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 Outgrowth of a Sandia initiative for US/Mexico border security 
and economic development

 Bi-National Organization focused on technology-based business 
development and permanent change to an dynamic innovation 
culture in the border region

 Bi-National Board of Directors, Advisory Board and Funding

 Strong Networking connectivity to major organizations in the 
border region and in Mexico/US

 Personal relationships with key individuals and organizations in 
both countries. 

 Strategic areas of focus include, alternative energy, security, 
advanced manufacturing (MEMS/Nano) and health.

The BNSL—A Unique Partner
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Background

 Strategic focus on alternative energy evolved from:

Bi-national Partnership for Innovation agreement signed by 
Governors Richardson and Baeza-Reyes (Apr 2008)

Biofuels Summit held in Albuquerque (Dec 2008)

BNSL Alternative Energy Workshop in Santa Teresa (Mar 2009).

 Strong interest from outside private investors on non-ethanol biofuels

 Need for objective analysis of opportunities in the Paso del Norte 
region

Potential investments of $10’s to $100’s of millions in the US and 
Mexico border communities

 Public Policy and Leadership need to understand and balance private 
sector interests with that of the public interests for sustainability, jobs, 
infrastructure, etc.

 These needs dove-tailed with the efforts Sandia and DOE to create a 
systems analysis tool with GM



GM Proprietary
Global Energy Systems 4

Objective

Develop a decision support model to 
assist

Investors, and entrepreneurs in evaluating the 

─costs and benefits, as well as

─risks and opportunities 

associated with alternative biofuels 
development strategies along the U.S.-Mexico 
border. 

Local and regional decision makers in 
understanding the tradeoffs such development 
poses to their communities.



GM Proprietary
Global Energy Systems 5

Leverage

Project leverages significant collaboration between 
General Motors and Sandia National Labs to develop a 
model to explore the potential for biofuels deployment

- Todd West, Sandia Lead
- Katherine Dunphy-Guzman
- Jim Ellison
- Patty Hough
- Lenny Klebanoff
- Rich Larson
- Len Malczynski
- David Reichmuth
- Amy Sun
- Robert Taylor
- Vince Tidwell

- Norman Brinkman, Technical Fellow, GM Lead
- Andreas Lippert, Director
- David O’Toole, Senior Researcher
- Robert Stephens, Staff Researcher
- Candace Wheeler, GM Technical Fellow
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Joint project conducted by GM and Sandia National Laboratories is 
the first true value-chain approach to future large-scale biofuels 

 Purpose:  Assess feasibility, implications, limitations, and enablers of 
producing 90 billion gallons ethanol (~60 billion gallons of gasoline-equivalent) 
per year by 2030

 Ethanol used to illustrate biofuel potential without ruling out alternatives

 Scope:  Focus on ethanol production from residues and energy crops for 2006 
to 2030; corn ethanol capped at 15B gallons per year under 2007 Energy 
Independence and Security Act (EISA); cellulosic ethanol production 
accelerated beyond EISA to enable 90B gallons total production.

DistributionConversionStorage and TransportFeedstock
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A number of organizations provided direct input and reference 
materials for our study*

DistributionConversion
Storage and 

Transport
Feedstock

*Views expressed in this presentation are those of the study authors and do 
not necessarily reflect the views of organizations listed here

http://images.google.com/imgres?imgurl=http://www.toltecimages.com/trains/later%20images/2684.jpg&imgrefurl=http://www.firedupmissouri.com/taxonomy/term/84/0/feed&h=350&w=313&sz=14&hl=en&start=10&sig2=jn5WP4RIUECLDaYvUvGoJw&usg=__Xz0wK40263iRU3EzAssjgIGU0p8=&tbnid=30eRk6HE04o9mM:&tbnh=120&tbnw=107&ei=S0f2SKKxK43ENKz80MUC&prev=/images?q=union+pacific&gbv=2&hl=en
http://www.poetenergy.com/index.asp
http://www.anl.gov/index.html
http://www.ornl.gov/ornlhome/
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Model limitations:

