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THE Eel)N(MC AND ~ IMPACI'S OF AN EI'HANOL INIXJSTRY 00 WESTERN NEW YORK 

Brian w. Gould 

'!his paper examines the eo:>nanic, environ­
trental and energ:{ use inpacts of a corn based 
ethanol industry on Western Ne-~ York state. A 
regional linear progranmi..ng rrodel is used. Five 
representative farm groups are used to describe 
the agricultural sector of the stU!¥ region. 
Conparisons are rrade between a benchmaJ:k solution 
and rrodel fonrulations that include conservation 
tillage practices, ethanol induced feed price 
changes, and the feeding of the feed cy-product, 
oro. 

In response to actions taken cy OPEX:, energ:{ 
policy in the U.S. has shifted to one of prorot­
ing the developnent of our danestic energ:{ re­
sources. The use of biarass for the production 
of ethanol as a gasoline extender is being exten­
si vel¥ investigated as a rreans of increasing our 
s~lies of liquid fuels. '!he use of corn grain 
as an ethanol feedstoc:X has received the ITOSt 
attention. This is due to the current availabil­
icy of ethanol conversion technologies and the 
existence of a relatively small corn based etha­
nol industry (Kalter et al. 1981, c:JrA 1980, SERI 
1981). --

'!he cx:mni tment of large anounts of the agri­
cultural sector's resources for the production of 
feedstocKs, whether this feedstoc:X is corn grain 
or ant other form of biarass, has implications 
that concern both agricultural and ener<Ji policy 
analysts. Recent studies have analyzed sore of 
these agricultural and energ:{ issues which are of 
cx>ncern (Bertzrra..tk et al. 1981, Mee<:off et al. 
1980, Hoff and 'IYner 1981}. '!he rrajoricy of""these 
studies have concentrated on the agricultural 
sector at the national level. With respect to 
the use of corn grain, Hertzrrark et al. notes 
that there exists a need for regional rrodels in 
order to investigate :inportant production shifts 
that may permit greater levels of the production 
of corn grain for both food and energ:{ use 
(Bert.zmark et al. 1980, p. 58). In addition, one 
area that has OOt been analyzed to ant large de­
gree at either the national or regional level is 
the environtrental impacts of the developnent of a 
large scale ethanol industry. 

'!he rrajor environtrental problerrs associated 
with corn based ethanol production are increased 
erosion of tcp;oil and increased environtrental 
exposure to pesticides and fertilizers. 'lhese 
environmental changes will be inportant if there 
is extensive switching of land resources fran 
forage crops and small grains so as to neet the 
feedstocK derrands of an ethanol industry. '!his 
is the result of corn grain requiring substan-

'!he author is a Ph.D. candidate in Resource Eco­
nanics, Cornell Universicy. 
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tially rrore pesticides and fertilizers and pro­
ducing higher rates of soil loss than the hay 
crops or small grains. 

'!his paper discusses the potential impacts 
of ethanol production on the allocation of the 
agricultural resources in the corn producing re­
gion of Ne-~ York state. A regional linear pro­
granrning rrodel is fornulated which estirrates the 
effect of a major ethanol industry on environ­
me;ntal quality, farm inccrre, and energ:{ use in 
the stuqy region. '!he objective function of the 
rrodel is the maximization of net farm income. The 
resource constraints are concerned with the sup­
ply of cropland and with the size of the stuqy 
region's daiiy herd (Gould 1982) . 'lhree ethanol 
industry scenarios are simulated. The first sce­
nario is one where there is no ethanol produc­
tion. A second scenario simulates the regional 
impacts of ethanol production occuring in the 
Mi&rest corn belt. '!he last ethanol scenario al­
lo.rs for both regional ethanol production in the 
corn grain producing region of Ne-~ York state as 
well as the existence of a large Mi&rest ethanol 
industry. 

