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Introduction 

At the national level, interest in ethanol as an alternative to gasoline is 

skyrocketing.  Proponents of ethanol point to its ability to increase economic activity in 

rural America, to reduce our dependence on foreign imports of oil, and to reduce 

greenhouse gas emissions.   

There are two main types of ethanol: corn and cellulosic.  Currently, ethanol from 

corn is commercially viable, albeit with government subsidies; in 2006, the industry 

produced 4.9 billion gallons of ethanol, a 300% increase since 2000 (RFA, 2007).  Rapid 

growth is expected to continue.  At the end of 2006, 73 new biorefineries were under 

construction and 8 were expanding, representing an addition of 6 billion gallons of new 

production capacity by 2009 (RFA, 2007).   

The cellulosic ethanol industry is in its infancy, with the technology under 

development.  Iogen, a Canadian company, currently runs a demonstration cellulosic 

ethanol plant, designed to produce approximately 2.5 million litres (~ 600,000 gallons) of 

cellulose ethanol per year (Iogen website).  Range Fuels recently announced that it would 

build the first US-based commercial-scale cellulosic ethanol plant in Georgia (Fuels 

website,).  Although cellulosic ethanol may be on the cusp of commercial viability, 

almost all of the biorefineries being built will use corn as feedstock (RFA, 2007).  Due to 

the large capital outlay required to build refineries for cellulosic ethanol, it is reasonable 

to assume that, for at least the next decade, corn will be the major source of US ethanol 

production. 

 



Due in part to recent increased demand for ethanol, corn prices and demand have 

risen.  Increases in corn supply can come from two sources: increasing yield per acre or 

increasing the number of acres dedicated to corn production.  Industry anticipates corn 

yield to increase from an average yield of about 148 bushels per acre in 2006 to 173-180 

bushels per acre by 2015 (How Much Ethanol Can Come Form Corn?  NCGA website).  

Increased acreage could be derived from shifting from another crop, such as soybean, to 

corn, by placing land not currently under cultivation into corn production, or by returning 

Conservation Reserve Program (CRP) to corn production.  A recent paper from the 

World Resources Institute (2007) analyzes two short-term land-use change scenarios, in 

which increased corn production comes from a combination of existing crop 

displacement and new acreage brought into production.  Their analysis shows that, as 

corn production increases to meet ethanol demand, rates of nutrient loss, erosion, and 

greenhouse gas emissions from the agricultural sector increase at a rate that is faster than 

the rate at which land is brought into production. Such land-use change raises the amount 

of total greenhouse gas emissions associated with ethanol, reducing the greenhouse gas 

savings of corn ethanol over gasoline from 18% (Farrell et al, 2006) to 10% (WRI, 2007).    

The CRP, established in 1985, was originally designed to reduce soil erosion and 

commodity surpluses by paying farmers to remove highly erodible lands from crop 

production for 10 years (Osborn, 1993).  Eventually other benefits became evident, such 

as wildlife habitat, groundwater protection, increased fish populations in lakes and 

streams, improved soil quality, and carbon sequestration in soils. 

Lifecycle analyses (LCAs) for biofuels show that the production and use of corn 

ethanol, on a per energy equivalent basis, saves roughly 10-20% of the greenhouse gas 



emissions versus gasoline.  These LCAs assume that the corn comes from long-standing 

agricultural lands, where the level of soil organic carbon in such lands has reached 

equilibrium.   

Losses of organic matter from agricultural soils have been a major component of 

the past increase in atmospheric CO2 (Schlesinger, 1984).  When land is first cultivated, 

tillage causes soils to lose carbon, largely in the form of CO2.  Within the first few 

decades of cultivation, soils lose 20% to 30% of soil organic carbon (SOC), with the 

greatest loss occurring in the first few years (Schlesinger, 1986; Mann, 1986; Detwiler, 

1986).  Over time, SOC reaches a new, lower equilibrium, due to the lower production of 

plant detritus and the greater rates of decomposition under cropland (Jenkinson and 

Rayner, 1977).  Hence, the assumption that losses of SOC need not to be taken into 

account in LCAs of corn ethanol is valid if the corn is grown on lands that have been 

under cultivation for several decades.  However, if land that has not been in long-time 

cultivation is put into cultivation to produce corn, this assumption is not valid. Figure 1 

graphically describes this concept.   

 

 

 

 

 

 

 

 



Figure 1.  Trends in SOC levels during different types of land use.
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After initial cultivation, soils begin to lose SOC (Cultivation begins).  After a 

number of decades, the soils reach a new equilibrium point (SOC equilibrium 

(low)).  When lands are left fallow (land into CRP), the soils are able to sequester 

some SOC (Area A).  If CRP land is then re-cultivated, the sequestered SOC is 

released (Area B), and after a time, the land reaches another equilibrium.  

