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 WEC Global Energy Scenarios : Jazz and Symphony

* Innovation of Wind Power — pre-processed, without
big blade;

Projects in China and U.S.A,

* Relationship between Energy and Information, not
only the relation in quantity but also the nature.
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WEC Scenarios
Deriving the scenario stories

Two Scenarios stories, exploratory, different and equally
probable rather than good and bad

Jazz: Symphony:

Market & trade based, Government led,

consumer driven, “orchestrated”, voter driven,
decentralized decision focussed on environmental
making, focussed on goals.and energy security,
access and affordability. national and regional
achieving growth through measures to increase share
low cost energy:. of renewables in energy
Governments facilitate miX. Binding international
GHG actions. agreement on GHG

o vy Counct 2015 emissions.
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Global total primary energy supply
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fossil fuels: +55%/- 5%-|: 2!&;/&195;/;: +100%/+50% Symphony
coal: +/- 40%
Upstream liberalized; Tighter supply (lower E&P)
technology development, Higher infrastructure costs
supply surge/more producers Energy security drives reduced fossil use

Coal remains dominant in some regions
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Resulting CO, emissions

Emissions trajectories for atmospheric GHG concentrations
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_ § that non-energy CO, emissions from
W 445-490 ppm 535-590 ppm % 710-855 ppm  —#=JAZZ industry,agriculture and land use

0 490-535 ppm W 500-710ppm [l 855-1130 ppm =A= SYMPHONY are reduced to insignificant levels
in Jazz and Symphony

The global economy will be challenged to meet the 450 ppm target
without enormous economic costs
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Access to electricity in 2050

JAZZ.
Population without access to electricity (in millions) ° 310 m|”|0n W|thOUt
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Balancing the
‘Energy Trilemma’ o

: : ENERGY
The effective management of primary energy supply SECURITY

from domestic and external sources, the reliability
of energy infrastructure, and the ability of energy
providers to meet current and future demand.

Accessibility and affordability of energy supply
across the population.

Encompasses the achievement of supply

and demand side energy efficiencies and the
development of energy supply from renewable
and other low-carbon sources.

’ ®

ENERGY ENVIRONMENTAL
EQUITY SUSTAINABILITY
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Innovation in Wind Power
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LA TS TAL ST LT AL TS

(1) Conquer Sandstorm [ {iEBR;V 4% ; (2) Low altitude wind tunnel
power generation/{XZ= XA & ; (3) Governance from the origin /
MIESLIGIE;  (4) Turning disaster into welfare /ZZRE H&EF; (5)

High economic and society benefits/ B K% 57 flit =3 %




A Breach to the Dust Storm Problem
R T 2

» Dust storm formation requires an unstable atmosphere and

»

»

accumulation of energy in desert.

R BARHEI AL DERNHBENFERERE R

Reducing the accumulation of excessive energy in desert 2>
reducing the chance of dust storm formation.

Ntk RERDZERFEE BIR, BLERE BRI -

Inducing the accumulated energy for electricity generation

- use the electricity for ecology,

- A self-healing mechanism for desert.
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» A trumpet-like wind duct design:

® Slightly narrowed part in the middle = Acceleration of air from inlet.

® The outlet is much more widened = Allows a smooth circulation of air.

JEVEVEE T R R U A2 IV AR, FE2E RAEfTINZRCI/ESRE - BEROISE, DA
PREZE R -

»  Simulation of the Ducted Wind Power Generator:
® Inlet is on the left side (Initial wind speed: 4 m/s, color Green).

® The air is accelerated in the middle part to 2 times of the initial speed
(about 8 m/s, color Red Orange).

