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WRE 450 (IPCC)
WRE 550 (IPCC)
= \WRE 1000 (IPCC)

Theoretical carbon
emissions profiles
published in IPCC 3
Assessment Report

& deforestation.

2002 IEA reported fossil
emissions plus correction
for unsustainable biomass

WRE 1000 - WE START PLANNING NOW

WRE 450 - WE STARTED TO ACT IN 2000, OR ...

>900 ppm Trajectory
Energy by 2050:

Coal over 2x, no Carbon
Capture & Storage (CCS),
some coal to liquids.

- Oil up 50%

Biofuels make up 10% of
vehicle fuel mix.
Electricity 1/3 of final energy.

Renewables provide 1/3 of
electricity generation.
* Vehicle efficiency up 50%.
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<550 ppm Trajectory
Energy by 2050:

Biofuels make up 20% of
vehicle fuel mix.

Green Hydrogen in use
Strong shift to electricity as
final energy (~50% final
energy).

Large increase in nuclear.
Renewables provide half of
electricity generation.
Vehicle efficiency up 100%
Sustainable biomass
practices

4




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

800
670
g 600 500
@
< 400
O 221
200
0- 2003-2010 2011-2020 2021-2030
O Other Developing 43 90 128
O India 16 48 79
B China 150 168 226
O Transition 1 11 19
HOECD 12 184 218

Source: IEA, WEO 2004

>$1 trillion in capital

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu




o

T

§ s q'z "—-'""'
M -

P

. -

[ e
- i - -~ <] ",a- il e =
= ‘:‘"a P
ST g O s = SIS
e e -_ (’ V. - - r-?; o . - .-'.'.""
s R i o _ . = -
N .- ) - 8 5 . |
: 58 = ¥ . < o 2 »
e . \n 77 TR s, ]
- £ - = __ e L S _' - - P
- s = = .‘ ‘\I.."- . ‘-f i -
- 15

e
-

10% bitumen by weight in the sml'l ? 3
~ $30/barrel of energy required to refine * -
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Renewable Energy Portfolio Standards (RPS)
26 states + Washington, DC, and counting

MN: 10% by 2015 Goal +

Xcel mandate of VT: RE meets load
1,125 MW wind by 2010 growth by 2012

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 |
[ CA: 20% by 2010 s [ NY: 24% by 2013 |
Sl &% [ NJ:22.5% by 2021 |
''''' | PA:18%' by 2020 |
| *MD: 7.5% by 2019 |
| *DE: 10% by 2019 |
| DC: 11% by 2022 |

| *WA: 15% by 2020

'.‘| HI: 20% by 2020 | [ state RPS

7‘. O - State Goal

O Solar water
heating eligible

* Increased credit for solar or other customer-sited renewables
PA: 8% Tier I (renewables)
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Green jobs created

Green Collar Job Creation

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

I
I plus Federal RPS
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Solar & Distributed Generation
Provisions in RPS Policies

[ WA: double credit for DG

)
P

/ | DE: triple credit for solar electric |
| MD: double credit for solar electric|

-
R
239,

CA: 3,000 MW or more via
SB1 & Million solar roofs

_-
e
) L A

DG: Distributed Generation O Solar water heating counts
towards solar set-aside

| NM: triple credit for solar electric
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Solar Energy for s
Many Applications §ss&
Moscone Center, SF: 675,000 W ‘

A | [,

Residential Solar: 1000 - 4000 Watts/home
CA Solar Initiative/Million Solar Roofs:
3,000 - 10,000 MW of solar to be builtyuym—.