 

To the extent that CRP lands have sequestered carbon, their SOC levels are no 

longer at equilibrium, and it is reasonable to believe that, upon re-cultivation, any carbon 

stored during years of fallow will be released during a comparable time after it has been 

re-cultivated.  With CRP contracts set to expire in 2007-2009 and corn prices on the rise, 

it is reasonable to assume that many farmers will cultivate a portion of these lands for 

corn production.  The National Corn Growers Association states that some of the 35 

million acres currently dedicated to the CRP may be brought back into corn production to 

meet increasing corn demand (How Much Ethanol Can Come Form Corn?  NCGA 

website).   

                                                 
1
 Note that this figure is not to scale.  The amount of SOC recovered during time in CRP does not return 

SOC to the levels found in native fields.  In terms of growing corn for ethanol however, the important 

comparison is whether it is comparable to the amount of greenhouse gas emissions avoided by the 

production and use of corn ethanol over gasoline. 
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The tillage method used by farmers has a strong effect on the amount of carbon 

lost from soils.  Through a large agronomic literature, it is well understood and accepted 

that no-tillage farming methods release less SOC than conventional tillage.  Previous 

LCAs assume that farmers use conventional tillage methods. To the extent that no-till 

farming methods reduce CO2 emissions from soils and farmers are willing to adopt these 

methods in converting CRP land to corn production, no-till practices may help to increase 

the greenhouse emissions avoidance of corn ethanol. 

This paper asks if, in a couple years when CRP contracts expire and farmers begin 

to bring some of this land back into production, will losses of CO2 from CRP soils 

discount the benefits of using corn ethanol for fuel.   The goal of this analysis is two-fold.  

First, to determine how SOC that is lost from returning CRP land to cultivation would 

affect the results of previous lifecycle analyses for corn ethanol in terms of the net benefit 

to the nation’s carbon dioxide emissions, and second, to determine how using no-till 

farming affects the results of previous corn ethanol lifecycle analyses.  Answers to these 

questions are very important as Congress debates subsidies for corn ethanol over the next 

few years; conversion of CRP land to corn production has the potential to reduce the 

already rather slim climate benefits of corn ethanol.   

Methods 

This study asks the following two questions: 1) How does including SOC loss 

from the recultivation of CRP land affect results of previous LCAs for corn ethanol?, and 

2) How would using no-till cultivation practices on previous CRP land affect the results 

of LCAs?   



Determining SOC release from CRP Soils 

I conducted a literature review of studies that quantified the difference in total soil 

organic carbon (SOC) between soils on cultivated and CRP lands.  Using seven studies, I 

compiled a table of the region, soil type, and the difference in levels of SOC found in 

CRP versus cultivated lands.  Six of the seven studies showed accumulation of SOC 

during CRP.  Assuming that SOC accumulation was linear, I divided the total difference 

by the number of years the land was in CRP to find a yearly rate of accumulation.  Since 

the majority of the studies showed accumulation, I assumed that the rate of release upon 

re-cultivation would approximate the rate of accumulation during time in CRP.   

Each of the authors measured soil carbon to various depths and in different units.  

Therefore, in order to compare across studies, I separated the studies using three ranges 

of soil depth (0-10cm, 0-40cm, and 0-100cm)
 2

 and converted units to gCO2eq/acre/yr.  

See Table 1.  

I assumed that, prior to entering CRP, the lands had been under cultivation long 

enough to achieve a lower equilibrium level of SOC.   

Greenhouse Gas Lifecycle Analysis of Corn Ethanol 

To estimate the greenhouse gas emissions avoided by corn ethanol, I used the 

results of two lifecycle analysis studies. Both of these studies assumed that corn was 

produced using conventional tillage practices from long-standing agricultural fields.  In 

other words, they assumed that SOC levels were in equilibrium, and the soils did not 

release stored carbon.  According to these two lifecycle analyses, the production and use 

                                                 
2
 A study within each category did not necessarily measure the entire depth.  For example, a study within 

the 0-10cm category could have taken a soil sample from 0-7.5cm. 



of corn ethanol emits 12-18% less greenhouse gases than the production and use of 

gasoline, on a per energy equivalent basis (Farrell et al., 2006; Hill et al., 2006).  The 

production and use of one MJ of gasoline emits about 95 gCO2eq (Farrell et al., 2006), 

while one MJ of corn ethanol car emits 77 to 84.9 gCO2eq (Farrell et al., 2006; Hill et al., 

2006).   