DESCR!Pl'IOO OF THE REX>ICNAL J.IDDEL 

'!he decreases in petroleum prices that have 
occurred in the last year are not expected to 
continue. Recent actions taken cy OPEC to de­
crease crude oil production have been implemented 
so as to eliminate the current surplus of petro­
leum products. With the expected increase in 
gasoline prices, there will be rene-~ed interest 
in the use of corn grain as an ethanol feedstoc:X. 
'!he ITOSt likely place for the developnent of a 
corn based ethanol industry is in the Mi&rest. 
Because of the inportance of Mi&rest grain in de­
termining the prices received for corn grain in 
Ne-~ York markets, ant price changes that occur in 
the Mid.lest as a result of the developnent of a 
large scale ethanol industry will be transmitted 
directly to the grain markets in Ne-~ York State. 

'!here has been recent interest in the use of 
New York state's agricultural resources for etha­
nol production (Kalter et al. 1981, Batista et 
al. 1982). If ethanol production is undertaken 
in the corn producing regions of the state, there 
will be the additional regional impact of produc­
ing a large suwly of the high protein feed cy­
product, Distiller's Dried Grains (DLG). This 
feed cy-product could affect resource use in the 
regions in which ethanol production occurs. 

'!he stuqy area used for the present analysis 
is seven counties in Western Ne-~ York state. '!his 
region is referred to as the Western Plains. '!he 
Western Plains region is chosen for anal¥sis 
because of the current surpluses of corn grain 
that are produced in the ares. Since 1964, there 
has been a 2ll% increase in the acreage devoted 
to corn grain production. 'lhirty-six percent of 
the state's corn grain acreage is located in the 
seven county region which catprises only 20% of 



the state's harvested cropland.
1 

Riggins esti­
rrates that six of the seven counties that are in­
cluded in the Western Plains region produce nore 
corn grain than is used locally. 

'!he agricultural sector of the Western 
Plains region is represented in the nodel cy five 
representative fann groupings. 'lhree of these 
groups correspond to the dairy fiUl!S in the re­
gion. These representative dairy farrrs are as­
sumed to have average acreage totals of 150, 250, 
and 520 acres. '!he rerraining two groups are used 
to represent cash grain fiUl!S. 'lhese two fann 
categories have average acreage totals of 230 and 
450 acres. '!he resources of the study region 
are allocated to these five representative fann 

· groupings according to cropland and livestock 
distributions given in the 1974 and 1978 Census 
of Agriculture (USDA 1976, 1980). '!he crops con­
sidered for production are hay, wheat, oats, and 
corn. Dairy production is the only livestock ac­
tivit¥ considered. 

In addition to the use of conventional cr~ 
ping practices, min:i.Jrurn and no-till technologies 
are included in the nodel to all<J.ol for the use of 
nore energ'{ and soil conserving crop production 
teclmologies. 'lhese conservation tillage prac­
tices are included because of recent interest cy 
fanrers in the region to use these practi~s to 
control soil erosion and inp;rove yields. '!he 
"benchmaJ:k" nodel all<J.o~s only for the use of con­
ventional tillage practices. '!he "full fann" 
nodel, in addition to conventional tillage, al­
l<J.ols for the use of the min:iJrurn and no-till tech­
nologies. Using the full fann nodel, sinulations 
are conducted so as to determine the inpacts of 
ethanol production on resource use in the stuqy 
region. 

Approximate]¥ one million cropland acres are 
located in the Western Plains region. Of this 
total, over 615, 000 acres are harvested cy the 
cash grain and dairy sectors. '!his harvested 
cropland is divided between the five representa­
tive fann groupings. Four levels of soil produc­
tivicy are determined for the soil rrawing units 
in the Western Plains region. 'lhe soil rra];ping 
unit acreages are obtained fran USDA. data (USDA 
1967, Fritschen and Hanson 1979). '!his acreage 
is updated to reflect the total cropland acreage 
given in the 1978 Census of .Agriculture (USDA 
1980) • Seven erosion categories are established 
for the soil rrawing units in the region. 'lhese 
categories represent the degree of erosivicy of 
the soil rrawing units. 'lhus, for each of the 
representative fiUl!S a "Productivicy-Erosivicy" 
matrix of cropland acreage is estirrated. 'lhese 
matrices are used to distinguish cropland use not 
only cy crop cype but also cy soil characteris­
tic. 

