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Since the Industrial Revolution, the world has experienced an
unprecedented rise in economic growth that has been fueled by innovation

Estimated global GDP per capita
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Micro-Grid at City level
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X Adoj| L X| AJEFe| CiO|LIE A (Boom and Bust Cycle)

Wind power and photovoltaics booms in the United States, 19805

1980 ALY

A .
I H‘...
D B
/ ir] B

14

£

L=

150
1Bl]. g Y

i}
B4

/ —i
' m

I—] I""I = 20 op [ IS
'1m2'|~m'|9m'ms'ms'lmr'lsm'lm' raan T rae "roez oo " vea T roas Tane T oaen T vae e !

Soares UE 0 "Tl!IHEu Effcknoyan s Banematts Dy s Avna! B svli2 Whe Power, My 2557, U2 Degasivmnt of Ener,
S 13 Do i 7y Al Bgpet . i b

12 9

Bnnusl growth inweind powercapacity (MW

!
!
il

Shipments of phoiovoltaic cells and modules (MW,

NEX vs MSCI World, NYSE Arca Oil and NYMEX Oil,
01 January 2006 — 30 September 2014

mm NEX MSCI mm NYSE Arca Oil s NYMEX Qil
2500

200.0 -

150.0

100.0 +

50.0

0.0
Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13 Jan-14

MNote: Data re-based to 100 on 30 December 2005

71E 7121 A 2o x| 7|=2] 3

AL A A o Lﬂ =] Oil Price

+
A A=
4 @A + RS RS
Tt 7 A A
+
] /

Nﬂ%qﬂz 2 A Aol Y
An| 2 A A BA A

A A A ol 1 %) A A Aol R

TZ]' < &
\/ T
+
‘\JF_RPS

Source: Bloomberg New Energy Finance




Cost of FC & Solar PV: LR =15% -20%

By Fuel Cell Type
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More Business Model and Product Innovation

combined with IT

These days the challenges that industries like
solar, wind, and biofuels face are often not
about fundamental science. Many of the big
breakthroughs have already taken place, and
in some circumstances, electricity from wind
and solar is already cheaper than electricity
from fossil fuels.

What hampers there industries now is poor
sales channels, complex financing and
incentives, and a failure to communicate with
consumers (Business Model).

That makes them ripe for disruption by the
application of IT, which will drive the next
phase of cost reduction and implementation,
especially for solar....

(Source: S. Paul and N. Allen, MIT Technology Review, 2012)
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Adoptions and Change in energy sector
occurs slowly

3 obstacles to rapid adoption of an emerging technology

Chicken-Egg Problem

*Sellers wouldn'’t join unless there was a critical mass of buyers, while
buyers were waiting for more sellers.

Cost or Performance Barriers

«Barriers to change, leading to an overall pace of market evolution that
is slower than expected of hoped for
v'Lock-in effects, inertia, Market uncertainty

Coevolution Versus Pure Substitution
* Technology substitution is rarely a zero-sum game.

ex. vacuum tubes-semiconductors, Off line retail-On line retail

(Source : Innovating in uncertain market, MIT Sloan management review 2011)
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A classical Chicken and Egg problem:
Electric Vehicles Case (1= 2} o] S )
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Differences in Diffusion Rates

Different markets develop at different growth rates.
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=
5 70
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PC (1975) £ 30
= Radio (1905) 20
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Television (1926) 10
VCR (1952) 0

0 10 20 30 40 50 60 70 80 90 100 110 120
Years since introduction

Source: Peter Brimelow, “The Silent Boom,” Forbes, July 7, 1997, pp. 170-171. Reprinted by permission of Forbes Magazine © 2002 Forbes, Inc.
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Performance/functionality

of desired attributes

Swarm of Successor Technologies

Discontinuity
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Who will be the winner?
Electrical Vehicle vs Fuel Cell Vehicle

Tesla Motors Model S EQElo| AEMX| X=X} 'O|2}0]"
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