


. .  

.. . 

. ... ' .. 

Printed in the United States of America 
Available from: 
National Technical Information Service 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 
Price: 

Microfiche $3.00 
Printed Copy $4.50 

NOTICE 

This report was prepared as an account of work sponsored by the United States Govern- 
ment. Neither the United States nor the United States Department of Energy, nor any of 
their employees, nor any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or responsibility for the 
accuracy, completeness or usefulness of any infornation, apparatus, product or process 
disclosed. or represmts that i t s  use would not infringe privately owned rights. 



SERI/RR-353-354 
UC CATEGORY: UC-61 

AGRICULTURAL CROP RESIDUE 
COLLECTION COSTS 

J A N  DAUVE 
SILVIO J .  FLAIM 

DECEMBER 1979  

PREPARED UNDER T A S K  No. 3321.3 

Solar Energy Research institute 

1536 Cole Boulevard 
Golden, Colorado 80401 

A Division of Midwest Research Institute 

Prepared for the 
US. Department of Energy 
Contract No. EG.77.C.01.4042 



FOREWORD 

This report, performed Ltnder Task 3321.30, is one of a series involving costs and benefits 
that  arise from harvesting agricultural biomass for use as an energy source. Two sample 
fans ,  in Iowa and Oklahoma, are used as the basis for estimating collection costs. Oata 
from this and other reports will  be used as inputs to a macroeconomic analysis to  
measure the impacts of large-scale agricultural biomass utilization. 
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SUMMARY 

Five systems for collecting agricultural crop residues are exanined: conventional Sales, 
big round bales, big rectangular bales, stackwagons, and loose chop. Costs are estimated 
for new machinery and do not represent average charges for the existing stock of 
harvesting equipment nor opportunity costs for other farm activities. Agricuitural crop 
residue collection inereases total farm production costs, and revenues from residue sales 
will determine the profitability of this activity. Adoption of minimum tillage practices 
will increase the amount of residue available for energy conversion and also reduce pro- 
duc ti on expenses. 

With conventional practices, the stackwagon system had the lowest costs per ton for both 
a 400-acre corn harvest and a 750-acre whezt harvest. Big round bale systems are less 
expensive than stackwagons when crop residues are stored over a long period of time. 
Big reetangular bales are competitive with other systems when large acreages are har- 
vested. Conventional bales are competitive on small fields if on-€arm labor is not a con- 
straint. Loose-chop harvesting systems are not feasible unless transportation distances 
are short. Collection cost estimates varied from a low of $12.63/ton for loose chop har- 
vesting of corn stover to $25.85 for giant rectangular bale systems. Stackwagon systems 
were the next lowest cost alternative at $15.37/ton. Loose chop systems are not con- 
sidered a viable alternative because of high storage and handling costs. 
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SECTION 1.0 

INTRODUCTION 

Agricultural crop residues have four potential uses: (1) animal feed, (2) animal bedding, 
(3)  prevention of soil erosion and soil fertility maintenance, and (4) an energy source. 
The third use is most cornrnon because the technologj to use residues as an energy source 
is not well developed and feed values are low. Residues are grazed or harvested for feed 
by some farmers, but rnost use them for this purpose only when other forages are 
scarce. Residues are seldom the primary roughage in an animal's diet, The potential 
energy that residues contribute to US. e n e r g  supplies depends primarily on the costs of 
residue collection. The purpose of this study is to examine the farrn-level costs of 
collec ting agricultural residues for use as energy feedstocks. 

1.1 CHARACTERISTiCS OF AGRICULTURAL CROP BESIDUES 

Crop residues are diffuse in nature, owned by many individuals, and, therefore, generally 
expensive to harvest. Because of their low energy density, crop residues also are 
expensive to store and transport. Residues are plentiful in sone  regions, and often the 
largest concentrations are in areas that are fossil fuel deficient. Advantages of agri- 
cultural crop residues include: the large volume presently available (estimates as high as 
430 million tons annually have been reported [Alich et al. 1977, p. 111), renewability, low 
sulfur content, and the potential for near-term applications. Disadvantages of 
agricultxal biomass include lower 3 t u  content per pound and expensive colleztion 
costs. Crop residues have diverse characteristics, and each of these characteristics can 
affect storing, processing, and transportation costs. 