Environmental qualicy is measured cy two 

1 
Half of New York state's cash grain fiUl!S are 
located in the Western Plains region. 

2 
For the nost productive soils, research has 
sh<J.o~n that there is an increase in yields with 
the adoption of no-till when cx:rrpared to yields 
obtained when using conventional tillage prac­
tices (Phillips and Young 1973) • 
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variables. '!he first variable is gross soil ero­
sion as represented cy the Universal Soil Loss 
Equation (Wischmeir and Smith 1978) • Second, en­
vironnental qualicy is represented cy an index of 
the potential environmental exposure to pesti­
cides. '!he value of the pesticide exposure index 
(PEI) is determined not only cy the toxicicy of a 
pesticide but also cy its longevi cy in the envir­
onnent (Alt, 1976). 

Besides determining the inpact of an ethanol 
industry on fann incare and environmental quali­
cy, the effects of com-based ethanol production 
on the levels of direct and indirect energ'{ con­
sumed cy the stuqy region's agricultural sector 
are examined. Direct energ'{ is defined as the 
liquid fuels used in the production of crop and 
1i vestock products. '!his is converted to a die­
sel fuel equivalent basis. Indirect energ'{ is 
defined as the energ'{ enc:orpassed in the fertili­
zer and pesticides used cy the crcpping activi­
ties considered in this stuqy. 

BmCHMARK AND :roiL FARM MX>EL RESULTS 

Table 1 presents the land use patterns which 
are achieved under the benchmark solution for the 
Western Plains region. In this solution, 98% of 
the available supply of cropland is harvested. 
'!he rertaining 2% is located on the least produc­
tive soils. When carpared to the actual 1980 
crop production and harvested acreage levels, the 
nodel does well in predicting the anount of corn 
silage, corn grain, and hay productia1. Again, 
the objective of the sinulation node~ is to maxi­
mize net fann incare subject to the availabilicy 
of the region's land resources, current structure 
of agriculture in the region and being constrain­
ed to maintain the region's dairy herd. 

'!he cash grain sector devotes 75% of its 
cropland to corn grain production under the 
benchmark solution. Associated with this inten­
si ve corn production are higher rates of soil 
loss and pesticide use vis-a-vis the dairy sec­
tors. Table 2 sh<J.o~s h<J.ol the cash grain sectors 
contribute to the regional total of these vari­
ables as well as the anount of indirect energ'{ 
and diesel fuel use for the benchmark solution. 
'!he levels of these variables on a per acre basis 
sh<J.ol that the cash grain sector has significantly 
higher rates of soil loss and pesticide use when 
carpared to similar figures for the dairy sector 
'!his is due to the nore intensive corn grain 
production occuring in the cash grain sectors. 
'!he large dairy fiUl!S have higher per acre rates 
of diesel fuel use than the smallest size dairy 
operations. '!his can be attributed to longer ro­
tations of hay that occur in the smallest dairy 
fiUl!S. '!he shorter rotations of hay that occur 
in the larger dairy farms have higher average 
rates of diesel fuel use because of the greater 
anount of diesel fuel required in the establish­
mmt year of a stand of hey. 

With the introduction of the oonservation 
tillage practices into the node!, there is little 
inpact in terrrs of the relative contribution of 
the five agricultural sectors to the energ'{ and 
environmental variables. '!he land use patterns 
do not change although 21% of the harvested acre­
age is using no-till. Fann incare increases 10% 
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Table 1: Land U~e Pattern and Estimated Yields for the Benchmatk Solution and Actual 
Crcp D1stribution (1980) 

Crcp Benchmatk % Actual % Yield Yield 
Acres Acres Bench. Actual 

-----Corn Silage 86,172 14 84,700 15 15.4 14.9 
Corn Grain 278,823 45 244,689 42 89.6 93.1 
Hay 227,732 38 185,250 32 2.9 2.2 
Oats 6,217 1 50,892 9 55.0 71.3 
Wheat 6,217 1 18,136 3 36.0 30.3 

Harvested 605,161 583,667 
-----

Source: Actual Totals - 1980 Agricultural Statistics7 Benchmatk - carputed ,.,, the 
author. "-7 

Note: '!be hey and wheat yield and acreage figures are based on the 1978 Census of 
Agriculture due to the lack of sufficient detail in the 1980 Agricultural statis­
tics· '!be . percentage figures refer to the percent of harvested cropland devoted 
to a parti.cu~ crcp. '!be yield figures for corn silage and hey are in terms of 
tons. Corn gra10, oats and wheat are maasured in terms of bushels. '!be "actual" 
acreage is for only the daiiy and cash grain sectors. '!be yield figures are based 
on total production and acreage in the region. 