Kenyan PV market: Average system: 18W

Largest penetration rate of any nation
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%/year 8.9%/year S—
Renewable and Appropriate Energy Laboratory - rael.berkeley.edu
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The Cost of Nuclear Power from the U. S. Civilian Reactor Fleet
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Hultman, Koomey & Kammen (2007) ES&T
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Ibs CO2/gal gasoline equivalent

An Alternative Fuel is Not Necessarily a

Low-Carbon Fuel, but it can be

(California Executive Order S-7-01)

60 -

BFT (Coal)

B Gasoline (Shale)

B Gasoline (Tar Sands)
BFT (Coal CCD)

Bl Gasoline

OEthanol (Corn Coal)

O Ethanol (Today)

E Ethanol (Corn NG)

M Biodiesel

M Ethanol (Corn Biomass)
H Ethanol (Cellulose)

O Ethanol (Corn Biomass CCD)
O Ethanol (Cellulose CCD)

2007 standard

-10 -

2020 standard
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Plug In Partners / e.g.
CalCars.org
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From a Low Carbon Fuel Standard

to a Sustainable Fuel Standard

Beyond carbon we must examine

- water and nutrient demand

10on

- food/fuel synergies, not competi

Kammen laboratory:
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A promising crop: Miscanthus X Giganticus

Top left: summer Miscanthus growth (sterile)
Top right: Miscanthus stands (UK)
Right: winter harvest of the C4 plant,

Miscanthus after growing season and nutrients
and water returned to the soil

Photo credits: S. Long (U. of lllinois/EBI)
Renewable and Appropriate Energy Labog"




Land Required to Satisty Current U.S. Mobility Demand

CRP Land U.S. Cropland
(30 MM) (400 MM)
Status quo 36 gal Geq/ton, current mpg, no ag. integration, 5 tons/acre*yr 1,030
Advanced ;
processing 91 gal Geq/ton :
, , : Vehicle Types
Vehicle efficiency 2.5X1 :
B Light Duty
Biomass yield 2.5X1 || Heavy Duty
Agricultural integration| : :
I. Soy = switchgrass _ 10 Early-cut switchgrass produces more feed protein/acre
or large biomass soy than soy; similar benefits from “large biomass soy”

II. Corn stover (72%) I _ 50  Feasibility of stover utilization enhanced by rotation

III. Other Winter cover crops, other residues, increased productivity

of food crops, increased production on under-utilized land...
I I I I

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

U.S. mobility demand, the largest per capita in the world, could be met from
land now used for agriculture while maintaining food production (L. Lynd)




Optimal Sorghum Growing Areas

Suitability ;

| Poor

|| Moderate R

| Fair 4 _ ! h

B Good 4 L

Il Best ~amial A L = 5 1,000 2,000 Mles

P —

Figure 1. Optimal sorghum growing areas are based on solar radiation, minimum, maximum, and
monthly temperature, annual precipitation, and soil texture. Produced by the UC-Berkeley Geospatial
Imaging and Informatics Facility (GIIF) as an early demonstration of the data methods available for this
study.

William Collins, LBNL



Forest Resources Under Stress

(Bailis, Ezzati and Kammen, Science, 2005)

COOKSTOVT SMOKE is wbiguitous in Kenya, where wood, char ing, Particolanes in simoke ane o major contributer to respirato-
caal and other bienass foels are used for covking and heat- v disease, e leading cause of Qlness in developing nitizns,

Renewable and Appropriate Energy Laboratory - rael.berkeley.eau




Ethanol can Displace Gasoline Consumption

e Using only post-harvest
crop losses as inputs (up to
50 percent of yields),
biofuels can play a
significant role

e Implications for poverty
alleviation, job creation,
urban health, and foreign
currency savings

e Metrics for ecological and
cultural sustainability must
be part of the planning

Process
Renewable and Appropriate Energy Laboratory - rael.berkeley.edu

Source: FAO/IIASA 2002, EIA 2007, ICRISAT 2007
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ill endeavor evelop a circular economy, lower energy and resources consumption and build a resource-
mg nd efuw onment—frlendly society and ensure sound balance between economic development, population,
resources and environment."
ines Preeldent Hu Jintao, CEO summit of’the A5|a -Pacific Economic Cooperation (APEC), Nov. 17 2006
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Qingdao Eco-Site: Location
ao City/UC Berkeley/ARUP collaboration)
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Whole Systems Thinking
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tons CO2Z equiv.

