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Solution and threshold of climate crisis

We have no much time left and we are beyond no return
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Intergovernmental Panel on Climate Change (IPCC)- The Nobel Peace Prize 2007




News » Science

B Climate change escalating so fast it is
'beyond point of no return’

New study rewrites two decades of research and author says we are 'beyond point of no return'




Cumulative energy-related carbon emissions (Gt CO:z)
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from geothermal Annual CO: in 2050: 34.8 Gt/yr
energy

Reductions in REmap Case
compared to Reference Case

Cumulative by 2050: -470 Gt
Annual in 2050: -25.1 Gt/yr

==ws REmap Case: 66% <2°C
Cumulative COz by 2050: 760 Gt
Annual CO:z in 2050: 9.7 Gt/yr

50% 1.5°C
Energy sector COz budget:
2015 - 2100: 300-450 Gt
Net annual COzemissions
in 2050: 0 Gt/yr

2015 2020 2025 2030 2035 2040

in 2050 is 283 GW which
is 24 times more energy
than now.

2045 2050


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

Energy Transformation by Renewable Energy

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




100% CHINESE TAIPEI

Transition to 100% wind, water, and solar (WWS) for all purposes
(electricity, transportation, heating/cooling, industry)

PROJECTED
ENERGY MIX

27.2 %
=>30 GW

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%
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Granitic/higher-grade / Moderate temperature non-electrical grade (<100°C);

metamorphic High terperature = very low temperature (100°C to <150°C);
S s : e : low temperature (150°C to <190°C);
ertiary and older volcanic/ Low temperature . o\
volcaniclastic (large-scale ’, Vi—— o moderate temperature_(190-C to <230 O,
volcanic structures absent) _ : 3 high temperature (230°C to <300°C);

: High temperature : o ultra-high temperature (300°C+); and

100 percent steam . Ll steam field (230°C to 240°C).

Younger volcanic/volcani- . Moderate temperature .
clastic (large-scale volcanic High temperature {5 Ref: Sanyal (2005)
structures (volcanoes, calde- :
ras) preserved)

Ultra-high temperatu

100 percent steam
For moderate temperature resource,

Sedimentary basin (clastic, 3 Low temperature / _ _
drilled above basement) : : the productlon 1S 3-12 MW per We”;

5 | Ultra-high temperatt _ , For high temperature resource,
Sedimentary basin (clastic, ) Very low temperature i Pg the production Is 12-25 MW per well.

wells drilled into basement) . Low temperature

Moderate

It IS crucial that the combination of
are fully assessed before drilling starts.

Ref: Success of Geothermal Wells: A global study
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HIGH RESOLUTION RESERVOIR
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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




Why Geothermal Energy Promoted by UN

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




UPSTREAM

Nature of the resource

Heat-sources and volcanos
Geothermal exploration
Geothermal modelling

MIDSTREAM

Harnessing and production

Production technology
Power cycles
Well design

CROSS- CUTTING

Sustainability - Social benefits - Innovation

DOWNSTREAM

Diversified utilization

Cascaded use
Industrial applications
Waste to Value

5/18/2018




Flash &

Dry Steam
Geothermal
Power Plants*
& Minerals Recovery

Hydrogen
Production*

Refriger-
ation &
|cemaking

Geothermal
Energy Uses

Uses of geothermal energy at
different temperatures

Ethanol,
Biofuels
“in, Production
a iz,,'.:?&"."!-.
Cement &
Aggregate
Drying

Beet Sugar

Evaporation
2D




100°F

Binary
Geothermal
Power Plants*

Fruit &
Vegetable
Drying

1\./] Carbon-

Mushroom
Culture

housing
& Soil
Sterilization

38°C

70°F

60F

40°F/4°C

Lumber
Drying

Concrete

Onion &
Garlic
Drying

Building
Heating &

LDEIFJIWE! Blanching,

& {

Water Cmgl: "
Heating Pasteur-

Food -

Processing

eGeothermal Education Office 2005 - wivwi.geothermial marin.ong
Bustration & Desige: Will Suckow Bustration, wwew.millsuciow.com

*Renewable hydrogen can be produced using geothermal electricity and/or heat.
**Cool water is added as needed to make the temperature just right for the fish.