E B R EURE S EARA VAR REE - ARCELER, KPFEERCKED (GE); TTEZER
#ARELIE, ZRINEZLHFVSKR(BLLE), 4926 -




Inducing Sand Wind into Wind Tunnel
155 XU FEN XL
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INVELOX Solves Traditional Wind Power Issues

No Radar No Noise &
Interference Flickering
(INVELOX minimizes (INVELOX has no

Less Land Use
(INVELOX uses a fraction)

signature) exposed blades

Low Cut-In
Wind Speed

(2 vs. 8.5 mph)

Improved Turbine

. . No Icin
Reliability (turbine bladesgnot
(INVELOX turbine & generator exposed)

not exposed)

Reduced Distance

from Grid / AN (INVELOX has reduced
(INVELOX close to user) No Bird building & O&M costs)

Strikes

(INVELOX has no
rotating blades

Low Cost

Improved
Visual Impact




Patented INVELOX
Outperforms Traditional Wind Systems

Traditional Turbine INVELOX System

* 1.8 MW tower 4=mmm) .1 3 MW tower
80 acres land per tower¢mmp . 10 acres land per tower
* Cut-in speed 8.5mph  ¢u—d . C | t-in speed 2 mph

1 .
. /3 8 meter blade diameter
85 meter blade diameter

90 meter height the S1ZE 28 meter helght

same power
production




INVELOX For Wind Power Plants

Financial Factor Financial Benefit

Cost of Energy C1.4/ KWh
Payback o Years

15-Year RO 25% to 30%
CAPEX $750 per KW
O&M $3 per MWh

(1) Compared with Conventional Wind Energy

% Savings®

64%

60% shorter
300%

43%

50%




INVELOX - Wind Concentration Systems: Test Configurations
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Energy and Information

© World Energy Council 2013



Human Behavior

Information > 7 <> > FE

2 / - Various Information

2> _ £ - Various Energy C.C. Chan 2012



Correlation Between Energy & Information

e Maxwell’s Demon, 1867:

— Information could be thought of as interchangeable
with energy;

e J.D. Bekenstein, 1988:

— Growing trend that the physical world as being made
of information;

e C.C.Chan, 2012:
YISNYE
— Y1 : Various information
— Y E:Various energy



Energy and Information

e Toyabe et la:

(AF =W ) < kTl

AF- Free Energy difference between states

W - Work done on the system
k. - Boltzmann constant
T - Environment Temperature

o Szilard:
one bit of Information In the system
equivalent to energy of kBT In 2



Energy and Information

((AF—W)/1bit} < k;TIn2

AF - Free Energy difference between states
W - Work done on the system

kB' Boltzmann constant
T - Environment Temperature

— C.C. Chan 2013 at IASS



Energy & Information

« Not only understand the upper and lower bounds of
iInformation,

« But also understand the complex Iinterdependence
between the physical limitations of thermodynamic
boundaries of energy transfer and the human dimensions
of economic, social, and political decisions should be

crucially considered.



Energy and Information

 The Boltzmann and Shannon expressions for entropy and

iInformation provide boundary values for Information In
different ways.

« But we should go further to understand the nature of
Information, such as the real issue of concerns, I.e., the

gualitative aspects that address the nature of the
iInformation.



Energy & Information

* A very important issue about the management of energy
and Information, such as the way that information on
generation and distribution of energy iIs managed in a grid
plus storage system,

 this Is limited not by the total information content, but
largely by the technological options for energy production
and the economic and social choices for deployment and
distribution, namely the nature of information.



Energy & Information

e Information should be distributed and shared as widely as
desired,

It leads to the realization that the limitation on energy and
matter iIs not simply a matter of producing more energy and
deriving Information, but on changing the social use of
energy and matter;

 Energy efficiency and conservation, creating new business
models and opportunities for innovation that Is Iintegrated
more effectively with the understanding of the needs of the
local and global society in a limited resource environment of
planet Earth.



Schrodinger equation:

how the quantum state of a physical system changes with time.

Time-dependent Schrodinger equation (general)

0
zhaf‘@ HY

Y. The probability of a Quantum event occurring

One factor that we care(time, cost,... etc)

3D-Time-dependent Schrodinger equation (single non-relativistic particle)
d —h?
th— ‘-I'

SV V(r, )| (et


http://en.wikipedia.org/wiki/Quantum_state
http://en.wikipedia.org/wiki/Physical_system
http://en.wikipedia.org/wiki/Relativistic_quantum_mechanics

Inspiration BTG
Imagination 215 T
Innovation yell 2
Integration Y57
Implementation &
Investment &



Thank you!
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