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Overview

• Feedstock-to-fuel choices have 
profound impacts far beyond the 
energy sector

• Carbon is a start, but sustainable 
fuel standards are needed

Energy Biosciences Institute

University of California, Berkeley
Lawrence Berkeley National Laboratory
University of Illinois at Urbana-Champaign
BP (partner and $500 million funder)

• Biofuel research and demonstration 
must be integrated with policy 
development

• Biofuels link energy and 
globalization

• Markets provide a key tool

• The poor are the most at risk, but 
have much to gain if biofuels are
made tools to achieve sustainable 
societies 
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The California commitment - scaled to the 
nation
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Renewable Energy Portfolio Standards
23 states + DC, and counting

State Goal

PA: 18%¹ by 2020
NJ: 22.5% by 2021

CT: 10% by 2010

MA: 4% by 2009 + 
1% annual increase

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

IA: 105 MW

MN: 10% by 2015 Goal +
Xcel mandate of

1,125 MW wind by 2010

TX: 5,880 MW by 2015

*NM: 10% by 2011AZ: 15% by 2025                           

CA: 20% by 2010

NV: 20% by 2015

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

State RPS

*MD: 7.5% by 2019

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

HI: 20% by 2020

RI: 15% by 2020

CO: 10% by 2015

DC: 11% by 2022

NY: 24% by 2013

MT: 15% by 2015

*DE: 10% by 2019

IL: 8% by 2013

VT: RE meets load 
growth by 2012

Solar water 
heating eligible

*WA: 15% by 2020
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An Alternative Fuel is Not Necessarily a 
Low-Carbon Fuel, but it can be
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Forest Resources Under Stress
(Bailis, Ezzati and Kammen, Science, 2005)
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Ethanol can Displace Gasoline Consumption 
in Africa

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

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

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

Source: FAO/IIASA 2002, EIA 2007, ICRISAT 2007
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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 Illinois/EBI)
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Land Required to Satisfy Current U.S. Mobility Demand

1,200600200 400 800 1,0000
New Land Required (million acres)

CRP Land 
(30 MM)

Light Duty
Heavy Duty

U.S. Cropland 
(400 MM)

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

I. Soy switchgrass 
or large biomass soy -10

Agricultural integration
Early-cut switchgrass produces more feed protein/acre
than soy; similar benefits from “large biomass soy”

Vehicle efficiency 2.5X↑ 165

Advanced 
processing 41091 gal Geq/ton

1,030Status quo 36 gal Geq/ton, current mpg, no ag. integration, 5 tons/acre*yr

Biomass yield 2.5X↑ 65

III. Other Winter cover crops, other residues, increased productivity
of food crops, increased production on under-utilized land…

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) 

Vehicle Types
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UNIVERSITY O F CALIFORN IA
BERKELE Y

REPORT OF THE
RENEWAB LE AND APPROPRIATE ENERGY
LABORA TORY

Putting Renewa bles to Work:
How Many J obs C an the
Clean Energy Industry
Generate?

by

Daniel M. Kammen
Kamal Kapadia
Matthias Fripp

of the
Energy and Resources Group &
the Goldman School of Pu blic Policy

APRIL 13, 2004

Study reviews:

• 13 studies of 
job creation 

• 3 - 5 times
More jobs per 
dollar invested 
in the 
renewables 
sector than in 
fossil fuels
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Green Collar Job Creation

California

Pennsylvania

New YorkTexas

Illinois

Nevada

Other 18 states 
with an RPS

plus Federal RPS

Federal + state RPS yields 
+348,000 jobs in 2025
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Per Capita Electricity Consumption
kWh/person

-

2,000

4,000

6,000

8,000

10,000

12,000

14,000

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

US w/out Cal and NY
US without Cal
United States
New York
California

Savings possible equal to
total U. S. energy imports

Savings:
Energy, $, carbon

Danish
average



Renewable and Appropriate Energy Laboratory - rael.berkeley.edu

Solar Energy for  
Many Applications

Moscone Center, SF: 675,000 W

Kenyan PV market: Average system: 18W
Largest penetration rate of any nation

Residential Solar: 1000 - 4000 Watts/home
CA Solar Initiative/Million Solar Roofs: 

3,000 - 10,000 MW of solar to be built

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



Renewable and Appropriate Energy Laboratory - rael.berkeley.edu

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

Kammen and Nemet (2005) 
“Reversing the incredible shrinking energy R&D budget,” Issues in Science & Technology, Fall, 84 – 88.
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Global CO2 Abatement Opportunities

Vattenfall, 2007
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PROPOSAL: $620 MILLION, 10 YEAR PROGRAM
THE INSTITUTE WILL BE A HUB FOR GLOBAL PARTNERSHIPS
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Effective Soil Organic Matter Input

