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by Hosein Shapouri, James A. Duffield and Michael S. Graboski
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Studies conducted since the late 1970's have estimated the net energy value of corn ethanol.
However, variations in data and assumptions used among the studies have resulted in a wide range of
estimates. This study identifies the factors causing this wide variation and develops 2 more
consistent estimate. We conclude that the net energy value of comn ethanol has become positive in
recent years due to technological advances i ethanol conversion and increased efficiency in farm
production. We show that comn ethano] is energy efficient as indicated by an energy ratio of 1.24.
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Higher corn prices reduce farm commodity program payments and the participation rate in the
Acreage Reduction Pro gram,

calculated as 16,193 Btw/gal when fertilizers are produced by modem processing plants, corn is
converted in modern ethang] facilities, farmers achieve normal corn yields, and energy credits are

The initial impetus for ethano] commercialization came when the 1970's oil embargoes exposed the
vulnerability of U.S. cnergy supplies. Fuel ethanol was seen as a gasoline extender, mixing it with

established a role as an octane enhancer as the Environmental Protection Agency (EPA) began to
phase out lead in 8asoline, More recently, ethanol production recejved a major boost with the
passage of the Clean Air Act Amendments of 1990, Blending ethanol with gasoline has become a
popular method for gascline producers to meet the new OXxygen requirements mandated by the act.
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Program requires an oxygen level in gasoline of 2.0 percent by weight. Begiming in January 1995,
reformulated gasolines were required to be sold in nine ozone nonattainment areas year rounii.
Other provisions in the act allow as many as 90 other cities with Iess severe ozone pollution fo
"opt-in" to the RFG program. Under a total opt-in scenario, as much as 70 percent of the Nation's
gasoline could be reformulated.

Return to: Top of Page || Publications Page || Governor's Ethanol Coalition Homepage

Energy Balance Issue

" =y

While the Government's commitment to ethanol has beep welcomed by agricultural interests and the
ethanol industry, critics question the rationale behind policies that promote ethanol for energy
security benefits, often citing that corn ethano! has a negative energy value (NEV) (Pimentel and
Ho). That is, the liquid fisel and other energy sources required to grow and convert corn into ethanol
are greater than the energy value present in the ethanol firel. This implies that corn ethanol is not an
energy substitute and that increasing its production does little to displace oil imports and increase
energy security.

Others argue that although energy balance is of some concern, 1t is not the major issue for addressing
energy security. What really matters is that the production of ethanol can achieve a net gain in a
more desirable form of energy (Department of Energy; and Anderson et al.). In other words,
abundant domestic energy supplies, such as coal and natural gas, can effectively be used to convert

balance issue to just looking at the energy value of the liquid fuels used in the production of corn
ethanol. However, some researchers prefer a comprehensive approach and include afl the energy
sources used to produce ethanol in thejr Cnergy use estimates. They argue that conclusions about
potential domestic energy gains from ethanol production would be incomplete if only a part of the
total energy system is assessed (Pimental). We use both approaches in our analysis.

The energy balance issue first surfaced in the mid-1970's when ethanol began to receive attention as

a gasoline extender. Studies at that time that analyzed the energy benefits of substituting ethanol for
gasoline generally concluded that the net energy value (NEV) of corn ethano] was slightly negative

of corn ethanol.
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Review of Recent Studies

Keeney and DeLuca do not consider corn processing byproducts, but they show that a positive
energy balance can be attained with low-input corn production. Marland and Turhollow reported that

1t requires 73,934 Bt (HHV basis) to produce a gallon of ethanol assuming conversion takes place

Table 1--Energy input assumptions of recent corn-ethanol studies

| Nitrogen [Inputs  lCom —f 17' : :
Study/year Com |[fertilizer |ifor ethanol g)tgiggslion Total®  ICoproducts! |[Net
Yy yield llapplication {jnitrogen conversion . cnergy eni;'l‘_gy e];lergy
rate fertilizer |[rate proce D credits value
IEWacrcllyacre T]Biu/lb gal/bu Btu/gal jBtu/gal {Btu/gal jBtu/gal
Pimentel ] 73,687 ’
(1991) 110 j136.0 37,551 |[2.50 (LHY) 131,017 21,500 -33,517.
Keeneyj
and 48,434
DeLuca 119 [[135.0 37,958 [2.56 wLhav) 91127 fgo7 8,431
(1992) | B
Marland —’ —’ *’
and 40,105
Turhollow (|2 10 }{127.0 3L,135 [12.50 (HV)  [73:934 |[8,127 18,324
(1991) | | | J
Morris and ] Wi ] —, —’
Ahmed 120 127.0 31,000 {|2.55 (LHV) 75,297 124,950 25,653
(1992) NN
Ho (1989) 90  IINR NR  [INR 27000 las 000 (16,000 4,000
| | (LHV) 000 j10, :
This study 53,277
(1995) ~ [[122 WELS 122,159 !2;53 (HHY) 782,82?”3056 16,193

