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Global Air Temperature Anomaly

(b) the past 1,000 years
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Global Air Temperature By Models
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Global Temperature and CO, Changes
Are In Phase

Carbon Dioxide Concentration
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A Massive lceberg Breaking Off

Pine Island Glacier, West Antarctica

4 November 2001 12 November 2001

%;?{ 2 )‘l,«_’, Source: Regional Oceanography, Tomczak & Godfrey 2001
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Sunset Glacier

Alaska’ s Denali National Park

Source: Scientific Americans, September 2006
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During the lifetime of your youngest grandchildren,
50 - 90% of our Alpine/subalpine forests and 30 - 90% of our
Sierra snowpack will vanish due to climate change.

British Columbia pine will
have died by 2013.

British Columbia, Ministry of Forests and
Range (2006):

40% of the pine is now gone.




The permafrost has become less permanent.
Thawing microbes will re-cycle carbon 1n the
soil 1nto CO, and methane. pok
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Zimov et al., 2006. Science. 312:1612-1613



TITANIC: ~© — ¥

- g% ﬁ o jn ha : Ii_ ; :
. 'ftfft.ﬁ' p——
&!“ﬁr, hm"ﬂ'lm

[T .
~* au- -, L {1 T
LLL T T LT
fims samm Mecanualze

L L LU T T T e

* & aw
b L T T

= -li---t----.-‘-n.

S Re s BB G

TITANIG

www.titanicmovie.com

C1FIT by Paramdnest Pictvres bl Tesnte Costury Fax




e BR RS Bh

e (RIRTEE T

ok TR L B E _E'r;/% A K4 5o

AT %7 7&] [
+ 2005 % VR B 5 2ok

« 2012# = 3 Tt P E " FI1990F £ 0. 2%

« FRR A E
& R e .
sg Jp Aot %E‘Eif (A-r
(3 °7) ¢ (BRIt
ﬁg‘m(%%ﬁh)
0'}_“3;7_%;);\15%& Y I gﬂﬂg

e RAF R/RAER ?)E“JP

o
T |

j‘l
f5L %
-

T B L R R (T

12



Growth Rate of Global CO, Emission (2007)
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Source: BP Statistical Review of World Energy (June 201(3)8)
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Energy Flow of Taiwan (2005)
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AEJRIRS SIS
Structure of Energy Supply
FEREIRERR PE N » FIIENFEZEFEHIS5.98% -

© Energy supply increases rapidly with average annual growth rate of 5.98%.

[ KEEBEABE solar Thermal

M CKEBBYeE R @ 7IS5EEE Solar Photovoltaic and Wind Power 1 4’724§ﬂ§5m%=
(147.24 Million KLOE)
I 2 BESEEE Nuclear Power 0.07%

.03
M [E§5E7KJIS3E conventional Hydro Power 7.97
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Source: Taiwan Energy Statistics (BOE) ™
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Structure of Total Domestic Consumption (By Sector)

£ -~ EFFFREMmMEIPIZEEFAEID AiERE

Energy consumption grows significantly in residential, services, and transportation sectors.
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Global and Taiwan CO, Emission
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*Total CO2 emission is 267.1 Mt per year, ranked 22nd globally.
*The CO2 emission per capita per year is 11.26 ton, ranked 18th globally.

% 6 )‘/) Source: Taiwan Energy Statistics (BOE)
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IGCC.:

Integrated
Gasification
Combined Cycle

CCS:

Carbon Capture
and Sequestration
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(left) Trajectories of NTU Research Boat in The Past 20 Years
(right) Temporal Variation of Kuroshio Surface Speed
----- Every Five Days of 2007

Current Speed at Depth 0 m
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KUROSHIO CURRENT SPEED BY MONTH
Five-Year Averaged In 2003~2007

JAN FEB MAR APR MAY JUN

JUL AUG SEP OCT NOV DEC

o Courtesy of Dr. Ko Dong-Shan, Naval Research Lab
G
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Potential Sites of

Power Plant Cutent Spesd Cortours at Depth 30m
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Potential Sites
of Power Plant

Courtesy of Prof. C. S.
Liu, Inst. Of
Oceanography NTU
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Turbine Design For Kuroshio

Courtesy of Prof. Andrew Wo, IAM/NTU
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A Survey of Tidal Current Turbines

Serious technology development started in 1970s.

UK, USA, Canada, Norway, Australia, and South Africa are major players.
Turbine capacity: several hundred kW to several MW.

Ocean environment: Shallow water (20-100m > mostly < 50m )

Energy type: Near shore tidal currents and ocean currents.

Turbine: Axial type, Streamline type, Hydrofoil type

Development status: Axial type ocean current generator is the leading model.
1. MCT’s Seagen-According to web news, will establish a 500MW array farm of ocean current power plant by 2015.

2. OpenHydro-Will test the grid connection in 2007 at Scotland ; awarded Canada’s Nova Scotia Power Company
contract.

3. Aquanator-conducting tests at northern New South Welsh, Australia since 2005.
Lunar Energy-Will build a large ocean current power plant at west coast of UK in 2010.
5. Bermuda Power Company may build a 20 MW ocean current power plant by 2010.

AN N NI N N N

Blue Energy SeaFlow SeaGen SMD Aquanator Lunar OpenHydro
(250kW) (300kW) (1.0MW) (500kw) (1.0MW) (1.0MW)
Source :

‘ http://www.bluenergy.com/renewable-energy.html http://www.openhydor.com/home.html
‘@f‘\ } S Htt;//www.marineturbines.com/home.htm http://enviro.org.au/ocean.asp

N a http://www.smdhydrovision.com/ http://www.lunarenergy.co.uk/productOvervién.htm
%, T




Florida Atlantic Current Project

Florida Atlantic University, SeaTech




Throat diameter ~ 10m

Rated power ~ 0.5MW Conceptual DeSign Of
Rotation speed ~ 20 rpm . .
Cu:rgnt spZed ~0.7 —p3.0m/s KUI'O Shl() Turblne

Courtesy of Prof. Andrew Wo, IAM/NTUY,



Kuroshio Power Plants
A Turbine-Cluster

Turbines anchored on the Turbines anchored on the
platform seabed

Courtesy of Prof. C.F. Hong, DOE/NTU 38
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