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ECONOMIC POTENTIAL Of ON-FARM BIOMASS 
GASIFICATION FOR CORN DRYING 

\J y 

0. J. Loewer, R. J. Black, R. C. Brook, I . J. Ross and Fred Payne l/ 

IntrodJction and Objectives 

Early harvesting of corn reduces the field losses assoc~ated with 

auversc weather and insects, and may enhance the price received at 

harvest time . In most areas of the country, early harvested corn must be 

dried if it is to be stored safely. The primary fuel source.·; for corn 

drying are liquid petroleum (LP) gas and natural gas, both of which burn 

cleanly and are utilized in directly fired systems. The ret1.irns to heated 

air Jrying are inversely proportional to the cost of LP and :1atural gas. 

Should the prices of these fuels become sufficiently high, s1.ibsti tute energy 

sources and tecl1nologies may develop. One such alternative is the 

i:us.i.f.i.cation of crop res.i.Juc. 

Gasification is the process by which biomass is burned while 

controlling the air supply to the material. TI1is process results in a 

combustible gas that may be ignited and mixed with ambient air to provide 

the l1catcd air necessary for grain drying . The gasification process is not 

a new technology. Horsfield and Williams (1976), Horsfield (1977), 

Goss and Williams (1977) and Payne (1 978) have traced the development of 

l.!as.i.f.i.cat.i.on. The f.i.rst record of a gasification process was in 1839 when 

Yrhe authors are respectively: Associate Professor, Department of 
Ai:r i.cul tural E11gineering, Un.i.vcrsi ty of Kentucky, Lcxingtcn, KY, 
Associate Professor, Department of Agricultural Economics, Michigan 
State University, East Lansing, MI, Assistant Professor, [epartment 
of Agricultural Engineering, Michigan State University, East Lansing, 
MI, Professor, Department of Agricultural Engineering, University of 
Kentucky, Lexington, KY, Assistant Professor, Clemson Uni\ersity, 
Clemson, S.C. 

This paper (No. S?-::!-249) reports results of an investigatj on by 
tl1e Kentucky Agricultural Experiment Station and is publi!.hed with 
the approval of the Director. . 



Bischaf patented a simple process f or gasifyi ng coke . Since xhat t i me 

many different types of cullulosic materia l have been used i ncluding 

rice hulls, olive pi ts, corn cobs, str<n1, 1-.•a lnut sh el l s and animal 

manure. 

Biomass gasification e~uipmen t is not currently be ing manufactured 

for use in crop drying. How much can manufacturers charge or farmers 

afford to pay for this equipment? The primary objective o:: this study 

was to answer this question by determini ng the break- even :Lnvestment for 

-biomass gasification equipment used in corn drying. For this study only 

corn grain, stover and cobs were evaluated as sources of energy, and 

storage of biomass and uses of the gasification equipment :·:or purposes 

other than grain drying were not considered. The break-ev1m investment 

was determined for one bushel of U.S. No. 2 corn defined a!; 56 pounds of 

grain at 15.S percent moisture content. 

A more in-depth discussion of the various topics prese;1ted in this 

paper may be found in Loewer (1980). 

Availobili t y of Biomass 

The first consideration in using corn biomass for dryl ng is to 

determine the quantity of m~terial available and the relat~ve proportions 

of the components. Buchele (1975), in reporting on the ha;~vesting and 

utilization of corn stalks from Iowa f arms, presented data from an 

earlier study by Ayres (1973). Thi s i nf ormation relates tlte dry matter 

distribution of the above ground plan parts as a function of grain 

moisture content and may be expressed in equation from as follows: 

Grain dry matter, o. = 70. 4 0.8*MC (1) 'O 

Cobs dry matter, o. = 12. 4 0.03S*MC (2) ·o 

Stalks dry matter, o. 
·o = 6.7 + 0.525*MC (3) 

Leaves dry matter, 0 = -0. l + 0.38*MC (4) ·o 

Husks dry matter, o. = 10 . .+ 0.065*MC (5) ·o 

Stover dry matter, o, 
'O = 17.0 + 0.84*MC (6) 

(2) 



where MC pe r cen i:age mo ist11re content of the grain, 
we t bas i s. 