15 1

10 -

Summary of GHG Emissions for Typical U.S. Household
(LEAPS Results) 50 Metric tons of CO, equivalent gases

56% | Indirect
44%| Direct | —

50 1
45 1
40 1

~_ publicfrans_

Air travel

I other fuels =
. naturalgas

ater & sewag

35
30 1
25
20 1
15 |

Icohol & tobacc
U

Snack food

10 1

Total

Meat

eaning supplies.|
entertainment. |

Clothing

healthcare

Transportation

Housing

Food

Goods Services



R&D (2002 $b)

United States’ Public and Private Sector Energy
Research and Development Spending

—o— Public energy R&D
—— Private energy R&D

1970 1975 1980 1985 1990 1995 2000 2005

Kammen and Nemet (2005)
“Reversing the incredible shrinking energy R&D budget,” Issues in Science & Technology, Fall, 84 - 88.

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



Patents and R&D Funding Correlated
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“Reversing the incredible shrinking energy R&D budget,” Issues in Science & Technology, Fall, 84 - 88.

And Nemet, dissertation, 2007



California Public Utilities Commission
505 Van Ness Ave., San Francisco, CA
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PRESS RELEASE PROPOSAL: $620 MILLION, 10 YEAR PROGRAM
THE INSTITUTE WILL BE A HUB FOR GLOBAL PARTNERSHIPS

FOR. IMMEDIATE RELEASE
Media Contact: Termie Prosper, 415.703.1366, news(Gicpuc.ca. gov

PUC CONSIDERS UC PROPOSAL
CREATING CLIMATE SOLUTION INSTITIUTE

SAN FRANCISCO, September 20, 2007 - The Cahforma Public Unliies Comnmussion
{PUC), as part of 1ts contimung effort to aggressively pursue ways for Califorma to reduce
greenhouse gas enmssions, today said 1t will analyze and act upon a proposal by the Umiversity of
Califorma to create the Califorma Institute for Climate Soluhions.



Global CO, Abatement Opportunities

2030
Cost of abatement Industrial Coalto- ~ Avoid
o CCS: gas shift deforestatior
EURACO.e feedstock substitution . : ’ Asi
2 _ _ Forestation Soil coal Waste ="
Livestock/  CCSEOR; | Wind; retrofit -
40 Smart transit soils New coal | low Solar
30 Small hydro Nuclear Forestation pen.
20 Industrial non-C0O,
Airplane -efﬁa::inennt:w\AL /
! g Stand-by losses ﬁ '
-10 5 6 7 8 9 100 11 12 13 14715 16 17 {18 19 20 (21 22 |23 24 25| 26 27
sl Cellulose  Industrial Avoided Industrial
) . . deforestation CCS
30 Sugarcane ethanol  non-CO, Co-firing CCs; America
-40 biofuel biomass new coal
-50 .
60 Fuel efficient vehicles Industrial motor Abatement
20 Water heating systems  GtCO,e/year
-80 _ L
90 Air Conditioning
i Lighting systems
100 anung sy
LU Fuel efficient *» ~27 Gton CO.e below 40 EUR/ton
120 commercial . T
130 vehicles * ~7 Gton of negative and zero cost opportunities
T o * Fragmentation of opportunities
Insulation improvements
-150
-160 Vattenfall, 2007

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



Global CO, Abatement Opportunities

Cost of abatement 550 ppm 450 pp 400 ppm
EURACO,e
50 IR | S
m Abatement
0 ]:H:I:I:I:I[I]]I —_ ' | potential
0 5 10 15 20 25 30 35 GtCO.elyear
50 F
-100 [
-130
Marginal cost: 25-35 3540 40-50
(EURACO,e)

Vattenfall, 2007
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Enabling a Clean Energy Future

Clean energy sources today are evolving rapidly, but are a
small component of our overall energy system

Rapid growth of the clean energy sector will require a
coordinated commitment to technology push and demand
pull

Aggressive R&D will need to be coupled with strong support for clean
energy market expansion

Business and consumer involvement is vital

One new California/Germany/Iceland per year, at minimum,
is needed, and we must be successful in making current
regulations work

Pricing carbon/greenhouse gas emissions is vital to moving
from sector support strategies to long-term sustainability
policies

Renewable and Appropriate Energy Laboratory - rael.berkeley.edu



