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CORN RESIDUE AS ENERGY SOURCE

EL-SAID RAMADAN EL-ASHRY'
ABSTRACT

The objective of this work was to determine the energy values of
com  residue.  Bomb  calorimeter tests were performed both on
representative cob sections and representative plant sections (excluding
kernels) Al tests were made on non-dried samples and thus reflected
vinations in energy as a function ol modsiure content. The combustion
results o cob versus the entire plunt were compared at different
harvested kernel moisture contents to determine the practical use of each
fuel. {rom a combustion standpoint. The result indicated: that cobs and
stalks contained near identical energy values at the same moisture
content and tor the same weight of dry maner: cubs averaged 5.7 percent
higher in energy due to a lower moisture content when cobs and stalks
were harvested simultaneously. and cob eneryy can be predicted as a
function of kermel moisture content. Favorable weather conditions could
pussibly place stalk meisture below cob maisture, making stalk energy at
harvest higher than cob energy (per unit weight). Composite energy was
considerably reduced due to the stalk component.

INTRODUCTION
Modern agrweulture s heavily dependent up on fossil fuels. The tremendous
productivity of agriculture has resuited from advianced processing and mechanization
which are dependent on low - cost energy supplied by combustion of fossil fuels.
Crop restdues lett in the ficld following harvest have been proposed as a low-cost,
renewable energy source,

The total annuad Egyptain crop residucs is about 40 x 10° tons (FAO 2000).
The rapid increases in crop residue results not only loosing a value of patential
material bat also deteriorate local envirenment. Udlization of this enormous amount
ol rvesidues ina useful way will help keeping  friendly environment. Energy
production from agricultural residues enjoyed numerous research work during the last
o decindes. Solid. tiqmd and gas fuels were produced from agricultural residues
through biological and thennuchemical conversion processes sites.

Corn harvesting leaves the entire plant except the kemnels as residue. The
residue is then processed by stalk choppers, disked. and eventually incorporated into
the soil However. Buchele and Marley (1976) show that only about one half of this
residue 15 needed on the field to maintain its fertility. Corn residuc consists of cobs
and the remainder of the plants (statks), excluding the kemels. Lutle research has
been conducted to determine which part of the residue, cobs or comn stalks, can be of
more practical use as fuel.
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Basic knowledge concerning the contbustion of cobs and stalks is hmited. A
fuw combustion fests have been conducted on small, oven dried samples {Kajewski
et al 1977) These siudies indicate that cobs possess fower moisture contents and
thus higher encrgy values per unit weight as compared to stalks (Dahlberg 1977).
However, these studies fail to account for vartability that may exist in cob and stalk
inoisture content. - The American Society of Mechanical Engineers (ASME. 1974)
power test code defines the higher heating value as the high heat of combustion or the
heat of reaction tor complete combustion or the gross heat of combustion, The higher
heating value of a fuel may be determind using a bomb calorimeter as described by
the American Society for testing and Materials {ASTM, 1981). During this rest. tuel
is dried until it 1s moisture — free. Fuel is bumed in the calorimeter and the amount of
lear released is measured. In a bomb calorimeter, all of the water vapor formed from
the hydrogen  in the fuel during combustion is condensed to a liguid since the
products of combustion are cooled back to their original temperature. This procedure
gives the higher heating value. The lower heating value (net heating value) is the heat
eaergy released of water produced by hydrogen in the fuel remains a gas rather than
heing condensed to a liquid. Kajewski et al. (1977) used a value from a bomb
catorimeter and deducted the heat energy of vaporization for moisture in the fuel.

The abjective of this research was to determine and compare ciergy values of
corncobis und comnstalk ar vanous cob, stalk, and kernel meoisture contents on com
samples.

MATERIAL AND METHODS
Com samples were collected between August 28 and September 13 in 1998 at
the Agricultural Expeniment Station Faculty of Apmcuture, Alexandria University.
Samples were obtamed from a field [10m long and 12 rows deep Row spacing
averaged about Im. Approximately |53 com rows bordered the east, west. and south
sided of the field.

The length of the field was divided into lour, 30m sections. In order 1o account
for meisture varibility in the corn, four samples were collected each day. A total of 18
samples (one stalk per sample) were obtained for cach sample. Stalks were cut 10 cm
above the ground approximatng the level at which harvesting equipment would cut
the stalk Careful handling was maintained to avoid any loss of material from the
sample.

