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Readings from the RAEL Group at UC Berkeley
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Energy Biosciences Institute



The California commitment - scaled to the
nation
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Kammen, “September 27, 2006 — A day to remember”, San Francisco Chronicle, September 27,




|_*WA: 15% by 2020

4

. MT: 15%

| CA: 20% by 2010

NV: 20% by 2015

AZ: 15% by 2025

MN: 10% by 2015 Goal +

Xcel mandate of
1,125 MW wind by 2010

VT: RE meets load
growth by 2012

by 2015

WI: requirement varies by
utility; 10% by 2015 Goal

1A 105 MW

IL: 8% by 2013

CO: 10% by 2015

*NM: 10%b 2011 I

TX: 5,880 MW by 2015

| HI: 20% by 2020 |

= O,

3

ME: 30% by 2000;
10% by 2017 goal - new RE

MA: 4% by 2009 +

1% annual increase

| RI: 15% by 2020

| CT: 10% by 2010

NY: 24% by 2013 |

NJ: 22.5% by 2021

PA: 18%!? by 2020

“MD: 7.5% by 2019 |

*DE: 10% by 2019 |

DC: 11% by 2022 |

[]
[]
@)

* Increased credit for solar or other customer-sitel renewables

PA: 8% Tier | (renewables)
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Land Use |, Assessed ex post

! (indirect)
@ Boundary for monthly
/| Land Use Cultivation & carbon intensity calculation i
| direct harvest —— - S, !
i eedstoc iofue iofue ; :
i transport production transport | Biofuel use
i Waste i YN
; material !
: @ Excludes minor sources, from: :
i Alternative » Manufacture of machinery :
E waste equipment, chemicals !
management « PFCs HFCs SF;

@ Assessed separately @ U

Fossil fuel reference system

Maximize the use of waste
Standardize system boundaries Co-product allocation
Move to ‘sustainable fuel’ standard to benefit the po or and ecosystems

Recognize previous land use




Ibs CO2/gal gasoline equivalent
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B FT (Coal)

B Gasoline (Shale)

B Gasoline (Tar Sands)
B FT (Coal CCD)

Bl Gasoline

O Ethanol (Corn Coal)
O Ethanol (Today)

@ Ethanol (Corn NG)

E Biodiesel
Oo'&\ E Ethanol (Corn Biomass)
O°«° B Ethanol (Cellulose)
N b@ O Ethanol (Corn Biomass CCD) ey
& N O Ethanol (Cellulose CCD)
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Land Required to Satisfy Current U.S. Mobility Demard

CRP Land U.S. Cropland
(30 MM) (400 MM)
Status quo 36 gal Geq/ton, current mpg, no ag. integration, fons/acre*yr 1,030
Advanced 91  cedl :
processing gal Geq/ton :
. . ' Vehicle Types
Vehicle efficiency 2.5X :
B Light Duty
Biomass yield 2.5X [ ] Heavy Duty
Agricultural integration | : :
|. Soy switchgrass _ 10 Early-cut switchgrass produces more feed proteia/ac
or large biomass soy | : than soy; similar benefits from “large biomass soy”

Il. Corn stover (72%) I 5_50 Feasibility of stover utilization enhanced by raiat

Winter cover crops, other residues, increased mindty

of food crops, increased production on under-@dirand...
I I I I

0 200 400 600 800 1,000 1,200
New Land Required (million acres)

[1l. Other

U.S. mobility demand, the largest per capita in twerld, could be met from

land now used for agriculture while maintaining fabproduction (L. Lynd)
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Other
23.7%

&

24 M
Injuries

source: WHO, 1999
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Resp. Infections

N.C. Respiratory

Resp. Tract Cancer

Diarrheal Diseases
Malaria
TB
2.8%

HIV / AIDS

\ Childhood Diseases
Perinatal Conditions

l

Total

30.9%

Cardiovascilar

O OarovGioocaualca



Exposure = Population « Time ¢ Pollution
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Smith, 1988 Industrialized Developing




Probability (ARI)
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Study reviews:

» 13 studies of
job creation

e 3-5times
More jobs per
dollar invested
N the
renewables
sector than in
fossil fuels




?
Average Employment Over Life of Facility
(jobs/MWa)
Energy Technology Source of Estimate Construction
Manufacturing, O&M and_ fuel Total
Installation processing Employment

PV 1 REPP, 2001 6.21 1.20 7.41
PV 2 Greenpeace, 2001 5.76 4.80 10.56
Wind 1 REPP, 2001 0.43 0.27 0.71
wind 2 EWEA/Greenpeace, 2003 2.51 0.27 2.79
Biomass S high estimate  |REPP, 2001 0.40 2.44 2.84
Biomass S low estimate REPP, 2001 0.40 0.38 0.78
Coal REPP, 2001 0.27 0.74 1.01
Gas Kammen, from REPP, 2001; 0.95 0.70 0.95

CALPIRG, 2003; BLS, 2004

8 *0  8( 5.96
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Green Collar Job Creation

Federal + state RPS yields
f +348,000 jobs in 2025

/' plus Federal RPS

Other 18 states |
with an RPS

Nevada
lllinois

Texas




Per Capita Electricity Consumption

kWh/person
14,000

12,000

10,000 -

8,000
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4,000 - == US w/out Cal and NY
== US without Cal
== United States D an iS h
2,000 == New York
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Solar Energy for
Many Applications

Moscone Center, SF: 675,000 W

Residential Solar: 1000 - 4000 Watts/home

Kenyan PV market: Average system: 18W

California Japan
2005 Annual PV Installations 50 MW 290 MW
Average Cost for Residential System $8.8/Wac $7.4/Wac
Average Cost Reduction from 99-04  5.2%l/year 8.9%/yea




R&D (2002 $b)
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Additional load from PHEVs is small Model: IPM

« PHEVs could be charged mostly via base-load filling during
evenings and nights, when electricity costs are low
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56% | Indirect
public trans. 44% DireCt
airlines
Auto services
50 1
Auto
manufacturing 45 -
40 -
oot 35 1
; electricity i
Gasoline water & sewage 30
Financing 25
_ publictrans. Construction 20
Air travel
Other fuels 15 -
10
Natural :
cereals ]
gas Alcohol & tobacco
. Dair .
Gasoline y Total
Snack food
o Fruit & veg. .
rniture.
Electr|C|ty cleanil;lgI ;upplies.
Eating out entertainment.
Household equip.
Meat Clothing S
healthcare
Transportation Housing Food Goods Services
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Recommendations/expanded

A national cellulosic biofuel research strategy isawed, and
must not only include, but integratat {(east)the DoE, EPA,
USAID, and, centrally, the DoA and the Departmenbtdte.

Low-carbon standards for biofuels are a beginning, b
sustainable biofuedtandards that include water, nitrogen and
other fertilizer applicationand cultural sustainability and
development, are needed.

Biofuels bring energy and globalization issues whtect
Interaction; this presents a major internationalllemge because
bioenergy intensificatiowithouta broader low-carbon
framework is likely to be harmful.