Table 2: Energy Use and EnvirCXJirental Qualit;y for the Benchmatk Solution of the Western Plains Region 

Fann Soil Loss Per % PEI Per % Ind. Ener. Per % Diesel Per % 
'!Ype (000 T) Acre (000) Acre (Bill. Acre (000 gal) Acre 

(Tons) (Unit) BTU) (M.BTU) (Gal.) 

DAIRY FARMS 

One 50 .9 8 1,173 3.5 2 64 1.3 4 205 4.1 5 
'IWo 234 1.7 11 923 6.6 12 263 1.9 15 1,067 7.5 26 
'lbree 408 3.5 19 1,624 13.7 20 340 2.9 20 950 8.0 24 

CASH GRAIN FARMS 

One 512 4.6 24 2,066 18.4 26 408 3.6 24 836 7.4 17 
'IWo 798 4.4 38 3,137 17.2 40 631 3.5 37 1,327 7.3 28 

Total 2,125 3.5 7,923 13.1 1,705 2.8 4,385 7.2 

Note: '!be percentage figures refer to the percent of the regional total. '!be diesel use totals are 
for the crq;ping activities only. PEI refers to the level of the pesticide exposure index. 

over the bencbmal:K solutioo to a level of $37. 2 
million. · Soil loss and diesel use decrease ll% 
and 15%, respectively. Pesticide exposure and 
indirect energ,r derrands increase 12% over the 
bencbmal:K levels. Because of the use of no­
till on the nost productive soils, the relative 
changes in the energ,r and envirCXJirental variables 
are not surprising. 'lhat is, no-till requires 
increased use of pesticides and nitrogen fertili­
zers while at the same time results in decreased 
soil loss. In addition, a smaller ni.JTlber of til­
lage operations are necessaty and hence there is 
a lCJ.\'er anDUilt of diesel fuel used when no-till 
is adopted in place of oonventional tillage prac­
tices (Phillips and Young 1973) • 
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REXHCNAL IMPACTS Fln1 PRICE CHAOOES ASSOCIATED 
WI'IH IAOOE SCALE ETHANOL PROIXJCI'IOO 

Sinulations are conducted where the relative 
price changes associated with national ethanol 
production are a_wlied to the Western Plains re­
gioo. 'lhe percentage change in corn and scybean 
price associated with a 2 and 4 billion gallon 
ethanol industty are estirnated cy Meekoff et al. 
'!be above stuqy is concerned with producticn and 
price changes that occur in the national feed­
grain nru:kets as a result of the developnent of a 
large scale ethanol industty. 'Ibis production is 
seen to occur in the Mic:West corn belt. '!be two 
ethanol industty sizes investigated cy Meekoff et 



al., will be referred to as the "laY'" and ''high" 
ethanol production levels in the present st~ • 
With a laY' level of ethanol production, com 
prices are expected to increase 6%. Soybean 
prices are not affected. The high level of etha­
nol production raises com prices 27% as well as 
increasing scybean prices 5% (MeEkoff et al. 
1980). --

Table 3 shaY's that fann incx::.me increases 
above the benchmal:k and full fann solution values 
for each ethanol production level. The laY' pro­
duction scenario results in substantial reduc­
tions in soil loss (10%). This decrease is due 
to increased adoption of no-till practices on the 
com silage and com grain acreage in the dairy 
·sector. The percentage of crcpland using no-till 
increases fran the 21% for the full nodel solu­
tion, to 27% and 32% for the laY' and high ethanol 
production scenarios. 