For the purpose of this s t udy, s t over i ncludes s ta l ks, l eaves and 

husks. 

These equations may be used to compute the quantity of dry matter 

available as a function of yield and mois~ure content. Dry matter 

availability is of primary importance in det ermi ning energy availability. 

Av a ilabil ity of Ener gy 

The grass energy contents of corn gr a in, cobs, and st)ver are 

9995,7961 and 7150 Btu per pound, respectively (Crampton a1d Harris 

1969; Kajcwski et al., 1977). These values must be adjust · ~d downwardly 

to reflect latent heat differences, moisture content, gasification 

efficiency and drying efficiency. The percentage of the a·1ailable 

biomass required for drying using one set of efficiency c~1ditions is 

shown in r:igure 1 . 

Economic Considerations 

The gross return to using biomass as a soµrce of eneri ~Y for grain 

drying was Jcfinc<l as the cost of Li4ui f ieJ Petroleum ( LP) gas :.:~'{u.i..J.cu 

for the same drying operation. The expenses considered when using 

biomasss included harvesting and transportation costs, losses in nitrogen 

from the biomass, opportunity costs associated with alternative uses of 

the biomass, and operational expenses of the gasification equipment. 

The factors were all incorporated into a computer program c:alled BIOMASS, 

anJ a sensitivity analysis 1vas conducted using the set of base conditions 

given in Table 1. Several of these factors are discussed below: 

Gasifi~ation Efficiency (Figure 2) 

The cffil'.i.cnl'.y of the gasification process has modera1e economic 

imp! ications. References cited previ ously indicate that g<.sification 

(3) 
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Table l . Base values of input s used in sensitivity analysis. 

1 Initial grain moisture, pe rcent 
2 Desired final grain moisture, percent 
3 Gross energy in grain, Btu/dry lb 

4 Gross energy in cobs, Btu/dry lb 
5 Gross energy in stover, Btu/dry lb 
6 Percent adjustment for bomb calorimeter 

7 Percent efficiency of LP gas burner 
8 Percent efficiency of drying process 
9 Percent efficiency of gasification process 

10 Nitrogen content in grain, percent of dry weig'.1t 
11 Nitrogen content in cobs, percent of dry weigh: 
12 Nitrogen content in stover, percent of dry weight 

13 Heat of vaporization of water, Btu/lb 
14 Price of LP gas in year No. l, c/gal 
15 Constant change per year in LP gas price, c/gal 

16 Change in LP gas price, percent from previous year 
17 Price of nitrogen, c/lb 
18 Percent/year for maintenance of gasification 

equipment based on purchase price 

19 Annual interest rate, percent 
20 Economic life of gasification equipm~n~, years 
21 Harvest-transport cost for grain, c/bu @ 56lb/l>u 

22 Harvest-transpor~ cost for cobs in field, 
$/ton of wet material 

23 Harvest-transport cost for stover in field, 
$/ton of wet material 

24 Market value o f grain at 15.5 percent moisture : 
$/bu 

25 Market value of cobs in field, $/wet ton 
26 Market value of stover in field, $/ wet ton 
27 Retention rate of biumass nitrogen by soil, pe1:cent 

25.50 
15.50 

9995.00 

7961.00 
7150.00 

93.00 

80.00 
45.00 
60.00 

1.60 
0.45 
1.15 

1060.00 
50.00 

0.00 

o.oo 
20.00 

4.00 

15.00 
10.00 
26.00 

5.00 

10.00 

2.50 

o.oo 
0.00 

80.00 

Computed base break-even investment costs, ¢/dry bttshel (U.S. No.2) 

Grain -37.56 

Cobs 

Stover 

(S) 

38.88 

23.49 
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efficiency may reach 80 percent. An ~iO percent efficiency, as compared 

to the base condition effi ciency of 60 percent, increases the break-even 

investment for cobs, stover and grain by approximately 3, 7 and 14¢, 

respectively. The effect is more pronounced when using grain as a fuel 

source because it has a relatively high market value. Note, as the 

efficiency of the gasification process nears 100 percent, the break-even 

investment cost becomes positive for using grain as fuel. 