Tillage methods aff eel residue availability. Reduced tillage practices conserve soils and 
allow larger amounts of residue to be removed safely (Flaim 1979). Conservation tillage 
usually reduces production costs because fewer trigs are made over a field, but  costs may 
increase for herbicides and pesticides used to kill weeds and insects that are normally 
destroyed by plowing. Conservation tillage also reduces total energy consumption of the 
farming activity and increases residue yields, without increasing erosion, by 0.46 
ton/acre for corn stover and 0.49 ton/acre for :vheat straw in two situations analyzed 
(Flaim 1979). Overall, the effectiveness of conventional tillage practices depends on soil 
type and weather conditions (Washington Post 1976). 

A variety of liquid and gaseous fuels can be derived from crop residues. The most cost- 
effective uses now are either burning them directly either at a power plant or burning 
them on the farm (in most cases as a substitute for propane) for grain drying and for 
space heating. Several companies are presently manufacturing residue burners for on- 
farrn use. 

In this report, two specific types of crop residues are examined: corn stover and wheat 
straw. Both are available in large areas of the country and are grown in high enough 
concentrations to be potential substitutes for conventional fuels. Other crop residues are 
als3 available but in smaller quantities. 
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Crop residues are available in sufficient quantities to make a substantial contribution to 
the energy requirements of Iowa or Oklahoma, the two sample farming situations 
included in this analysis, The Ponca City, Okla., power plant has two 515-?!IW boilers and 
may be used to demonstrate the magnitude of agricultural residues as a fuel source." To 
supply this plant w i t h  lo?& of its required fuel at  ful l  capacity would take 2,768 ton/day 
of wheat straw, assuming 13 x 1 0  Btu/ton. Assuming further that one ton of straw could 
be removed from each acre and that only half the land were in wheat, the maximum 
hauling radius to fuel this plant at  10% firing rate would be only 22 miles. 
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1.2 FACTORS AFFECTING CROP RESIDUE COLLECTION COSTS 

Land, labor, capital, and management are four basic factors of production. In this sec- 
tion, these factors and the items that influence their costs are examined. 

Land is already committed to the production of crop residues. There is no charge in this 
analysis for land because crop residues are produced in greater amounts than they can be 
used economically. We define T1excessll residues as that amount produced over t h e  mini- 
mum required to maintain soil fertility and control erosion. Further, crop residues re- 
quire additional machine operations for chopping and incorporating them into the soil. 
Excess residues may require more pesticides per acre because insects thrive in humus- 
rich environments. A cost nay be assessed for replacing nutrients removed when 
residues are collected, but this will vary with soil types, residue removal rates, weather, 
and tillage practices. 

'!'he value of nutrients lost when residues are removed vary by crop and the soils fro:n 
which they are removed. Short et al. (1979, p .  2) estimate tha t  the cost of lost nutrients 
ranges from $2.79 to $5.34/ton in 1978. Uich et al. (1977) estirnste tha t  the charges 
range from $3  to $lO/ton. Buchele (1977) takes a credit for residue removal, arguing 
that the stubble and trash remaining after removal are sufficient for erosion control and 
that chopping and discing operations are no longer required. i\le 8ssume that the quantity 
of residues left after harvesting is sufficient to control erosion and to sustain crop 
production economically and indefinitely. Hence, no costs are charged for nutrients lost 
by residue removal. 

Labor could be a constraint on crop residue collection. Most labor required would need 
skills that are utilized during normal farming operations, but timing residue harvests may 
create a probiem. Corn stover should be collected during or shortly after grain harvest 
and before the arrival of winter snows. This is a relatively short period when farmers 
often are busy wi th  many other prewinter tasks. Fall plowing can add another activity to 
this short season. Labor availability for Collection of wheat straw in Oklahoma should 
not be as much of a problem as stover collection in Iowa because of a longer potential 
collection period. 