 No modeling of markets

 Several real world constraints are not explicit in the model, but were analyzed separately

limitations on the availability of capital and distribution constraints

 Difficulty accurately assessing key costs and other values, especially for technologies that 
do not currently exist

sensitivity analyses were conducted to account for leading uncertainties

We built a ‘Seed to Station’ system dynamics model to explore 
the feasibility of 90 billion gallons of ethanol

Key constraints:

 Timeframe considered: 2006 to 2030

 State-level granularity

Volumes
Costs (2006 Dollars)
Greenhouse Gas Emissions
Energy Use
Water Use
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Conversion technologies are linked with specific feedstocks 
(initial linkage is not exhaustive) 

Biochem       

(e.g. Mascoma)

BioThermal 

(e.g. Coskata)

Thermochem

(e.g. Range Fuels)

For each new plant constructed, Biofuels Deployment 
Model (BDM) selects a feedstock/conversion pair 
giving lowest cost of ethanol

Forest Residue

Inputs:

Resource supply

Cost of harvest

Short Rotation 
Woody Crops

Inputs:

Acres available

Yield vs. time

Years to maturity

Costs

Ag Residue

Inputs:

Acres planted

Yield vs. time

% harvestable

Fertilizer makeup

Cost of harvest

Herbaceous

Inputs:

Acres available

Yield vs. time

% harvestable

Costs

Biomass

Syngas

Ethanol

Gasification

Catalysts

Biomass

Syngas

Ethanol

Gasification

Microorganisms

Biomass

Sugars

Ethanol

Enzymes

Microorganisms

These are representative – can expand combinations in the future

http://images.google.com/imgres?imgurl=http://www.ecofriend.org/images/corn-stover_9.jpg&imgrefurl=http://www.ecofriend.org/entry/developing-cost-effective-ethanol-from-corn-stover/&h=333&w=300&sz=17&hl=en&start=1&sig2=fPBj46RTblD08TtcokuzpQ&usg=__tA2UhlcIJtDZ3tRRZiwNr7MUw5c=&tbnid=wgS4LRf4prPKYM:&tbnh=119&tbnw=107&ei=snfjSJPZKKLGgwKE88jaCA&prev=/images?q=corn+stover&gbv=2&hl=en
http://images.google.com/imgres?imgurl=http://www.esru.strath.ac.uk/EandE/Web_sites/03-04/biomass/image/image035.jpg&imgrefurl=http://www.esru.strath.ac.uk/EandE/Web_sites/03-04/biomass/background%20info4.html&h=288&w=384&sz=32&hl=en&start=25&sig2=_aBwiv391Ixt-PEgxpvwAA&usg=__BSGetDMPLQ3euuurmBtajC1urvA=&tbnid=LAzIW7jU0pSPFM:&tbnh=92&tbnw=123&ei=RnjjSKGlMp3MggKE4vDhCA&prev=/images?q=short+rotation+woody+crops&start=20&gbv=2&ndsp=20&hl=en&sa=N
http://images.google.com/imgres?imgurl=http://www.greentown.ca/Images/wood_residue.jpg&imgrefurl=http://www.greentown.ca/biomass.html&h=400&w=500&sz=50&hl=en&start=1&sig2=30GRV69Vf6mOS8ahqRp5Yw&usg=__If7DtXHxPsdJrhpFinI8NXnO-Ws=&tbnid=RUrqQ2OPzs8DSM:&tbnh=104&tbnw=130&ei=AnjjSJL0M53MggKE4vDhCA&prev=/images?q=wood+residue&gbv=2&hl=en
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Modification to the border specific model

7- U.S. Counties
7- Mexican Municipios

U.S. down to border

Focus first on         
El Paso/Juarez 
area
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Modification to the border specific model

 Expand list of feedstocks

algae, 

jatropha, 

castor oil, and 

agricultural waste products 
from chile and pecans 
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Examples of Model Operation

1. Support regional decision makers in evaluating 
tradeoffs that biofuel development poses to their 
communities.

2. Support investors, and entrepreneurs in evaluating 
the costs, benefits, risks and opportunities associated 
with alternative biofuels development strategies along 
the U.S.-Mexico border. 