Drying Efficiency (Figure 3) 

As drying efficiency increases, the break-even investment cost 

narrows between using LP gas and biomass. The narrowing o:curs because 

the relative quantities of fuel needed for drying increase with a decrease 

in <lrying efficiency. Thus, the relative break-even investments for 

using cobs or stover tend to decrease with an increase in irying efficiency. 

If the fue 1 source is grain, the break-even investment ten.:ls to increase. 

Life of the Gasification Equipment (Figure 4) 

/\s the economic life (assumed to be the same as the p.1ysical life) 

increases, the potential for using either cobs or ~:ov~r ir .creases at a 

moderate but diminishing rate, as would be expected. Like\l·ise, the 

potential for using grain decreases. This actually says tt.at for the base 

conditions selected, using grain for fuel to dry grain is a bad investment 

an<l the longer the li fe of the investment, the worse it be•:omes but at 

a decreasing rate. 

Moisture Content of Gra in to be Dried (F igur•J S) 

As initial mositure content increases, the break-even investment 

cost also increases when using cobs or st0ver. However, t l1e rate of 

increase decreases and in fact becomes negative in the cas·~ of stover. 

The reduction in increase is because both cobs and stover •:ollection 

costs are based on wet rather than dry material. Thus, th•~ cost of 

(7) 



,...... 
:1 
.0 -(/)-
........ 

'-' . 
~ 
QJ a 
'-' 
Ill 

~ 
~ 

H 
r-., 

~ CXl 
QJ 
> 
QJ 
I 

~ 
QJ 
J-1 
it.l 

l L~- ___ :~-- - ~ - -'-- - --- ~~ ---~ -- ~-- "- .: l -J :-_ ,_ 
l L . __ _ _ _ _ _ ____ -t-t-+-t-f-t-t 

.J 

~- • ·-i-- ·-r-- • · -1--- "- · - ~-

- ·- 1- - -1----t.- - -- - ~-1-1- -~ - •. 

1 

;--1--1--1.- · --~ - -- ' - - 1-t-

.... +-1--1-4- 1-11- 1- - - - ~ - - - • -- 1-- --t-- t- t-t- 1-t--t-+-t - -t--;f---t--f-- -j-f..-jf-+- !-+-+-i- 1-J..-l~-l-l - l -L-~I- - 1-· - · - 1·- - - - -~ -~1-L- •. - -

35 

Figure 3. 

, _,__......_.'-' +-+-tl-++-+-+-+-+-1--J-+-+- 1--1--1 -+.-l-+- ~-+--l--~-H• ---I · · · '- ' - '- ·- '- '- - '- ·-~ -~~ . - - •- •- •- . 

~ r 
. . 1·- . 

1151 I abl I~ la~ l 1 l · l ~rn l I I l9PI li~op 
Drying Efficiency, percent 

Effects of dtying efficiency on break-even investment per bushel of 
dry grain (U.S.No.2). 



I · · · - · -··1· . - . - . 1. I . ! I 
. . . ~ · - - - - 1- - t-- -· . . - - - . t - t- . . . - . - ' - - - - - . . . 

- ·· •-· , , _ , __ ; _ . ,_I - - - • - L - - • l- • • • - • • 

,..._ 
:l 

..0 ...... _ 
(/)-.._, 

u 
t:l 
Q.) 

... - - . 

.. . 
_ . ~ _ _ 1-!-J- ___ ~ _ ,_ _ _ _ _ . _ -~ D : ~! . -~: 1 - ~~ - - - • -

i'"~ ............ 

~~ ~~:-~I sri~1~1R 
: ~ loo ._,_,_,_,,_.. _I_ ,_ .. -- -

B ··-U) 
Q.) 

~ 
H 

i:: 
Q.) ,......_ 
> ID 
f '-' 

~ 
ctl 
Q.) 

- ~ . -1-1-- 1-1--1-- - ·- ' .- - -·1-+-+-+-+-+-·1-f-+-f-1-->-. ._.._.._.._~- l- L- - ._ L- .. _ 1_ -

. . ~~~~ -. 