To convert gCO2eq/MJ to units that are comparable to the flux of CO2 from 

recultivated soils, I used the following conversion to CO2eq/acre/yr: 

gCO2eq 79.9MJ 2.8 gallon etanol 
147.9 bushel 

corn 

MJ * gallon ethanol * bushel corn * acre*year 

  

On a per volume basis, ethanol contains 66.6% of the energy of gasoline; while gasoline 

contains 121 MJ per gallon, ethanol contains 79.9 MJ per gallon.  The official website of 

Iowa Corn Organization indicates that a bushel of corn can produce 2.8 gallons of 

ethanol. The 2006 average corn yield was 147.9 bushels per acre (Statistical Highlights 

2005/2006, USDA website).  Although master farmers are able to produce significantly 

higher yields, due to the marginal quality of CRP land I chose to use the average yield in 

this analysis.  

Corn ethanol from CRP lands   

To re-calculate the lifecycle analysis with emissions from cultivating CRP land, I 

used the high and low estimates from the Hill et al., 2006 and Farrell et al., 2006 papers 

(12% and 18% respectively), as the baseline and then discounted this benefit by the rate 

of carbon loss from recultivated CRP soils.  Then, to convert to a percentage, I divided 

this new number by the gCO2eq/MJ emitted by gasoline.   



Conventional Tillage versus No-Tillage 

To estimate the amount of CO2 emissions avoided by using no-till versus 

conventional tillage methods, I used the results of a global data analysis of SOC 

sequestration rates by tillage type (West and Post, 2002).  The authors estimated that a 

change from conventional tillage to no-till can sequester 57+/-14 gC/m2/yr, or 

846,450+/-207,900 gCO2eq/acre/yr.  I added 846,450gCO2eq/acre/yr to the new LCA 

results from CRP lands. 

Results 

While three of the studies
3
 found no significant difference between SOC levels in 

CRP and cropland, seven studies found that soils on CRP lands contained significantly 

more SOC than soils on lands currently under cultivation. All studies found that 

microbial biomass carbon levels were significantly higher in CRP land.  In the studies 

that found significant difference SOC, the rate of accumulation varied from a low of 

156,000 gCO2/acre/yr to a high of 2,673,000 gCO2/acre/yr.  See Table 1. 

Upon cultivation, SOC lost from fields returns to the atmosphere in the form of 

CO2.  When included as a variable in the LCA of corn ethanol, CO2 lost from cultivated 

CRP lands proves to make a significant difference in the LCA outcome.  For each study 

that showed a significant difference in SOC levels, adding the annual loss of CO2 from 

soils to previous LCAs changed the percentage of greenhouse gases avoided by corn 

ethanol.  For the lower bound, (Hill et al.’s study that showed corn ethanol emitting 12% 

less greenhouse gases than gasoline) the percentage of greenhouse gas emissions avoided 

                                                 
3
 The Karlen study found non-significant results for three soil sites and significant results for one soil site.  

A fifth site, under no-till cultivation, also showed non-significant differences.  Even the non-significant 

differences, however, showed that soils on CRP lands held more TOC than cultivated lands. 



by corn ethanol ranged from 8% to -71%; in the middle bound (Farrell et al’s results of 

18% avoided) from 13% to -66%; the upper bound (close to industry’s estimate of 25%) 

from 20% to -59%.  See Table 2.   

Changing farming practices from conventional till to no-till also changes the LCA 

results.  In the lower bound, percentage of emissions avoided by corn ethanol ranged 

from 34% to -45%, for the middle bound, from 39% to -40%, and for the upper bound 

from 46% to -33%.  See Table 3. 

Discussion  

This analysis is concerned with the change in SOC relative to the amount of 

greenhouse gas emissions avoided by corn ethanol. While the rates of carbon 

sequestration from studies used in this analysis range widely, the implication for LCAs of 

corn ethanol is clear – the magnitude of carbon that would be released upon re-cultivation 

of CRP lands is of the same order as the carbon emissions avoided by corn ethanol.   

Thus, losses of soil organic carbon due to cultivation of CRP lands are an 

important variable to include when doing a LCA of corn ethanol grown on past CRP 

land.  Indeed, this variable is so significant that producing corn on re-cultivated CRP 

lands has the potential to negate any previously suggested greenhouse gas benefits of 

corn ethanol. 

The amount of SOC loss avoided by using no-till versus conventional tillage 

methods is substantial.  No-till methods have been around for many years and have been 

adopted by many farmers. It is likely that the percentage of acres under no-till has 

reached an economic equilibrium.  Since farmers make the decision to cultivate land on 

an economic basis, it is safe to assume that the percentage of acreage under no-till will 



remain relatively constant, although higher fuel prices may motivate its greater adoption. 