GM Proprietary
Global Energy Systems 13

Exploring future biofuel growth scenarios

Average plant
life

Plant
construction

time

2 yrs1000 yrs

TARGET PRODUCTION

2,000,000.00 gallon/yr

PRODUCTION START

2,010

PRODUCTION TARGET DATE

2,020

MINIMUM PLANT SIZE

0 200,000 400,000 600,000 800,000 1,000,000

gallon/(yr*plant)

MAXIMUM PLANT SIZE

500,000 1,500,000 2,500,000

gallon/(yr*plant)

CONVERSION PLANT SETTINGS

initial converstion rate

1 2 3 4 5

gallon/bu
2.95 gallon/bu

coversion rate improvement

0.5 1.0 1.5 2.0 2.5

%/yr
1.50 %/yr

year of feedstock first yield

2,010 2,015 2,020 2,025 2,030

Year2,018

initial feedstock yield

50 100 150 200

bu/(yr*acre)
55.00 bu/(yr*acre)

feedstock yield percent increace

0.5 1.0 1.5 2.0 2.5

%/yr
1.50 %/yr

LAND ALLOCATION

% Barren land to use 

0 10 20 30 40 50 60 70 80 90 100

%

% Cropland as Pasture to use 

0 10 20 30 40 50 60 70 80 90 100

%

% non-corn cultivated land 

0 10 20 30 40 50 60 70 80 90 100

%

FEEDSTOCK PRODUCTION

LAND AND FEEDSTOCK SETTINGS

biofuel transport distance

500 1,000 1,500 2,000

mile
1,200.00 mile

feedstock transportation distance

0 20 40 60 80 100

mile

35.00 mile

feedstock fixed transportation costs

100 150 200 250

cents/ton

182.00 cents/ton

TRANSPORTATION COSTS

fixed feedstock production costs

$100 $200 $300 $400

per acre
$190.00 per acre

variable feedstock production costs

$1 $2 $3 $4

per bu
$0.75 per bu

production costs

$1 $2 $3 $4 $5

per gallon

$0.63 per gallon

subsidies

$0.50 $1.00 $1.50

per gallon
$0.45 per gallon

FEEDSTOCKS COSTS PRODUCTION COSTS

COST SETTINGS
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Regional impacts analysis

Regional biofuel targets, capacity and production

Jan 01, 2006 Jan 01, 2016 Jan 01, 2026 Jan 01, 2036
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Impact on water demand
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Examples of Model Operation

1. Support regional decision makers in evaluating 
tradeoffs that biofuel development poses to their 
communities.

2. Support investors, and entrepreneurs in evaluating 
the costs, benefits, risks and opportunities associated 
with alternative biofuels development strategies along 
the U.S.-Mexico border. 
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Exploring an investor’s biofuel scenario

Average plant
life

Plant
construction

time
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MINIMUM PLANT SIZE
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MAXIMUM PLANT SIZE
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gallon/(yr*plant)

CONVERSION PLANT SETTINGS

initial converstion rate

1 2 3 4 5

gallon/bu
2.95 gallon/bu

coversion rate improvement

0.5 1.0 1.5 2.0 2.5

%/yr
1.50 %/yr

year of feedstock first yield
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Year2,018
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mile
1,200.00 mile

feedstock transportation distance
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feedstock fixed transportation costs
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182.00 cents/ton

TRANSPORTATION COSTS

fixed feedstock production costs

$100 $200 $300 $400

per acre
$190.00 per acre

variable feedstock production costs

$1 $2 $3 $4

per bu
$0.75 per bu

production costs

$1 $2 $3 $4 $5

per gallon

$0.63 per gallon

subsidies

$0.50 $1.00 $1.50

per gallon
$0.45 per gallon
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Comparison of development pathways

Regional biofuel targets, capacity and production

Jan 01, 2006 Jan 01, 2016 Jan 01, 2026 Jan 01, 2036
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Land considerations
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Cost analysis

COST PER GALLON IN GGE
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Modification to the border specific model

 Expand list of feedstocks

algae, 

jatropha, 

castor oil, and 

agricultural waste products 
from chile and pecans 
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Collaboration

“Metrics for Success”, an analytical model capable of 
determining those fuels most ready for commercial 
development in the Land of Enchantment.

Combining the strength of:

 ‘Seed to Station’ system dynamics modeling, with

 Econometric modeling (POC Meghan Starbuck, 
NMSU, starbuck@ad.nmsu.edu). 