The discussion cf capital is limited to machinery used for preparing, packaging, and on- 
farm transporting of residues. The machinery com2lement represents the large amount 
of capital reqsired for residue collection. Various items affect machinery performance 
and, thereby, the costs of residue collecticn. Obviously, the most important 
consideration is matching the equipment in terns  of size and canability to the farT;! on 

*David Urban 1979: personal communication. 
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which it is to be used and to other equipment in the comple.nent. The location and 
packaging preferences of the residue consumer also will be a? important determinant of 
the machine com?lement. If the consumer is far away, greater density of packaged resi- 
due may be very important. Climate will have an effect also. If t h e  collection season is 
short, machinery with high capacity and efficiency may more than offset additional 
capital costs for it. The weather in any given year will affect performance in that 
year. The ability of the operator and his familiarity wi th  the equipment can have a 
major effect on costs. 

In Iowa, farmer-owned haying machinery should be readily available for corn stover col- 
lection because the haying season already will have ended. In Oklahoma, this may not be 
the case. The timing of residue harvest and hay harvest will be  situation-specific to an 
individual farm. If a farmer already owns his equipment, there should be little resistance 
to harvesting some residues and little or no inefficiency in beginning a new enterprise. 

Xanagement, the last factor of production, is the most difficult to deal with in a general 
manner. The manager must  handle the other three factors simultaneously, along with 
special circumstances that may occur because of location, land configuration, weather, 
governmental policies, or a variety of other related items. lk'ithout government policies 
to allow for the variability of production choices in response to the items that are beyond 
management's ability to control, residue prices and quantities will fluctuate similarly to 
the way t h a t  grain prices fluctuate. Residues as an energy source will require the 
communication and cooperation of managers of farms, power plants, manufacturing 
firms, and transportation services. 

1.3 CROP RESIDUE COLLECTION SYSTEMS 

This report only considers collection systems that are currently available from farm 
equipment dealers. This subsection describes the activities of collecting residues and 
hauling them to a central on-farm location. Each system described is based on a common 
machinery complement. A machinery complement is the set of machines required for 
the performance of a specific activity, in this case t h e  collection of crop residues. The 
systems described are based in part on "Hay Harvesting Systems" from Doanels 
Agricultural Report (1 379). 

A conventional baling system produces rectangular bales that measure approximstely 
14  in. x 18 in. x 50 in. and weigh 35 to 100 lb. A conventional baling machinery 
complement consists of a tractor with of at least 2 5  hp, a baler, rake, mower, or 
windrower. Windrows may be made after mowing or w i t h  a mower conditioner, depend- 
ing mostly on the farmers' preferences. To pick up and haul bales, labor-intensive opera- 
tions are being replaced by automatic bale wagons. Bale wagons permit higher capacity 
complements including self-propelled windrowers and tandem rakes. Bale wagons have 
led to a large reduction in labor required by a conventional baling system, but it still is 
the most labor-intensive system examined here, and it is best suited for smaller farms or 
farms with small or odd-shaped fields. 

Large round balers produce bales t5at can weigh as mach 2s 3,000 lb  and that are 7 f t  in 
diameter and 6 f t  wide. The most common dimensions are approximately 6 f t  I 5 ft.  
This system requires less labor than the conventional baling system and is typically used 
on farms of moderate size (300 to 1,000 acres). The lotwest cost per ton is achieved with 
a total annual tonnage slightly higher than conventional baling systems. A windrower, 
rake, bale mover, and tractor commonly are Qsed with a large round baler. Nachinery 
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choices are flexible for equipment complements and a dual complement may be used with 
larger balers. Two advantages of the  large round bale sjstem are the possibility of one- 
man collection and the fact that bales do not require covering for out-of-doors storage. 

A relatively new collection system is a big rectangular baler that makes bales which are 
approximately 4 It x 4 f t  x 8 ft.  At  minimum, a 100-hp tractor is required. Other 
equipment in the machinery complement could include two windrowers, two sets of 
tandem rakes, and 5ig bale handling equipment-either an accumulator or grapple fork. 
Big bales require co*ier while being stored. This system is the least labor intensive and is 
practical only for large acreages (600 acres or more>. 

A fourth collection system presently available is a stacking system. Stacks vary from 
1 to 12 tons with dimensions as large as 15 f t  x 24 ft. A typical machinery complement 
will consist of a windrower or mower conditioner, stacker, and stack mover. Some 
companies have combined the stacker and stack mover into one unit which reduces total 
capital investment. A stack system compares favorably to a large round baling system 
except that very large stackers are suited only for  fields 50 acres or larger. Only one 
person is required to operate the machinery. Stacks can be stored unsheltered, and no 
twine is required. The lifetime of a stack is highly variable but compressed stacks 
usually have longer lives than loose stacks. 