· ~~~~i-·r-i-.r-"H-++4-1.JJJ.I 
~ 
~ 

i 
~ · · -·- - - •-+-+-<-<•-- ---- - ---· -- •-....._ - 1--1-+.l-4-+-l--l-~-HH-l-H~--+-ll--l-l -L -L-~i-.. 

............................ -...i..,;..i ....... ~~ ...... +..-... ................................ -+-1 .................................... ..-.... . 

c 111b11 ·1£ I. --1€1 IE I· liol ·. i2I 14 . 1- i6 - I: 1al 1 1~~ 
Life of Gasification Equipment, years 

Figure 4; Effects of gasification equipment life on 
break-even investment per bushel of dry grain (U.S.No.2) • 

.....__ ____________ _ 



' nrr -+ - - - _ ,_ _, - - _,_ __ ,_ _,_ -r -·- -,_ - -1- -. I" ~ -

L + -- - -·---- .. ·- -·-- ... --·-- ---- .... - -- ---- - .. -- r 1 

--- ' ---_ _,_ -',_ ,_ ,_ ,_,_ -_,_,_ ,_,_,_,_ _,_,_ ---------- _,_ --" ---_,_ -_, __ ,_ - " ' ' :J l 
.. --- - - - -1--~ - ·- '- - - - - · - -- · -'- ... _ ---- - - · - · - - ·- - - _ ,_ ... _,_,_,_ - ~ _ .. 1 .. i- · -;;;~·-~ _t:_ ... -r --rl-

• i;-_ .. 1 ... - -

~c rs ~ .. • --- .... .,, .. ,,.~;; 
• - .. 1- - • I p 11 JI ( ., 

.,_ --- · - - ,__.,_ , _ 1--- >- ·---~ 1 - ·- f-H--t.±i~:..i.,.. .... ~~~I -- - ---

- 1-- ----............ -
- ........ . ....... i- . 1 

.... ,_ ~; ~- - i--r-: ._ t- ·- · -+-4--+-1--+-l-1-4-1~-4-I~-- ·- -- - - -- ,.._,._ - t--- ~ - -t- -1-- - - ~- -1-- r- 1- - 1--- - - ~ - _.,_.__ - -t-- ·- - - r- ·· f- i-- · -

r--~ --- ... i..... • 

~~LI--.L .. I., 

- 1-- -1-- -+-+-+-+-1 -1---·-~ 

.._ - --- - - , _ ,..._ - - 1-+-H-f- 1- ·- -'-- l--l-4--+-+--11-4-4- •-• - t-+-+->-1-< - -r-- r- •- - ,..._ ,_ 4-1--+-+-I-

1611 Iii I l1al I I li9l I 201 12i . I 22 :ul .J 124 ·- i~I 261111211 I l2sll 1129111bollI13 
Moisture Content of Grain to be Dried, percent 

Figure 5. Effects of moisture content on break-even investment per bushel 
~f dry grain (U.S.No.2). 



collection (harvesting and t r ansporta i:ion) increas es faste:r than the 

s avings associated with expanded use of LP gas at t he hi gr.er moisture 

content. This effect is compoun <led wl1en using grain as a fue l source i n 

that it becomes a progressively poorer investment as moisture content 

increases . Note that drying efficiency is held constant c·ver the entire 

range of moisture contents. 

Interest Rate (Figure 6) 

The break-even investment cost f or cobs and stover decreases as the 

interest rate increases. However, the effects are less when moving from 

the base condition to higher values than when moving to loNer values. 

In other words, future increases will have a relatively loNer effect 

than past increases. In the case of grain, the higher int~rest rates 

re<lucc the return that must be obtained from other sources to subsidize 

the losses resulting from using grain as a fuel source. 

Annual Operation and Maintenance (Fi gure 7) 

Annual operation and maintenance are expressed as a ~ingle constant 

percentage of purchase pri ce. It has no effect on situations where the 

expected return is negative ~s when using grain as a source of fuel. It 

has a moderate effect on break-even investment when us i ng cobs and 

stover. 