laverage 113 J[129.0 _BLo61 Na _JNA~ TNa _INa 2373 ]

=

http:/'/www.ethanoi-gec.org/comHeth.htm ¥ 12/0amnnna



B T L P S —

-Esﬁmaﬁng the Net Energy Balance of Corn Ethanol Page 6 of 19
Notes:

to studies using low heat vahzes. This study and the Marland and Turhollow study used high heat values and the others
used low heat values.

LHV: Low heat value—-76,000 Btu per gallon of ethanol,

HHV: High heat value--83,961 Btu per gallon of ethanol,

"The midpoint is used when studies Teport a range of values,

Differences among these studies are related to various assumptions about corn yields, ethanol
conversion technologies; fertilizer manufacturing efficiency, fertilizer application rates, coproduct
evaluation, and the number of energy inputs included in the calculations. For example, there is about
a 60,000 Btw/gal difference in the results of Pimentel and Morris and Ahmed. With respect to
growing the ¢orn, Pimentel reports that it requires 57,330 Btu/gal compared with Morris and
Ahmed's 28:917 Btuw/gal. Both studies use the same basic inputs, such as fertilizer, pesticides, and
fuel, but Pimentel also includes the energy value embodied in farm machinery. Another factor that

makes Pimentel's estimates higher is that he uses a national average corn yield based on pre-1989

The time period for which information was collected on fertilizer plants makes a difference in energy
requirements among the studies, For example, Keeney and DelLuca report the highest energy
estimate for fertilizer, almost 38,000 Btu/gal, and their source of data is a 1980 study by Dovring and
McDowell. The more recent studies by Marland and Turhollow and Morris and Ahmed report just
over 31,000 Btw/gal.

Fertilizer application rates can also make a difference in energy use estimates. For example,
Pimentel's nitrogen requirement s more than 5 million Btu/acre--more than 1 million Btu/acre higher
than Morris and Ahmed's nitrogen estimate. Pimentel's application rate for phosphorus is 67 pounds
per acre compared with 48, 50, and 57 pounds per acre for Morris and Ahmed, Marland and
Turhollow, and Keeney and DeLuca, respectively.

Panel). Morris and Ahmed's estimates reflect today's ethanol facility which uses far less energy than
the typical ethanol plant of 10 years ago. Most ethanol plants in production today have been
extensively modernized and répresent near-state-of-the-art technolo gy. The second major difference
between the two studies is that Pimentel's estimates include energy expended on capital equipment.
Pimentel's estimate for converting ethanol is about 7,000 Btu/gal higher because it includes energy-

The large variation in coproduct energy credits listed in table | is related to the specific coproducts
ncluded in each analysis. Coproducts depend on the milling process used for the analysis. Distillers
dried grains with solubles (DDGS) is a dry milling coproduct, while corn oil, corn gluten meal
(CGM), and com gluten feed (CGF) are derived from wet milling. Both dry and wet-milling emit
carbon dioxide (CO,) but Morris and Ahmed are the only authors to include it jn their analysis.

Some studies (Morris and Ahmed and this study) include both wet and dry milling coproducts and

http://www.ethanoI-gec.org/'com_eth.htm = 13/09/2004
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Estiyf_lating Net Energy Value

Estimating the energy input for determining the NEV of corn ethanol nvolves adding up all the
energy required to grow corn and to process it into ethanol. Most studies, including this one, include
only primary energy inputs in their NEV estimates. Secondary inputs, such as energy required to

build ethanol facilities and produce transpo

rtation equipment are extremely difficult to quantify. For

example, collecting data on the energy embodied in an ethanol plant would require a tremendous

among all the products manufactured in the plant over its lifetime. After going through all this
trouble, the final result would add very little to the total energy value of a gallon of ethanol.

