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We have no much time left and we are beyond no return 
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Peter U. Clark et al., 2016 NATURE CLIMATE CHANGE 
DOI: 10.1038/NCLIMATE2923 

global mean sea-level rise in the past and future

Greenland

Antarctica

1012 g of GHG
emission within
10,000 yr.



Intergovernmental Panel on Climate Change (IPCC)- The Nobel Peace Prize 2007





The Goal of geothermal 
in 2050 is 283 GW which 
is 24 times more energy 
than now.

Global Energy Transformation: A Roadmap to 2050

8% is contributed 
from geothermal 
energy

http://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Apr/IRENA_Report_GET_2018.pdf?la=en&hash=9B1AF0354A2105A64CFD3C4C0E38ECCEE32AAB0C


We have no much time left and we are beyond no return 



From 139-country 100% Clean 
and Renewable roadmaps 
(Jacobson et al., 2015), 
geothermal energy in Taiwan 
should reach 3,028 Mwe in 2050, 
about 27.140%. 

Our 「Energy Thansformation」
challenge in near future:
2018 2020    2050
0 %   0.293 %  27.140%

27.2 % 
=>30 GW



DISTRBUTION OF TAIWAN'S GEOTHERMAL RESOURCES

50 km

*
0 25

30
25
20

35
40

I

II

III

IV

V

VI

VII
VIII

IX

Temp. Gradient
(℃/km)

1.ITRI，2012
2.Store heat method

Hot spring

Wells drilled 
by different 
administrative 
units and 
companies
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159.6 Gwe (Frank Yang et al., 2015 WGC)
180 Gwe (Ping-Yu Chang et al, 2013)



Heat flow contour (HFU)

Potential geothermal field

Hot spring spot

Tatun

Chipen

Chinlun

Antong

Rueisuei

Chingshui
Tuchang

Lusan

Wuloo

Paullai

Site Area
(km2)

Temp.
(°C)

Geology 
code

Resource 
code

ⅠTatun 278 236 3 4~5
Ⅱ Chingshui-
Tuchang 909 223 1 3~4
Ⅲ Lushan 279 210 1 3~4
Ⅳ Rueisuei-Antong 467 195 1 3~4
Ⅴ Wuloo 571 196 1 3~4
Ⅵ Chipen-Chinlun 701 214 1 3~4
Ⅶ Paullai 476 205 1 3~4
Ⅷ Guanziling 510 197 4 3~4
Ⅸ Hsinchu- Miaoli 343 192 4 3~4

Guanziling
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It is crucial that the combination of enthalpy and 
resource types are fully assessed before drilling starts.

Ref: Success of Geothermal Wells: A global study

Ref: Sanyal (2005)
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For moderate temperature resource, 
the production is 3-12 MW per well;
For high temperature resource,
the production is 12-25 MW per well.



The submarine 
volcanoes is obvious 
in airborne magnetic 
survey.

NTOU
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BPD：Boiling Point vs. Depth

GEOTHERMAL CONCEPTUAL MODEL



HIGH RESOLUTION RESERVOIR 
EXPLORATION (WITH LBNL)

Y.-C. Huang et al. / Journal of Volcanology 
and Geothermal Research (2017)

利用高解析度微震探勘技術建構低風險地熱開發策略，技師期刊 2017，王守誠等

http://www.tpce.org.tw/tpce/h5/%E6%8A%80%E5%B8%AB%E6%9C%9F%E5%88%8A(%E7%AC%AC61%E6%9C%9F%E8%B5%B7)/78/46.pdf


THE FIRST GEOTHERMAL POWER  
ON-GRID FROM 2001~2018

30kW geothermal 
generator

Cooling 
tower
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Clean steam plant, Kawerau geothermal plant, Taupo, New Zealand

5/18/2018



Geothermal is the 
least health-risk 
energy.

GREEN ENERGY CHOICES: The Benefits, Risks and Trade-Offs of Low-Carbon Technologies 
for Electricity Production, 2015 (united nations environment programme )

5/18/2018

New 
Zealand

MERITS OF CONVENTIONAL GEOTHERMAL SYSTEM 



GREEN ENERGY CHOICES: The Benefits, Risks and Trade-Offs of Low-Carbon Technologies 
for Electricity Production, 2015 ((united nations environment programme )

5/18/2018

Geothermal is the 
most environmental-
friendly energy.

New 
Zealand

MERITS OF CONVENTIONAL GEOTHERMAL SYSTEM 



Baseload Renewables: The Important Facts, Baseload Renewable Energy Summit, 2016

25



THE WELLHEAD GEOTHERMAL 
PLANT BUILT IN 16 WEEKS



AUTO DRILLING TECHNOLOGY



We have no much time left and we are beyond no return 



Conventional 
Geothermal 
System-CGS

Enhanced
Geothermal 
System-EGS
=Hot Dry Rock 

Ladislaus Rybach, 2014



Inga S. Moeck, 2015



42.5 Mw

24 28 countries use geothermal 
power in 2020

3567 MW 1,109 MW 
in 2017;
4,000 MW 
by 2030

1375 MW

665 MW

973 MW
607 MW

Data from 「2016 Annual U.S. & Global Geothermal Power 
Production Report」

500 MW 
by 2020

5,000 MW 
by 2030



Geothermal Energy 
Development pathway 
in Turkey

0.4~3 MW/yr 27 MW/yr

158 MW/yr



Photo by: Amy Yee



We have no much time left and we are beyond no return 



Suzuki et al., 2014

the maximum strength zone, 
a nest of earthquakes and 
fractures. 