Harvesting Costs ( rigures 8 and 9) 

Large changes in the cost of harvesting grain have on :.y a moderate 

effect on break-even investment cost. Certainly the chang<:s arc not 

sufficient to make grain a viable source of fuel. However , the costs of 

harvesting cobs and stover are very important factors to cc•nsider when 

computing the break-even investment cost of gasification e~uipment. In 

fact, harvesting costs of approximately $20 and $25 per tor . of wet 

(11) 
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Figure 8. 

Cost per Wet Bushel for Harvesting, ¢ 

Effects of grain harvesting cost on break-even investment per 
bushel of dry gr~in when using grain as a fuel source (U.S.No.2). 
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Figure 9. 

HarVE!Sting Cost, $/ton of wet material 

Effects of cob and stover harvesting costs on break-even 
investment. per bushel of dry grain when using cobs and 
stover as a fuel source (U.S.No.2 grain). 



materia l for s tover and cobs , respectively, would result j n a zero 

break-e ven i nvestment. 

Mark~t Va l ue of Biomass (Figures 10 and 11) 

The primary reason that grain i s not an economic source of fuel is 

its high opportunity cost; that is, grain can be solJ and the resulting 

fun<ls used to buy more energy in the f orm of LP gas than ·:he grain 

itself contains. However, if grain were to sell for appr•>Ximately $1.45 

per bushel (15 .5 percent moisture), it would be competeiti.ve with LP gas 

as a fuel source for the values used in the base conditio~s. 

The same logic applies to the use of cobs and stover for energy. 

The higher the market value, the less desirable they are as sources of 

energy, all other things being constant. 111e base conditions assume a market 

value of zero. However, a positive market value could reflect the 

equivalent worth of cobs or stover as animal feed or as a source of 

crosio11 control. For this analysis, a zero value for break-even investment 

would be obtained if the market value of cobs and stover were approximately 

$20 and $11 per ton of wet material, respc~tivcly. 

Increases in LP Gas Price (Figures 12-14) 

The break-even investment cost increases as the price of LP gas 

increases . Likewise, increases in the amount of dry~ng amplifies the 

gains or losses in break-even investment. All increases in LP gas 

prices arc considered real; that i s , the price increase is relative to 

all other costs which arc as~umed to remain constant. Ttis is especially 

important when considering that inves tment in capital goc ds occurs at one 

point in ti1ne with proposed returns being prorated over the life of the 

investment . This may result in losses during the early rears of the 

investment only to be offs~t by gains in later yea~s. 

From the Figures 12-14, a real increase in LP gas prices of approximately 

15 percent over each previous year would result in a postive break-even 

(16) 
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Figure 10. Effects of the market price of grain on break-even investment per bushel of dry 
grain wl1en using grain as a fuel source (U.S.No.2 grain). 
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even invest11ent per bushel of dry grain when using 
cous or sto1•er as sources of fuel (U.S.No.2). 
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Figure 12. Effects c1f annual percentage increase in LP gas 
price on break-even investment per bushel of dry 
grain wlwn using grain as a fuel source (U.S.No.2). 
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Figure 13. Effects of annual percentage increase in LP gas 
price on break-even investment per bushel of dry 
grain when using cobs as a fuel source (U.S.No.2). 
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grain wl1en using stover as a fuel source (U.S.No.2). 



i nv t.: s t:mcut fo r gr ain as a rne L ::~)L'.\: t: . l t 1-Jo uld. also appro:cimate l y 

Joubl c t he break-even invc:;tmen t for cobs an<l stover for 10 po ints of 

moi s ture r emoval. 

Constant real increases in LP gos prices would be equ:L valent to 

J.imin:;hing precentage .increas es. A constant real price i n1:rease of 

approximately 10 cent s per year would res ult i n pos itive b : ~e ak-even 

cos t :; fut· grain as a f1icl source. lL 1-1ou lc.l a l s o approxi1n<Lc ly Jouble 

the break-even investment for using cobs and stover at 10 points of 

moisture removal. 