Return to: Top of Page || Publications Page li Governor's Ethanol Coealition Homepage
—Halcations Page = 2lalo] Loaltion Homepage

Data Trends

8as, and electricity increased from 1,499 trillion Btu in 1965 to 2,155 trillion Btu in 1978, and then

declined to 1,550 trillion Bty by 1989. The

decline in energy use in agriculture since 1978 is largely

attributed to the replacement of gasoline-powered farm vehicles with more fuel- efficient diesel

engines.

While energy use has been declining, there

has been a rising trend in corn vields. With the exception

of a few bad years, annual corn yields have been increasing since 1975. The large downward spikes
in 1983, 1988, and 1993 were caused by adverse weather. Droughts caused unusually low yields in
1983 and 1988, and in 1993 the Midwest experienced a devastating flood. Higher yields without

http://www.ethanol- gec.org/corn_eth.htm
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corresponding increases in energy use indicate that resources are being used more efficiently. The
farm energy use index, an efficiency measurement for fuel and electricity used on U.S, farms, has
improved sigdificantly in recent years: it fell from a high of 125 in 1978 to 93 in 1989,

Fertilizer use in grain production rose for many years but lately has appeared to be in decline
(Taylor). Nitrogen use per planted acre of corn declined from 140 pounds per acre in 1985 t0 123

pounds per acre in 1993, Phosphate use declined from 60 to 56 pounds per acre, and potash use
declined from 84 pounds per acre to 79 pounds per acre during the same period.

Making ethanol from corn also has become more energy efficient. Hohmann and Rendleman
reported that a shift in production to larger plants and the adoption of energy-saving innovations

43,000 Btu in 1991. Efforts by the industry to conserve electricity have resulted in substantial energy
savings. In 1980, for example, ethanol plants used 2.5 to 4.0 kilowatthours (kWh) of electricity per
gallon of ethanol versus 0.5 kWh used by today's modern facilities. Modern facilities conserve
energy by utilizing cogeneration facilities that produce steam and electricity simultaneously.
Advances in alcohol dehydration have also yielded considerable energy savings (Hohmann and
Rendleman).

Return to: Top of Pa e || Publications Pa e || Governor’s Ethanoj Coalition Homepage
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Estimating Energy of Farm Inputs

Estimates of farm Energy use are based on data from the 1991 Farm Costs and Returns Survey. The
FCRS provides State data on diesel, gasoline, electricity, and natura] gas used on the farm. This

weighted farm input use by corn acreage planted in each State to estimate an average energy input
level for corn production (table 2). The 1990-92 State average com yield of 122 bu/ac was used to
convert farm inputs from a per-acre to a per-bushel basis.

Table 2--Energy-related inputs used to grow corn in 9 States and 9-State weighted average

9-States
Item Unit weighted IL| INl IAl MN| NE OH|| M1l SD wi
average
ISeed _|Kemels/acre]25501 @g4827l|25150|126804 26546]26185][25274]221 1526310
l 1
13/00M0N4
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Bsrtilizer:

| Nitrogen [[Pounds/acre]| 12450 1s6] 143 19 79 142 122] 127 e8] 107
8
1

oY

2

| Potash [Pounds/acre||  52.77 [ s a7 3

|:Phosphate|[Pounds/acre|| 5517 90] 108 [ 57 3 o[ 63
i 0

49
|.Lime _ |Pounds/acre|| 2418 4801 340] 280] " a0)
[Energy:

[i)iesel ”Gallons/acr?:,L 6.85 ,\5” IIL\S]L IEIWE
].Gasoline ”gallons/acreL 3.40 Ejj@@
|LPG _ |[Gallons/acre 342 o 9 s 4 4 2
l@lectﬁcﬂgw}j/acre 33359 F 12| ﬁ":’mm

Natura] Cubic
’ Gas L fi/acre 24597 60’ B" 0 O’Ll

@fﬁﬁm Dol /acre 668 g ’ 6“ 7 5, Ts([
l

——

Chemicals | Dol/acre [~ 23] 23 28 24 1) 23 2 21 14 2
g“;fg‘gn ’ Dol./acre L 179 1 2} 2' 2l 2 q q 0 ‘1}
[Ave. yield |[Bushels/acre 121.90 128 120] 130] 1 19 130 20 110 79 112

