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INTRODUCTION OPTIMAL CHOICE AT THE COUNTY SCALE 
Transition of the current gasoline-based transportation system into a renewable 
fuel-based clean vehicle system can offer great opportunities to reduce 
greenhouse gas emissions and improve energy independency. However, different 
transportation fuels have significantly different demands on land resources. 

To enable comparison of land demand among different fuel 
choices for clean vehicles, this research aims to provide an 
assessment of land demand based on a vehicle mile traveled 
basis. We analyzed and compared potential renewable fuels 

including biofuels produced from different natural 
feedstock (corn, highland switchgrass, lowland 
switchgrass and open ponds grown algae), and 
electricity produced from engineering renewable 
sources (wind, solar, and closed system algae). 

Large scale renewable transportation fuel production could significantly impact natural resource 
demand. The expansion of renewable fuel production can cause direct and indirect land-use change 
that potentially lead to increasing deforestation, loss of biodiversity, and increased GHG emissions.

Because transportation 
infrastructure 
development is path 
dependent, it is important 
for policy makers to 
consider potential 
land-use impact when 
planning for fueling 
strategies for clean 
vehicle system development.  

In this study, land-use intensity is defined as the amount of 
land needed to produce enough fuel in a year to power one 
mile of vehicle travel (m2/VMT). 

Corn ethanol was the least land-efficient fuel choice on 
aver-age. lowland switchgrass ethanol is more land efficient 
than upland switchgrass ethanol. Land efficiency for open-
system algae is the highest in states along the Southern 
border of the country and lowest in parts of Montana, Idaho, 
Wyoming, Colorado, Maine, Minnesota, and Michigan.

Biodiesel produced from closed-system algae tended to be more efficient than that of open-pond 
algae. In general, solar electricity is the most efficient fuel choice among alternative fuel options 
examined in this study. 

The most 
efficient regions 
for wind energy 
are found in 
patches on the 
Western side 
of the country, 
including areas 
of California, 
Nevada, Utah, 
Colorado, 
Montana, Idaho, 
Wyoming and  
New Mexico. 

LAND-USE INTENSITY & EFFICIENCY

For natural systems, biodiesel from open-system algae and low-land switchgrass ethanol are 
more land efficient than corn ethanol and upland switchgrass ethanol. Biodiesel from open-
pond algae dominates the Western, Central, and Southern portions of the country, while lowland 
switchgrass ethanol dominates in the Mid-west and Northeast. Corn ethanol and upland 
switchgrass ethanol are optimal in only a handful of counties. For engineered systems, solar is the 
most land-efficient option except in two counties in Washington.

At the aggregated national level, 
the composition of optimal fuel 
choices is most sensitive to land-use 
efficiency of lowland switchgrass 
ethanol (both land-use efficiency 
improvement and efficiency 
decrease) and biodiesel from open-
pond algae (efficiency reduction). 

For the engineered systems, the 
optimal fuel choice is only sensitive 
to the land-use efficiency change 
of wind and solar electricity.

In general, fuel options from the 
engineered systems are more 
land efficient than those in natural 
systems; and solar photovoltaic 
electricity has the lowest land-

use intensity among all options evaluated in this study, followed by wind electricity. For biofuels, 
algae biodiesel is more land efficient than corn and switchgrass ethanol. 
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CONCLUSIONS

ACKNOWLEDGEMENTS

• Land-use requirements for producing  
energy for clean vehicles

• Land area needed to fuel a vehicle to  
travel one mile

• System boundary at crop production/electricity generation

FOCUS OF STUDY

• Compile yields for corn, switchgrass, algae, wind, and 
solar by U.S. county

• Convert to land-use per vehicle-mile-traveled
• Map results using Geographic Information  

System (GIS)

APPROACH

U.S. policies driving this research

Land-use requirements vary geographically. Algae, wind, and solar require less land.
Fig 1. Land-use intensity of different renewable fuel options. County-level land-use intensity measured in m2/VMT for different renewable fuel options: (a) corn ethanol,(b) 
upland switchgrass ethanol, (c) lowland switchgrass ethanol, (d) biodiesel produced from open-system algae, (e) biodiesel produced from closed-system algae, (f ) 
solarelectricity, and (g) wind electricity. All maps are presented on the same scale. The gray color indicates areas where either the area is not suitable for the specific fuel option 
or data are not available. 

Fig. 2. Regional optimal renewable energy choices based on land-use intensity. (a) Natural systems. Land-use intensities in m2/VMT were compared among corn ethanol,
upland switchgrass ethanol, lowland switchgrass ethanol, and biodiesel produced from open-pond algae to determine the optimal fuel choice from the land-use perspective. 

(b) Engineered systems. Land-use intensities in m2/VMT were compared among wind electricity, solar electricity, and biodiesel produced from closed-system algae to determine 
the optimal choice from the land-use perspective.

Fig. 3. Sensitivity analysis of 
regional optimal fuel choice for 
natural systems. Percentage 
of total area having different 
fuel options as the optimal 
fuel choice in reaction to 
land-use efficiency change of 
(a) corn ethanol, (b) lowland 
switchgrass ethanol, (c) upland 
switchgrass ethanol, and (d) 
biodiesel produced from open-
pond algae.

Fig. 4. Geographical sensitivity 
of the natural system optimal 
choice to land-use efficiency 
improvement of individual fuel 
option: (a) lowland switchgrass 
ethanol, (b) upland switchgrass 
ethanol, (c) corn ethanol, 
(d) biodiesel generated from 
open-pond algae. Darker color 
means higher sensitivity to 
land-use efficiency change (i.e. 
less efficiency improvement is 
required to change the regional 
optimal fuel choice from the land-
use perspective).

• Algae, wind, and solar are less land-
intensive than switchgrass and corn.

• From a land-use perspective, regional 
consideration should be given to these 
clean energy options.

CONCLUSIONS SO FAR
• Further refinement of the data – land exclusions, 

expanding the scope (transmission infrastructure, etc.)
• Conduct a land-use optimization study
• Incorporate with water study in a multi-objective 

optimization assessment.

NEXT STEPS

Lowland switchgrass yields 
compiled by county
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