With the price effects of the high ethanol 
production scenario, the percentage of crcpland 
devoted to com production is projected to in­
crease to 67% of the region's crcpland. This 
catpares to the 60% received under the benchmal:k 
and full fann nodel solutions. Both the cash 
grain and dairy sectors increase their com grain 
acreages. This increase in com production oc­
curs while the acreage devoted to hay decreases. 
Thi.rcy-eight percent of the harvested crcpland is 
devoted to hay production in the full fann 
solution. This percentage decreases to 32%. 
These crcp changes help explain the increased 
soil loss, pesticide exposure, and indirect ener­
gy denands. 

RIDIONAL IMPACI'S OF FEED PRICE ~ AND 
RIDIONAL E'ftWillL PROOOCTICN 

The regional inpacts of ethanol production 
in the st~ regicn are of concern because of the 
large arrount of Distiller's Dried Grains (DOO) 
which may be produced fran a corn based ethanol 
industry. Ethanol production in the Western 
Plains region is sinulated through the establish­
ment of one 25 millicn galla~ com based ethanol 
plant (Kalter et al. 1981). This plant is as­
sl.Jtled to be established at the sane time that 
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there is a large scale naticnal ethanol program. 
For each gallon of ethanol, there is an associat­
ed production of 7-8 pounds (dry) of DOO. The 
present form of the sim.Jlaticn nodel assumes that 
all the "locally" produced DOO is fed to the re­
gion '. s dairy herd (Gould 1982) • The ethanol 
plant used for the analysis is assumed to produce 
109,000 tons of the DOO 1.::¥-product as a result of 
the ethanol production process. DOO has the 
potential of supplying not only a large anount of 
the protein requirement of li vest.cxX rations, but 
as Hertzmal::k and Gould shaY', in the context of 
least cost dairy rations, DOO tends to substitute 
for com grain as an energy source. 

With the laY' and high ethanol production 
scenarios, it is hypothesized that the price of 
DOO will decrease cy 30% and 55% (Hertzmal::k et 
al. 1980). Adding regional ethanol production to 
the above price changes makes the feeding of the 
cy-product DOO result in a surplus of protein and 
net energy being supplied to the region's dairy 
and heifer herd. No excess protein is fed under 
the full fann solution. With regional ethanol 
production, there are 19.8 and 165 tons of excess 
protein in the region's dairy and heifer rations 
for the laY' and high ethanol production levels, 
respecti ve:cy-. In terms of net energy for lacta­
ticn, 47.6, 71.1, and 121.7 million Meal of ex­
cess energy are fed above the min:inum required 
for milk production under 4fte full fann and the 
above two ethanol scenarios. 

Table 3 shaY's that with ethanol induced feed 
price changes and regional ethanol production, 
pesticide exposure and indirect energy levels in-

3 
For a 25 million gallon ethanol plant, Kalter 
et al. found that the total annual cperating 
costs are $52.9 million (1980). Over 30% of 
this total cost can be recovered through the 
sale of the DOO 1.::¥-product. 

4 
Without regional ethanol production the feed 
price changes associated with the laY' and high 
production scenarios result in 50.9 and 66.7 
million Meal of excess energy being fed to the 
region's dairy herd. 

Table · 3: Regional Inpacts of Ethanol Production on the Western Plains Region 

VARIABLE 

Farm Incx::.me Soil Loss Pesticide Diesel Fuel Indirect 
Index Use Energy 

Scenario (000 $) (000 T) (000) (000 gal) (bil B'IU) 

Benchmal:k 33,500 2,125 7,923 4,385 1,705 
Full Farm 37,161 1,809 8,893 3,879 1,901 
I.cJ,t Ethanol Prod. 41,070 1,646 9,129 3,790 1,945 
High Ethanol Prod. 56,249 1,727 10,013 3,848 2,117 
I.cJ,t-Regional Prod. 50,344 1,704 10,299 3,972 2,131 
High-Regional Prod. 73,155 1,848 10,510 4,135 2,184 