125,073 Btu, a cubic foot of natural gas has 1,021 Btu and g kilowatt hour of electricity has 12,456

required from each input to produce a bushel of corn. All thermal inputs and outputs in this study are
made on a gross high heat value basis. The choice of basis, as long as it is applied in a consistent

Table 3--Energy requirements of farm inputs for 9 States and 9-State weighted average
lﬁleighted

L Item J IL‘L I;l IA” MN” NEI OE,L MII SQI WI
| | _average
Btu per bushel j
[Seed 170 1so ay] 148] 271 167] 217 290 217 186]
[Fertilizer: :)
| Nitrogen 26,356]20,322]14,671]24,228 22,382]25,719][19,) 63]20,828] 22,631]
[Potash | 757] 660] 452][ 529 411l o03) 539]
|Phosphate || 2,936 3,743][ 1,580] 2,011[] 1,635 1,997
WLime 12331 1,757] 1335 208 o] 72]] 3,839 o 654 1,232)
l@ergy:
[Diesel | 4,703] 5,843 4,686])18,881][ 8,620/10,650[ 9,184] 7,713
| Gasoline ) 3.439] 3,710][ 3,281] 3,019 4301][ 2,723]] 3,530]] 4,846 2,802 3,493]
& 22 B 6 Pt e v v et
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] Electricity || 1,207]] 2,927 511 2,907 9,27 1,011 1,209][13,627 7,537 3,432
(lLNatural Gas || 479 g5 o 12,632 85| 464] O 90 2,038
'@smm work |i 1,480][ 1,213]] 1,289 L131j| 1,106] os1]| 927][ 1,271 3,619 1,37]]
(Chemicals || 5 633] 7,176|[ 5,730] 5,380] 5,448]] 3,433] 5,936] 5,723] 5,784 5,766
[Custom drying|| 902 (L1530 1,463 1,321]] Lis3] ey L654[ 39 oe4] 1,134]
[Input hauling || 1,062 [ 1,062][ 1,062] 1,062][ 1,062]] 1,062 1,062 |_1.062][ 1,062 1,062
[Total energy |153,702][57,493 [l45,144][41 128 m[46,986[l58,750,[63,375,_E

o]

Electric power was assumed to be produced from coal. It requires about 180,000 Btu to produce a
pound of insecticide or herbicide, including transportation energy.

Energy used for manufacturing nitrogen fertilizer, potash, and phosphate is based on mformation
provided by the Fertilizer nstitute, It requires 22,159 Btu to produce a pound of nitrogen, 1,245 Btu

I
for a pound of potash, and 4,175 Bt for a pound of phosphate. More than 90 percent of the energy
in the applied fertilizer is in the form of nitrogen, which s manufactured almost completely from
natural gas. The energy embodied in phosphate inciudes 47 percent electricity, 27 percent diesel, and
26 percent natural gas. The energy invested in potash is 42 percent electricity, 31 percent diesel fuel,
and 27 percent natural gas. Energy used for producing lime is 620 Btw/ib (Blankenhorn et al.).

from retailers to corn farmers. Energy used for planting the seed and other farm activities such as
land preparation, plowing, weeding, distribution of fertilizer and chemicals, irrigating, harvesting,
and drying, are included i the total farm fuels and electricity estimates,

transportation for delivering fuels, fertilizers, and agricultural chemicals. Trucks are used to haul
these materials from river ports to wholesalers where they are sold to farmers. We assumed that
trucks and barges are able to haul other products on their return trip, so those miles are not entered
into the calculations.

T IINNIAAA
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required to manufacture the various farm inputs, the input efficiencies are weighted by each energy
source or feedstock. Adjusting all the inputs in table 3 results in a 9-State weighted average of

Table 4--Tota] €nergy requirements per bushel of corn, 9-State weighted average

" Primary Feedstock—’Natural . . : Input Tota]
Item energy Diesel || Coal {|Gasoline Oil [lefficiency,
. share gas energy|
requirements factor

« .. [_Btwba_| Percent | | s . Btu/gal ]
[Chemicals || 5,766 [ 236017 ] 1,326 — Josg  - 3,460]_ 1.065]] 6,142]
[Fertilizer: N
Nitogen [ 22,631 ]| 90,10 120.368] 2,263 ] [ toigbasny
Phosphate 1,992 1259267474 516 |_532] 944] - 1.088]l 2,168
|Potash || 539 26.731342.0] 143] 1es 20 . 1.095][ 590
Lime [ 1232 ] 26.7,31.342.00 329 386][ 517 L 1.095[ 1,349
Diese] * 19146 | - | Jio146] I I tis4fir08
|Gasoline || 3,493 e [ 349 | 1.349] 4,712