Conclusions 

In this s tuc.ly, it has been shown that there is suffic:.ent energy in 

the form of grain, cobs and stover so that the gasification process may 

l>e uscJ to c.lry corn over the range o f moisture content typical of 

harvest. Certain phys.ica.i an<l economic parameters were determinec.l to be 

l!Sscntial .in computing the economi•; feasibility of gasification. When 

using representative values for these factors, it was found that as much 

as 38.9¢ and 23.5¢ per U.S. No. ~ bushe l dri~J cou~J bv invested in 

gasification equipment when using cobs and stover, respectjvely, as 

sources of energy for 10 points of moisture removal. Howe\ ·er, grain 

itself could be used as a fuel source only if it were s ubsjdized by the 

t.:qu.i valcut of 37.6<t per bushel <lrie<l. There f ore, it would be extremely 

doubtful that grain would ever be economically competetive with cobs or 

s tover as a source of fuel f or grain drying . 

The economic feas i bility of using cobs and stover would be enhanced 

unJer the foll owing conditions: 

1. increases in the efficiency of the gasificatjon process. 

2. Increases in the economi c life of the gasification 
cl\uipmcnt. 

(22) 



3. Employment of high temperature drying method:; that 
t ypically have lower ch 1ing efficiencies. 

4. fncrc:.i scs in the quant i.ty of moisture to be . cmove<l 
from the grain. 

S. Reduct i on s in the interest rate . 

6. Reductions in the nnnual charge for operation and 
maintenance. 

7. lleductions in harvesting costs. 

8. Limited market value of cobs and stover. 

9 . Low prices of nitrogen. 

10. Real increases in the price of LP gas . 

The altering of these factors can have significant adclitive effects 

on the break- even investment cost. For example, if the base conditions 

given in Table l were altered to reflect the conditions shown in Table 

2, the break-even investment would be $1.59, $2.63, and $2.42 for grain, 

cobs, stover, respectively. This would represent a change in the base 

value of the break-even inv~stment of approximately $1 . 97, $2 .00 and 

$2.18 , respectively, for grain, cobs and stover. 

It woulJ appear that the use of cobs is the best gasi.~i cation 

alternative. Cobs arc presently passed through the combin'' and could be 

most easily t~nthered with existing r,r:-ii;1 harvesting machin,~ry. Thi s 

coulJ be accomplished by either blending the cobs and the .~rain and 

separating them later, or by collecting the cobs as they e:cit the 

combine. It 1vould also be possible to use ear corn harves·:ers and 

stationary shellers . fo aJdition, cobs are more flowable :han stover 

and thus offer advantages in terms of materials handling. Likewise, 

11it1·ogc11 n:moval is le ss with cobs than with stover, and stover is more 

0ffectivc in erosion control . The net effect of these ndv1ntnges is 

that the break-even investment cost will probably be great~r when us ing 

cobs than with stover. The costs of gasification equipment may also be 

(23) 



i nfluenced by thie type of biomass usc:d as f uel, thus al te:~ing the 

relat ive economics concerning the choice of biomass. 

In conc lusion, the break-even .i.nvcs trnent cost f or ga:; ification 

equi1Jment is posi tive undr..:r existin g t'! chnol ogy and price:; when using 

either c obs or stover as a f uel source for drying. This Lndicates that 

cobs or stover can compete with LP gas under present econ•)mic conditions 

so long as investment is gasification equipment does not 1~xceed the 

break-even values. Cob s seem to be a more economical source of fuel 

tl1an stover, and grain is not pr~sently an economical energy substitute 

for LP gas . 

(2 tl) 



Table 2 . Modification to the base condition va lue!; given in 
Table 1. 

No. Input De scription 

1. Initial grain moisture, percent 

8. Percent efficiency of drying process 

9. Percent efficiency of gasiiication process 

16. Change in LP gas price, percent increase 
from previous year 

19. Annual interest rate, percent 

20. Economic life of gasification equipment, year~ 

22. Harvest-transport cost for cobs in field, 
dollars per ton of wet material 

23. Harvest-transport cost for stover in field, 
dollars per ton of wet material 

24. Market value of grain at 15.5 percent moisture 
dollars per bu8hel 

New Value 

30.50 

40.00 

80.00 

15.00 

12.00 

15.00 

2.50 

5.00 

2.00 

Computed break-even investment costs usiug du~ above values, 
¢per dry bushel (U.S. No.2): 

Grain 

Cobs 262.73 

Stover 241. 95 

(~5) 
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