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August 2013: “Game Over”

* PV panelson 21% learning curve i<,

* EV batteries to drop from
S500/kWh to $200/kWh by
2020
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http://www.greentechmedia.com/articles/read/ferc-chair-wellinghoff-sees-a-solar-future-and-a-utility-of-the-future
http://reneweconomy.com.au/2014/say-investors-wake-solar-pro-sumers-24413
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Memory Price ($/MB)

Semiconductors: “Extreme Business”

Historical Cost of Computer Memory and Storage
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Managing Exponentia
ost Reductions




Today

 The phone in your pocket has about ten
million times as much memory as the Apollo
11 flight computer

* You're paying more and more for gasoline

* A business plan built upon increasing material
costs is hot a good investment...



Gasoline vs Crude Oil Prices
1946 - Current
© 2012 InflationData.com
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Contrast with Information Technologies

Exponential Growth of Computing for 110 Years
Moore's Law was the Fifth, not the First, Patadigm 10 Biing
Exponenticl Growth in Computing [_ogthmic Plot

~46%
cost
reduction
annually

Electromechanical Reloy Vocuurn Tube  Tronsistor integrated Circult

(=&

1900 "0 20 ‘30 40 ‘80 ‘60 ‘70 ‘80 290 2000 08



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=dpzkywpR5jx_OM&tbnid=6nc0jhPPpABoNM:&ved=0CAUQjRw&url=https://www.flickr.com/photos/jurvetson/3656849977/&ei=g7-pU5quEaab1AWGs4CACg&bvm=bv.69620078,d.d2k&psig=AFQjCNHJR2vK40FE8U-LipLyak7mUdpq9g&ust=1403719928537132

Genome Sequencing Costs Plummeting

Cost per genome

$100 million

$10 million

o~

The cost of sequencing
fell dramatically a few
years after high-through-
put sequencing machines
wera introduced.

$1 million

$1,000 genome
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What Happens When the IT industry

Meets the Energy Industry?

Plummeting Cost of Solar Modules
(Cost Per Watt in 2012 Dollars)

-- Coal / Natural Gas Cost Band --

5().25 T T T I T rrrerermervr g rrrrsrrrer s T sy
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Sources: DOE NREL Solar Market Report, SolarBuzz Retail Price Environment

* Learning curves
* Exponential mindset

 Technology roadmaps

raes: T
2008

S
2012

SunShot

B power Electronics
Balance of Systems (BOS)
B PV Module
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Cost breakdown of installed PV
Source: DoE “The Dollar-a-Watt Program”
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Average Costs of US Solar Power

US avg ¢/kWh
esm»\WA avg ¢/kWh
== eLinear (US avg ¢/kWh)
== eLinear (WA avg ¢/kWh)
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NREL database; installed, pre-incentives




AVERAGE LEVELISED COST OF ONSHORE WIND, 1984-
2012 (€MWH)

500 - WIND TURBINE PRICES
' HAVE FALLEN 29% SINCE
2008

100,000 1,000,000
MW

Note: Learning curve (blue line) is least square regression: RZ= 0.88 and 14% learning rate. Source: Bloomberg New Energy Finance, ExTool

Bloomberg / / / / MICHAEL LIEBREICH, Delhi, 17 April 2013 TWITTER: @MLiebreich

NEW ENERGY FINANCE
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Cost Crossovers Everywhere

Costs of New Energy (¢/kWh including transmission)
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Plummeting Costs of EV Batteries

Estimates of electric-vehicle battery costs

$ per kilowatt-hour Research Roadmap for 2015 Enery Emcercy &

$1,105—9 ESTIMATES & Beyond ENERGY

* Highest

m= | owest New Battery Concepts
e Individual

Lithium Metal/Ll Sulfur/ Li-air or Non lithium

Vehicle Silicon or Metal Alloy MHigh-V cathode

Technologies
Gupf?mmlr\lonm cdff

2022 Goal

$12 5K%

225 ] T | 53 T T ] T T T T
"10 "15

Current Technolo

Sources: Advanced Automotive Batteries, Boston Con- Demonstrated $485 /7 kWh Useable in 2012
sulting Group, Deutsche Bank, Electrification Coalition,
National Research Council, and Pike Research

e Dozens of battery chemistries in development

e 75 battery companies in Silicon Valley!
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Well-to-Wheels Efficiency