Each sample was weighed and divided into component parts so that tests could
be conducted on cach part. The component parts for one sample included the kemels,
cob, leaves, husks and stalk. The component parts for the remaining three samples
included the kemels, cobs and composite sections. The composite section consisted
of leaves, husks, and stalks. Since com stalks as carrently harvested consisted of a
mixture of leaves. husks, and stalks, primary interest focused on testing composite
sections. However, in order to detenmine the clfect of each elemental part on the
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composite sections. individual tests were made on the leave, husks, and stalk for one
sample.

After seiglung a 800 gm scale (006 mm accuracy), each component was
nghtly wrapped and sealed in two heavy duty freezer bags to prevent moisture losses
or gains {stalks were cut in approximately 10 equal lengths to make packaging
poszible). Swmnples were then packed into a paper bag and refrigerated 1o reduca plant
respiration rates.

Approxinuiely 200 grams of cach sinple were used to conduct moksture
content tests by oven drying at 1057 C for 72 hours (ASAE S3352). One moisture test
was made per component part. All moisture contents were calcutaled on wer basis
(w b

A Parr Adiabatic Series 1200 Oxygen Bomb Calorimeter (Parr Instrument
Cuompam ) was used to determine the gross encrey content of one gram samples of
cach component. All samples were weighed on Bulance to 0001 wram accurmracey.
Triblicate  combustion tests on each component were made by modiiving  the
procedure establizhed by the National Burcou of standards (Jessup 1960). Tins
pracedure modified in these samples were not pelleted due to mowsture changes
which would cccur in the pelleting process. Since many samples were high in
moistne, pelleting compressed moisture from the samples.

Stunddardization 1ests on the calorimeter were made three times during the
cotrse of esperimentation. These tests were performd to find the effects of the
thermal capacity of the bomb and calorimerer vessel. The standardization ests
followed the samne procedure as other combustion tests except benzms acid. a fiel of
Kknown heating value 26470 MI/kg was used.

Cambustion ests on 288 sample componenis were performed on a wet basis.
In additton. 16 tests were made on cobs, stalks. leaves. and husks on an oven dry
basis. Since bomb calorimeter results express encrgy values were caleulated on a wet
basis. Net energy was copsidered important since it was the actual value obtamed
from combustion in a fumace. Unlike gross energy, net energy does not include the
lutend heat of vaparization recovered dunny the condensation of the water vapor,

All plots were tested for single linear (straight hine) and other order responses.
A Statistical Analvsis System {SAS) stepwise peneral hnear modelling procedure was
used i testing several relationships that predicted cob and stalk energy. The
statistical significance of the relationships were determined by considermg R™ values.
F-tests on the sample variances, and t-tests on the estnmated regression coelficients.
Staustical analyses also included the computation of the mean values, standard
deviations of the means, and standard errors of the mean values, standard deviations
of the means, and standard errors of the estimared regression coefficients.
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RESULTS AND DISCUSSION
Cob and composite combustion results and cob, composite. and kemnel
moisture contents were recorded for each sample in Table (1).

Takle (1): Moisture content and Energy result for indvidual samples.

Kernel M.C Cob M.C Cob Energy Compasite Compusite i
Sampie KMC % CMC % (CEYMVkg | COM M.C % Eneryy
. {w.b) {w.b} {w.b) {COME) MJ/iy |
1 22258 31,06 R 43.62 U910
2 19.06 19.00 15292 14,83 16274 ¢
K] _ 2024 28 9% 14018 40.24 1§ 750§
4 1086 1323 16 593 14.07 16448
5 1% 52 20 87 15016 18.33 14.819
6 25 62 40.0] 9728 16 40 9707
7 2615 47.00 10.827 47.40 11.332
8 23.04 3077 12.735 23.71 14673 |
9 2449 42.15 11.375 46.28 10.041
10 23 63 37.23 It 970 41.28 11.102
N 1950 24.85 14.400 28 18 14 060
I 12 1914 2570 1y o758 4198 1T 067
T 15 68 21.24 14991 2491 14297
i4 1964 19 00 15416 12.05 10 437
13 1813 i17.19 15.842 32.44 13.032
16 22495 3015 13433 14.66 16350 |
17 T 1533 16,092 36.89 12019}
i3 2283 36.60 12267 43 57 11377 |
) 1710 15.90 16 060 12.00 16.750
20 1620 10.26 15899 3957 11.732
2 1528 16.21 13757 2498 [3.822
22 30 04 25.63 T 14243 17.64 15 60U
23 1976 21 70 14919 41.65 10814
24 2014 2117 14953 28 53 13.339
25 1821 19 25 15 380 3506 12417
T 904 3102 b3 142 1431 16249 ¢
27 2009 23 41 14 635 17.62 155
28 2337 33 42 127063 62.98 7072 |
20 1914 i8] 15478 15.54 163335 ¢
4 o 21.21 3200 12090 3590 11782
|3 2179 31.99 £3023 4913 9913
- 32 2080 2755 13,760 19.55 15142
33 15.87 15.8] 15,966 414} 10856
34 2242 3553 12.263 56.95 8223
35 E8 44 22.48 14,609 11.29 17410
B 36 | 1745 15 52 16 154 12.30 16,613
3 1653 17.06 15,661 THE 16 896
38 23118 3737 11.830 19.39 14 963
39 2544 40 10 11.255 4143 11 059
40 1991 20.58 14 994 29.31 13.183
a1 2019 26.33 13993 48.68 10173
42 1582 487 16014 18 47 16 290
Average 20,99 25.87 14.04 29.68 13.280 '
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Cob motsture varied between 13.23% to 47.00% with averge of 25.86% and
cob energy vaned between 9.73 Mikg to 16.59 MI/ky with average of 14.05 MJ kg
Composite moisture varied between 11.11% to 62.98% with average 29.68%. and
composite energy varied between 7.07 Mi/ky 10 17.01 MJ/kg with a mean of 13.28
MIkg. Thus, cob energy averaged 5.7% higher than composite energy.

