


mass below 30 cm in high diversity plots. Based on numerous measurements, we estimate C 
content of root biomass as 40% C by mass. 
 
Net Energy Balance of Prairie Biomass: Energy inputs for growing, harvesting, and transporting 
prairie biomass are estimated assuming standard agricultural practices on a 240 ha farm (Table 
S2). We divide over 30 years one-time energy inputs for establishing prairie, including fossil fuel 
energy use for initial spraying, planting, and mowing, and the energy required to produce the 
farm machinery used on the farm, the herbicides applied to prepare the seed bed, and the seed 
planted to give the prairie. We estimate annual energy inputs, including fossil fuel use for 
mowing, baling, and fertilizing, fossil fuel use for transporting hay bales from fields to their point 
of end use, and energy for sustaining the farm households. We estimate total energy inputs in 
prairie biomass production at 4.01 GJ ha-1 yr-1 for a biomass yield of 3,682 kg ha-1 yr-1, which has 
been demonstrated on highly-degraded Cedar Creek soils. Harvesting prairie biomass in mid-
September might both yield greater biomass and decrease ecosystem loss of N, P, and other 
nutrients. For an estimated fertile prairie yield of 6,000 kg ha-1 yr-1 (S3, S4), total energy inputs 
are 4.64 GJ ha-1 yr-1. With 18.5 MJ kg-1 released upon combustion (S5), the gross prairie energy 
output is 68.1 and 111.0 GJ ha-1 yr-1 for degraded and fertile prairie, respectively.  

 
Biomass Conversion to Usable Energy: We model three scenarios for utilizing prairie biomass 
for bioenergy. Biomass can be co-fired with coal in existing facilities at low levels to generate 
electricity with little loss of efficiency (e.g., a 0.5% decrease in overall efficiency with a 95% 
coal/5% biomass blend as compared to 100% coal) (S6, S7). Average U.S. coal electricity 
production efficiency in 2004 was 32.9% (S8); therefore, we assume biomass may be converted 
to electricity at 32.4% efficiency. 
 

Biomass may also be converted to ethanol via cellulose digestion to sugars followed by 
fermentation and distillation. This yields ethanol at a rate of 0.255 L kg-1of dry biomass, 
simultaneously generating electricity equal to 9.2% of the energy output of ethanol (S9). This 
overall efficiency of 32.0% was demonstrated using corn stover and is supported by a similar 
study that estimated 38% efficiency when converting hybrid poplar to ethanol while noting an 
efficiency of approximately 34% would be achieved with switchgrass (S10). 

 
Biomass may also be gasified and converted to both synfuel and electricity 

simultaneously via high-pressure Fischer-Tropsch liquid synthesis integrated with gas turbine 
combined cycle electric power generation. There are many proposed variations on this process 
that provide different estimated efficiencies of energy capture in synfuels and electricity. The 
process-dependent ranges of overall efficiency from four studies are from 42.4% to 46.2% (S11), 
from 41.6% to 51.5% (S12), from 32% to 50% (S13), and, for a highly optimized process, 57.3% 
(S14). Here we use the average efficiency for this process as estimated by these four studies, 
47.6%. The relative amounts of liquid fuels and electricity can vary depending upon the 
specifications and input parameters of the conversion facility; therefore, for illustrative purposes 
only, we assume that an average of 53% of the net power output is realized in the liquid fuels and 
47% is in electricity (S13), and that 62% and 38% of the liquid fuels produced are diesel and 
gasoline, respectively (S14). 

 
Greenhouse Gas (GHG) Savings: We consider the total life cycle GHG savings from producing 
and using biomass to generate various biofuels and electricity (Table S3). GHG savings results 
both from displacing fossil fuels and from the net GHG sink on the prairie land itself. To estimate 



net GHG savings, we subtract from this amount the total life cycle GHG release from the fossil 
fuels used to produce prairie biomass and transport it to its point of end use. 
 
Fertilizer Application: Legumes in high-diversity species mixtures may eliminate the need for 
nitrogen fertilization (e.g., in our experiment, total soil nitrogen increased 24.5% in LIHD plots 
from 1994–2004). To replace phosphorus, which constitutes 0.2% of the mass of dry biomass 
(S15) annually harvested, we estimate phosphorus fertilizer would be added at a rate of 7.4 kg ha-

1 yr-1 on degraded prairie and 12.0 kg ha-1 yr-1 on fertile prairie. 



Table S1. The 18 perennial native prairie species planted in this experiment.  Species are listed in 
order of decreasing biomass as measured in 16-species plots from 2002–2005. 
 

Species Functional type 

Lupinis perennis Legume 

Andropogon gerardi C4 grass 

Schizachyrium scoparium C4 grass 

Sorghastrum nutans C4 grass 

Solidago rigida Forb 

Amorpha canescens Woody legume 

Lespedeza capitata Legume 

Poa pratensis C3 grass 

Petalostemum purpureum Legume 

Monarda fistulosa Forb 

Achillea millefolium Forb 

Panicum virgatum C4 grass 

Liatris aspera Forb 

Quercus macrocarpa Woody 

Koeleria cristata C3 grass 

Quercus elipsoidalis Woody 

Elymus canadensis C3 grass 

Agropyron smithii C3 grass 



Table S2. Estimated annual energy inputs for growing and harvesting prairie biomass. 
 