The last harvesting system considered in this report is a loose chop system. This com- 
plement consists of a flail-type chopper, wagon, and tractor of at least 50 hp. (A forage 
harvester is not considered because a flail chop2er will harvest the residue for a lower 
cost.) This system also allows for one-man collection but has one very prominent 
disadvantage: the material is not compacted or packaged. This system has trans- 
portation and storage constraints unless the residue is densified. 
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SECTION 2.0 

COSTS OF CROP RESIDUE HARVESTING 

2.1 COST ASSUMPTIONS 

The costs estimated in this report are presented on a per-ton basis except where speci- 
fied. It is assumed tha t  collection equipment (excluding tractors) is only used to harvest 
residues. Lower per-ton costs should arise if this equipment is used also for haying. 
Assumptions regarding yields and farm sizes affect the following calculations very little. 

The acreages assuned are 400 acres of corn and 750 acres of wheat. These acreages 
make the cost estimates for wheat straw somewhat cheaper than corn stover on a per- 
ton basis because total hours of usage will be greater over the 10-year life of the 
equipment. This effect is negligible because farmers seldom keep equipment for a 
prepianned length of time. These acreage assumptions provide a reference point rather 
than a generalization about costs, average farm sizes, or average crop plantings. 

This section includes cost estimates and an explanation of their derivation and related 
information. To estimate costs, each operation was divided into the four factors of pro- 
duction: land, labor, capital, and management. No cost is assessed to land because it is 
an input into production of grain, oilseeds, etc., and residues are not charged for land to 
avoid double counting. A $4.00/h return to labor is assumed throughout. This is $0.25 
higher than the estimate presented by Edwards and Stoneberg (1979). Operating and 
fixed costs for machinery were estimated using worksheets f rom the Cooperative Exten- 
sion Services of Ioiwa, ?Jissouri, and Oklahoma (Ediyards and Sroneberg 1979; Workman 
1975; Xelson and Kletke 1378). A return to management of approximately 8% is also 
built into the estimates. The costs presented are based on current 1979 prices for new 
machinery only. These estimates do not represent average charges for the existing stock 
of harvesting equipment and do not reflect opportunity costs for other farm activities. 

Yields of harvestable corn stover, meaning that amount which can be "safely1' removed 
and still be within the soil loss tolerance limits set by the Soil Conservation Service, are 
assumed to be 1.5 ion/acre. This is a conservative estimate based upo!i figures of 1.15 
tonlacre for conventional tillage and 1.91 ton/acre with conservation tillage which were 
reported by Flaim (1979). Wheat straw yields are assumed to be 1 ton/acre. This 
estimate is based on 0.81 ton/acre wi th  conventional tillage and 1.30 ton/acre when 
conservation tillage practices are followed. Therefore, one may expect 2otential yields 
for residues harvested following conventional tillage practices to be slightly lower and 
the cost per ton to be slightly higher than those estimated here. For conservation tillage 
one would expect that the estimated yields are understated and, consequently, the costs 
per ton are overstated for the farm sizes -under consideration. 

Custom hay harvesters may use their equipment more fully by collecting res'd ues. 
Custom operators could start collecting residues shortly after the grain harvest begins. 
Alternatively, if the grain is custom-harvested, the farmer who owns haying equipment 
could follow the custom operator. Either alternative allows the iandowner xaximurn 
utilization of his land and equipment and the choice of avoiding a shortage of labor on 
the farm. Custom rate charges are presented for comparisons with our cost estimates. 

Table 2-1 summarizes the cost estimates for harvesting corn stover in Iowa. Table 2-3 
summarizes the cost estimates for wheat straw harvesting in Okiahoma. Both tables 
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include all five system under examination and present average costs per ton for each 
system. Tables 2-2 and 2-4 present the custom harvest costs of conventional baling, big 
round baling, and stacking. N o  custom charges were available for on-farm hauling in 
Iowa or for stack hauling in Oklahoma. These costs were ta!ten from estimates in Tables 
2-1 and 2-3 to provide a total custom collection cost per ton. 