One cannot assume that farmers will use no-till on former CRP land. 

One would expect to see a greater loss of C in sandy soils, less in coarse, silt soils, 

and even less in fine, clay soils.  The majority of papers used in this analysis provided the 

soil type.  One would expect soil type to affect the amount of C stored or lost from soils.  

Perhaps due to the small sample size, the relationship between soil type and rates of SOC 

accumulation did not show a clear pattern. 

This analysis assumed that rates of SOC lost upon plowing equaled the rates of 

SOC gained during years in CRP.  Due to the lack of literature on the rates of SOC loss 

upon cultivation of CRP lands, this assumption was made out of necessity.  The 

assumption is conservative because it is likely that the rates of loss are greatest during the 

first few years of cultivation or recultivation, and slow considerably thereafter.  

All but one of the studies that found no significant difference in SOC found an 

increase in MBC on CRP lands.  This is not surprising; this is soil component is labile 

and turns over much more quickly.  I did not include changes in MBC in my analysis, 

since this type of carbon constitutes a very small percentage of the carbon pools in soils.   

This paper brings to light several areas for future research.  These include the 

following:  How much CRP land is expiring and in what geographic areas?  What is the 

rate of no-till use in these areas?  How much corn can be expected to be produced on 

previously cultivated lands versus CRP lands, and how does this affect the overall (ie 

nationwide) greenhouse gas balance of corn ethanol? How do increases in corn yield per 

acre affect the greenhouse gas emissions from corn ethanol production? 



Conclusion 

As CRP contracts expire and corn prices induce farmers to put this land back into 

cultivation, the benefits of using corn ethanol to reduce greenhouse gas emissions must 

be questioned if CRP lands are used. .  In the best case scenario, corn ethanol produced 

from corn grown on past CRP land would have a minimally positive effect on net CO2 

emissions, and in the worst case, it would actually have a negative climate effect.   

Lawmakers and the public should be aware that, while corn ethanol may produce 

some benefits, such as replacing some foreign oil and increasing rural economic activity, 

its ability to reduce greenhouse gas emissions is marginal.  However, corn ethanol will 

likely be an important first step in terms of developing infrastructure for production, 

distribution and use of cellulosic ethanol, as well as public acceptance of ethanol as an 

alternative to gasoline.  During the next ten years, as new corn ethanol refineries come on 

line and cellulosic ethanol becomes more commercially viable, corn demand will likely 

continue to grow, inducing land-use changes in the agriculture sector.  In order to 

maximize the environmental benefits of corn ethanol, lawmakers must understand the 

impacts of land-use changes on the results of corn ethanol LCAs.  The 2007 

reauthorization of the Farm Bill presents an ideal opportunity to shape the production 

processes of increased corn supply.   

This analysis does not unequivocally show that corn ethanol has a negative or 

minimal impact on total greenhouse gas emissions.  It does, however, generally discount 

the potential for corn ethanol to reduce greenhouse gas emissions and highlights the need 

for life cycle analysis boundaries to be expanded in order to account for the ways in 

which corn production is increased.   
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TABLE 1.  Rates of SOC Accumulation in CRP Soils 

Author 
Publicati
on year State Prior Crop soil type Rainfall 

Rate of C Accumulation in CRP 
Soils (gCO2/acre/yr)   

          (mm/yr) 0-10 cm  0-40 cm  0-100cm   Notes 

Gebhert et al 1994 KS wheat-fallow Haplustoll 500  2,346,300 2,673,000   

  
Neb,
TX 

irrigated corn-
sorghum-

alfalfa, cotton 
Ustipsamment, 

Paleustalf 430-480  504,900 1,277,100  1 
    Average   1,188,000 1,633,500   

                      
Robles and 
Burke 1997 WY wheat-fallow 

Torriorthents, 
Argiustolls 420 1,744,875    2 

                      

Staben 1997 WA wheat-fallow Haploxerolls 250-280 0    3 

                      

Reeder et al 1998 WY wheat-fallow Haplustoll (sandy)  1,174,635 1,814,670    

    Haplargid (clay)  155,925 -279,180    

                      

Karlen et al 1999 IO  not given  2,079,000    4 

  MN    0     

                      

Baer et al 2000 Neb  Crete 730 0    5 

                      

Huang et al 2002 KS 
continuous 

winter wheat Argiustolls  659,340    6 

                      

           
0 signifies no significant difference 
found         
1 combined Paleustalf and 
Ustipsamment         
2 added the C in SOM, C in coarse POM, and C in 
fine POM 

