 2008 to a

referencing to international authoritative information

negative value in 2019.

on long-term energy price, including American Energy
Outlook (AEO) by US Department of Energy (DOE) and

Future household number growth forecast takes

World Energy Outlook (WEO) by International Energy

reference to measurement time series model. The

Agency. Consideration is also given to characteristics of

household number growth rate is the average of the

import source. Among these, the predicted prices for

predicted values by State Space model and ARIMA

crude oil, fuel coal and raw coal are obtained by linear

model with consideration of decreasing population and

regression on customs import price data and US DOE

household number, as shown in Table 4.2.2.

price data. Natural gas price prediction is obtained by

Table 4.2.2 Taiwan Population Growth Rate
and Household Number Growth Rate[4]
Population Annual Growth
Rate（%）

Household Number Annual
Growth Rate（%）

2006〜2010

0.31

1.71

2011〜2015

0.31

1.63

2016〜2020

0.21

1.41

2021〜2025

0.09

1.23

Year

1.
2.
3.
4.
5.

[3]

linear regression on imported crude oil price data and
liquefied natural gas price data. The prediction results
are shown in Table 4.2.4.

ROC Statistics Monthly by Directorate-General of Budget, Accounting and Statistics, Executive Yuan, 2009.
TaiSEND model prediction by Sustainable Development Research Laboratory of National Tsing Hua University, 2010.
ROC Population Forecast between 2008 and 2056 by Council for Economic Planning and Development, Executive Yuan, 2008
Sustainable Development Research Laboratory of National Tsing Hua University, 2006
Green Energy and Environment Research Laboratories, ITRI, 2009
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Table 4.2.4 Imported Energy Price Prediction[5]
Crude oil
(US2007/barrel)

Fuel coal
(US2007/ton)

Raw coal
(US2007/ton)

LNG
(US2007/ton)

2010

68.82

54.84

118.60

444.93

2015

102.93

56.52

119.73

470.08

2020

105.51

55.18

119.97

507.05

2025

109.97

56.19

124.33

549.15

Year

4.2~4.3

(4) Increase Energy Eﬃciency
The historical trend shows the self-initiated energy
technology eﬃciency increases 0.4% every year. Without
consideration of other legal measures, the growth rate
is assumed to be 0.4% every year as per historical record.

2. Common Scenario Design Condition
(5) Power Supply
(1) Renewable Energy
1. Increase power generator efficiency: Assumptions
Renewable energy consumption is assumed to

are based on two resolutions from the 2nd National

maintain at the level of year 2008, which is 2,934,900 kW in

Energy Meeting in 2005 and include: (1) newly

total. Each type of renewable energy is shown in Table 4.2.5.

installed and upgraded coal-burning power generator

[6]

Table 4.2.5 Renewable Energy Data in 2008

increases thermal eﬃciency from the current 35% to

Renewable energy

1000 kW

40% in the future; (2) newly installed and upgraded

Hydropower

1,937.9

Wind power

252.1

combined cycle gas-burning power generator

Solar power

5.6

Biomass power

739.3

Total

2,934.9

increases eﬃciency from 45% in 2004 to 53% in 2020.
2. Develop cogeneration and set the goal of 10,000,000
kW for the year 2020（coal burning 75%, other 25%).

(2) Liqueﬁed Natural Gas Consumption
Liquefied natural gas consumption is assumed to
maintain at the level of year 2008, which is 8,220,000 tons.

4.3 Analysis on Greenhouse Gas
Emission Simulation Results
Previously mentioned assumptions including real

(3) Nuclear Energy

economic growth forecast, population and household
growth projection, industrial structure evolution trend

Current power plant units will follow the preset

and international energy price forecast, and common

schedule for decommissioning. Two units from Nuclear

scenario design conditions including renewable energy,

Power Plant I will be decommissioned in 2018 and

LNG, energy technology eﬃciency planning and nuclear

2019, respectively. Two units from Nuclear Power

energy planning etc. are integrated for scenario analysis

Plant II will be decommissioned in 2021 and 2023,

in energy engineering model. Then, Taiwanʼs MARKAL

respectively. Two units from Nuclear Power Plant III will

model simulation can be used to determine the baseline

be decommissioned in 2025 and 2026, respectively. Two

for carbon dioxide emission due to fuel combustion.

units from Nuclear Power Plant IV are expected to start
operation in 2011 and 2012, respectively, with reduction
measures in accordance with government policies.

6. Energy Statistics Yearbook, Bureau of Energy, MOEA, http://www.moeaboe.gov.tw

Under the economic development assumptions
and consideration to maintain energy policy and
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development in the level of year 2008, the annual growth

emission per capita continue to grow at an annual rate

rate for carbon dioxide emission between 2005 and 2020

of 3.38%. Final energy consumption intensity shows

is expected to be between 3.33% and 4.07%, which is far

declining trend according to historical data. Between

less than 5.82% between 1990 and 2005. Carbon dioxide

2005 and 2025, it decreases 0.4% every year. Carbon

emission due to fuel combustion each year is shown in

dioxide emission per GDP unit only increases slightly by

[7]

Figure 4.3.1 .

0.6%. In summary, carbon dioxide emission indices for
various energies are shown in Table 4.3.1.

CO2 emission (million tons)

550
500

4.4 Nationally Appropriate
Mitigation Actions for
Greenhouse Gas

465
441
418

450
400
350
300
250

252
200
2005
High Case

To express support to Copenhagen Accord,

252
2010
Medium Case

2020 Year

Taiwanʼs government after many times of discussion

Government Target

has reached consensus and proposed voluntary

2015
Low Case

commitment to the office of Secretary-General of

Figure 4.3.1 Simulation on CO2 Emission due to Fuel Combustion

the UNFCCC that in 2020 the goal is to have the total

When high GDP case is used as example, since

greenhouse gas emission less than the baseline by

energy policy and development remain unchanged

30% and Taiwan will support the suggestion by IPCC in

from the year 2008, carbon dioxide emission due to

setting up high objective in actual mitigation actions

fuel combustion continues to grow at an annual rate

for developing countries.

of 3.61%. Although population growth is not as much
and total population continues to drop and population

To achieve the goals of Taiwanʼs nationally

growth rate in 2025 is expected to be only 0.23%,

appropriate mitigation actions for greenhouse gas, the

carbon dioxide emission due to fuel combustion and

performance prediction for all policies and reduction

Table 4.3.1 Indices for CO2 Emission due to Fuel Combustion (High GDP Case)

Index

2005

2020

Annual growth
rate (%)

2025

2005〜2025
grow rate (%)

Primary energy
(1000 kiloliters of oil equivalents)

136,957

212,934

237,683

2.79

73.55

Final energy consumption
(1000 kiloliters of oil equivalents)

112,614

186,954

208,684

3.13

85.31

Total emission (million tons CO2)

252

465

523

3.61

103.31

GDP (billion NTD, price in 2006)

11,612

20,472

23,314

3.55

100.78

Population (thousand people)

22,770

23,724

23,833

0.23

4.67

Primary energy intensity
(liter of oil equivalents/thousand NTD)

11.79

10.40

10.19

-0.73

-13.56

Final energy consumption intensity
(liter of oil equivalents/thousand NTD)

9.70

9.13

8.95

-0.40

-7.70
94.24

Emission per capita (ton/person)

11.29

19.70

21.92

3.38

Emission intensity (ton/billion NTD)

22,132

22,833

22,412

0.06

1.26

Income per capita (thousand NTD)

509.96

862.92

978.22

3.31

91.82

7. Green Energy and Environment Research Laboratories, ITRI, 2010.
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measures before 2020 is shown in Table 4.4.1. The
related measures include improving energy eﬃciency at
the energy use end and lowering energy intensity by 2%
every year in the energy saving aspect; and expanding
the use of natural gas, developing renewable energy,
nuclear power generation and improving power
generation efficiency in the clean energy aspect;
and carbon sequestration management and carbon
credit management; and other measures will include
strengthening renewable energy, implementing the
energy tax, new carbon technology and engineering
measures (as electric cars and alternative fueled cars),
increasing equipment energy efficiency, etc. This is to
pursue the goal of voluntary emission reduction.

Table 4.4.1 Taiwan' s Greenhouse Gas, Reduction Target

GDP Growth
BAU 2020
CO2 emissions

Low Growth Scenario

Medium Growth Scenario

High Growth Scenario

418 M Tonnes

441 M Tonnes

465 M Tonnes

BAU reduction
contribution
compared to 2020

All Sorts of
Contribution

Reduction (%)

All Sorts of
Contribution

Reduction (%)

All Sorts of
Contribution

Eduction (%)

(1)Nation Reduction
( including yearly
2% energy density
decline)

129.78 (31.0%)

31.0%

129.78 (29.4%)

29.4%

129.78 (27.9%)

27.9%

(2)Oversea Credits

32.51 (7.8%)

(1)+(2) =38.8%

32.51 (7.4%)

36.8%

32.51 (7.0%)

34.9%

(3)Reduction Gap

(0.9%)

(1)+(2) +(3)
= 39.7%

50.71 (6.1%)

42.9%

(10.9%)

45.8%
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C

limate change in the short, medium and long term

(1979 to 2008), seasonal diﬀerence in warming intensity

has affected resources, environment and human

becomes obvious. Spring has 0.30 ℃ /10 years. Summer

life differently, so adaptation measures to respond

has 0.11 ℃ /10 years. Autumn has 0.24 ℃ /10 years.

to the impact have become increasingly important.

Winter has 0.44 ℃ /10 years. Spring and winter have

This chapter describes changes in Taiwanʼs weather

much higher warming intensity than summer and

and sea level and the observed impacts on aqueous

autumn. This result is similar to the observation data for

resources, agriculture and fishery, land and marine

Southeast Asia and the whole world.

ecosystems, human health, society and economy, and
the adaptation measures in Taiwan.

The warming in Taiwan is almost all from the

5.1 Changes in Taiwan' s Weather
and Sea Level
1. Temperature Change

contribution of temperature increase in the nighttime (7
pm to 8 am), while warming in the daytime is not clear.
Change in temperature and humidity is affected by
local factors, such as land use change and urban heat
island eﬀect. Urban ground warming is 2.5 times faster
than non-urban areas (mountains and islands) due to

In the past century, global warming caused an
average temperature increase by 0.74 ℃

[1]

heat island eﬀect from urban development.

. Between

1897 and 2008, the average temperature increase in

2. Precipitation

Taiwan was 0.8 ℃ (ground temperature increased
by about 0.9 to 1.4 ℃)

[2]

. In the most recent three

In the past century, precipitation was different

decades (1979 to 2008), the warming had accelerated

between northern and southern Taiwan. In the north,

significantly, in a rate about 0.23 to 0.40 ℃ every

annual precipitation increased 36.5 mm/10 years (0.1

10 years. It is worth noting that the yearly average

mm/day/10 years). In the south, the annual precipitation

temperature did not continue to rise. Before 1950, it

decreased 73 mm/10 years (0.2 mm/day/10 years).

was a warming period. In the 1970s, the yearly average

However, after 1960, the weather data in 40 years do not

temperature decreased for ﬁve consecutive years. Then

show a trend of signiﬁcant change. Although the long

after 1980, it warmed up rapidly again. Such oscillation

term (100 years) and the short term (40 years) do not

occurred not only in Taiwan; the average temperature

show consistent trend, it is very clear to see increasing

[3]

of earth has had similar ﬂuctuations .

ﬂuctuation between rainy season and non-rainy season,
and between dry season and wet season [4].

The long term warming between 1900 and 2008
does not show seasonal difference. With a shorter

From the data covering the past 100 years, the

timeframe for analysis, in the recent three decades

number of precipitation days measured by major

1. IPCC, Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change [Solomon, S., D. Qin, M.Manning (eds.)], Cambridge University Press, 996pp, 2007.
2. Statistical Report on Climate Change in Taiwan (from 1897 to 2008), Central Weather Bureau, MOTC, 2009
3. “A Century of Climate Development in Taiwan”, Yun-Lang Chen, Scientiﬁc Development, Vol. 424, page 6〜11, 2008
4. Wang, C.H., Li, L.A. and Liu, W.C. Some characteristics of the precipitation in Taiwan. In: C.I. Peng and C.H. Chou, Editors, Biodiversity and Terrestrial Ecosystem, Institute
of Botany, Academia Sinica Monograph Series, No.14, pp.343-354, 1994.
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observation stations decreases significantly, i.e.,

decreasing at a rate of 18 days/10 years in the past 60

increased number of days without rain, especially in

years. In the north, the number is decreasing at a rate of

the south and in the east. For example, the decrease

1.4 day/10 years. Before the 20th century, the number of

in Hengchun area could be as much as 10.95 days/10

cold days in Taipei every year was about 20, even more

years, while the Taipei area also had a decrease of

than 50 occasionally. In the last decade, the number is

as much as 3.49 days/10 years. The trend becomes

mostly below 10 with great variation between years.

clearer in the recent 60 years. Total precipitation does

For example, in 2005, the number of cold days was as

not change much, while total precipitation time

many as 17. This indicates that although Taiwan is in the

significantly decreases. The frequency of heavy rain

warming trend, it is still aﬀected by short-term weather

(daily rainfall above 50 mm) shows an increasing trend.

systems. The trend will continue in the 21st century.