I - .
Igi“gil*gas 5,767 J o 5,76‘7l J / L 4 1112 6413
Electricity | 3437 | . T e 1 1038 3563
[Seed L_186 - 97 S o g 1.126] 209
Total | 55184 || - __128,547]13,539]f6,123] 3,504)[3,471] /59,765

Notes:
':Inciudes custom work and input hauling.
¥k

includes custom drying, j]

e

L

—

L llbo

—t
ot
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Estimating Energy for Corn Transport

We assumed that 25 percent of the com was delivered directly from the farm to ethanol plants, with
the remaining 75 percent transported from farms to ethanol plants via grain elevators. The estimated
trucking distance from elevator to plant is 100 miles round-trip. The diesel fuel requirement is about
2,000 Btu per ton-mile for a loaded truck and 1,000 Bty per ton-mile to return the empty truck. It
requires 3,150 Bty per bushel to haul corn to the plant. Each gailon produced in 2 dry mill uses 1,212
Btu of diesel fire] for hauling corn to the plant. A wet mil] uses 1,260 Btu of diesel fuel for each
gallon of ethanol produced.

http://www.ethanoi-aec.org/corn eth.htm B
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Estimating Energy for Ethanol Conversion

€nergy conversion estimates are weighted accordingly. Wet milling accounts for about two. thirds of
U.S. ethanol production and dry milling accounts for about one-third,

thermal input drops to 32,150 Btu per gallon. DeSpiegelaere reported that of the total therma
cnergy, 7,000 Btu/gal and 1.16 kWh were related to drying high-grade germ, fiber, and gluten. On
average, wet mills produce 2.5 gallons of ethano] per bushel.

tion, in many operations, flue gas drying of products is
practiced. In our analysis, we coupled a modern coal-based cogeneration system to wet and dry mill
facilities to supply power and steam from coal.

EYNnnimnn a
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Estimating Energy for Ethano] Distribution
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Estimating Energy Credits for Coproducts

The coproducis used in this analysis include DDGS from dry milling, and corn oil, CGM, and CGF
from wet milling. There are basically four ways to estimate CNergy credits for coprodycts, First, the

gluten meal or corn gluten feed has 2 caloric Content of 8,000 Btu. This results in about a 40-percent
coproduct energy credit. The disadvantage of thig method is that calories are 4 measurement of food
nutritional value and are not a good proxy for energy in a fuel context.

inal
results. Energy credits are assumed to be equal to the energy value of a substitute product which the
ethanol coproduct can replace. For example, in the case of comn gluten meal and cormn gluten feed,
soybean meal can be used as a substitute, and soybean oil can replace corn o], Using this method,
about 20 percent of the energy used to
method has appea) because the coproduct value is measured by energy units unlike the other

A

hitp:/fwww, ethanoi-gec.org/com_eth.htm
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Results

Table 5 summarizes the energy Tequirements by Phase of ethanol production on a Btu-per-gallon
basis. It includes energy losses from line loss, venting losses at the ethanol plant, and losses
associated with mining, refining, and transporting raw materials, Also presented is the NEV of corn
ethanol withont coproduct credits for wet-milling, dry-milling, and a weighted average of wet and
dry milling, The weighted average is based on production capacity, that is, two-thirds of U.S, ethanol
capacity is from wet-milling and one-third is from dry-milling. The average conversion rate for the
two processes is 2.525 gallons per bushel. The NEV for dry-milling was the highest, 5,880 per

Table 5--Net energy value of corn ethano] without coprodnct €nergy credits

' li/ﬁlling process—, _l
d
€

b)duction phase Dry Wet I “T;gi:;j
Btu/gal ]

lCorn production , 2 1,225" 21,793,

|Corn transport I 1,212] 1,260] 1,244]
{Ethanol conversion [_47,425] 53273 51343

\Ethanol distribution L 3,173 3073 3,173
[Energy losses _I[5.04q] 5380 5071
[Total energy useq IL78.081]] 85.160]  82.894