Annual energy use (MJ ha-1)  
Energy input Degraded prairie Fertile prairie 

Prairie species seed* 134 103 

Fossil fuel for planting and harvesting† 543 543 

Farm capital and machinery‡ 188 188 

Pesticide/fertilizer production and distribution§ 103 146 

Sustaining farm household|| 1,864 1,864 

Fossil fuel use for transporting biomass¶ 1,174 1,796 

Total 4,006 4,640 
 
* We assume that producing seed for planting prairies requires twice the energy used to produce 

prairie biomass, and that two or three hectares can be planted from the seeds harvested from 
each hectare of degraded or fertile prairie, respectively. We divide this total energy input over 
an assumed 30 year life of the prairie. 

 
† We assume 30.5 L ha-1 of diesel are used in the first year for spraying, disking, planting, and 

mowing (S16), and that diesel releases 36.6 MJ L-1. We distribute this total energy input over a 
30 year life of the prairie. Annual fuel use for mowing, baling, and fertilizing is 13.8 L ha-1. 

 
‡ We estimate the weight of equipment used in production (i.e., boom sprayer, tandem disk, no-

till drill, rotary mower/conditioner, hay merger, large rectangular baler, 75 hp tractor, 130 hp 
tractor, pull spreader, loader, and bale spike) to be 3.6 × 104 kg. We assume for purposes of 
calculating the embodied energy of each piece of machinery that it consist entirely of steel and 
that it takes 25 MJ kg-1 to produce steel (S17, S18) with an additional 50% for assembly (S19). 
We distribute this over a 30 year life of the prairie and a 240 ha size of the farm. 

 
§ We assume a first year 2.24 kg ha-1 application rate of glyphosate, which requires 475 MJ/kg to 

produce and distribute (S20). We divide this energy input over an assumed 30 year life of the 
prairie. We assume phosphorus fertilizer, which takes 9.2 MJ/kg to produce and transport 
(S21), is applied every three years at a rate of 7.4 kg ha-1 yr-1 on degraded prairie and 12.0 kg 
ha-1 yr-1 on fertile prairie to replace phosphorus removed in harvested biomass. 

 
|| The 2004 U.S. per capita energy use was 3.58 × 105 MJ (S22, S23). We assume household size 

of 2.5 people (S24), 50% of farm household labor devoted to farming (S25), and a 240 ha farm. 
 
¶ We estimate 24 and 38 L ha-1 of diesel is used to move bales onto and off of tractor trailers for 

degraded and fertile prairies, respectively (S16). We assume bales weigh 680 kg, each tractor 
trailer can haul 27 bales, and bales are transported an average of 40 km to their point of end 
use. With an average fleet efficiency of 2.2 km/L (S26), 36.4 L of diesel are used in a single 
round trip to haul the bales produced on 4.9 ha of degraded prairie or 3.0 ha of fertile prairie.



Table S3. Greenhouse gas (GHG) sequestration (positive values) or release (negative values) 
from LIHD bioenergy sources (kg CO2 equivalent ha-1). All three delivered energy sources 
created from LIHD biomass are carbon negative biofuels because net GHG reductions exceed 
the release of fossil GHG during biomass production, harvesting, transport, and processing.* 

 
GHG reductions or releases on prairie† 

Biomass use 
CO2 soil/root 
sequestration 

N2O 
emissions

CH4 
mitigation 

GHG release 
from 

biomass 
production‡ 

GHG 
avoided by 
displacing 

fossil fuels§ 

Net GHG 
reduction from 

bioenergy 
production 

Electricity 4,033 -160 150 -324 6,389 10,088 

Ethanol 4,033 -160 150 -324 2,465 6,164 

Synfuel 4,033 -160 150 -324 5,926 9,626 
 
 
* Although we have data on biomass production on fertile soils for prairie, we do not have 

comparable data on LIHD carbon storage in such soils, and thus do not present this case in this 
table. 

 
† Values are from (S27). 
 
‡ This includes diesel used for producing prairie seed, planting and harvesting, and transporting 

bales. Diesel life cycle GHG emissions are 3.01 × 103 g CO2 eq. L-1 (S28). We also include 
GHG release in pesticide production, sustaining farm households, and producing farm capital 
and machinery by assuming they require use of an amount of diesel equivalent to the energy 
expenditure of these inputs. 

 
§ This value is the amount of fossil fuels each use of biomass displaces (energy equivalent) 

multiplied by the life cycle GHG emissions of the displaced fossil fuels. We assume ethanol 
displaces gasoline (life cycle GHG emission = 96.9 g CO2 eq. MJ-1) (S28), biomass-generated 
electricity displaces coal-generated electricity (life cycle GHG emission = 289.5 g CO2 eq. MJ-

1) (S29), and synfuel displaces 38% gasoline and 62% diesel (life cycle GHG emission = 82.3 g 
CO2 eq. MJ-1) (S14, S28). 
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