3. Frequency of Extreme Events

In the 20th century, total precipitation in Taiwan
did not decrease with the decreasing frequency of

Researches indicate

[3]

in the past century daily

light rain or non-rainy days. This was due to increased

highest temperature rise intensity is about 0.03 to 0.10

frequency of heavy rain days. If daily rainfall above 50

℃ /10 years and daily lowest temperature change

mm is the criteria of heavy rain, especially 130 mm as

is about 0.11 to 0.26 ℃ /10 years. In the last 30 years,

record-breaking rainfall, after 1980, the number showed

warming intensity went up to 0.18 to 0.42 ℃ /10 years

a signiﬁcantly increasing trend. For example, on July 31,

and 0.24 to 0.52 ℃ /10 years. In the aspect of heat

1996, Typhoon Herb brought in record-breaking 1,094.5

waves, with the number of days that the temperature

mm of rainfall to Alishan [5]. On August 8 and 9, 2009,

in Taipei area is above 35 ℃ as the indicator of Taiwanʼs

Typhoon Morakot set a new record of 1,161.5 mm and

high-temperature day, in the first half of 20th century,

1,165.5 mm rainfall. Moreover, typhoon was the major

the number of high-temperature days was no more

cause of Taiwanʼs precipitation and disasters, striking

than 30, while in the second half of the 20th century,

Taiwan 3.3 times on average every year in the 20th

the number of high-temperature days was 40 to 50

century. Between 2000 and 2008, the number increased

every year. If 32 ℃ is the high temperature criteria, the

to 4.2 every year. It is related to sea temperature rise in

number of high-temperature days measured by ground

Northwest Paciﬁc Ocean[6].

observation stations significantly increases. After 2000,
the number of high-temperature days in major cities
like Taipei, Taichung, Chiayi, Tainan and Kaohsiung is
over 100 every year.
Moreover, in the past century the number of
events that the temperature went below 10 ℃ had a
decreasing trend, especially in mountains. In the 1950s,
Alishan had about 300 days of low temperature every
year (i.e. daily low temperature ≤10 ℃). The number is

5. “Extreme Precipitation Frequency Change in Taiwan from 1950 to 2005”, Mong-Min Lu, Chia-Chen Chen, Yun-Jing Lin, Atmospheric Science, Vol. 35, page 87 to 104,
2007
6. National Communication ‒ Trend, Impact and Vulnerability Assessment for Climate Change and Adaptation Measures, EPA, Executive Yuan, 2009
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4. Seal Level Rise

Facing the impact of climate change and
increasingly extreme climate events, Taiwan is seeing

The sea level around Taiwan appears to oscillate

precipitation intensity and amount increasing.

with time. Between 1961 and 2003, the sea level rose 2.4

Although reservoirs can be filled, a large amount of

mm/year, 1.4 times of the global sea level rising rate of

mud is ﬂushed into reservoirs, aﬀecting storage capacity

1.8 mm/year. Between 1993 and 2003, the sea level at

as well as threatening reservoir life. Furthermore, mud

Taiwanʼs coastal tide stations rose as fast as 5.7 mm/year.

also causes water turbidity to increase and impairs the

In the meantime, the satellite measurement indicated a

operation of water supply system, leading to water

rising rate of 5.3 mm/year, far more than IPCC published

shortage or outage. In 2004, the impact of Typhoon

global average of 3.1 mm/year[ ]. These results indicate

Allie on Shihmen Reservoir aﬀected water supply to the

sea level rise around Taiwan is more than the global

Taoyuan area and caused water outage for as long as 18

average.

days. In 2009, the record-breaking rainfall from Typhoon

5.2 Impact on Hydrology
and Water Resources and
Adaptation

Morakot caused abruptly high turbidity in water from
Nanhua Reservoir and Peony Reservoir. It brought huge
impact on the Tainan and Kaohsiung-Pingtung areas.
In addition, record-breaking heavy rain can also cause
flood and landslide, damaging river dams and water

1. Impact Observation

storage facilities.

(1) Water Resource Supply and Demand

(2) Frequency of Flood and Drought

According to precipitation data between 1949

According to the MOI, Taiwanʼs natural disaster

and 2007, Taiwanʼs annual precipitation did not show

data between 1958 and 2008 reveals that 1980 was a

a clear increasing or decreasing trend. However, the

critical point, before which the number of typhoons

ﬂuctuation between wet and dry seasons is increasing.

was decreasing and after which it was increasing.

This is inevitably a challenge to water resources.

Especially after 2000, disasters due to typhoons increase
dramatically. The year 2004 had the highest ﬁgure: nine

Taiwanʼs main water sources are reservoirs, rivers

typhoons.

and groundwater. Currently, Taiwan has 40 reservoirs
as major water storage facilities. In 2007, the effective
capacity is 2.074 billion cubic meters. Between 1998
and 2007, the water consumption from water reservoirs
reached 4.689 billion cubic meters. With increasing
ﬂuctuation between wet and dry seasons, water supply
and allocation from reservoirs becomes increasingly
critical.

7. Tseng, Y. H., L. C. Breaker and E. T.-Y. Chang, 2009: Sea level variations in the regional seas around Taiwan. Journal of Oceanography, Vol. 66, pp. 27~39, 2010.
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According to the statistics on fallow land by the
Council of Agriculture, Executive Yuan, it can be clearly
found that after 1984 the occurrence of droughts was
higher than before. Especially in 2002, occurrence
frequency was even higher. There were five droughts
within eight years.

2. Adaptation Measures
T h e W a t e r R e s o u r c e s A g e n c y, M i n i s t r y o f
Economic Affairs in 2009 planned on adaptation
measures to deal with global climate change ‒
The White Paper of Water Conservancy Project
in Response to Global Climate Change. The plan
is to invest 400 million NTD in four years (2010 to

5.3 Impact on Food Security and
Fishery and Adaptation
1. Impact Observation

2013) to set up an adaptation action project− the
Climate Change Impact on Water Environment

(1) Food Security

and Adaptation Research Project, implementing
adaptation measures through water resource
management and disaster response.

The broad deﬁnition of food demand can include
human primary food and livestock feed. Human primary
food includes rice and wheat. As of 2008, annual rice

In the aspect of strengthening water resource

demand was 1,320,000 tons and self-sufficiency rate

management, there are five measures: maintain

was 90%; annual wheat demand was 1,000,000 tons and

and increase water resources, develop new water

self-sufficiency rate was almost 0; for cereals, except

resources, improve water quality and increase water

sorghum had 3% self-sufficiency rate, corns, soybeans

efficiency and water resource allocation. In the aspect

and barley had self-sufficiency rate between 0 and

of disaster response, there are four measures: water

1.7%. Although Taiwanʼs rice self-suﬃciency rate is high,

resource allocation during a drought, enhance water

livestock feed and wheat only have self-suﬃciency rate

management (flood mitigation), disaster response

of about 37%. Taiwanʼs food security is not only aﬀected

and risk management.

by local climate change, due to dependence on import,
climate change in US (wheat), Australia (wheat), Brazil

In the aspect of adaptation to disaster, it includes
water resource impact and response to floods, storms

(soybeans) and India (corns) also affect Taiwanʼs food
security [5].

and landslides. The major responsive measures
include: establish disaster prevention and rescue

Rice production is very likely to be affected by

related laws and implement adaptation measures

abnormal climate. Under the current rice production

in accordance with central and local government

system, the first-term rice production is susceptible to

authorities and responsibilities.

risks of chill and droughts in early spring and heavy rains
and typhoons during harvest; while the second-term
rice production is mostly susceptible to risks of heavy
rains and typhoons. During the grain filling period for
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the two terms of rice production, there is risk of heat

oﬀ eastern Taiwan increased by 0.65 ℃. This is related

wave (high temperatures) to affect pollination and

to the Kuroshio Currents, mainland coastal stream

grain quality. The data from the Council of Agriculture,

and South China Sea Currents. They all affect marine

Executive Yuan indicate that in 2007 and 2008, the two

bio-resources and fishery. With the warming trend in

terms of rice production were impaired by typhoons

the 1990s, summer fishery catch gradually increased

and the loss of yield was about 13% and 10% of the yield

and fishery seasonality was diminishing. Clearly, this

at the same period of year. Then typhoons signiﬁcantly

represents southbound spawning economic fish

threatened food supply in Taiwan and it was one major

species in wintertime gradually retreated to the north,

cause of the rice price increase from 18,300 NTD/ton

while the warm water ﬁsh species along with Kuroshio

in 2007 to 21,800 NTD/ton in 2008

[8]

. Moreover, chill

damage also occurs every year, especially for the first

mainstream and side stream and South China Sea
currents gradually spread to the north.

term rice production in the eastern areas in 2009. In
the aspect of other cereal crops, under the situations

The impacts of abnormal climate on marine

of unstable global climate and developing biomass

environment include El Niño, La Niña, abnormal cold

fuel, international prices on wheat, corns and soybeans

water and warm water intrusion. The impacts on

reached the highest in 2009, causing huge price

ﬁshery are shown in Table 5.3.1 [11].

increases in Taiwan for ﬂour products, feed and livestock
products, leading to increase in the price of daily-life

2. Adaptation Measures

goods.
In the aspect of food security, a series of policies
Since 1980, Taiwan has focused on quality rice

from agricultural production and grain management

production and determined that safe production

to improving farmer competitiveness are put out as

weather condition for quality rice is an average

adaptation measures. They include implementing

temperature below 26 ℃, night temperature below 22
2 [9]
℃, solar radiation above 13 MJ/m . However, in the

recent 25 years, the temperature risk in the south has an
increasing trend, solar radiation has a decreasing trend,
and winter rainfall also has a decreasing trend, which will
also contribute to the risk to quality rice production [10].
(2) Fishery
In the past 27 years, the temperature of waters
off northeastern Taiwan increased by 0.85 ℃, the
temperature of waters off southwestern Taiwan
increased by 0.71 ℃, and the temperature of waters
8. Rice Production Report (2006 to 2007), Council of Agriculture, Executive Yuan, 2008
9. “Environment Challenges to Quality Rice Cultivation and Responsive Measures in Taiwan”, Hu-Shen Lu and Yun-Hua Liu, Central Weather Bureau, MOTC, Crops,
Environment and Bioinformatics, Vol. 3, p 297 to 306, 2006
10.“Inﬂuence of Global Warming Trend on Rice Cultivation in Taiwan”, Mong-Min Lu, Yun-Lang Chen and Gwei-Hong Chen, Crops, Environment and Bioinformatics, Vol. 5,
p 60 to 72, 2008
11.“Impact of Climate Change on Taiwanʼs Ecosystem and Vulnerability Assessment and Responsive Measures ‒ Sub-project 4: Study on the Impact of Climate Change
on Taiwanʼs Fishery and Responsive Measures (II), National Science Council, Executive Yuan, 2008
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Table 5.3.1 Impacts on Important Economic Fish Species in Waters around Taiwan
Data Time
(year)

Fishery type

1977〜2008

Inshore tuna
rolled ﬁshing

Target species
Euthynnus pelamis
Thunuus albacares
Thunnus alalunga
Thunnus obesus

Mugil cephalus L.

1958〜2008
Purse-net
ﬁshing

Parastromateus niger

1981〜2008

Mackerel
purse-seine
ﬁshing

1982〜2008

Engraulis japonicus
Encrasicho punctifer
Encrasicholina heteroloba

Coastal oyster
farming

1995〜2007

Cause

Impact

Degree of Impact

South, east,
northeast
waters

Cold phase changed
to warm phase

Arrival increases.

Catch increase by 10
〜20%*

Arrival decreases.

Catch decrease by 10
〜20%*

Pressure and
water temperature
West waters
ﬂuctuate
Cold phase changed
to warm phase

Winter Kuroshio warm
side stream stays in
Yunlin Changhua
upheaval to impair
southbound mullet to
lay eggs.

Catch decrease from
2,730,000/yr in 1980
to below 200,000/yr in
2000

Continental coastal
regression

Southbound migrating
black pomfret is
hindered.

Catch decrease from
11,231 tons/yr in 1981
to below 1,182 tons/
yr in 2000

West waters

Northeast
waters

Scomber australasicus
Decapterus lajang

Larval ﬁsh
ﬁshing

1982〜2008

1982〜2008

Scomber japonicus
Trachurus japonicus
Decapterus kurroides akaadsi

Fishing Site

Crassostrea gigas

Inshore
aquaculture

Haliotis aqualilis

Continental coastal
regression. Kuroshio
stream intensiﬁes.

Cold water catch
decreases. Warm water
catch increases.

Ilan Bay and
Fangliao
coast

Continental coastal
regression. Kuroshio
stream intensiﬁes.

Southwest
waters

Water temperature
increase, ovulation/
Continental coastal
ejaculation frequency
increases, quantity
regression. Kuroshio
decreases, ﬁshermen
stream intensiﬁes.
cannot control attached
seedling time.

Taipei
Gongliao
coast

Same as above

Same as above.

Decrease from 60〜
75% in cold phase
to 25〜40% in warm
phase *
Decrease from 25〜
40% in cold phase
to 60〜75% in warm
phase*
In cold phase and
spring, 90% catch in
Ilan Bay is Japanese
anchovy. Between
2000 and 2004, it was
only 5〜20%*. Catch
from southwest
waters is all anchovy.

In 26 years, yield is
reduced by 21.4%.

Annual yield 1,500
Continental coastal
tons and annual
stream into Yangliao Bay
production value over
decreases. NitrogenPhosphorous ratio
one billion NTD drop
changes algae species
to 139 tons and less
and fails attached
than one billion in
seedling.
2007.

* With annual variation
Table 5.3.2 Impacts on Important Taiwanʼs Economic Fish Species by Abnormal Climate
Fishery type

Purse-net ﬁshing,
mullet ﬁshery

Inshore tuna
rolled ﬁshing

Penghu coastal
ﬁshery

Target species

Phenomenon

Fishery Period
1977〜1978
1982〜1983
1986〜1987

Impact

Degree of Impact

Kuroshio stream
intensiﬁes, continental
Decrease from
coastal stream
previous years (normal
weakens, and mullet
years) by more than
cannot go south to lay
30%
eggs.

Mugil cephalus

El Niño

Skipjack, yellowﬁn tuna

El Niño

Arrival increases, catch
increases.

8〜10%

Blueﬁn tuna

El Niño

Fishing site shifts
to north and catch
decreases.

10%

Abnormal continental
water invasion, >6.7m/s
northeasterly wind over
three weeks.

In February, sea water
temperature around
Penghu drops to
about 12oC.

Cage cultured cobia
dies of coldness.
58 families and 172
species die in natural
waters. Loss is over
one billion NTD.

February 2008
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production plan, rotation and fallow; rice acquisition,

diversity distribution and composition, as well as the

rice import and export management; and supporting

changes in altitude distribution and composition of

measures for rice production, manufacturing and sales.

blends of diﬀerent forest types.

In the aspect of fishery, the adaptation measures

The increasing trend of forest fires due to high

are mainly to implement ﬁshery resource management,

temperatures and droughts caused by climate change

conservation and adjust ﬁshery production structure to

has not occurred in Taiwan. Nevertheless, it is necessary

improve ﬁshery resource allocation and eﬃciency.

to establish an early warning system for forest fires

5.4 Impact on Land and Marine
Ecosystems and Adaptation[5]
1. Impact Observation

as reference for forest fire monitoring. The increasing
frequency of extreme rainfall events has increased
deforestation, the number and size of landfall. The 88
typhoons in 2009, for example, led to new collapsed
areas of up to 51,304 hectares due to heavy rainfall,
more than 1.5% of national land area, a serious impact

(1) Land Ecosystem

on terrestrial ecosystems.

Scholars pointed out that Taiwan's high-altitude
mountains are subject to the impact of climate warming,
so there is a trend for ﬁr forests to move upward as well
as increase their distribution area. There is also a trend
for species diversity to increase every year. It is also
likely for some species to change and some species to
disappear.
Taiwanʼs salmon is an Ice Age relict, also a salmon
whose distribution is in the southernmost of the
world. Researches indicate the population of salmon in

(2) Marine Ecosystem

Chichiawan River has been stable in the last 10 years.
However, its population size is closely related to the

In the summer of 1998, a large number of coral

number of typhoons and the time typhoons strike in

bleaching phenomenon was observed in Taiwan's

that year. Typhoons bring in heavy rains for the rivers

Kenting National Park, Green Island, Orchid Island and

to rise abruptly, resulting in salmonʼs decline in autumn

East Atoll. In July and August 2007, the abnormal sea

and winter. If typhoons strike after October, the flood

surface temperature in the Western Pacific Ocean

flushes away salmon fries, resulting in huge salmon

caused a large amount of coral bleaching in Kenting

decline in the following year.