2.2 CORN STOVER HARVESTIXG COST ESTIMATES 

The cost per ton of harvesting and transporting corn stover on-farm in Iowa with a %ton 
stacker is estimated to be $15.37 (Table 2-1). The cost of machinery is the largest cost, 
and this figure would decline as total annual tonnage exceeds 600 tons. Smaller stackers 
would be more efficient if smaller annual tonnages were collected. Larger stackers are 
more efficient for larger tonnages and larger fields. 

Table 2-1. COST ESTIMATES FOR CORN STOVER HARVESTINGa,b 

On-farm Total Cost Total Co t 
Harvesting System Mow Rake 'Windrow Package HaulC ($/ton> ($/M3tu 8 ) 
Three-ton stack - - 4.40 6.21 4.76 15.37 1.18 

Conventional bale 2.80 1.82 - 10.06 9.49 24.1i 1.86 
- - 6.96 5.67 12.63 0.97 

Big round bale 2.80 1.82 - 6.35 5.96 16.93 1.30 

Loose chop - 
Big rectangular - 2.03e 4.44 10.88 8.50 25.85 1.99 

bale 

aIf a power unit is required, it is included in the cost estimate. 
bThe machinery complement should be matched io a specific set of circumstances. The use 

'The hauling distance is assumed to be one mile. 
d8ased on 13 x lo6 million Btu/ton of residue. 

eMow and rake operations w m l l y  substitute entirely for the windrow operation. Raking is 
required in addition to the windrow operation for big rectangular Sales because of the large 
pick-up capacity of this baler. 

of a complement does not necessarily imply that the authors recommend it. 

an-farm storage of stacks would require only land to set t h e 3  an; no cover is reqtiired. 
This involves little or no cost during the winter. Unless the farmer has idle land riorrnal- 
ly, the opportunity cost of the land will be prohibitively high in the spring and summer .  
For the farmer who lacks excess labor, stacks are an excellent option. 

3ig round bales cost approximately $1 6.93/ton for collecting, packaging, and on-farm 
hauling. The cost appears to be competitive w i t h  stacks unless very large acreages are 
harvested. Round bales have the advantage of being more deme than stacks and, since 
they are wrapped with twine, there is less chance of a round bale falling apart. X 
smaller tractor can be used to pull the baler than to pull a stacker. Capital costs are 
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approximately the same as for the stacker, but operating costs are higher. A farmer who 
is capital-short may fare better with a big round baler rather than a stackwagon. 
Storage for both is simply a matter of figuring the opportunity cost of the land for the 
storage time. 

Conventional baling systems are most efficient for tonnages smaller than 6 0 0  tons 
annually. The cost for harvesting 600 tons wi th  conventional bales is $24.17/ton. While 
costs of t h e  other systems increase as annual tonnages decrease, a conventional baling 
system wi l l  have virtually the same cost per ton whether 100 or 500 tons are collected 
annually. This system is the most labor-intensive and is best suited for farms with labor 
available. Storage costs are higher because these bales require cover to maintain their 
quality except in arid regions. Advantages of these bales are higher density and 
stackabili ty. 

Loose chop collection is the cheapest method of transporting a ton of residue to a central 
on-farm location. It costs only $12.63/ton. Its disadvantage is its loose form. Problems 
with storage and harvesting appear too large to overcome unless a densifier can be used 
on, or near, the farm to facilitate handling, storage, and transport. 

The cost of harvesting and on-farm hauling of giant rectangular bales is $25.85. The 
lowest cost per ton for this system is for an annual harvest greater than 600 tons. It is 
competitive with the other systems on very large farms that have little or no excess 
labor. The machinery complement includes an accumulator that can be used for hauling 
the bales or dropping them in gro!ps of three. These bales require covering similar to 
conventional bales and have the advantages of being stackable and denser than the other 
three systems. Pickup capabilities are highest for this syst?n, and labor use is the 
loslvest per tm. 1 -  

2.3 CUSTOM H A R V E S m G  COSTS FOR CORN STOVER 

Two sets of custom rates are examined in this section (Table 2-21, The first is based on 
Oklahoma custom rates. A custom rate charge for on-farm hauling was available. These 
rates provide an estimate of the total charge by a custom operation for the collection 
and on-farm hauling of crop residues. The rates are state averages obtained by the Ex- 
tension Services. 