Note: The laY' ethanol production refers to the 2 billion gallon a year ethanol industry 
while the high ethanol production refers to the 4 billion gallon a year industry. 
Regional production refers to there being one 25 million gallon ethanol plant located 
in the stU<¥ region. 
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crease 16% and 12% for the two national ethanol 
production scenarios. Diesel use and soil loss 
renain relatively constant. 'lhe land use in the 
stU<\' region changes bf means of the substitution 
of hay acreage for corn silage and corn grain 
production. For the full farm solution, 44.3% of 
the harvested crq;>land in the dairy sectors are 
associated with corn production. 'lhis increases 
to 48% and 55% with the price changes which rray 
result fran a national ethanol program. Adding 
regional ethanol production results in 59% of the 
dairy sector 1 s crq;>land being devoted to corn 
production under 1::oth national production scenar­
ios. 8ate of this increase in corn acreage is 
used for the production of corn silage. 'lhis 
corn silage is used to supply fiber to the re­
gicn 1 s dairy and heifer herd forrrerly suppSied bf 
the purchased corn grain and scybean meal. 

Under the full nodel soluticn, 16 thousand 
tons of corn meal and 25 thousand tons of scybean 
meal are purchased bf the dairy sector. With the 
regional production of 25 millicn gallons of eth­
anol and a lON level of national production, the 
corn meal purchases are decreased to 851 tons (a 
95% reduction). There are no scybean meal pur­
chases. With the price changes resulting fran 
the high level of national ethanol production, 
there is no corn grain purchased bf the dairy 
sector. All of the feed requirements are satis­
fied fran the use of hare grDNn feeds and fran 
the use of the m:x; bf-product. 

Conaanitant with these changes in feed grain 
purchases, the increase in DOO feeding results in 
the arrount of corn grain sold bf the dairy sector 
to increase fran the full farm level of 1. 9 
millicn bushels. The dairy sectors sell 2.16 
and 3.23 millicn bushels of corn grain for the 
lON and high production levels, respectively. 
Regional ethanol production increases the dairy 
sector 1 s sale of corn grain to 6. 6 million rush­
els for 1::oth the lON and high levels of ethanol 
production. 

With the increased sale of corn grain bf the 
dairy sector under these scenarios, can the agri­
cultural sector neet the feedstocX derrands of the 
region 1 s ethanol industry? Because of the method 
bf which the equilibri\.Jtl corn grain prices are 
determined in the Western Plains region, no ex­
plicit requirements are made in the sirrulation 
nodel for the regicn 1 s agricultural sector to 
supply the ethanol industry with 1'hane-grDNn" 
corn grain. Hcwever, with the developrent of an 
ethanol industry, the above solution values indi­
cate that the region could meet the industry 1 s 
feedstodc demands and still have a surplus of 
corn grain. 

Ass\.Jtling that for each bushel of corn used 
in the production of ethanol, 2.35 gallons of 
ethanol are produced, an ethanol plant with an 
annual capacity of 25 million gallons requires 
10.6 million bushels of corn. The total arrount 
of corn grain sold bf the agricultural sector of 

5 on a d:ry matter basis, 000 has only 2% fiber 
as ccnpared to 10% and 7% for corn grain and 
scybean meal. 
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the stuey region under th.e full nodel is 23. 5 
million bushels. With one ethanol plant in the 
stuey region there is an increase in the sale of 
corn grain to 29 million bushels. This rray indi­
cate that this region can meet the additional 
corn grain demands of a regional ethanol industry 
and still maintain a viable dairy sector. 

stJ.lMARY OF 'IHE IMPACI.'S OF EIHANOL PIDCUCI'ICN 
CN 'IHE WEm'Em PlAINS REX>ICN 

'lhis paper has presented a discussion of hON 
developnent of an ethanol industry may affect the 
corn grain producing region of New York State. 
These inpacts are measured in terms of the 
changes in several environmental and energy use 
variables as well as land use patterns. With no 
ethanol production occuring in the Western Plains 
region of New York State, a major national etha­
nol industry would increase net farm incx::me. As­
sociated with this increase in regional farm in­
cane are increases in pesticide exposure and an 
increase in indiJrect energy usage. There is 
little effect on regional diesel fuel use and 
soil loss. 

Having 1::oth regional and national ethanol 
production causes the pesticide exposure index, 
indirect energy usage, and net farm incane vari­
ables to increase. These solutions also indicate 
that there rray be sufficient corn grain produc­
tion both to StJH?Ort a com-based ethanol indus­
try and to supply the feed requirements of the 
stuey region 1 s dairy herd. 
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