NS between HL and LL, so used HL numbers, because greatest difference between HL and 
wheat 

3 MBC significantly higher in CRP silt loam soil in a semiarid region - more time may be necessary for changes in TOC to occur (+4-7yrs) 

4 MBC significantly higher in CRP although NS, found that all CRP sites showed higher levels     
5MBC significantly higher in 
CRP          

6a rate of release, not accumulation         

 

 

 

 



TABLE 2.  Results of LCAs if Boundaries Expanded to Include SOC Loss  

Author 
Publication 

year State soil type 

Rate of 
Carbon 
Accumulation 
in CRP Soils   

If 12% CO2 
emissions 
avoided  

If 18% CO2 
emissions 
avoided   

        (gCO2/acre/yr)   (from Hill) 

% 
saved 
above 

gasoline   (from Farrell)   

   0-10        

Robles and 
Burke 1997 WY 

Torriorthents, 
Argiustolls 1,744,875  -1,347,875 -42%  -1,182,875 -37% 

           

Reeder et al 1998 WY 
Haplustoll 
(sandy) 1,174,635  -777,635 -24%  -612,635 -19% 

   Haplargid (clay) 155,925  241,075 8%  406,075 13% 

           

Karlen et al 1999 IO  2,079,000  -1,682,000 -53%  -1,517,000 -47% 

  MN  0  397,000 12%  562,000 18% 

           

Baer et al 2000 Neb Crete 0  397,000 12%  562,000 18% 

           

Huang et al 2002 KS Argiustolls 659,340  -262,340 -8%  -97,340 -3% 

                      

   0-40        

Gebhert et al 1994 KS Haplustoll 2,346,300  -1,949,300 -61%  -1,784,300 -56% 

  Neb,TX 
Ustipsamment, 

Paleustalf 504,900  -107,900 -3%  57,100 2% 

   Average 1,188,000  -791,000 -25%  -626,000 -20% 

Reeder et al 1998 WY 
Haplustoll 
(sandy) 1,814,670  -1,417,670 -44%  -1,252,670 -39% 

   Haplargid (clay) -279,180  676,180 21%  841,180 26% 

                      

   0-100        

Gebhert et al 1994 KS Haplustoll 2,673,000  -2,276,000 -71%  -2,111,000 -66% 

  Neb,TX 
Ustipsamment, 

Paleustalf 1,277,100  -880,100 -28%  -715,100 -22% 

   Average 1,633,500  -1,236,500 -39%  -1,071,500 -33% 

 



TABLE 3. Results of LCAs if Boundaries Expanded to Include SOC Loss, Assuming No-Till Agricultural Practices 

 

 

Author 

Rate of 
Carbon 
Accumulation 
in CRP Soils    

If 12% CO2 emissions avoided   If if 18% CO2 emissions avoided  

 (gCO2/acre/yr)   (from Hill)   (from Farrell) 

              

    CT NT-57 NT-71 NT-43   CT NT-57 NT-71 NT-43 

0-10 cm    % saved 
% 

saved 
% 

saved 
% 

saved  
% 

saved 
% 

saved 
% 

saved 
% 

saved 
Robles and 
Burke 1744875   -42% -16% -9% -22%   -37% -11% -4% -17% 

              

Reeder et al 1174635   -24% 2% 9% -4%   -19% 7% 14% 1% 

 155925   8% 34% 40% 27%   13% 39% 46% 33% 

              

Karlen et al 2079000   -53% -26% -20% -33%   -47% -21% -14% -27% 

 0   12% 39% 45% 32%   18% 44% 51% 38% 

              

Baer et al 0   12% 39% 45% 32%   18% 44% 51% 38% 

              

Huang et al 659340   -8% 18% 25% 12%   -3% 23% 30% 17% 

0-40 cm              

Gebhert et al 2346300   -61% -34% -28% -41%   -56% -29% -23% -36% 

 504900   -3% 23% 30% 17%   2% 28% 35% 22% 

 1188000   -25% 2% 8% -5%   -20% 7% 13% 0% 

Reeder et al 1814670   -44% -18% -11% -24%   -39% -13% -6% -19% 

 -279180   21% 48% 54% 41%   26% 53% 59% 46% 

0-100 cm              

Gebhert et al 2673000   -71% -45% -38% -51%   -66% -40% -33% -46% 

 1277100   -28% -1% 5% -8%   -22% 4% 11% -2% 

 1633500   -39% -12% -6% -19%   -33% -7% -1% -14% 

            

  
CT - conventional 
tillage 

NT - no-till   the numbers after it are the average 
plus/minus 

  hence, 57, the middle number, is the average, 71 is the high and 43 is the low 



 