Composite energy differed considerably with previous studies. Kajewski et al.
(1977} reported that comstalks (composites) contained 16.6 MI/kg on an oven dry
basis. This value was substantially less than 17 01 MJ/kg determined in this research.
FEnergy ditferences may be attributed to  differences in  moisture content.
representative samphing procedures, and chemical natures of the samples.

The chemical nature of the cornstalk may also have varied. Cellulose and
lignin typically make up 80 to 93%% of the drv weight of biomass materials. Since
these marerials are the combustible components, a variation in total or relative
amounts of celldose and fignin may have resulted in different combustion results.
Composition could be caused by different sampling procedures and ’ or differem
plant varieties. i

Cob energy reasonably agreed with Dablberg (1977) and Porter and Wiche
{1984) who reported oven dry values of 18.362 Mlkg and 18.617 MIkg
respechively. Anderson’s (1972) listed a lower of 17.375 MYkg This closely
corresponded to determine by this study as shown in Table (1),

A general Hnear modelling procedure was used in testing several relamtionships
for predicting cob and composite energy. As shown in Figure (!) the relationship
between cob moisture content ®% (w.b) and coh energy (MI/kg). The best-fit equation
is given in the following:

CE = 18.889 - 0,185 CNIC {1
Where:
CE = Cob energy (Mi/kg)
CMC = Cob moisture content, (wb, %)

- . - N . . . W .
Analysis of variance on the relationship vielded R™ was equal to 0.99 . The F-
and t- tests on the regression vanances and estimated coefficients were significant at
the 0.0001 level.

The relationship between composite moisture content percent (w.b} and
compostte energy (Ml/kg) was also plot as shown in Figure (2). It defined by the
following Equation:

COMNLE =19-0.187 COM\IC (2)
Where:
COM_ E = Composite Energy (MI/kg)
COM. MC = Composite moisture content, {w.b, %)
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As shown o Figures (1) and (2) and 0 Lguations () and 12) were
superimposed showing nearls indenticat enerey values ar the same moisture level
Although cob and composite energy were equal at the same moisture content. their
moisture contents may hine diflered considerably when harvested resulting in large
energy dillerences.

As shown in Figwre (3) there are good relationship between cob moisture
cottent and kernel moistare content. The close relatonship between cob and kemel
motsture allowed cob enerey to be predicted oo the kernel moisture content Cob
energy expressed ad a function of kernel mosture content (KMC wby was tested,
Figure (1) shosws this relationship, And is detined by the following Equation:

CE = 1195 + 0.776 WMC = 1,032 KM (3)

The Fand T tests were significant at the 0.0001 Tevel
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From a combustion standpoint, experimental evidence indicated cobs offered
two advantages over composite sample: cob energy averaged 3.7% higher than
composite energy and cob energy could be predicted from the kemel moisture
content. Cob energy averaged 5.7% higher {per umit weight) than composite energy
because the average moisture content was lower over the sampling peniod. Composite
maisture content of the samples depended on environmental conditions and exhibited
the lowest and lughest moisture content compured to cobs. Cob moisture did not vary
as much as compasite moisture since the kernels and husks provided an effective
barvier againts environmental conditions.