Crop Avg. Annual OM input (t/acre)
Sugar beet, potato 0.3
Corn 0.5
Cereals, oilseed crops 0.7
Alfalfa 1.0
Miscanthus 4.2 (2.0 t[C])

Adapted from Korschens 1992, Korschens et al. 1998, Beuch et al. 2000)

OM to the soil - not necessarily final state
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UK approach may become an internationally agreed 
methodology  in compliance with WTO rules

Feedstock 
transport

Biofuel 
production

Cultivation & 
harvest

Cultivation & 
harvest

Biofuel 
transport

Waste 
material
Waste 

material

Alternative 
waste 

management

Boundary for monthly 
carbon intensity calculationLand Use

direct

Land Use
(indirect)

Fossil fuel reference system

Assessed separately

Excludes minor sources, from:
• Manufacture of machinery 

or equipment, chemicals
• PFCs, HFCs, SF6

Assessed ex post  

Biofuel use

Maximize the use of waste Recognize previous land use
Standardize system boundaries Co-product allocation

Move to ‘sustainable fuel’ standard to benefit the poor and ecosystems
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Construction, 
Manufacturing, 

Installation
O&M and fuel 

processing
Total 

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 Ğ high estimate REPP, 2001 0.40 2.44 2.84
Biomass Ğ low estimate REPP, 2001 0.40 0.38 0.78
Coal REPP, 2001 0.27 0.74 1.01

Gas Kammen, from REPP, 2001; 
CALPIRG, 2003; BLS, 2004 0.25 0.70 0.95

Energy Technology Source of Estimate

Average Employment Over Life of Facility 
(jobs/MWa)

Look-up table for simple estimating:
Jobs per MW

Kapadia, Fripp and Kammen (2004)
“Putting renewables to work”
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Open access, online, biofuel calculator tools: http://rael.berkeley.edu/ebamm
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< 2< 10600+80+Tank Algae*

75.12102002Prairie

*assumes CO2 input

5.818170017Miscanthus
20.7606006

Switch-
grass

75.12102002Sorghum

15.3408007Corn Total
38.51053003Corn stover

25.3705004Corn grain

% 2006 
harvested 

US cropland 
needed

Million acres 
needed for 
35 billion 
gallons of 
ethanol

Ethanol
(gal/t)

Harvest-
able 

Biomass 
(tons/
acre)

CROP
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Solar & Distributed Generation
Provisions in RPS Policies

PA: 0.5% solar PV by 2020

TX: 500 MW non-wind

NM: triple credit for solar electric

AZ: 4.5% DG by 2025

NV: 1% solar by 2015;
2.4 to 2.45 multiplier for PV

MD: double credit for solar electric

CO: 0.4% solar electric by 2015

DC: 0.386% solar electric by 2022

NY: 0.1542% customer-sited by 2013

DE: triple credit for solar electric

Solar water heating counts 
towards solar set-aside

WA: double credit for DG

DG:  Distributed Generation

NJ: 2.12% solar electric by 2021

CA: 3,000 MW or more via 
SB1 & Million solar roofs
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Roll on PV cells.

Solar photovoltaic installations of thin film cells, in Germany



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

And Nemet, dissertation, 2007

Patents and R&D Funding Correlated
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Kammen laboratory: http://rael.berkeley.edu/ebamm - version 2

From a Low Carbon Fuel Standard
to a Sustainable Fuel Standard

Beyond carbon we must examine:

- water and nutrient demand
- compatibility with local practices

- food/fuel synergies, not competition
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source: WHO, 1999

23.7%

10.7%

Resp. Infections

6.5%
N.C. Respiratory

5.6%

30.9%

Cardiovascular

Resp. Tract Cancer

4.1%
Diarrheal Diseases

Malaria

Other

Injuries

4%
Perinatal Conditions

Childhood Diseases3.1%

4.2% HIV / AIDS

TB
2.8%

Total
54 M

The Global Distribution of Disease (Mortality)



Renewable and Appropriate Energy Laboratory - rael.berkeley.edu

Food Prices are Volatile Today – without 
biofuels (example: 5 Zambian markets)

Zambia food prices are volatile due to pressures from climate and policy.

Source: Zambia Ministry of Agriculture and Co-operatives, 2007.
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Plug In Partners / e.g.
CalCars.org
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Plug-in Hybrid (PHEV) Off-Peak Electricity Demand
(red: one million PHEVs introduced into California’s 17 million vehicle fleet)

• Additional load from PHEVs is small
• PHEVs could be charged mostly via base-load filling during 

evenings and nights, when electricity costs are low

Model: IPM