National Park area, Green Island, Orchid Island and East
Atoll. But since temperature did not increase much and

Forest venerability index (FVI) assessment indicates

it did not last long, coral mortality was not high, mostly

that increase in temperature and rainfall will make most

less than 10%. In addition, in February 2008, cold water

of forests increasingly vulnerable and aﬀect their growth

came to waters around Penghu, resulting in water

and function. With warming and upward vegetation, it

temperature below 18 ℃ for a continuous period of 2

requires further investigation on the changes in species

to 3 weeks and a large number of coral bleaching and
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death, in which coral mortality in the north of Penghu

over Taiwan, and the collected samples are stored in a

and inner sea was about 70%.

frozen gene bank. There are oﬀ-site backups in case of
climate change, diseases and natural disasters.

2. Adaptation Measures
Since the dams on the mountain creeks in Wuling
The Forestry Bureau of the Council of Agriculture,

area were removed in 2001, the salmon population

Executive Yuan, completed installation of 3,188

growth was changed from negative to positive, indicating

permanent sample stations since 1997 and large-scale

removal of dams had a positive effect on the salmon

dynamic sample stations in eight different locations

population. Other studies showed when the planted

with representative forest types, and will conduct re-

riparian canopy angle reached 90%, it could effectively

examination every five years. The data collected can

reduce stream temperature by about 1 ℃ [12], slowing the

reﬂect forest environment change in recent years.

impact of global warming on rising water temperature.
At the same time, the restoration of riparian vegetation
can alleviate the loss of land around the stream due to
typhoons and heavy rain ﬂush into non-point pollution
source. It can also reduce storm water runoﬀ, ﬁlter out
the input of nutrient salt and coastal organic carbon to
prevent deterioration of water quality, and effectively
reduce temperature rise.
In accordance with the Wildlife Conservation
Act and the Cultural Heritage Preservation Act, the
government focuses on wetland environment as an

Between 2003 and 2008, "Taiwan Vegetation

important natural resource to designate seven nature

Diversity and Mapping Project” was carried out for

reserves and 16 wildlife sanctuaries. In April 2009, the

vegetation survey and vegetation mapping in state-

government additionally designated the Chiayi County

owned forest land. In total, the project has completed

Aogu Wetland and Wild Animals Habitat, with a total

survey on 3,564 ground sample stations and mapping

land area of 16,591 hectares. In 2007, the national

area of about 1.6 million hectares, about 44.26% of total

wetlands selection determined 75 national important

island area, as a baseline for future long-term vegetation

wetlands, including two internationally important

monitoring data.

wetlands, 41 nationally important wetlands and 32
locally important wetlands, with a total land area of

Climate change has relatively larger impact on rare

44,379 hectares. At the same time, the government

species and locally distributed species, while the impact

expanded public involvement, integrated local

on the wildlife as a whole or individual is unknown. The

governments, civilian environmental groups and

Forestry Bureau commissioned research institutes to

local communities to promote wetland conservation.

collect genetic materials of wild plants and animals all

Moreover, efforts were made to ameliorate the

12. “Long-Term Ecological Monitoring and Ecological Model Establishment in Wuling Area” Project, Shei-Pa National Park Administration, 2009
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excessive use of the land situation in the southwestern

Through analysis of past temperature data and the

coastal subsidence area, and create wetland habitats for

death from cardiopulmonary diseases in metropolitan

better biodiversity. Since 2005, the central government

areas (Taipei County, Taichung County and Kaohsiung

has subsidized local governments in leasing long-term

County) and sub-metropolitan areas (Taoyuan County,

alkaline immersed agricultural land to create wetland

Changhua County and Tainan County), it was found that

ecological parks. The government also encouraged

deaths from cardiovascular diseases are most sensitive

community residents to participate in counseling and

to temperature. Age group above 65 years old has

research, and expected to convert land subsidence areas

higher risk potential, which also reached a statistically

into eco-tourism areas as a basis for green industry.

significant level. The impact of low temperature
in winter is more than that of high temperature in

As Taiwan's natural coast is diminishing, it is less

summer. Residents of cities in the middle and south

than 50% of the total coastline, seriously affecting

have higher risks than those in the north. Comparison

coastal ecosystem functions and ecological flexibility.

of cities in similar latitude shows sub-urban area has

To avoid further erosion of natural coastline, in August

relatively higher risk of death.

2007, the Sustainable Coastal Development Program
was approved with the intention to strictly review

In further investigation into death risk of

major development projects along natural coastline to

cardiovascular disease after continuous heat (above

achieve "zero loss" on natural coastal and restore the

95 percentile of temperature in all districts), cold (less

landscape of natural coastline.

than 5 percentile of temperature in all districts), after
temperature adaptation, the impact of continuous
high/low temperature events can be found. Among all
cardiovascular diseases, death from hypertension and
stroke is aﬀected by the number of days of continuous
high/low temperature events and the risk increases
with increasing number of days. However, the impact
varies with location and does not reach a consistent
statistical signiﬁcance.

5.5 Impact on Human Health and
Adaptation
1. Impact Observation

(2) Climate-related Infectious Diseases
Statistics from the conﬁrmed cases in the past years
indicate Dengue fever had the greatest eﬀect. Epidemic of
dengue fever is seasonal. Global warming might have an
eﬀect on Taiwan's dengue fever epidemic.

(1) Health Hazards by Extreme Climate

[13]

For water and food related infectious diseases, the

13. “Impact of Climate Change on Taiwanʼs Ecosystem and Vulnerability Assessment and Responsive Measures ‒ Impact of Climate Change on Taiwanʼs Public Health
and Vulnerability Assessment and Responsive Measures”, National Science Council, Executive Yuan, 2009
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2. Adaptation Measures

the bacillary dysentery in the east and central mountain
areas. Quantitative data analysis also shows when the

To deal with epidemic of Dengue Fever and other

accumulated weekly rainfall is less than 10.73 mm,

vector-borne diseases, the Center for Disease Control

endemic shigellosis cases in sensitive areas will increase

of the Department of Health, Executive Yuan, set up

signiﬁcantly. It is believed that in the mountain areas where

the Four-Year Dengue Fever and Other Vector-Borne

municipal water supply is lacking, during dry season, the

Disease Control Program, including disease monitoring

water source is more likely contaminated by septic tanks

and notification, emergency epidemic response,

in nearby villages, and spring water or groundwater during

mosquito breeding source removal and inspection, to

the dry season is also scarce, so once the water source is

prevent the possible epidemic outbreaks of Dengue

contaminated, it is likely to contain high concentrations of

Fever due to climate change. In response to water-

pathogens, and outbreaks tend to occur.

borne diseases such as intestinal and other infectious
diseases caused by natural disasters, the Center for

In July 2005 after Typhoon Begonia struck, Taiwan

Disease Control also set up the Intestinal Enterovirus,

had severe flooding in the south and the number of

Flood-related Infectious Disease Prevention Program,

patients that were found to have lower limb cellulitis in

and will advocate personal hygiene to strengthen

clinical out-patients signiﬁcantly increased two times than

correct understanding of intestinal infectious diseases,

that before the typhoon struck. In the meantime, a cluster

and implement diversified monitoring systems and

epidemic outbreak of Melioidosis occurred in Erhjen

effective control measures to reduce the possibility

River in south Taiwan with cumulative total of 38 cases,

of intestinal enterovirus and flood-related Infectious

mostly 2-36 days after typhoon developing symptom and

diseases in disastrous areas due to climate change.

concentrated in both sides of Erhjen River estuary and
along the coastal line. According to epidemiological and
meteorological data [ ]、[ ], it is thought the cause of the
epidemic was that large amount of rain water brought in
by the typhoon flushed the pathogens in deep soils to
the top, and with strong winds people got infected when
their wound came into contact with polluted water or
when they inhaled polluted dust.
After Typhoon Morakot struck in 2009 and the
ensuing massive flooding in southern Taiwan, Pingtung
County Wantan City and Hsinyuan City had leptospirosis
collective infection. After the flood, people who tried to

To assure accuracy, effectiveness and

clean up their homes were exposed to sewage and sludge

responsiveness for disease prevention monitoring

or took in contaminated water, food and leptospirosis.

system, the Department of Heath, Executive Yuan

14.Su, H.P., C.Y. Chou, S.C. Tzeng, T.L. Ferng, Y.L. Chen and Y.S. Chen, Possible typhoon-related melioidosis epidemic, Taiwan, 2005 [letter].Emerg Infect Dis [serial on the
Internet]. 2007, website http://www.cdc.gov/EID/content/13/11/1795.html
15.“Melioidosis Cluster Infection Case Analysis in Southern Taiwan after Typhoon”, Chi-Wen Wu, Tsei-Chun Lee, Da-Ren Chien, Bin-Huei Wu and Shi-Shun Chen,
Epidemic Report, Vol. 22, No. 11, p 728 to 745, 2006
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formed the National Health Command Center and in

High temperature effect/urban heat island

accordance with the provisions of Disease Control Act

effect will lead to increase in air conditioning system

would also set up a central epidemic control center

installation cost, operating cost and energy saving

to integrate resources and related agencies when it is

investment. Air-conditioning systems are the second

necessary, and may coordinate with the departments

highest energy consuming unit in manufacturing

under Executive Yuan for support and joint response to

sector, next to mechanical power systems. In non-

the challenge of epidemic caused by climate change.

manufacturing sector, air conditioning systems account

5.6 Impact on Society and
Economy

for 40% energy consumption

[17]

. Thus, investment

and operating costs are closely related to temperature
change.

The impacts of climate change on society and

Heavy rain and typhoon are threats to the security

economy include damage loss, cost increase and safety

of power, oil and gas supply facilities within geological

threat. Since Taiwan has a small and open economy,

disaster sensitive areas and ﬂood areas. Among the top

whose development history and trend is mainly on

ten disasters to aﬀect power transmission lines in recent

small and medium businesses with great flexibility,

ten years found by Taiwan Power Company, there are

Taiwan is able to maintain continuous dynamic

four cases that saw strong winds strike the towers,

adaptation to respond to internal and external changes

one case that involved debris flow and one case that

with respect to markets, natural environment and

involved tornado damage to high-voltage circuit [18].

competitive conditions.
Floods and droughts caused by precipitation
change usually result in industrial loss. For example, in
2004, Typhoon Allie passed and caused water turbidity
increase and water treatment plants failed to function,
resulting in 21 days of water stoppage in the Taoyuan
area. The industrial park in the area had the most value
output in Taiwan, so they suffered a huge economic
loss. The biggest impact was on the electronics industry,
followed by the optoelectronics, semiconductor
industry, chemical industry and food industry. The
cost of industrial impact mainly comes from process
changes, order transfer, delayed delivery and water and
overtime cost increase. A study found the total loss was
about 4.3 billion NT dollars [16].

16.“Inﬂuence of Water Shortage on Taoyuan Area and Economic Analysis”, National Science Council, Executive Yuan, 2007
17.“2008 Energy Audit for Non-Manufacturing Industry”, Bureau of Energy, MOEA /Taiwan Green Productivity Foundation, 2008
18.“Disaster Prevention and Response Plan for Transmission Lines”, Taiwan Power Company, 2009
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Chapter 6 Climate Change and System
Observation Study

M

ost climate change researches involve
interdisciplinary integration and rely on

2. Meteorology (51 cases): include weather data
analysis and simulation;

accumulation and analysis of data from long-term
systematic observation to understand the climate

change trend in Taiwan and assess the possible impact

3. Agriculture (23 cases): include researches on impact,
reduction and adaptation;

of climate change. This chapter provides an overview
of climate change research in Taiwan in recent years,
and programs implemented by each department, as

4. Fishery (23 cases): include far, near and coastal ﬁshery
resource change and ﬁshery site change;

well as the status of meteorological, ocean climate
and hydrological system observation status, and future
researches related to climate change and systematic

5. Forestry (20 cases): include researches on impact and
adaptations;

observation.

6.1 Resources into Climate
Change and Systematic
Observation
The statistics[ ]between 2003 and 2007 by the

6. Ocean (17 cases): include simulation and analytical
projects on East China Sea, South China Sea and
Paciﬁc Ocean;
7. Ecology (16 cases): include plants and coral reef
system, etc.;

Council for Economic Planning and Development
indicate a total of 289 reports on climate changes

8. Health (17 cases): Impacts of infectious diseases;

produced by all departments, among which the
National Science Council had the most (71.6%),

9. Others (57 cases): international issues related to

followed by the Council of Agriculture (18%) and the

climate change, domestic responsive strategies and

Environmental Protection Administration (3.8%). The

greenhouse gas survey, etc.

trend shows total number of reports to be increasing
every year.
Between 2003 and 2007, the main points and
directions for Taiwanʼs researches on climate change
are divided into nine classes:
1. Water resources (65 cases): include ﬂood prevention,
droughts and ﬂooding, etc.;

1. “Final Report on Commissioned Projects on Assessment of Long-Term Impact of Climate Change and Responsive Measures”, Council of Economic Planning and
Development, 2009.
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6.2 Climate Change Study
Among Taiwanʼs research projects on climate

The accomplishments by each department
conducting related projects are brieﬂy described in the
following sections:

change, most are related to water resources and
meteorology, especially on the impact of climate
change on domestic flooding, droughts and water

1. Council for Economic Planning and
Development, Executive Yuan

resources. Research projects in marine ecology focus on
continuous observation and database establishment.

The program Our Adaptation Measures in

Research projects in agriculture, forestry, fishery and

Response to Global Warming, conducted in 2007 by

husbandry are to assess the impact of climate change

the Council for Economic Planning and Development,

and also stress responsive management strategies.

was mainly done in accordance with UNFCCC related

Research projects for the impact of climate change on

information to investigate adaptation mechanisms

public hygiene and health are also underway with main

and strategies by each country in the world. The

focus on health vulnerability and infectious disease risk.

program also summarized related information to

Other research projects include climate change related

Taiwanʼs national communication and impact and

strategy development, international situation analysis,

adaptation for climate change. It also investigated

greenhouse gas emission survey and energy-related

adaptation measures or action plans implemented by

researches.

each government department in response to climate
change. Comparison was also made between Taiwan

For integrative interdisciplinary researches, the

and other countries in executing adaptation measures

Council for Economic Planning and Development,

as references for future establishment of national

Executive Yuan, in 2007 and 2008, executed two

adaptation measures [2].

programs: Our Adaptation Measures in Response to
Global Warming and Long-Term Impact Assessment

In 2008, the Council for Economic Planning

of Climate Change and Responsive Strategies

and Development conducted the project Long-

for interdisciplinary compilation of database and

Term Impact Assessment of Climate Change and

knowledge base and adaptation measure assessment.

Responsive Strategies to compile Taiwan's current

In addition, the EPA conducted a special project,

adaptation strategies and plans and propose the

Establishment of Data of Impact and Adaptation for

overall project framework draft and implementation

UNFCCC National Communication -- Climate, Hydrology

timeline for Taiwanʼs adaptation mechanism after taking

and Ecology. The National Science Council, between

references to international development mechanism

2003 and 2008, conducted a total of 10 major projects,

and adaptation strategies, while building cross-

aiming at different fields to carry out integrated

department integrated platform websites, compiling

study, including meteorological research, impact on

other ministriesʼ websites, like the Executive Yuan,

agriculture, forestry, fishery and husbandry, impact on

Council for Economic Planning and Development,

water resources, health impact and ecological impact.