Well-to-Tank Tank-to-Wheels

. cion' |131% _
Generation Transmission . Plug-to-Wheels 23%

Pump-to-Wheels _/

16% | 13%
16% = 13%




Pilot “Gigafactory” for Batteries
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Prices of Li-ion Batteries (S/kWh)

e=s Actual and estimates

Commuter EVs competitive on cost of ownership
(A A A A A A A A A N N N

EVs capture mass market

e Data from Tesla, Navigant, McKinsey, Sandia, BNEF, RMI
 Nissan Leaf is already the lowest cost commuter car



Smart Grid Will Reduce Cost, Increase Reliability

* Intermittent sources, distributed generation and storage
* New business models required!
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GigaWatts Installed each year

1

2007

3. Actual Global Installs Compared to 41% & 48% Annual Growth Rates
(41% = doubling every 2 years)

59.10
55

Global Solar Installs Doubling Every Two Years

2008 2009
—8—41% Growth Each Year

2010 2011 2012
—e— Actual Data Points (different Inet sources)

2013 2014
—0—48% Growth Each Year

2015



Silicon Valley’s Next Revolution

PCs
Internet
Telecomm
Energy

Creatively destroy the status quo
with better cost-performance






A Model of the Forces and Constraints

Analogous to software layers in a complex system

Governance Layer The governance layer must control
Government, politics, legal controls the economics
Economic Layer The economy is like a big
Daily commerce, business, employment computer finding lowest costs
Physical Layer The physical layer is our
Science, technologies ecosystems and physical creations

Moral/Spiritual Foundation The foundation must respect life
Earth Charter, religions, cultures,... and our responsibilities

Every layer must work!



Physical Layer Implications

Zero GHG emissions from energy sources

Net zero emissions from agriculture

Carbon-negative technologies and practices

“Circular economy” recycles almost everything
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Economic Layer Implications

About 80% of people just buy the cheapest products
that satisfy their immediate needs

Therefore killer apps must compete at commercial cost

Much more funding of R&D and deployment needed
for high-risk/high-reward research

Subsidies matter



US fossil fuel
subsidies:

$500B

Oil spills or
solar spills?




Governance Layer Implications

* George Schulz: A good federal energy policy would
be a social cost on carbon plus some real R&D
spending

* Government must attach the social costs of pollution
or regulate pollution

 Renewables companies feel the fossil fuel subsidies
but expect that cost crossovers will happen before
political change



Implications

For states
Cor communities or families
Cor utilities

Cor businesses

Disclaimer: truth is stranger than fiction, and
fiction is stranger than a logical forecast...



Implications for OR and WA

 WA/OR send $22B/S14B out of the state annually to
buy fossil fuels

* Retooling with renewables would create thousands
of jobs that can’t be outsourced

* Lower air pollution would enable massive savings in
healthcare and climate social costs



Relevant Studies of Countries or States

WA, CA, and NY states: Mark Jacobson
— 100% renewables by 2050
 Germany: Fraunhofer Freiberg REMod-D
— Can achieve GHG 80% less than 1990
— Investment more than paid for by fuel savings
* 15 countries: Deep Decarbonization Pathway Project

— Global pathways to 2C also reduce poverty
— Requires global coordination of development & deployment

US: NREL (2012)

— 80% renewables feasible by 2050 with 2012 technologies
and more transmission lines



Washington Study (Jacobson 2014)

NET ENERGY REDUCTION
ACHIEVED BY CONVERTING
WWS ELECTRICITY SUPPLY

END-USE EFFICIENCY
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HYDRO 26%

100% renewables by 2050; hydrogen storage

Creates 40,000 permanent jobs net and saves 800 lives/year
Requires ~$7.5B/year invested for 30 years

S7.2B healthcare and S10B climate costs saved annually



Implications: Communities or Families

Channel frustration into planning
Calculate your carbon footprint and plan reductions
Fix efficiencies now, buy renewables as affordable

Stop buying or funding fossil fuel infrastructure
— Autos & light trucks: buy EV or used

— Qil and gas heating: replace with electric heat pumps
— Fossil fuel terminals

— Coal and oil transport costs

Fossil fuel assets will become stranded soon

Divest. “Fossil industry is the subprime danger of this
cycle”



Implications: Utilities

Utilities sell less .but still have
pDOWer.. massive fixed costs

Rooftops go
SOLAR

\ /

It already is in Solar becomes cheaper
many cities than the grid

V
e Embrace the transition, don’t resist it!