a bottom surface of seismicity, 
fracturing and hydrothermal 
convection

BDT

BPT

6 km

12 km

4 km

12 km

Relocated seismic activities ML >4.0
Huang H. H. et al., 2012

Upper crust

Middle crust
Supercritical fluids

Hydrothermal fluids



SELF-ORGANIZATION OF EARTHQUAKE SWARMS 
IN GEOTHERMAL FIELDS

a) In AB profile: the seismic activities 
happened above 15 km

b) In CD profile: the seismic activities 
happened above 15 km; 
magnitude >3 ones concentrate 
in a narrow vertical belt 

c) In EF profile: the seismic activities 
happened above 15 km; 
magnitude >3 ones concentrate 
in a broad belt 

d) Self-organization & self-similarity in 
hydrothermal earthquake swarms

Huang H. H., 2007

Sanshin Fault Turtle Island

10 
km

0 
km

A’A

A
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GEOTHERMAL PROMOTION TEAM

1. National Energy Project 2nd stage
2. NTOU(National Taiwan Ocean 

Univ.) has organized with several 
local and foreign companies for 
promoting geothermal energy.

3. We wish to cooperate in essential  
issues with IGA and IEA-GEA, 
expanding to environmental 
impact & monitoring and legal 
experience. 

Sep. 4, 2015 MOU between LCY 
and NTOU

Jan. 21, 2016 MOU between GEL 
and NTOU



STRATEGIES FOR 
TOUGH GOAL:

150 MW IN 2020

Short-term strategies
• Setting up geothermal well database from CPC, ITRI and 

WRA (of MOEA). => MOEA developing
• Transforming Petroleum fund of MOEABOE to national risk 

mitigation fund => MOEA done by 「Geothermal power 
system demonstration incentives」

• International cooperation in mature geothermal 
technologies. => private company developing

• Developing  air drilling technology to further geothermal 
drilling case. => private company developing

• Establish Expanded Business Model Working Group 
(EBMWG) for geothermal development
=>  Preparatory Office of Taiwan Geothermal Energy 
Alliance

Long-term strategies
• Cultivating technical manpower for geothermal 

engineering via international cooperation.
• Building up Geothermal Energy Law and a national 

geothermal committee to reduce risks and cost.
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Heat flow contour (HFU)

Potential geothermal field

Hot spring spot

I. Tatun

VI. Chipen

VI. Chinlun

IV. Antong

IV. Rueisuei

II. Chingshui
II. Tuchang

III. Lusan

V. WulooVII. Paullai

VIII. Guanziling
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NTOU promoting projects

1. Subvolcanic geothermal exploration 
2.NTOU campus geothermal project
with hydrogen hybrid pilot

3.EIA approved, 101 Mwe CEEG project
4.ROT & BOT geothermal project

5.Biomass hybrid geothermal project

7.Volcanic island geothermal project

6.Sediq Geothermal Village



GEOTHERMAL ACT

Turkey

Boosting geothermal 
energy more than 1,000 
MW from 2008~2018

Cheap geothermal power 
as NTD 3 /kWh

GEOTHERMAL-TRANSPARENCY-GUIDE_ABB



THE IDEAL ENERGY STRUCTURE

1. Geothermal can play the 
distributed base-loading 
power in region.

2. For better performance, 
replacing tip-loading fossil 
fuels by storable clean 
energy is essential, like 
hybrid geothermal plant 
with biomass, hydrogen 
fuel cell.

Biomass/hydrogen
tip

tip

base



CIVIL GEOTHERMAL PLANT
1. Place: Letzer industrial area in Yiland plain 
2. Heat source：hydrothermal reservoir in Sanxin fracture 

zone
3. Estimated depth：2000~5000 meters(200~300°C)
4. Operation：BOT(Build-operate-transfer) or PPP(Public-

Private-Partnership)
5. Civil geothermal plant can be part of “circular 

economy” in local, especially in low-carbon tech.
6. Benefit corporation(B corp.) certificate, ISO14001(like 

Valle Secolo geothermal plant) for a greener and 
more public power supplier.

5/18/2018





ENERGY TECHNOLOGY 2010-2013 2020-2030
Wind onshore 4-10.5 ≤4
Wind offshore 11.3-16.5 7-10.9
Wave >11 4-11
Geothermal 9.9-15.2 5.5-8.8
Hydroelectric 4-6 4
CSP(concentrating) 14.1-22.6 7-8
Solar PV (utility scale) 11.1-15.9 5.5
Tidal >>11 5-7
Conventional (+Externalities) 9.2 (+5.3)=14.5 14-19 (+5.7)=20-25

Costs of Energy, Including Transmission (¢ / kWh)

Jacobson et al. (2013)



NTD 3.15元/kWh

NTD 0.75元/kWh

300 houses

Over 9,000 
houses

150~190C
3-5 MW/well

190~230C
3-12 MW/well

230~300C:
25 MW/well
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