Environmental Protection Administration, Ministry
of Economic Affairs, Council of Agriculture, National

2. Final Report of “Study of Taiwanʼs Adaptation Measures in Response to Global Warming”, Council of Economic Planning and Development, Executive Yuan, 2007
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Science Council, Department of Health, and the

vulnerability assessment for disaster prevention, water

summaries of the results of related researches, covering

resource supply, forestry, fisheries, ecosystem and

climate change impact assessment, climate change

public health under the influence of climate change.

adaptation and responsive strategies and greenhouse

The results will serve as development tools for all the

gas reduction, etc. The Climate Research Knowledge

ministries to plan on adaptation strategies.

Base established in the project contains two websites
for Climate Knowledge Database and Taiwan Climate
Change Information Database. The establishment of
Impact Research Knowledge Database, Impact Research
Utility Database and Hydrological Research Knowledge
Database covering drought and flood study, sea level

Table 6.2.1 Climate Change related Integrative Projects Executed by National
Science Council Executive Yuan
Execution Time
(Year)
2002 to 2004

Analysis on abnormal natural phenomena and
environmental impact assessment and responsive
strategies

2003 to 2005

Integration and application of regional climate change
simulation system

2004

Impact assessment for climate change on hydrological
environment, water resource management and
biodiversity and responsive strategies

2005

Impact of climate change on our country and adaptation
strategies

2006

Impact of climate change on Taiwan and adaptation
strategies

study and water policy. The compiled results are used
as references for climate change researches and policy
making.

2. National Science Council, Executive Yuan
The large-scale integration projects conducted by
the National Science Council in recent years are shown
in Table 6.2.1. In recent years, besides actively promoting
Taiwan's domestic climate change simulation,
researches on climate change also stress diﬀerent areas
of impact and vulnerability studies in diﬀerent ﬁelds[ ].
Especially, between 2006 to 2009, two 3-year projects,

Integrative Project

2005 to 2008

Simulation and analysis on local climate change, and
impact assessment for climate change on ultraviolet
radiation, air pollution, public hygiene and rice production
and responsive strategies

2006

Establishment of pre-warning indicator and mechanism for
impact of climate change on environment and ecological
sustainability

2006 to 2007

Interaction between Taiwanʼs Urbanization and Global
Environment Change and Response

2006 to 2009

Impact of Climate Change on Disaster Prevention,
Adaptation and Responsive Strategies

2006 to 2009

Impact of Climate Change on Taiwanʼs Ecology,
Vulnerability Assessment and Responsive Strategies

Impact of Climate Change on Disaster Prevention and
Response and Adaptation and Responsive Strategies
and Impact of Climate Change on Taiwan's Ecosystem

3. Environmental Protection Administration,
Executive Yuan

and Vulnerability Assessment and Responsive Strategies
were conducted.

The Environmental Protection Administration in
2002 and 2003 conducted the project Establishment

The Integrated program related to climate change

of Data for Climate Change Impact for UNFCCC

focuses on typhoons, heavy rainfall, sea level, hydrology

National Communication -- Climate, Hydrology and

and water resources (drought, rainfall, reservoir water

Ecology. Through data collection and analysis, this

supply), flood control facilities, biodiversity, forests,

project established data regarding impact on climate,

fisheries, public health, disaster risk management and

hydrology, and ecology, and adaptation strategies. The

economic loss and other issues of Taiwan to study the

main task was to establish climatic and hydrological

impact of climate change, and further understand the

data. Climate data analysis includes climate change

3. National Scientiﬁc Development Program, National Science Council, Executive Yuan (2009 ~ 2012), 2009

Second National Communication of the Republic of China（Taiwan）
under the United Nations Framework Convention on Climate Change

6.2~6.3

99

Chapter 6 Climate Change and System Observation Study

scenario setup and Taiwan's climate data simulation and

government departments (such as the Environmental

forecast. Impact assessment and adaptation strategies

Protection Administration, Water Resources Agency,

include watershed flows, irrigation water demand,

etc.) also have monitoring systems and equipment

water supply, groundwater recharge and ﬂood control

related to climate change on air quality, ultraviolet

systems, and assessment of impact of climate change

radiation or, hydrological status. In addition, the National

on Taiwanʼs terrestrial and coastal marine ecology, and

Space Organization launched self-constructed satellite

possible impact on the inshore and offshore fishing

FORMOSAT-3 and built global network of atmospheric

ﬁsheries. The results are used as references for making

measurement to be used by global weather units. The

adaptation strategies.

following is to describe Taiwan's current observation
system and observation network with focuses on

4. Water Resources Agency, MOEA

ground and high-altitude meteorological observation,
satellite observation, weather radar observation and

The Water Resources Agency, MOEA, in 2006

ocean climate observation, respectively.

conducted projects concerning water facilities in
Taiwan: “Water Policy Adaptation in Response to
Climate Change and Kyoto Protocol," "Analysis on

1. Ground and High-Altitude Meteorological
Observation [4]

Vulnerability and Adaptation Strategies for Flood
Control Facilities Subject to New Type of Disasters," and

The ground weather observations conducted by

"Strengthen Sustainable Use and Responsive Ability

the Central Weather Bureau include general forecasting,

to Climate Change for Regional Water Resources." The

atmospheric observations, automatic rainfall

researches stress vulnerability and adaptation abilities

observation network and agricultural meteorology, in

for impact of climate change on ﬂood prevention and

most of which automation is implemented. Presently,

water resources and will be preliminary projects for the

there are 26 comprehensive meteorological observation

water sector to develop adaptation measures.

stations for long-term collection of climate change
data and analysis (Table 6.3.1). The observation network
(Figure 6.3.1) consisting of 153 automatic weather
stations and 241 automatic rainfall stations constitute
a dense observation network (Figure 6.3.1) covers the
major mountains, river basins and metropolitan areas.
Observational data can be automatically sent back and
the recording runs up to 20 years. The Water Resources

6.3 Meteorological Observation
System

Agency also built 12 automatic weather stations and
203 rainfall stations for flood control and hydrological
monitoring.

Taiwan's meteorological observation is mainly

Currently, the Central Weather Bureau has high-

based on the weather and ocean climate observation

altitude weather observation systems in Taipei and

system built by the Central Weather Bureau. Other

Hualien stations to monitor atmospheric vertical

4. Website of Central Weather Bureau, Ministry of Transportation and Communications, http://www.cwb.gov.tw
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Table 6.3.1 List of Comprehensive Meteorological Observation Stations Operated by Central Weather Bureau
Latitude and Longitude
(degree/minute/second)

Weather
Station

Daily
Observation
Frequency

Establishment
Year

104.6

8

1909

26.713

27.7

15

1946

825.750

827.1

8

1937

607.6

8

1937

5.339

7.1

15

1896

26.9

28.9

15

1991

120°40ʼ33".31

84.040

85.3

15

1896

24°15ʼ31".44

120°30ʼ54".24

31.73

26.7

8

1976

Sun Moon
Lake

23°52ʼ58".78

120°53ʼ59".62

1014.783

1007.4

8

1940

46753

Alishan

23°30ʼ37".42

120°48ʼ18".39

2413.412

2415.9

8

1933

46755

Yushan

23°29ʼ21".49

120°57ʼ06".26

3844.784

3845.7

8

1943

46748

Chiayi

23°29ʼ51".81

120°25ʼ28".21

26.915

27.8

15

1968

46742

Yungkong

23°02ʼ22"

120°13ʼ43"

8.1

9.6

0

1941
1931

站號

氣象站名稱

North Latitude

East Longitude

46695

Peng Gui
Island

25°37ʼ45".99

122°04ʼ16".52

46694

Keelung

25°08ʼ05".18

121°43ʼ55".66

46691

Ridge

25°11ʼ11".45

121°31ʼ12".66

46693

Bamboo
Lake

25°09ʼ53".95

121°32ʼ10".58

607.118

46692

Taipei

25°02ʼ22".62

121°30ʼ24".15

46757

Hsinchu

24°49ʼ48"

121°00ʼ22"

46749

Taichung

24°08ʼ50".98

46777

Wuci

46765

Barometer

Elevation (Meter)
101.655

46744

Kaohsiung

22°34ʼ04".40

120°18ʼ28".92

2.264

3.1

15

46759

Hengchun

22°00ʼ19".56

120°44ʼ16".99

22.111

24.1

15

1896

46708

Ilan

24°45ʼ56".04

121°44ʼ52".55

7.213

8.0

15

1935

46706

Su-ao

24°36ʼ06".24

121°51ʼ51".93

24.949

25.5

8

1981

46699

Hualien

23°58ʼ37".10

121°36ʼ17".98

16.088

19.1

15

1910

46761

Chengung

23°05ʼ57".17

121°21ʼ55".36

33.507

37.8

8

1940

46766

Taitung

22°45ʼ14".51

121°08ʼ47".55

8.99

9.7

15

1901

46754

Da-wu

22°21ʼ27".26

120°53ʼ44".48

8.053

8.9

8

1939

46735

Penghu

23°34ʼ01".84

119°33ʼ18".71

10.678

11.4

15

1896

46730

Dongchi
Island

23°15ʼ32".39

119°39ʼ34".56

42.975

45.0

5

1962

46762

Orchid Island

22°02ʼ19".38

121°33ʼ02".10

323.999

325.1

8

1940

46711

Kinmen

24°24ʼ26".59197

118°17ʼ21".40574

47.88

35.89

8

2004

46799

Matsu

26°10ʼ10".07756

119°55ʼ23".36629

97.842

92.342

8

2003

stability and the internal structure of weather system,

For monitoring air quality and atmospheric

and provide weather forecast regarding weather system

composition change, the Central Weather Bureau

movement and development. The Central Weather

conducts total ozone observation in Taipei and

Bureau follows World Meteorological Organization

Chengong Stations, background atmospheric

(WMO) standards for regular observation and exchange

monitoring in Orchid Island Station, and ozone profile

observation results with other countries.

observation in Panchiao Station, and measures rain
pH value and UV index in 18 weather stations. The
Environmental Protection Administration

[5]

also built

an air quality monitoring network (including 57 general
air quality monitoring stations, 4 industrial air quality
monitoring stations, 5 traffic air quality monitoring
stations, 2 national park air quality monitoring stations,
4 background air quality monitoring stations, 5
super stations, 8 photochemical stations, 3 inverse

5. Website of Environmental Protection Administration, Executive Yuan, http://taqm.epa.gov.tw
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Symbol
Comprehensive observation station
Automatic weather station
Automatic rainfall station
Drainage basin (Water Resources
Agency)

Figure 6.3.1 Comprehensive Weather Stations, Automatic Weather Stations and Automatic Rainfall
Distribution Map by Central Weather Bureau
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temperature stations) to conduct routine observation

detector (MSU/AMSU) and high-resolution infrared

on air quality, UV, photochemical pollution, dust storms,

radiometer (HIRS-2/3) has accumulated nearly 30 years

and greenhouse gases.

of global temperature and carbon dioxide observation
data, which can be used as parameters for numerical

For agricultural observation, the Central Weather

simulation and forecast. The Moderate Resolution

Bureau and Council of Agriculture jointly executed

Imaging Spectroradiometer on Earth Observing System

the project Strengthening Agricultural Meteorological

satellite has characteristics in high spectrum, high

Observation Network in Taiwan Area and Application of

spatial resolution and high precision observation, and is

Observation Data, by upgrading the agricultural weather

able to distinguish between two visible light channels

observation equipment to automatic observation

for 250 meters under nadir, ﬁve visible light channels for

system or equipment in agricultural improvement

500 meters, and 29 visible light and infrared channels for

farms, sub-farms, workstations, tea Improvement farms,

one km. Currently, there are about 44 products derived

test Institutions and branches, and dividing them into

from Resolution Imaging Spectroradiometer (MODIS),

primary stations (automatic observation system) and

mainly on interactions among atmosphere, oceans,

secondary stations (traditional observation). As of now,

land and human environment.

there are 17 primary agricultural weather stations and
11 secondary agricultural weather stations.

Moreover, the self-developed FORMAST-3 satellite
by the National Space Organization [6] was launched in

2. Weather Satellite Observation

May, 2008 and then successfully launched six microsatellites, distributed in the orbital 700-800 km above

The Central Weather Bureau regularly receives and

Earthʼs surface, running around the Earth, constituting

handles meteorological satellite data from U.S. NOAA

a low-orbital satellite system to cover the globe and

/ POES and EOS / TERRA and AQUA. These satellites

receive the signals from 24 U.S. global positioning

can provide comprehensive information from the

satellites. Observations cover global atmosphere and

global climate monitoring system. The atmospheric

ionosphere, providing on average 2,500 points of

vertical observer comprising advanced microwave

data input (Figure 6.3.2) daily. Approximately every

Figure 6.3.2 Global Weather Observation Points by FORMAST-3 Satellite
6. Website of National Space Organization, http://www.nspo.org.tw
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three hours, it can complete global meteorological

The Water Resources Agency, Ministry of Economic

data collection and analysis and updates every 90

Affairs operates an offshore network of hydrological

minutes. This observation system not only increases the

observation stations[ ] for data operation for coastal

frequency of weather forecast updates, but also helps

areas, to continue to keep updated with hydrological

with the study of long-term climate change, dynamic

status of coastal waters around the island and to

monitoring of ionosphere, global space weather

collect offshore hydrographic data to help with Coast

forecasting, and providing earth gravity researches, and

Guard rescue operation and sustainable development

exchanging meteorological observation data with other

in coastal areas. As of the end of 2008, 39 coastal

countries.

hydrological stations, including 5 data buoys, 12
weather stations, 11 tide stations, 3 video stations and 7

3. Weather Radar Observation

information demonstration stations had been built.

The Central Weather Bureau has a Doppler weather

On river hydrological monitoring, as of 2009,

radar network comprising four Doppler weather radar

the Water Resources Agency built 83 water level

stations that are located in Wufen Mountain in the

observation stations and 114 water flow observation

north, Hualien in the east, Kenting in the south and

stations, located along the major rivers and watersheds

Chiku in the west to monitor precipitation system

in Taiwan.

movement and intensity change in the Taiwan area
and its adjacent waters. The Central Weather Bureau,
Water Resources Agency, Council of Agriculture and US
Severe Storms Laboratory have jointly developed severe
weather monitoring systems (Quantitative Precipitation
Estimation and Segregation Using Multiple Sensors,
QPESUMS), integrating data from rainfall stations, radar
stations and satellite observations to monitor severe
weather conditions like typhoons and precipitation,
to reduce loss due to natural disasters, improve flood
prevention performance, enhance water resource
utilization and protect lives and properties.