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

5/18/2018
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for Electricity Production, 2015 (united nations environment programme )
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Fuel Production Lifecycle CO, Emissions

F___L__T

Coal-Utility Boiler
Coal-IGCC

Natural Gas Combined Cycle
Biomass - IGCC

|

Biomass - Utility Boiler Fuel Use

Geothermal - Binary

Geothermal - Flash*

Hydroelectric | < Plant Cycle, Materials & Construction

0 , 600 800 1000
g COz/kWh

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




’ THE WELLHEAD GEOTHERMAL
PLANT BUILT IN 16 WEEKS







How Geothermal Energy Promoted by UN

We have no much time left and we are beyond no return
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=== Divergent type: Mid-oceanic ridges transected by transform faults Major zones of active volcanism

Convergent type: Subduction zone Intracontinetal rifts

—=— Transform type: Strike-slip zones m Producing geothermal fields (pilots + commercial)

Geothermal plays with geothermal production projects

CV1a - Magmatic: active or recent magmatism: Taupo (New Zealand), Kamojang (Indonesia), Reykjanes (Iceland), Puna (Hawai/USA)
- . inactive/extinct magmatism: Larderello (Italy), The Geysers (USA)
- Extensional domain type: Bradys (Nevada/USA), Kizildere (Turkey), Soulz-sous-Forets (France)
CD1 - Intracratonic Basin Type: Neustadt-Glewe [heat] (Germany), Paris Basin [heat] (France)
- e: Unterhaching (Germany), Altheim (Austria)
CD3 Basement (hot dry rock) Type: Habanero (Australia)

Inga S. Moeck, 2015
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Conclusions & What we have done

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




Relocated seismic activities M, >4.0

Suzuki et al., 2014 Huang H. H. et al,, 2012

Temperature (°C)
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TORGANIZATION OF EARTHQUAKE SWARI\/IS
IN GEOTHERMAL FIELDS

A Sanshin Fault Turtle Island ¥

Seismicity over MI3 in Yiland plain within 30km
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Ml by color

| )
', ) =
a0l 50’00
121.8° 121.9°




145
LSS

- L%‘@“]lg LA s m&%@&l@

m@ e . g b I
: 5 L’j:{% ]l_-f-: i Eﬁ}:? .51 LLSDJ.I i

S T X
IS0, T SIS0 Lawla g

5 _13:']13 : ! JLBUS =)

5/18/2018



" GEOTHERMAL PROMOTION TEAM

1. National Energy Project 2"d 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.




Short-tel — : — L — “

ng up geothermal well database from CPC, TRl 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 STRATEG'ES FOR

- Developing air driling technology to further geothermal TOUUGH GOA\L:

drilling case. => private company developing
» Establish Expanded Business Model Working Group 150 MW |N 2020

(EBMWG) for geothermal development
=> Preparatory Office of Taiwan Geothermal Energy
Alliance

Long-term strategies

e Cultivating technical manpower for geothermal
engineering via international cooperation.

e Building up Geothermal Energy Law and a national
geothermal committee to reduce risks and cost.
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Stat|5t|c5 ’i

1. Size of country: 783,562 kern2.
: Pnpuld‘ricm 78,741,053 (2015).

3. Years of producing electricity from geother-
mal: 32 years, from 1984. G EOTH ER MAL ACT
4. Installed capacity of geothermal (MWe): 820
MWe (2017).
. Installed capacity of other sources (MWe):

77,614 MWe (2015). Boosting geothermal

. Electricity production from geothermal

(GWHh): 3,424 GWh (2015). energy more than '],OOO
. Electricity production from other sources
(GWHh): 254,935 GWh. MW from 2008~2018

. Proportional production by source:

Cheap geothermal power
® Liquid Fuels — 0.85% N dsS NTD 3 / kWh

Hydro — 25.65%

o Waste Heat - 0.16%

e Solar = 0,07%

'.1v.~...|’r}|~rrr|1|—' 319

GEOTHERMAL-TRANSPARENCY-GUIDE_ABB




THE IDEAL ENERGY STRUCTURE

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

2. For better performance, , bl
replacing tip-loading fossil &
fuels by storable clean
energy is essential, like
hybrid geothermal plant
with biomass, hydrogen
fuel cell. : 12

Time of Day (Hours)

Biomass/hydrogen

Hydro

Geothermal




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(200~300C)

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



Thanks for your attention.
We do not have much time lefi.
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nergy, Including Transmission (¢ / kWh)

ENERGY TECHNOLOGY 2010-2013 2020-2030
Wind onshore 4-10.5 |
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

Jacobson et al. (2013)




300 houses

Over 9,000
houses

Small plants
(<5 MW)

Medium

Plants
(5-30 MW)

Large Plants
(>30 MW)

150~190C
3-5 MW/well

Unit Cost
(US
¢/kWh)
Low Quality
Resource

6.0-10.5
NTD 3.157t/kWh

Normally not
suitable

230~300¢C:
25 MW/well

Unit Cost
(US ¢/kWh)
High

Quality
Resource

5.0-7.0

190~230C
3-12 MW/well

Unit Cost
(US ¢/kWh)
Medium
Quality
Resource

4.0-6.0

2.5-5.0
NTD 0.757%/kWh

4.0-6.0 Normally not

suitable
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