* OR and WA can wait and learn from others




Implications for Business

New opportunities everywhere « 24 _4£o>

— Wind, solar, smart grid

— Storage, batteries

— Energy and water efficiencies
— Biofuels, biochar, transport
— Recycling, waste recovery

~ Integrating across silos e
— New business models
— New financing models

— All the associated infrastructure Staf Heck -~ Matt Ragars

Paul Carroll

=X
X
= -
pe
X

Voice policy support: sign the Oregon Business Climate Declaration

— Etc., etc.



CleanTech

Resource & Material Energy EFficiency

Sustainable Water
Efficiency

Sustainable Mobility

Environmentally-
friendly Energy &
Energy Storage

Circular Economy

Power Generation
with Renewable
Energy

Photovoltaic Energy
Solarthermal Energy
Geothermal Energy
Wind Energy
Bioenergy
Sewage gas

Waste Collection &
Transport

Infrastructure
Waste Separation &

.

Waste Utilisation

Environmentally-

Recyclin
friendly Use of Fossil Thermgl Wfste
Fuels Treatment

Water Procurement &

Management

Teatrant Alternative Fuels

Biofuels
Natural Gas
Hybrid Drive

Electrical Drive

Groundwater
Monitoring
. Water Purification ).

| Sorting Technology |

Combined Cycle
Power Plant
Cogeneration Plants
High-Performance
Power Stations
| COz-reduced Power |

Waste Disposal

Safeguarding &
Removal of

daie o Contaminants &
Hazardous Waste
Storage Technologies Reduction /
Utilisation of
Landfill Gas

Mechanical Storage
Electrochemical
Storage
Electrical Storage
Thermal Storage

/

Environmental
Remediation

Residential Sector
Water-efficient Intelligent
Technology in the Traffic Control
\_Commercial Sector J Integrated Traffic
B Infrastructure
Electric Charging
Stations
| Natural Gas Fuelling |

\ Land Rehabilitation
\Ecological Restoration|

Smart Grid
Local and District
Heat Grid

. S
@ 2013 bv DCTI. EuPD Research & KPMG (2013). Cleantech-Standortautachten 201 3. Based on: Roland Berger Strateav Consultants (2012). GreenTech made in Germanv 3.0.

2 Fuel Cell Drive

Water Utilisation
Alternative Drive
Technology

Components of the
Water Distribution

System 2 :
et s Efficient Combustion
Vater Distribution Grid Engliics
Environmentally-
friendly

Efficiency Increases

Vehicle Desi ..
in Water Utilisation \_venicebesign

Infrastructure &

Water-efficient

Technology in the Traffic Control

‘. Stations /

Sustainable Mobility

Management

Carsharing
Vehicle Fleet
Management

Cross-sectional
Technology

Biotechnology
Nanotechnology
Mechanical
Engineering /
‘_Process Technology /

New Materials

Compound Materials
Bioplastics

Material-efficient

Processes

Optimisation of
Existing Processes
Utilitsation of
new Materials
Reduction of
\_Operating Supplies /

Sustainable Design

Ecodesign
Life Cycle Assessment]|

i
/

Industry-specific

Energy-efficient

Production Processes

Automation &

Control Technology

Efficient Engines
Heat Recovery

Efficient Appliances

Electric Appliances
Information &
Communication
Technology
Illumination

Energy Efficient
Buildings

Technical
Building Equipment
Building Shell
(Insulation &
Windows) i

Legend

Application

Technology




For Entrepreneurs

Unmet needs abound!
What should be electrified next?

What new infrastructure is implied?

What will the new economics enable? (e.g., memory
and radios are free today)

What combinations of technologies will enable new
benefits?

If you’re in a global market, how can you make this
product the best in the world?

Half-life of market research: ~12 months



More Examples

Better efficiency in new construction, remodels, transport,
and industrial processes—both products and installations

Solar carports; PV integrated with roofing and siding

Products that save both energy and water; products that
report their status and/or control themselves

Self-driving EVs on-demand; virtual trains on freeways

Metrology infrastructure--such as a handheld non-contact DC
voltage sensor for PV installations and maintenance

Robots for forest and ag work

Infrastructure that monitors itself & requires less
maintenance



Distribution of Green Tech US Patents
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Summary

* A massive energy transition is moving from pilot
projects to deployment

Costs of New Energy (¢/kWh including transmission)

— Wind and solar now ] Nuclear

oal

— Storage and EVs next

Natural gas

— Low-carbon agriculture coming

Wind, Water, Sunlight
(weighted average)

— Circular economy coming

Efficiencies (average)

 Huge opportunities for entrepreneurs
e Game-changing opportunities for WA and OR

* Divest from fossil fuels now and plan for next-gen
infrastructure