4. Walrus and Hydrological Observation
Currently, the ocean climate observation network
operated by the Central Weather Bureau includes

6.4 Future Plan

weather stations on the coast and islands, and others

According to the conclusions from the 8th

like data buoys, wave stations, and tide stations. There

National Science and Technology Conference in 2009,

are 8 data buoys, 2 wave stations and 23 tide stations.

in climate change researches, the future national

7.. Coastal Sea-State Monitoring System, Water Resources Agency, Ministry of Economic Aﬀairs, http://140.116.133.237
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science development plan (2009-2012) shall promote

For meteorological observation system, the

tasks in “strengthening the ability to predict climate

relevant departments shall continue to strengthen and

change, assess vulnerability and influence by the

add observation capacity and equipment, including

impact of climate and environmental changes." They

meteorological observation, air quality monitoring,

include strengthening climate change modeling

satellite monitoring, radar monitoring, ocean climate,

and prediction technology and ability, systematically

biological or ecological observations and hydrological

establishing techniques of vulnerability and risk

monitoring, to assure good quality of observation

analysis under climate and environmental changes

data, as references for Taiwan to promote climate

on a scientific and quantitative basis, and assessing

change researches and policies. Between 2011 and

and identifying the vulnerability of existing disaster

2015, the Central Weather Bureau will conduct the

prevention system facing climate and environmental

Severe Weather Monitoring and Forecast Operations

changes, and prioritizing the tasks. The execution

Deployment Plan, not only to enhance the ability of

units for the tasks include the Council for Economic

numerical weather prediction, but also build up our

Planning and Development, National Science Council,

long-term forecast ability and methodology for extreme

Central Weather Bureau, Ministry of the Interior, Water

weather that is likely to cause disasters. It is also to build

Resources Agency and Academia Sinica.

climate information application system and collaborate
with users in development applications with focus on

Meanwhile, the conference recommended

the subjects: droughts, spring rain, chill, heat waves,

drafting a National Adaptation Policy Guideline for

rainstorms and typhoons. Further, the results from

Environmental Change, setting up guidelines for national

climate prediction models will be used to establish

adaptation policies in response to overall environmental

monthly and quarterly indicators for development

changes with respects to climate change, water, soil,

potentials for weather systems like droughts, spring

biological, marine and other natural resources, human

rain, chill, heat waves, rainstorms and typhoons, as

infrastructure, public works and social and economic

references for the government. Moreover, it will

structure. The conference was responsible for promoting,

establish a national climate service system under the

tracking and supervision, establishing departmental

concept of the Global Framework for Climate Services

mission requirements and division of labor, and dialogue

(GFCS), which will be the direction for future planning

mechanism R&D integration and implementation,

on adaptation measures.

demand integration and issue clarification, further
planning on departmental adaptation policy and strategy
on resource management, homeland security, disaster
abatement and sustainable engineering to build highquality and sustainable overall objectives for national land
planning. Based on the conclusions from the conference,
all the departments shall actively promote the related
programs and action plans to national adaptations in
response to climate change and they include the Council
for Economic Planning and Development, Environmental
Protection Administration, National Science Council,
Water Resources Agency and Central Weather Bureau.
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I

n r e c e n t y e a r s , Ta i w a n h a s b e e n d e v o t e d t o

beneﬁted energy supply, energy saving, environmental

advanced energy technology development, which

improvement and related industries. The contribution

benefits energy supply, energy saving, environmental

to new energy development and energy saving reached

improvement and related industrial development.

5.3 million kiloliters of oil equivalents, about 42.4 billion

However, greenhouse gas reduction technology,

NTD. Carbon dioxide reduction reached 15.55 million

adaptation technology and system monitoring

tons and created a benefit of 12.1 billion NTD. There

simulation are still in the beginning stage and need

were new investment of 11.4 billion NTD, technology

more international exchanges and cooperation. This

licensing to 419 companies, 379 transferable

chapter describes Taiwan’s energy technology R&D

technologies and 367 licensed technologies and 4,139

and transfer, greenhouse gas reduction technology,

new job opportunities.

adaptation technology and system monitoring demand
and transfer.

The current transferable technologies for licensing
to enterprises are shown in Table 7.1.1.

7.1 Energy Technology R&D and
Transfer

2. Future Energy Technology Developmental
Focus

1. Present Energy Technology
Accomplishment

There are two important subjects for Taiwan’s
future energy technology R&D. One is carbon dioxide

According to the 2007 Energy Technology

reduction for a low-carbon society. The other is

[1]

replacement fuel for petroleum due to depleting

which summarizes Taiwan’s energy technology

petroleum. The main technology developments in the

development status between 2001 and 2006, the

future are shown in Table 7.1.2.

R&D White Paper by the Bureau of Energy, MOEA,

investment in energy technology R&D and promotion
was 9.05 billion NTD. In six years, R&D and applications

According to the Sustainable Energy Policy

in renewable energy, new energy utilization and

Guidelines, Taiwan in April 2009 introduced the Green

energy saving technology were carried out, and they

Energy Industry Sunrise Project on the foundation

1 .2007 Energy Technology R&D Development White Paper, Bureau of Energy, Ministry of Economic Aﬀairs, 2007.
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Table 7.1.1 Transferable Energy Technologies
Technology

Number of
Licensed
Technologies

Photovoltaic: single crystal silicon solar cell and poly crystal silicon solar cell fabrication technology; integrated
solar cell module; thin silicon battery packaging.

20

Technical Field

Solar hot water system: solar heat pipe collector development; light heat collector integrated with solar
building； selective absorption film production and sputtering process development; and circulation pump
Renewable
development for water heater.
Energy
Development Biomass Energy: biogas power generation and heat utilization technology; small to medium waste heat
and Utilization utilization system; biomass gasiﬁcation and pyrolysis technologies; fuel derived from solid waste.
Wind Power Generation: high reliability acceleration gear box; 2 MW high performance wind turbine technology;
blade pitch adaptation and steering power unit technology.

35
3

Parallel distributed power generation technology.

7

Hydrogen and Fuel Cell Technology: stationary 2 kW fuel cell system; portable 1 kW air-cooled fuel cell system
for emergency use；domestic natural gas reforming to hydrogen technology; composite carbon board and
scattered layer for carbon paper in fuel cell double polar panels.

1

Small Clean Vehicle and Key Technologies: hybrid power system and key technologies, hybrid power and
electric motor system with 4 kW fuel cell and normal battery; lithium battery powered motorcycle technology;
hybrid power system integrated technology; high performance battery system.

13

New Energy
Utilization and Medium to Large Lithium Battery Development and Power Supply Technology
Advanced
Gasification Technology and Clean Coal Technology: pressurized bed dry powder feed gasification system;
Research
gasiﬁcation combined cycle power generation and diversiﬁed application assessment technology.

Energy
Technology
R&D

22

21
12

Nano Energy-Saving Technology

10

Advanced Solar Energy Application Technology

7

Anaerobic Hydrogen Technology

4

Energy-Saving Construction Material Technology

25

Efficient Refrigeration and Air Conditioning Technology: new coolant and efficient chiller technology;
ventilation system eﬃcient technology; eﬃcient small air conditioning technology; energy-saving commercial
refrigeration technology.

55

High-eﬃciency Small Air Conditioner

16

Energy Saving Refrigeration Technology

23

High-eﬃciency Lighting Technology: electronic ballast for high-eﬃciency lighting, electrode-free sulfur lighting
source and system；LED lighting technology R&D and promotion；dual metal halide lamps, white-light OLED,
digital electronic ballast and light ﬁxture；white-light LED lighting panel packaging, photovoltaic module for LED
lighting.

30

Energy Saving Monitoring and Standby Power Technologies for Residential and Commercial Applications

25

Combustion and Thermal Energy Application Technologies

16

High-eﬃciency Chemical Process ‒ Jet Mixing Technology

34

of past technology development and will invest 25

technology development strategies, selecting key future

billion NTD in promoting renewable energy and

energy technology fields, energy technology budget

energy saving equipment installation and subsidizing

distribution and adaptation. The energy technology

as well as technology R&D for 20 billion NTD for solar

projects aim to increase energy independence, reduce

PV, LED lighting, wind power generation, biomass fuel,

greenhouse gas emission and create an energy

hydrogen energy and fuel cell, energy information

industry. More than 30 billion NTD is budgeted for

communication and electric car technology, by assisting

five years. During the project’s execution, constant

the industry and demonstrating the determination

communication and coordination is made with related

for Taiwan to create a low-carbon society and green

agencies, research institutes and organizations. The

industry.

program is divided into four parts:

In 2009, the National Science and Technology

(1) Energy technology strategies : energy policy, energy

Energy Program (NSTEP) was implemented with four

saving and carbon reduction, new and clean energy,

principles, integrating resources, planning energy

energy management and energy industry.
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Table 7.1.2 Taiwan’s Future Energy Technology Development Direction
Technical Field

Technology

Development Direction

Product and System Development
with Natural Refrigerant
Application

Start with building up system simulation and analytical software and capability. Invest in
carbon dioxide variable-frequency heat pump technology (including car air-conditioning)
and HC refrigerant technology and application product development. Develop micro-heat
exchanger and control technology required for the above system.

Urban Heat Island Eﬀect
Minimization and Cool City
Technology

Energy-Saving
Technology

Renewable
Energy
Technology

Consider heat island eﬀect and the overall community to create energy-saving and
pollution control beneﬁts.

All Electric Energy-Saving Product
and Technology Development

(1) Frequency control key and advanced LED lighting technology module.
(2) Centrifugal chiller and applications. Continue frequency-variable spiral chiller
technology.
(3) All electric household equipment and technology, with direct power supply technology.
Develop DC frequency conversion for air-conditioning and refrigeration equipment.

Information Value-Added Energy
Saving System

(1) Intelligent Energy-Saving Network System Key Technologies.
(2) Industrial energy saving diagnosis system and application technology.
(3) ESCO industrial technology development and promotion.

Eﬃciency Improvement for Power
Generation and Transmission and
Distribution Systems

(1) Coal gasiﬁcation or liquefaction.
(2) New Power generation system technology establishment, such as supercritical
technology.
(3) Power transmission and distribution material development.
(4) Design and improvement for power plant, including carbon dioxide capture technology
and equipment.

Solar Energy Hot Water System

Improve efficiency, increase durability and reduce cost; develop continuous sputtering
technology.

Wind Power Generation

Three main directions: wind turbine key components development, wind power
generation system development and oﬀshore wind power generator.

Solar Photovoltaic

Develop new process, structure, materials. Save raw materials. Improve solar cell/ module
conversion eﬃciency. Purse low-price and low-cost objective. Include:
(1) Develop crystalline silicone low-cost process technology to ﬁt with large area and thin
chip and innovative structural design. Develop continuous vacuum coating technology
for thin-ﬁlm ﬂexile solar cell.
(2) Establish organic solar cell in the 3rd generation of solar cell.
(3) Establish testing and veriﬁcation platform for solar panels.
(4) Establish automatic design and installation technologies. Enhance design and reliability
analysis ability for large system.

Biomass Energy Application

(1) Develop biotechnology to increase yield of energy crops.
(2) Back-end fuel application development.

(2) Energy technologies : solar energy, wind power

scientific research, deepen energy education,

generation, biomass energy, ocean energy,

advocate science education, technical speciﬁcations

hydrogen energy technology, nuclear energy

and product applications.

engineering, and geological energy.
(3) Energy saving and carbon reduction : clean coal,
carbon capture and sequestration technology,
refrigeration and air conditioning, architecture

7.2 Greenhouse Gas Reduction
Technology Demand and
Transfer

energy saving, transportation, industrial energy

According to Articles 13 and 15 of the Greenhouse

saving, lighting and electric appliances, plantation

Gas Reduction Act (draft), after implementation of total

carbon reduction, intelligent power grids and

quantity control, newly installed or modified facilities

advanced metering infrastructure.

after designation and publication shall adopt best
available technology (BAT). Moreover, according to the

(4) Talent nourishment : strengthen fundamental

resolutions from the 2nd National Energy Conference in

2. Final Report of “Industrial Greenhouse Gas Emission Management and Counseling Program”, Industrial Development Bureau, MOEA, 2008
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2005, the MOEA has proposed action plans, including

pointed out that Taiwan is located in a high-risk

collecting best available technologies and planning

area of the world

greenhouse gas emission standards for important

appropriate assessment tools

[4]

. Thus, it is necessary to set up
[5]

to handle climate

[2]

products and equipment . In the future, BAT list and

change vulnerability and adaptation. In the vulnerability

emission standards can be set for each industry and

aspect, index, influence figure and map are important

each emission source. The plans will provide further

assessment tools. Risk analysis is to evaluate the

understanding of the technologies needed by each

vulnerability of Taiwan facing diﬀerent disasters (storms,

industry or available technologies for transfer.

floods, droughts and slope disasters, etc.) and future
risk potential. On the one hand, it can identify the
vulnerability under different disasters. On the other
hand, with consideration of future climate change risk
factors, it can assess possible adaptation strategies
as the basis for future adaptation and development
strategies

[4]

. Taiwan has started accumulating

experience in producing vulnerability and risk maps.
The vulnerability and risk analysis technology related
to climate change can also be important subjects for
technology demand and transfer.

7.3 Adaptation Technology
Demand and Transfer

7.4 System Observation
Technology Demand and
Transfer

Adaptation Policy Frameworks for Climate Change

The climate observation system offers better

(APF) proposed by United Nations Development

understanding on regional climate variations/changes.

Programme - Global Environment Facility is used

Taiwan has abundant climate observation data and the

as references for each country to set up adaptation

observation technology has reached the same standard

measures

[3]

. Accordingly, many countries have set up

of advanced countries of the world. However, climate

National Adaptation Policy (NAP). Presently, Taiwan is

change is a large scale phenomenon in meteorology.

actively promoting establishment of National Climate

Taiwan shall continue to share data and collaborate

Change Adaptation Policy Guidelines (draft) and

with countries around the Pacific Ocean and use the

adaptation action plans specific to each department

data as references to assess possible impacts and

in response to the impact of climate change. The

adaptation policies.

technology demand and experience transfer require
exchanges with members of the international society.

Currently, Taiwan’s climate study is limited in
manpower and computer resources and has not been

In the technical aspect, the World Bank in 2005

able to self-develop Atmospheric Global Circulation

3. UNDP, Adaptation Policy Frameworks for Climate Change: Developing Strategies, Policy and Measures. Cambridge, UK, Cambridge University Press, 2004.
4. World Bank, Natural Disaster Hotspots: A Global Risk Analysis, World Bank Publications, 2005.
5. Downing, T. E. & Patwardhan, A., Assessing Vulnerability for Climate Adaptation. IN LIM, B. & SPANGER-SIEGFRIED, E. (Eds.) Adaptation Policy Frameworks for Climate
Change: Developing Strategies, Policy and Measures. Cambridge, UK, Cambridge University Press, 2004
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Model (AGCM) and Coupled Atmosphere Ocean Global

References

Circulation Model (CGCM). It is also difficult to obtain

1.

2007 Energy Technology R&D Development White
Paper, Bureau of Energy, MOEA, 2007.

2.