The cost for collection and on-farm hauiing based on Oklahoma rates for a stackwagon, 
big round baler, and conventional baler are $16.70, $17.53, and $21.77/ton, respectively. 
No estimates were available for loose chop systems because few farmers hire custom 
operators for forage harvesting and hauling. There were no custom charges available for 
the giant rectangular baling system because it is a new machine. One would expect 
custom charges to be  higher than a farmer’s out-of-pocket harvesting costs. The reasons 
for this unexpected resLilt with conventional baling system are the hourly wage rates 
assumed and the size of the automatic bale wagon used in the previous estimates. 

Custom charges for collection and on-farm hauling for stackers, big round balers, and 
conventional balers in Iowa are $16.85, $20.1 3, and $21.99, respectively. Comparing 
custom charges shows how much costs vary between locations. Custom charges for corn 
stover harvesting in Iosva and Indiana were $23,00 and $18.10 for %ton stacks, $11.90 and 
$7 . i0  for large round bales, and $3.84 and $9.48 for loose chop harvesting (Abdallah 
1978). 



Table 2-2. CUSTOM CHAXGES FOR CORN STOVEX HAWVESTING IN IOWA AND 
QKLAHQ3A 

On-farm Total Cost Total Cost 
ilarvesting System Mow Rake Windrow Package I-faul ($/ton) ( $ / M B t ua> 

b Iowa: 
Three-ton Stack - I 5.60 6.50 11.76' 16.86 1.30 

Conventional bale - - 5.60 6.90 9.4gC 21.99 1.69 
3ig round bale I - 5.60 8.57 5.96' 20.13 1.55 

Three-ton stack 3.22 2.05e - 6.67 4.76' 16.70 1.28 
d Oklahoma: 

Big round bale 3.22 2.05 - 9.10 3,16 17.53 1.35 
Conventional bale 3.22 2.05 - 9.60 6.90 21.77 1.67 

aBased on 13 x l o 6  ,ilRtu/ton of residue. 

bEdivards and Stoneberg 1379. 

'Estimated because no custom rates were available. 

dNelson and Iiletke 1978. 

eMow and rake operations substitute for windrow operations. 

Large amounts of corn stover can be collected for less than $20/ton and, as harvested 
acreage increases, fixed costs decrease on a per-ton basis. This is also true of custom 
rates. Generally, higher custom rates are charged because of travel time involved in 
transporting machinery to someone else's land. If the acreage to be harvested is very 
small, custom operators may even decline to come unless they are paid a premium above 
their usual charge. 

2.4 WHEAT STRAW HARVESTING COST ESTIMATES 

The systems that were examined for the collection of corn stover in Iowa are examined 
for the collection of wheat straw in Oklahoma, including the three systems used in the 
section on @ustoin rates. The 
advantages and disadvantages of stack systems for wheat straw harvesting parall-?! those 
for corn stover harvesting. Straw stacks do not hold together well, however, ~ v h i c h  3n-z~ 
lead to higher storage losses. The cost for the big round bale system is $lS.S2/ton. The 
costs for harvesting with the conventional system, loose chop, and giant rectangular 
bales are $21.49, $14.1 1, and $20.43, respectively. Harvesting costs reported by Iioelsch 
ranged from $18.60 t3 $21.90/ton in Kansas because of 1o;srer yields (Xoelsch e t  ai. 
1977). The cost per ton for giant rectangular bales declined more than 55.00 with an 
150-ton increase in annual tonnage harvested. The big bale systez is particularly ad- 
vantageous for large acreages and users that handle a large volume of hay. 

Costs for the stack system are $15,99/ton (Ta5le 2-31. 

a 



Table 2-3. COST ESTIMATES FOR WHEAT STRAW HARVEST3WGa~b 

Swath Package  On-f ar m Tota l  Cost  Total  Cost 
Harvesting System ($/ton) ($/ton) Haule/$/ton ($/ton) ( $/ M 8 t u> 

Three-ton s t acks  4.89 6.48 4.52 15.99 1.23 

Conventional ba le  3.18 9.28 9.03 2 1.49 1.65 

Big rectangular  ba le  4.89 9.14 6.40 20.43 1.57 

Big round bales 3.18 6.03 7.31 16.52 1.27 

Loose chop - 9.25 4.86 14.11 1.09 

aIf a power unit is required, i t  is included in t h e  cost es t imate .  

bThe machinery complement  should be  matched  to a specif ic  set of c i rcumstances.  The  

'The hauling dis tance is assumed t o  be one mile. 

complement  used is not meant  to imply t h a t  t h e  au thor  recommends i t .  