On the other hand, favorable (dry) environmental conditions may place
composite moisture below cob moisture, making composites more advantages on a
heat content basis. Out of a total of 42 observations, eight composite samples
contained moisture contents between 11.11% uand less than 15%. Cobs had two
samples between 13.25% and less then 15% maoisture content. Although the concept
of harvesting the driest portion of the composites in a field may be impractical, the
possibility exists to gauge composite harvesting with favorable environmental
conditions. Composites harvested after several consecutive warm, sunay, and windy
days may contain less moisture and more energy than cabs.

Since one sample was divided into stalk, leaves, and husks, the composite
ensrgy and moisture content of this sample were calcutated from the weight fractions,
moisture contents, and combustion results of the component parts, as shown i
Table (2).

In most cases, composite energy was considerably reduced due to the stalk
component as shown in Figure (5). Stalks were exceptionally high in moisture
content campared to other components and represented large fraction of the total
composite weight as shown in Table (2). The weight fraction of component part of
composite was 0 391§, 0.232 and 0.176, for stalk. feaves and husks rep.

CONCLUSIONS
The following conclusions were reached from this research:

1- Cob and compasite energy were nearly identical at the same moisture content. The
dry unit weight energy of cobs, composites, stalks, leaves, and husks was similar.
Cob energy (per unit weight) averaged only 5.7% higher than composite energy
due to the lower overall moisture content of the cobs. )
The close relationship between cob and kernel moisture allowed cob energry to be
predicted from the kernel moisture content. Cob energy could be reasonably
predicted from the kemel moisture content. Composite energy could not be
predicted from the kernel moisture content.

3- Composite energy was considerably reduced due to the stalk component; however

the percent of energy for stalk to total composite energy was about 43%.
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Table {2): Composite moisture contents and energy

Camponenl M.C Weight Composite Compusite
Sample Part Y {w.b) (raction MO Energy
~ % (w.b) MJl/kg
Stalk 50.33 03143 25.885 5014
1 Leaves 12,16 (32258 2.746 3771
L __Nusks 13.36 02599 3.472 4.244
- 32103 | 13079
Stalk 5559 0.6018 33.454 2.3%9
2 l.eaves 12.57 0.2402 3.019 3932
Husks 18 80 0 1580 2970 2235
T T 39343 i1 566
Stalk 53.55 0.6907 36.987 5.922
3 i.caves 1192 v 1896 2.260 312
Husks 17.58 0.1197 2.104 1 346
41351 T4 580
Stalk 76.15 0.611] 46.535 2756
4 [.eavey 14.38 01297 1.865 2.089
. Husks 32,37 € 2562 8.390 3.355
56.79 82 ]
Stalk 1447 0.4422 6.399 7508
5 Leaves 14.20 .3429 4.369 5.570
b sk 1292 02149 2777 3502
—14.035 16 3440
Staik 5925 1.6264 37114 4732
6 Leaves 30.19 02234 6.789 3.460
Husks 30 44 g 1502 4.572 1.939
48.475 i0.131
Stalk 51.21 .6308 32.303 6.066
7 Leaves 10.90 02081 2268 3445
Husks 11,92 01641 1.920 2664
36.491 12,175
Stalk 13.38 04342 5.810 7.128
8 Leaves 1217 0 3453 4202 5.829
Husks 11.82 0.2205 2.606 3.682
12.618 16.639
Stalk 6231 U 6538 40 862 5963
9 Leaves 14.38 01842 2.649 29048
Husks 23.25 5. 1600 372 2.404
47231 11313
Stalk 61.26 0.3473 33.528 4063
10 Leaves 1539 1.2978 4.583 4.667
Husks 18 62 01549 2.884 2,306
40.995 11.030
Stalk 36.70 0 686 34508 4 6606
11 Leaves 1518 02472 3.752 4.001
Husks 2343 013442 31.335 2135
41.395 10.802
Sralk 77.12 0.7363 56.783 3336
12 Leaves 12.5¢ 9.1470 1.839 2.447
Husks 3989 0.1167 4.655 1.353
63.277 7.146
Stalk 52.61 0.591 32.51 5.202
average Leaves 14.63 0.233 3.403 3.7713
___ Husks 21.18 0.176 3.617 2,639
WLy 39.53 11.614
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Figure (5): Effect of stalk weight fraction on totai composite Energy
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