Final Report of “Industrial Greenhouse Gas Emission
Management and Counseling Program”, Industrial
Development Bureau, MOEA, 2008.

3.

UNDP, Adaptation Policy Frameworks for Climate
Change: Developing Strategies, Policy and Measures.
Cambridge, UK, Cambridge University Press, 2004.

4.

World Bank, Natural Disaster Hotspots: A Global Risk
Analysis, World Bank Publications, 2005.

5.

Downing, T. E. & Patwardhan, A., Assessing
Vulnerability for Climate Adaptation. IN LIM, B. &
SPANGER-SIEGFRIED, E. (Eds.) Adaptation Policy
Frameworks for Climate Change: Developing
Strategies, Policy and Measures. Cambridge, UK,
Cambridge University Press. 2004.

complete climate change data from foreign agencies.
Taiwan will rely on simulation and prediction by
international climate/meteorological research institutes
to facilitate Taiwan’s dynamic downscaling and
statistical downscaling technology development and
applications. Then, Taiwan can conduct studies of local
impacts by local climate change, risk prediction and
adaptation policy assessment.
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R

esolving global climate change issues requires the

conventions of United Nations and determined

input of trans-boundary technology and capital.

participation in UNFCCC as the first priority. In the

Only under international cooperation can greenhouse

same year, the Industrial Technology Research Institute

gas emissions and impact of climate change be

requested to join the United Nations Intergovernmental

alleviated. To fulfill the responsibilities of a member

Panel on Climate Change as an NGO observer. However,

of the global village, Taiwan is actively engaged in

it has not been resolved due to political reasons.

international cooperation and exchange activities.
This chapter describes the exchange and cooperation

On the one hand, Taiwan is fulﬁlling speciﬁc norms

between Taiwan and UNFCCC Annex I countries and

in relevant international environmental conventions

non-Annex I countries and Taiwan’s participation in

in the best interests of the country. On the other hand,

the activities in academia or other ﬁelds.

Taiwan actively seeks to participate in international

8.1 Participation in UNFCCC

conferences and related activities, such as UNFCCC
Conference of Parties and peripheral meetings and
activities, to keep up with international development

Due to political reasons, Taiwan at present cannot

trend and start to plan related policies and measures,

sign or participate in the United Nations Framework

strengthen international interactions in environmental

Convention on Climate Change and the Kyoto

issues and keep up with international standards.

Protocol but can only participate in exchange and
cooperation with other countries for existing energy
technology development, reduction technology and
climate change researches through non-government
organizations or civic groups.

8.2 Exchange and Cooperation
with Annex I Countries
Through bilateral or multilateral cooperation,
Taiwan and ANNEX I countries conduct exchanges in

In 1991, before the UNFCCC was signed,
Taiwan participated in the 3rd and 4th meetings of

building energy models, promoting Energy Star and the
Green Mark, and environmental technologies.

Intergovernmental Panel on Climate Change in the
name of “Industrial Technology Research Institute”
as an observer from a non-government organization
(NGO). Later, Taiwan also used NGO status to participate
in Earth Summit in 1992 and Conference of Parties and
subsidiary bodies in 1995. The Taiwan Environmental
Quality Protection Foundation and Taiwan Institute for

1. Executing the Agreement between the
American Institute in Taiwan and the Taipei
Economic and Cultural Representative
Oﬃce in the United States for Technical
Cooperation in the Field of Environmental
Protection

Sustainable Energy became UNFCCC NGO observers in
2002 and 2009, respectively, and participate in global
environmental protection activities.

Under the Agreement between the American
Institute in Taiwan and the Taipei Economic and Cultural
Representative Oﬃce in the United States for Technical

In 2009, the Taiwan government actively sought

Cooperation in the Field of Environmental Protection

to participate in the specialized agencies or the

in the past, Taiwan established MARKAL model for
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domestic energy, carbon dioxide emission prediction

and representatives from Taiwan held positions as

and planning. Taiwan also participates with USA in

executive committee members for 111 GEN two times.

assisting Central American countries for professional

Taiwan successively signed mutual acknowledgement

training.

agreement with Canada, the USA, Thailand, Korea,
Australia, Japan, Ukraine, New Zealand and the Czech
Republic to include test standards and test reports in
different levels, audit verification reports, specification
standard acknowledgement and final multilateral
mutual trust and development of common core
standards.

3. Environmental Technology Cooperation
Taiwan has established channels for exchanging
technologies with many ANNEX I countries. In the
aspect of environmental technology cooperation,
Under the agreement, the Taiwan EPA and

Taiwan holds bilateral meetings regularly with the USA,

USEPA collaborated and successfully introduced the

Japan, the European Union and Canada, and signed 69

US Energy Star Program. Since August 1999, Taiwan

technology exchange and cooperation agreements

started to execute Energy Star oﬃce equipment project.

with 37 countries

The Bureau of Energy, MOEA also started bilateral

on response to global climate change, including

technology cooperation. Currently, the plan aims at the

UNFCCC, slowing Kyoto mechanism, adaptation and

Netherlands, USA, Japan and Denmark, and can increase

trade mechanism, and many fundamental scientific

opportunities of international cooperation for Taiwan in

researches.

response to global climate change.

2. Promoting Green Mark System
The Green mark system encourages saving
energy or reducing environmental pollution during
raw material acquisition, product manufacturing, sales,
use and scrap process, to reduce greenhouse gas
emission. In 1994, Global Ecolabelling Network (111
GEN) was formed. Through international cooperation
and mutual acknowledgement, unnecessary trade
barrier is removed to facilitate trade of green products.
Taiwan, as an NGO, is a founding member for 111 GEN

1. International cooperation website by National Science Council, Executive Yuan, http://web1.nsc.gov.tw

[1]

. The cooperation subjects focus
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a delegation went to Palau, the Marshall Islands,
Solomon Islands, Nauru, Tuvalu and Kiribati, to study
the environment status for each country and related
infrastructure and assess the cooperation projects that
were needed and feasible for the allies. Then, in the
Review Meeting for the Environmental Cooperation
between Taiwan and Pacific Allies, suggestions
were made to conduct projects of building waste
treatment capability, regional education training, and

8.3 Exchange and Cooperation
with Non-ANNEX I Countries

environmental monitoring and climate adaptation.
They will be references for future assistance of Taiwan to
allies in the Paciﬁc region with regard to environmental
cooperation.

For non-ANNEX I countries, Taiwan conducts
environmental cooperation with friendly countries

2. Central America Region

under the framework of global climate change.
In April 2000, Taiwan and its Central American allies

1. Paciﬁc Region

held the Ministerial Conference Integrated Planning
for Sustainable Development in Central America for

For friendly countries in the Pacific region, in

the ﬁrst time in San Salvador, El Salvador. The ministers

September 2006, Taiwan and six Pacific allies held a

in charge of environment and energy departments in

summit in Palau and signed the Palau Declaration. The

Belize, El Salvador, Guatemala, Honduras, Nicaragua and

Environmental Protection Administration, pursuant

Panama were invited to the conference. The Central

to the Declaration of commitment, in July 2007 in

American Integration System (SICA) and officials from

Taipei, held the 2007 Environment Ministers Meeting

the US Department of Energy and EPA were also invited.

between Taiwan and Paciﬁc Allies to reach cooperation

In the conference, representatives from all countries

consensus and announced after the meeting that

signed the Environmental Declaration by the Ministers

Taiwan would strengthen environmental cooperation

of ROC and Central American Countries, which is the

and exchange in response to climate change, including

ﬁrst multilateral environmental cooperation agreement,

establishing a long-term dialog mechanism regarding

setting a sound foundation for Taiwan and Central

environmental protection among countries, promoting

American Countries to conduct bilateral or multilateral

environmental resources management, ocean

cooperation on environmental protection.

pollution control, technology exchange and experience
sharing regarding waste treatment and sustainable

In October 2006, Taiwan invited its Central

development, enhancing responsive ability to climate

American allies and held in Taipei the 2006

change and developing and implementing impact

Environment Ministers Meeting between Taiwan and

adaptation plans.

Central American Allies. The seven attending countries
included Belize, Costa Rica, the Dominican Republic,

To assess the feasibility of future environmental

El Salvador, Guatemala, Honduras and Nicaragua. At

cooperation, the EPA adopted a mission for

the end of the meeting, ministers of environmental

environmental cooperation, and in 2008 and 2009,

departments and senior officials from these countries
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signed a joint declaration, stressing greenhouse gas
reduction and adaptation, improving environmental
quality and advancing to environmental sustainable
management. In view of the climate change, energy
supply and demand and environmental management,
seeking balanced and sustainable development for the
economy, environment and society is the common
prospect for Taiwan and its Central American Allies.
The data for each activity is an integral part of global

3. African Region

climate change analysis and responsive system. Since
Taiwan is in a hub location of the world's largest

In March 2010, the Environmental Leadership

landmass (Asian continent) and the largest ocean

Conference for Taiwan and African Region was held

(Pacific) with advanced research capacities and

in Taipei. Ministers of environmental departments

technologies, Taiwan has advantageous conditions in

or representatives from Burkina Faso, Gambia, Sao

cooperating with the international community and

Tome and Principe and Swaziland had attended.

carrying out projects.

Moreover, Libya, Nigeria, Kenya, South Africa and Global
Environment Facility (GEF) and Burkina Faso and the
International Water and Environmental Engineering

1. Paciﬁc Greenhouse Gases Measurement
(PGGM) Project

also sent representatives to the conference. This built
a good foundation for future multilateral and bilateral

With the support of the Environmental Protection

environmental protection cooperation. If Taiwan can

Administration, Executive Yuan, national Central

assist in building green energy such as solar power

University and European Union In-Service Aircraft

plants or biomass power plants in response to the

for Global Observing System (IAGO) in Belgium in

demands of its African allies and obtain carbon credit, it

2008 formally signed the Pacific Greenhouse Gas

will beneﬁt setting the channel for Taiwan to participate

Measurement Cooperation Project Memorandum

in international carbon market and contributing to

to start international cooperation in greenhouse gas

greenhouse gas emission reduction.

reduction [2]. The original observation range was limited
to the Atlantic region and was later extended to the

8.4 Academic Exchange and
Cooperation with NonGovernment Organizations

world after Taiwan’s participation. Therefore, Pacific
greenhouse gas measurement in the future will be
assisted by China Airlines and Evergreen Marine Corp.,
who will collect and measure the trace gases from the
atmosphere over the Paciﬁc Ocean. In July 2009, “Long

Since the causes and effects of climate change

Wheel” from Evergreen brought back the data for

transcend nations, regional climate change monitoring

Pacific cross-region greenhouse gas for the first time.

is a very important form of international cooperation.

The data collected above will be veriﬁed with the data

2. Paciﬁc Ocean Greenhouse Gas Observation Project website, National Central University, http://140.115.35.249/h/PGGM/index.htm
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from Taiwan's Formosat-3 Satellite in the future to help

representatives from Academia Sinica for ROC member

set up a set of three-dimensional distribution data for

of the Scientiﬁc Committee of International Geosphere-

greenhouse gas in the Paciﬁc region to facilitate further

Biosphere Programme became the formal members of

understanding of global warming. In the future, Taiwan

Global Change, an international research organization.

will continue to conduct a 10-year regular monitoring

Global Change Research Centers of National Central

project to provide references to climate change

University and National Taiwan University also provided

researches in Taiwan, Europe and the world. This is to

support and sponsorship. The core projects under the

build a good foundation for the bilateral environmental

International Geosphere-Biosphere Programme include

protection cooperation between Taiwan and the

Global Change and Terrestrial Ecosystems (GCTE),

European Union and also demonstrate Taiwan’s

International Global Atmosphere Chemistry (IGAC),

ability and willingness to participate in global actions to

Joint Global Ocean Flux Studies -- The Kuroshio Edge

respond to climate change.

Exchange Processes (JGOFS-KEEP), Past Global Changes
(PAGES) and Land-Ocean Interaction in the Coastal Zone

2. International Cooperation Research Project
on Global Climate Change

(LOICZ), all of which have working committees. Taiwan is
also a member country for each core project under the
International Geosphere-Biosphere Programme [3].

For researches on global climate change, the four
international projects in which Taiwan participates

Moreover, Taiwan also joins the international

include International Human Dimensions Program on

academic organization The Global Change System for

Global Environmental Change (IHDP), International

Analysis, Research and Training (START), which is jointly

Geosphere-Biosphere Programme (IGBP), DIVERSITAS

formed by the International Geosphere-Biosphere

and World Climate Research Programme (WCRP).

Programme, World Climate Research Programme and

Since 1992, Taiwan has been attending global climate

International Human Dimensions Program on Global

change planning conferences, including International

Environmental Change. The main objectives for START

Geosphere-Biosphere Programme and its core project

are to organize global scientific research groups into

meetings, World Climate Research Programme meetings

seven Regional Research Networks (RRN). In each region,

and International Group of Funding Agencies for Global

one regional research center and several research

Change Research meeting (IGFA). By participating in

stations are formed to promote regional researcher

the International Geosphere-Biosphere Programme,

training, research resource acquisition and construction
and related project planning and execution. Taiwan’s
participation is mainly in Southeast Asia Regional
Committee for START (SARCS) and focuses on assisting
regional researches in Southeast Asia. SARCS START in
2001 moved to Taiwan and strives to promote regional
researches on changes in the environment and
ecology[4].

3. Final Report of “International Participation with Global Change“, National Science Council, Executive Yuan, 2007.
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through the channel of International Emissions Trading
Association, Taiwan attended three to five peripheral
meetings every time the UNFCCC Conference of Parties
was held and presented the efforts in response to
climate change and received unanimous endorsement
by the participants.