Eergy ratio ‘ 1 .08, |

I'A gallon of ethanol contains 83,961 Bt on a high heat valye ba@

' Energy allocation l
Item E

thanolfiCoproducts Energy

’ “ use ’ .
credit

'____—_‘1,-_—___———'

NEV with Energy
coproducts|| ratio

http://‘WW.ethanoi-gec.org/com eth.htm s
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[Percent| Percent IBtweal|  Boyga || Btwgal [Bwgai

Energy content: o —’
[Wetmill | 57 [ 43 85,160 s0.082 | 33,879 || 1.68

.Dry mili 61 [ 39 78,081 49,027 34934 | 1.71
[ Weighted average]] 53 L_42__ J82,804] w9543 34418 | 169
,Earket value: ‘,
Wetmill 170 | 30 [85,160] 60,687 [ 23274 [ 133
[ Dry mill 76 || 214 J7s0s1 60,202 [ 23759 || 139
. Weighted averagel| 72 || o3 182.824] 60,637 I 23324 | 1338 |
Replacement valye: 7
Wetmill [ 81 | 19 85,160/ 69,660 | 14301 | 121 )
[Dry mill | &2 | 13 1718081 64671 [ 19200 | 1.30 I
[ Weighted averagell 81 || 19 _I82.824] 67,768 jL16,193TL1.24—l
I&tput weight basis; j
[Wet mill 4 = _Jiss,160] 42,740 41221 196 ]
- Dry mill (49 [ st 178,081 40,087 | 43,87 [ 2.09]

Weighted average]| 48 || 52 __Il82,824] 41610 L 42342 [ 2.02 |

milling NEV differs by only 4,989 Bty per gallon. The NEV for weighted average case is 16,193 Bty
per gallon. Adjusting for coproduct credits also increases the energy ratio significantly. The energy
ratio is 1.21, and 1.30 for wet- and dry-milling, respectively, and the weighted average energy ratio

making comn ethano] by energy supplies for dry-milling, wet-milling, and a weighted average. On a
veighted average basis, about 85 percent of the total CNCIgy requirement comes form non-liquid
fuels--coal accounts for 137,750 Btu per bushel and natura] g2s and liquefied petroleum (LP)
account for 28,547 Btu per bushel. The liquid fuels, which include gasoline, diesel, and fie] oil,
account for 29,998 Bty per bushel. Comparing the energy input value of these liquid fuels to the Bty
output value of ethanol indicates a net energy gain of 182,676 Btu for every bushel of corn used in

the production of ethano], Thus, from a liquid fuel utilization perspective, ethanol can extend U.s.

[’ . ']Diy m;lke t mTHI’Wei ghted{
average
[ Btu/bu f

Ejoal:

]
I.Ethanol plant ” 123,305” 133,183" 129,923’

hltp:.//\.v‘,w.'.ethanoi-gec.org/'com eth.htm
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[LTotal 1131,177] 140,987 137,750!’
1 ‘Natural gas & LP: 1 7
|.Chemicals and fertilizerg 22,780] 22,780] 22.780|

.Comn production I 5,767 5,767 5,767
[ Total 0 28,@]38,577}[ 28,547]
E,iquid fuels: 7
| Diesel--
.Comn production [ 13,538 | 13,538] 13.533
.Corn delivery L _3,150] 3,150] 3,150]
|.Ethanol distribution 6,503 6,253 6,333
| Gasoline L3504 3,504 3,504]
[Fuel oil 3471 3am) 3,47]]

[ Total 30,167 29,915 [ 29,99%]
[Total Btu-input __J[189,:890] 199,29 196,294]

[Total Btu-output 11218,299) 209,903 | 212,674]
Petrolenm replacement faciE’ 7.24 E 7.02“’F 7@

Pimental reports the lowest NEV by far, -33,500 Btu/gal (LHV). There is about a 36,000 Btu
difference between Pimentel's NEV and the average estimate of the studies shown in table 1. Many
factors contribute to Pimentel's low estimate. For example, with the exception of Ho, Pimente] used
the lowest comn yield among the studies. He used the highest fertilizer application rate and the lowest
corn ethanol conversion rate, His energy estimate for cenergy used for nitrogen fertilizer processing is

—_—
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Conclusions

achieves a net gain in » more desirable form of energy. Ethanol production utilizes abundant
domestic energy supplies of coal and natura] 8as to convert corn into a premium liquid fue] that can
replace petroleum imports by a factor of 7 to 1. ‘
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