8.5 Other Exchange and
Cooperation
Local Governments for Sustainability or the
International Council for Local Environmental Initiatives
(ICLEI) was formed in 1990, as an international
organization among local governments. As of the end
of 2009, there were members from 68 countries and
1,100 local governments

[5]

. To support member’s

efforts in sustainable development in a regional scale,
International Council for Local Environmental Initiatives
provides local governments with technical counseling,

3. Joining International Emissions Trading
Association

training and information services. Currently in Taiwan,
Taipei County, Taipei City, Tainan City, Kaohsiung
City and Pingtung County have joined International

In 1999, the Industrial Technology Research

Council for Local Environmental Initiatives. More

Institute became a member of International Emissions

cities are expected to become members. Through

Trading Association (IETA). It is a non-government and

international cooperation and mutual learning, the

non-profit organization that was jointly formed by

activities include experience exchange, sharing carbon

United Nations Conference on Trade and Development

reduction management experience, jointly developing

(UNCTAD) and (Earth Council) with objectives to

partnership for impact adaptation and seeking oﬀshore

promote data and experience exchange among

carbon credit management possibility.

international enterprises under the Kyoto mechanism
and building carbon trade market. The information from

Taiwan's private environmental groups in May

this association and the messages from the peripheral

2008 participated in the Global Greens meeting in Brazil,

meetings and exhibitions of UNFCCC Conference of

through eco-diplomacy for Taiwan to break the barrier

Parties will help Taiwan set up strategies to respond to

of international politics and set up a national dialogue

UNFCCC and increase opportunities in participating

with Green representative of each country. In 2010,

in international cooperation. In the past three years,

Taiwan held the 2nd Congress of the Asia Paciﬁc Greens

4. Southeast Asia Regional Committee for START website, http://www.sarcs.org
5. International Council for Local Environmental Initiatives（ICLEI) website, http://www.iclei.org
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Network, aiming discussion on climate change and
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Awareness

A

rticle 6 of UNFCCC describes education, training,

Taiwan’s energy education started in the 1980s

and public awareness and stresses “education

and emphasized energy saving concepts due to the risk

and public awareness” as an important part of the

of oil shortage. In 2005, in accordance with international

subject to respond to climate change. In accordance

development trend, Taiwan formally introduced

with international development trend, Taiwan has made

the concept of greenhouse gas reduction (carbon

plans for education, training and public awareness

reduction).

regarding climate change and its impact. This chapter
describes the policies for education, training and

To comply with UNFCCC and greenhouse gas

public awareness with core objectives in energy and

reduction objectives, Taiwan had three national energy

greenhouse gas reduction and provides details in the

meetings in 1998, 2005 and 2009, respectively. Taiwan

measures for education, training and public awareness.

also set up various action plans and emphasized

Due to convenience in classifying policies and

education, training and public awareness. In 2010,

measures, social education is classified under public

Taiwan further passes the Environment Education Act

awareness. The following content regarding education

and starts to promote environmental protection and

is mainly on school education.

sustainable development through its education system.

9.1 Education, Training and Public
Awareness Policies Related to
Energy and Greenhouse Gas
Reduction

1. 1st National Energy Meeting (1998)
“Energy Education Propaganda” includes: (1)
promote school energy education; (2) strengthen

Table 9.1.1 Strategies and Speciﬁc Tasks for Energy Professional Nurture
Strategy

Speciﬁc Task

Promote scientiﬁc education
fundamental research, enhance
technical competitiveness

(1) Set up energy and environment education indicators and build conceptual diagram
(2) Provide energy science knowledge and plan education contents.
(3) Promote strategic study on energy-saving and carbon-reduction life style, such as preliminary
thoughts on energy saving and carbon reduction, study on traditional and social cultural tension,
implementation of education achievement.
(4) Connect to international sustainable earth vision and promote energy education foundation for
friendly earth.

Deepen school energy science
education

(1) Strengthen setup of sustainable (green) campus and construct quality education environment.
(2) Promote and implement elementary and middle school energy education materials and curriculum
development.
(3) Include new energy, renewable energy and energy saving knowledge in elementary and middle
school energy education materials.
(4) Expand and train energy education professionals and strengthen teacher capability.
(5) Strengthen cooperation among industry, government and academia, strengthen vocational
education and open industrial specialization curriculum; open technical curriculum, improve energy
industry competitiveness.
(6) Build energy education resource platform and provide related resources and services.

Recruit and train top technical
professionals

(1) Increase overseas studies; enhance advanced technology and energy professionals.
(2) Recruit international professionals and improve international competitiveness.
(3) Strengthen professional training, international exchange and communication, and introduce new
knowledge and advanced technologies.

Promote public education, increase
public consciousness in energy saving
and carbon reduction

(1) Collaborate with communities to implement energy saving and carbon reduction, hold a series of
energy saving and carbon reduction seminars or contests; produce propaganda ﬁlms, publication
and teaching tools. .
(2) Train energy education seed teachers and volunteers, and expand private participation.
(3) Establish digital learning curriculum and strengthen database establishment and management.
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4. Environmental Education Act

(3) strengthen public energy education and
propaganda; (4) strengthen nuclear energy safety

In 2010, the Legislative Yuan passed the

public awareness and communication; (5) encourage

Environmental Education Act, which was announced

forest plantation.

by the President of R.O.C. and then a year later
implemented. This makes Taiwan one of the few

nd

2. 2 National Energy Meeting (2005)

countries that have legislation on environmental
education. The purpose is to promote public awareness

“Raise Public Consciousness and Public

of the interactive dependence among individuals,

Participation” includes: (1) encourage local

society and environment and increase public

governments to hold activities on energy saving

environmental ethics and responsibilities, and further

and carbon dioxide reduction; (2) extend promotion

maintain environmental ecological balance, respect

of public education and awareness in greenhouse

for life, advocate social justice, nurture environmental

gas reduction; (3) strengthen partnership with non-

citizens and an environmental learning society, and

government organizations.

achieve sustainable development.

3. 3rd National Energy Meeting (2009)[1]

The main contents of the Environmental Education
Act include setting up environmental education funds,

Energy professional training is to promote scientiﬁc

providing certification on environmental education

education fundamental research, deepen energy

professionals, institutes and facilities, improving

science education, nurture technical professionals and

quality and management, a mandatory four-hour

promote public education and technical application

environmental education curriculum and activities for all

to achieve the energy-saving and carbon-reduction

employees in the government, state-owned enterprises,

objective in “life quality improvement, technical

elementary and middles schools, government funded

professional nurturing.” The speciﬁc tasks are shown in

organizations, enforcing environmental protection laws

Table 9.1.1.

with mandate on participation of one to eight hours
in an environmental seminar for those being punished

To further increase public energy-saving and

with shutdown, suspended or ﬁned above 5,000 NTD to

carbon-reduction awareness, develop energy industry,

fully understand environmental issues, environmental

and enhance national competitiveness, since 2009,

ethics and responsibilities and avoid violation of

the National Science Council, Executive Yuan has been

environmental protection laws.

promoting the National Energy Technology Project
with objectives in energy independence, greenhouse

The Environmental Protection Administration,

gas reduction and energy industry establishment.

Executive Yuan will continue to plan the details and

Energy professional nurturing is through professional

certification system for environmental education

training, science education and fundamental research,

personnel, institutions and facilities, Internet registry

K-12 school education and public education, and other

system for environmental education project and

advanced energy projects.

achievement, environmental curriculum, penalty

1. Bureau of Energy, MOEA, 2009 National Energy Meeting website, http://www.moeaboe.gov.tw
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standards, environmental education fund management

is a national energy education campaign week to

and distribution method, environmental education

encourage participation of each school to demonstrate

guidelines and environmental education action plan

[2]

.

9.2 Education

creative teaching and activities in energy education [3].
The MOEA and DOE in 1995 jointly proposed
the Measures to Strengthen Energy Education for

The Ministry of Education is in charge of school

Elementary and Middle Schools, which all schools are

education regarding climate change. The Bureau of

required to implement. This reﬂects the government’s

Energy, MOEA started to promote energy education

expectation and emphasis on energy education. In

earlier and Department of Science Education of the

2002, The Measures to Strengthen Energy Education

National Science Council, Executive Yuan in recent

for Elementary and Middle Schools were implemented

years also included energy education in school curricula
and researches. For curriculum and teaching study in
school education, K-12 schools have adopted global
warming, climate change and energy subjects into
their curricula or education materials. Colleges also oﬀer
courses in energy technologies and climate change.
Moreover, with the campus sustainable environment
project, energy and climate change education is further
implemented.

1. Curriculum Development and Teaching
Study
to operate with 9-year public education measures,
Since the Bureau of Energy, MOEA has continued

integrating energy education into each field of

to assist in school energy education by compiling

education and setting deep roots for the energy

teaching manuals, designing teaching tools, publishing

education concept, in hope to achieve the goal of

supplementary materials, holding energy education

community-based energy education.

demonstrations and training activities for elementary,
middle and high schools and community colleges,

To respond to possible disasters like typhoons,

every year, the Bureau of Education at each county

floods, and landslides caused by climate change,

or city also holds contests, training and campaigns

a sound disaster prevention system and disaster

in selected elementary and middle schools and

prevention awareness and knowledge are necessary

vocational high schools, such as energy reading

to plan campus adaptation strategies. In 2003, the

programs, creativity contests and singing contests, etc.

Ministry of Education conducted disaster prevention

Every year, recognition and awards are given to the

educational professional training, whose key tasks

schools that have made outstanding achievement in

included compiling materials and manuals, training

energy education. Since 2008, every September there

and establishing a digital learning website, as well as

2. Website of EPA, Executive Yuan, http://www.epa.gov.tw
3. Energy Education website, http://energy.ie.ntnu.edu.tw
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assisting schools in planning disaster prevention.

9.2

Moreover, in 2009 the National Science Council
started the National Energy Technology Project to

Moreover, in 2007 the Ministry of Education started

nurture energy professionals for “Energy Technology

a 4-year preliminary engineering interdisciplinary and

Strategies,” “Energy Technologies” and “Energy

green technical professional nurture program, with

Saving and Carbon Reduction.” It is expected to

training provided through academic and industrial

nurture 500 advanced energy professionals in the

cooperation, contests and seminars to professionals

fields of energy policy, energy management, solar

with a minimum college education degree. For the

energy, wind power generation, biomass energy,

ﬁve ﬁelds, green accounting, green architecture, green

ocean energy, hydrogen energy technology, nuclear

chemistry, green design and products and green

energy technology, geological energy, clean coal,

energy, every year there are 13 to 18 curricular programs

carbon capture and sequestration, refrigeration and air

to nurture green application professionals, improve

conditioning, architecture energy saving, transportation,

cross-field green technical capability, promote green

industrial energy saving, lighting and electric appliances,

creative activities and combine all human resources

forest plantation and smart grids.

in green technology industry, academia and research
institutes to build a green technology education

2. Campus Environment Development[5]

environment as the strong foundation to develop
green industry and sustain economic development.

The Ministry of Education has actively promoted
campus energy saving and carbon reduction programs.

Since 2008, the Department of Science Education

Since 2002, the Ministry started the Sustainable Campus

of the National Science Council, Executive Yuan

Reform Project to improve school teaching facilities

started energy technology professional nurturing with

and enhance school environment sustainability. The

emphasis on energy education strategies based on

reform tasks under subsidy include energy saving

science education to assure quality implementation

and carbon reduction resource cycle, environmental

of school education and public education for energy

sustainable ecological cycle, health efficient learning

saving and carbon reduction. Through elementary

space and other subjects with sustainable development

school based innovative curriculum and emphasis on

spirit. From campus to community reform, campus

family education and college curriculum development

public space as demonstration receives recognition

and implementation, the objective is to nourish
“energy saving and carbon reduction” consciousness
in elementary and middle school students and their
parents or nurture future energy and environmental
technology professionals. The contests include
curriculum design and planning, teaching tool
development and experiment, required energy saving
and carbon reduction consciousness, fundamental
technology knowledge and research ability study and
indicator establishment and assessment [4].

4. Report of Overall Planning on National Energy Project, National Science Council, Executive Yuan, 2009
5. 2008 National Sustainable Development Report, National Council for Sustainable Development, Executive Yuan, 2008
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of community residents to manifest local features. It

determination to create a green and sustainable low-

fits environmental conditions, enhances cohesion of

carbon campus.

community spirit and closely combines community and
campus for sustainable development education.
The action plans for energy saving and carbon
reduction by the Ministry of Education also include:

9.3 Training
Besides basic knowledge promotion, on-job
training can directly beneﬁt the industry. The following
describes the details of industrial and school training.

(1) Form Energy (Resource) Education Center
Since 2007, subsidies have been given to 36
schools to form an Energy (Resource) Energy Education
Center in three years with teaching and demonstration
functions to meet sustainable development objectives
of green, ecology, environmental protection, health,
energy saving and resource saving and achieve campus
environmental education goals.
(2) Form Utility Inspection Team
In 2005, subsidies were given to schools for
installing utility monitoring systems to effectively

1. Industrial On-Job Training
(1) Greenhouse Gas Audit and Registry Professional
Training

control utility consumption in buildings. Between 2008
and 2010, utility inspection teams checked campus

To assist domestic industry to comply with

utility status and completed inspection for 162 colleges,

greenhouse gas audit, assistance and management

330 high schools and 59 elementary and middle

and increase professional ability, management and

schools.

legal knowledge, the Industrial Development Bureau,
MOEA and the Bureau of Energy hold seminars and

(3) Campus Greenhouse Gas Audit and Assistance

training for industrial greenhouse gas audit and audit.
Thus, domestic industry has further understanding of

Between 2008 and 2010, in accordance with ISO

greenhouse gas audit and reduction and can apply the

14064 International Greenhouse Gas Standards, audit

knowledge to factory greenhouse gas management.

and assistance were conducted for 30 national high

On the one hand, the plan is to actively nurture

schools and ﬁve colleges to establish school reduction

professionals and seeds for greenhouse gas audit

baseline data and a campus energy saving and carbon

and management; on the other hand, it is to improve

reduction platform.

industrial consciousness for greenhouse gas reduction
and energy saving and carbon reduction.

(4) Sign Talloires Declaration with Green University
(2) Energy Management Professional Training
As of the end of 2009, 14 domestic universities
have signed the Tallories Declaration to express the

The Bureau of Energy, MOEA arranged courses
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for manufacturing (industrial sector) and non-

include greenhouse gas carbon footprint establishment

manufacturing (service sector) that include lighting

and management training, green energy technology

system energy saving application, electric energy

application management, solar cell application training

management application and energy saving benefit

and fuel cell design principle and system analysis.

assessment, energy service industry strategies,
measurement and verification, office building

(5) Digital Learning for Professional Training

maintenance and energy saving management and air
conditioning system energy saving application, and

The Energy Information Network

[6]

formed by

expects large energy users and employees of large

the Bureau of Energy, MOEA provides various energy

enterprises to continue promote energy management,

technology courses that include boiler system energy

implement energy audit system and increase energy

saving management, cogeneration system energy

management eﬃciency.

saving management, steam and cooling water system
energy saving management. Energy Management

(3) Energy Saving and Carbon Reduction Professional
Training

Professional Training and Learning Park

[7]

adopts 24-

hour on-line multi-media demonstration for energy
saving improvement plan writing, high efficiency

The Industrial Development Bureau, MOEA aims at

motor energy saving application, air compressor

the steel industry, cement industry, paper industry, ﬁber

system energy saving application, manufacturing

industry, textile industry, and electric and electronic

industry electric energy saving application, air

industry to conduct professional nurturing in the areas

conditioning system and manufacturing equipment

of energy saving and carbon reduction. The courses

energy saving application, lighting system energy

include energy saving and carbon reduction plan

saving application, electric energy management, oﬃce

operation mechanism and practical case demonstration.

building equipment maintenance and energy saving

Through professional demonstration with practical

management, manufacturing and non-manufacturing

examples, industrial employees can effectively learn

industry energy saving experience sharing.

energy saving and carbon reduction methods and
incorporate the technology and experience of energy

2. School Employer Training

saving and carbon reduction into the industry.
(1) Campus Energy Management and Greenhouse Gas
Audit Professional Training

(4) Green Energy and Technology Professional Training
The Bureau of Employment and Vocational

To actively nurture energy saving and carbon

Training of the Council of Labor Aﬀairs, Executive Yuan,

reduction professionals, implement the Sustainable

executes the industrial professional investment plan,

Energy Policy Guidelines and Government and School

opens green energy and advanced technology courses

Energy Saving and Carbon Reduction Measures, the

jointly with schools and research institutes to provide

Ministry of Education aims at energy management

workers with on-job training. In 2010, the new courses

personnel, environmental protection personnel,

6. Energy Information Network website, http://emis.erl.itri.org.tw
7. Energy Management Professional Training and Learning Park, http://energy.csd.org.tw
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[8]

general affairs personnel and teachers in high schools

announced the Sustainable Energy Policy Guidelines

and colleges to conduct Campus Energy Management

and the measures for energy saving and carbon reduction

Personnel Training and Campus Greenhouse Gas Audit

include public energy saving and carbon reduction

Training. After leaning related tools and applications,

campaign with the goal of “one person reduces one

audit techniques and common energy saving

kilogram of carbon footprint every day” from central to

equipment, the trainees use one month to conduct

local governments, from schools to private enterprises,

campus greenhouse gas audit or campus energy

by mobilizing all organizations to promote carbon-free

management improvement planning and submit audit

consumption behavior and build a low-carbon recycling

report and improvement plan. Interactive learning

society.

and practical operation allows trainees in the learning
process to complete campus greenhouse gas audit
operation and energy management improvement
planning.
(2) On-Job Teacher Training
The Ministry of Education, National Science
Council and Environmental Protection Departments
of local governments hold teacher training activities
regarding climate change and energy saving and
carbon reduction. So teachers from elementary schools
to colleges can improve capability through professional
knowledge learning and practical teaching activities
and build energy saving and carbon reduction and
sustainable campus into curriculum.

9.4 Public Awareness
Public awareness helps promote public energy

1. Central Government Agencies
(1) Environmental Protection Administration, Executive
Yuan [2]

saving and carbon reduction activities, i.e. social
education for global climate change. The following will

EThe Environmental Protection Administration,

describe campaigns and activities held by central and

Executive Yuan in 2008 announced four major policy

local governments and non-government organizations.

focuses, “Energy Saving and Carbon Reduction to Save
the Earth,” “Resource Recycling for Zero Waste,”

Year 2008 was the first year of carbon reduction

“Pollution Elimination for Ecological Conservation,”

in Taiwan and in this year energy saving and carbon

and “Keeping Neighborhoods Clean with Lifestyles

reduction became national policy. The Executive Yuan

of Health and Sustainability,” in hope of leading the

8. Sustainable Energy Policy Guidelines, Executive Yuan, 2008
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2. Creative Activities

low-carbon society and sustainable country for Taiwan.
The action plans include:

Contests include atmosphere protection drawing
contest for elementary school students, public carbon

1. Public Carbon Reduction Campaign

dioxide reduction campaign designs. Other activities
include summer family low-carbon camp for 3 to 6

On 2008 Environmental Day, the Public Action Plan

grade students, family competition for low carbon and

on Energy Saving and Carbon Reduction was executed

low carbon life practice. On Earth Day and Environment

to encourage government agencies to lead the

Day, conduct campaigns with public and private

campaign and make 10 carbon reduction declarations.

groups using “Public CO2 Reduction: Everyday Tips”
and ﬁlms and demonstrate related information.

(1) Strategy: encourage government agencies to
lead the campaign of “Public Action Plan on
Energy Saving and Carbon Reduction”; from
the Presidential Office through the central
government to local governments, involve
opinion leaders, organization chiefs and logistic
units as starters; execute simultaneously by
government employees in homes and offices
and influence to community; award enterprises
and groups with assistance to community;
implement energy saving and carbon reduction
action registry website.

In the IT show every year, cooperation with the
computer association is conducted by setting up an

(2) Declaration: no cool air leaks in air-conditioned

energy saving and carbon reduction area, conducting

environments; lights off and unplugged when

campaigns that introduce various labels such as the

not in use; energy saving lighting; use Green Mark

Energy Star label, Green Mark, Energy Saving label and

products; ride bikes and walk to keep healthy; no

demonstrating energy saving and carbon reduction

driving at least one day in a week; select cars with

methods to the public. Since 2008, the campaign was

carbon reduction capability; eat more vegetables

even tied with folk activity “Matsu Tour” to remind

and less meat; carry chop sticks and bags;

the public of energy saving and carbon reduction.

appreciate resources and take care of the earth.
(3) Website: invite the public and enterprises to

3. Promote Green Procurement

sign the 10 energy saving and carbon reduction
declarations; on web page calculate unit or

Government Procurement Law in 1999 included

individual carbon reduction achievements to

“green procurement provisions” and they began

keep updated with execution status; encourage

implementation in 2001. Currently, green procurement

individuals’ experience to be shared with the

has reached 80%. In 2006, the Green Procurement Plan

public.

for Private Enterprises and Groups was implemented.
In 2008, 1,551 green shops were created and 816 green
shops were examined and approved. One thousand
and five companies signed a green procurement
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agreement and started to promote energy saving and

1. Award Energy Saving

Green Mark products through online shopping centers.
Since July 2008, the Utility Discount for Energy
4. Seed Teacher and Volunteer Nurturing

Saving Incentive was implemented to aim residential
users and elementary and middle schools. If utility usage

Produce teaching materials that are suitable for

is less than that for the same period in the previous year,

various social groups, themes, events and age groups

discount is given for a maximum 20%. As of June 2009,

and complete training materials for energy saving and

24,750,000 users have enjoyed the discount. Total utility

carbon reduction seed teachers. Conduct the Seed

saving was 4.5 billion degrees. In 2009, the program was

Teacher Training for Public Energy Saving and Carbon

expanded to include community public utility usage.

Reduction Action. Promote Environmental Education

Those with two consecutive years of zero or negative

Volunteer Group with the environmental protection

growth and two years of utility saving more than 20%

departments of local governments. Work with

can be given a maximum 30% discount. Between

environmental groups, academia and research institutes

July and September, 5,300,000 users have enjoyed

to train environmental volunteers and management

the discount and total utility saving was 910 million

personnel for communities, enterprises, organizations

degrees.

and schools and strengthen education, campaigns,
communication and training for target groups.
5. Other Education and Public Awareness

2. Promote products with energy saving labels
Combine super discount stores and media to
promote products with energy saving labels. As the

Regular inspection on car and motorcycle emission;

end of 2009, in total 27 products, 228 brands, and 3,586

use of low-pollution and clean fuel technology for

models have acquired 64,800,000 energy-saving labels.

stationary pollution sources; encourage enterprises

Moreover, between October 2008 and March 2009,

for energy saving, increase energy eﬃciency, promote

subsidies were provided for the public to purchase

cogeneration, renewable energy; study carbon tax and

domestically made air conditioners, refrigerators,

energy tax and emission trading system to motivate

washing machines with energy saving labels (NT$2,000

industrial development for low energy consumption

for each unit). Total sales had a growth rate of 59.5%

and clean production.

compared to the same period in the previous year.
Every year, 39,480,000 degrees of utility are saved.

(2) Bureau of Energy, MOEA

[9]

3. Award for Energy Saving
The Bureau of Energy, MOEA uses websites and
campaigns to raise public awareness and awards

To encourage energy saving by every sector and

enterprises and schools for promoting carbon

energy education for elementary and middle schools,

reduction.

since 1994 enterprises with outstanding energy saving
performance are selected and awarded every year.
Since 1999, schools with outstanding energy education

9. Website of Bureau of Energy, Executive Yuan, http://www.moeaboe.gov.tw
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are selected and awarded. In 2009, 16 units from the

Energy saving manuals were issued for electric

electronic industry, car industry, hospitals and colleges

appliances, including “Energy Saving Guide for

and 10 elementary and middle schools were awarded.

Electric Devices and Appliances.” The “Q&A and

Total energy saving has reached 144,000 kiloliters of oil

Energy Saving Manual for Lighting Systems” was also

equivalents. It was about 1.66 billion NTD saving every

provided. Others include energy saving manual for

year. Carbon dioxide emission reduction was 354,000

energy equipment, like air compressors, steam boilers,

tons.

air conditioners and remote power monitoring systems,
electric energy management controllers, heat pump

4. Website Establishment

hot water systems, inverter application, commercial
refrigeration and architecture energy management.

Websites are built for industries, schools and
individuals for greenhouse gas reduction information
and include energy saving registry websites, energy
education information websites, energy information
websites, energy saving park and energy labels, etc.
They provide online registry, energy saving and carbon
reduction courses, event information to increase public
awareness in any time and at any place.
5. Manual Issuing
Manuals are issued for each industry and places

(3) Other Units with Promotional Campaigns

of daily life activities, including homes, offices,
convenience stores, super discount stores. They include

1. Department of Health, Executive Yuan

“36 energy saving tips,” “Family Energy Saving
Tips,” “Top Ten Tips for Department Stores to Save

The Department of Health, Executive Yuan through

Energy,” “Top Ten Tips for Convenience Stores to

radio and TV broadcasting strengthened public

Save Energy,” “Winter Energy Saving Measures,” and

awareness of possible heat exhaustion, heat stroke and

“Energy Saving Manual for Oﬃces and Residence.”

shock for seniors and how to prevent environmental
heat emergency for seniors in hot months in southern
Taiwan in summer noontime of extremely high
temperature due to climate change.
2. Public Construction Commission, Executive Yuan
In yearly Gold Award for outstanding public work,
the commission added “Sustainability and Energy
Saving and Carbon Reduction” award, including
energy saving and carbon reduction, maintenance
management, quality durability, disaster prevention and
safety, environmental protection as selection criteria,
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award for implementing principles of sustainability and

promoted by ICLEI-Local Governments for Sustainability

energy saving and carbon reduction; moreover, held

(ICLEI) which has the main objective of assisting

public work demonstration and strengthen energy

local governments of various countries to adopt and

saving and carbon reduction measures.

implement policies and measures for local greenhouse
gas reduction. As of now (August 2010), Chiayi County,

3. National Disaster Prevention and Protection
Commission

Kaohsiung City, Pingtung County, Tainan City, Taipei
City, Taipei County, Ilan County and Yunlin County
have participated in CCP and included Energy Saving

Disasters like ﬂoods and landslides due to typhoons

and Carbon Reduction in their policy focus. On Arbor

and heavy rains frequently cause huge causalities and

Day on March 12, Earth Day on April 22, Environmental

loss of properties in Taiwan. To strengthen community

Day on June 5 and Car-free Day on September 22,

disaster prevention and rescue capabilities, in 2004 the

promotion campaigns are held. The diversified details

Community Disaster Prevention and Rescue Program

of campaigns are described as follows:

started to teach the public through courses and digital
learning websites to understand the nature of the

The Taipei City Government in 2008 passed Taipei

environment, establish disaster response system and

City Energy Saving and Carbon Reduction Program, in

implement community disaster prevention mechanism.

which government vehicles were required to be dual
fuel vehicles of gasoline and propane, buses to be low

4. Architecture and Building Research Institute, Ministry
of the Interior

polluting and low energy consumption, designated
bicycle routes be built, 800 to 1,000 trees to be added
for parks and pedestrian walks, through environmental

In 2004, the Green Architecture and Building

education group designed education materials for

Exhibition was held. In 2008, “Challenge to Subtropical

“energy saving and climate change” and assisted

Green Building” was published to present global

school teaching, conducted Feng Shui master service

green building concept and Taiwan’s achievements

project and provided inspection for architecture

and expand education and campaigns to help create

and building to facilitate campaign of energy saving

sustainable homeland for Taiwan.

and carbon reduction. Since 2006, Taipei City had
been actively seeking to join the Network of Regional

5. Institute of Transportation, MOTC

Governments for Sustainable Development (NRG4SD)
and in 2010 successfully became an observing member.

In 2008, the Institute of Transportation, MOTC set
up a green transportation system education website,

Thus, through local government regional partnership, it
is able to contribute to climate change adaptation.

held a car-free day event with local governments,
advocated bicycle riding and using green transportation

The Taipei County Government strives to promote

tools like public transportation and provided the public

low carbon city campaigns, form a low carbon

with related information and education materials.

community development center to execute projects
with main focuses on energy saving, green transportation,

2. Local Government

resource reutilization, low carbon life and low carbon
industry. They include public bicycle rental system,

Local governments in recent years actively seek

liquefied petroleum gas (LPG) taxis and low carbon

to join Cities for Climate Protection Campaign (CCP)

tourism, low carbon clinics to offer recommendations
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3. Non-government Organizations

assessment. In 2009, a low carbon fair was held for one
month to provide conceptual introduction of low carbon

As of the end of 2009, of the private environmental

lifestyles and energy saving technologies to encourage

groups and organizations recognized by the

the public to adopt low carbon life.

Environmental Protection Administration, there were
39 foundations, 154 national environmental groups,

The Kaohsiung City Government in 2009 held the

125 local environmental groups, 25 other environment-

World Games and the main activity dome adopted

related groups. Most groups focus on local

solar panels on its roof to take advantage of the long

environmental issues or environmental conservation

solar exposure in south Taiwan that is able to provide

work, while some organizations are more concerned

1.1 million degrees of electricity every year and is

about global issues and their campaign methods

equivalent to saving 2.2 million tons of carbon dioxide.

include publications, seminars, and events.

The campaign also included “Meatless Mondays”,
community water saving and electricity saving, summer

Many non-governmental organizations or groups

solstice light off and Earth hour. An energy saving

use newsletters and blogs to provide information

assistance group and 75 community volunteer groups

on international development trends and domestic

were also formed to help the public adopt energy

policy analysis for climate change and greenhouse

saving and carbon reduction lifestyles.

gas reduction, and become an important role to raise
public awareness. In addition, events or exhibitions

The Tainan City Government held vehicle anti-

with a theme on renewable energy or climate change

idling campaign, promoted the use of reusable

are held. Libraries with green theme are built. Green

chopsticks, restricted the use of bottled water,

energy tour buses are designed to spread green

promoted green transport policy, added urban

education throughout the country by advocating

plantation areas and upgraded lighting equipment; Ilan

public awareness of energy conservation and carbon

County and Water Resources Agency of MOEA, land

reduction.

administration offices of local governments, and local
enterprises like Taiwan Cement Suao plant, Luodong

Summer solstice lights-off campaign has been

Water Resources Center and Lize Waste Recycling Plant

promoted since 2005 with partnership with the world

jointly promoted energy conservation and carbon

tallest building, Taipei 101. The number of participants

reduction and set sustainable development as a goal.

increased every year and in 2009 there were more than
a million people participating. Sixty minutes of lights
oﬀ can save 2.8 million degrees of electricity and have
a total carbon reduction of 178 tons. The campaign is
held in conjunction with Earth Hour to turn lights oﬀ for
one hour globally.
In September 2007, the Climate Savers Computing
Initiatives (CSCI) started as global enterprises and
conservation organizations were promoting global
use of computers with power management tools to
reduce greenhouse gas emissions. Moreover, computer
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software is developed to integrate the pattern of
power consumption, carbon emissions and water
use to facilitate recording, examination and personal
record management, turning low-carbon concept into
practical action.
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