2.5 CUSTOM HARVESTING COSTS FOR WHEAT STRAW 

Harvest  and on-farm hauling cost per  ton of wheat  straw by custom opera tors  using a 
s tackwagon,  big round baler, and convent ional  baler  in Ok lahona  are $16.24, $19.36, and 
$23.99, respect ively (Table 2-4). For t h e  s a m e  t h r e e  sys tems t h e  Iowa costs are $16.72, 
$23.05, and $22.30. Cost for  convent ional  bales was  $0.09 less per  ba le  (approximately 
50 Ib) in Iowa. 

Table 2-4. CUSTOM CHARGES FOR WHEAT STRAW HARVESTING IN IOWA AND 
OKLAHOMA 

On-far m Total Cost Tota l  Cos t  
Harvest ing System Mow Rake  Swath Package Haul ($/ton) ($/MRtu") 

Iowa:' 
Three-ton s t a c k  3.10 2.50 - 5.50 4.62' 16.72 1.29 

Conventional bale  3.10 2.50 - 7.67 9.03' 22.30 1.72 

Big round ba le  - - 4.95 10.70 3.71 19.36 1.49 

Big round bale 3.10 2.50 - 10.14 7.31' 23.05 1.77 

0 klaho rn a:d 
Three-ton s t ack  - - 4.9je 6.57 4.62' 16.24 1.25 

Conventional bale  - - 4.95 10.57 7.67 23.29 1.79 

aEiased on 1 3  x l o 6  NBtu/ ton of residue. 

bEdwards and Stoneberg 1979. 

'Estimated because no custom ra t e s  were  available. 

dNelson and Rlc3tke 1978. 

eSwath operat ions subs t i tu te  for mowing and raking. 
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SECTION 3.0 

CONCLUSIONS 

Costs presented in t h e  previous section are based upon assumptions concerning acreages 
harvested and common operating practices. These figures should give a close approxi- 
mation of costs and a range of prices that farmers should be willing to expect from 
custom harvesting crop residues. il farmer who treated residue collection as another 
enterprise in its own right would raise total farm production costs, including the cost of 
residue collection, but adoption of minimum tillage practices would offset these cost 
increases. Costs also could be reduced below t h e  estimates presented here if combines 
were adapted to windrow the residue that they throw out. That would save at  least one 
trip through the field and eliminate the need for a mower and possibly even a rake. This 
could lower costs between $3.00 and $5.00/ton. 

As an energy source, crop residues could be collected immediately and relatively 
common methods of hay harvesting could be used. These costs do not account for any 
adaptation of equipment, skills, or knowledge to residue collection. Because adjustments 
would be made in the future to better handle residues, i t  is unlikely that these costs 
:vould rise substantially in the near-term. Before any collection begins, a market for the 
residues must be established, whether it is farms, utilities, or industrial conversion into 
liquid fuels. 

Residue harvesting machinery can be greatly improved. These cost estimates are based 
on four separste mac'?ine operations over the field for harvesting. Packages could be 
more densified; i.e., stackers with compression chambers would likely create stwks that 
are more weather resistant and would hold up better under transport. Whole crop har- 
vesting systems could be developed which could lower residue collectior, costs. 
Companies could become involved in material standarization by leasing equipment or 
acting as a custom operator. 

Collection cost estimztes varied from a low of $12.63/ton for loose chop harvest of corn 
stover to $25.85/ton for the giant rectangular bale system. Although loose chop is 
examined in this report, it is not presently considered a viable alternative because of 
high storage and handling costs. If loose chop harvesting is not considered, the lowest 
cost system is $15.37/ton of corn stover harvested by the stackwagon system. A system 
similar to this has already been used experimentally in Iowa for corn stover and in Kansas 
for wheat straw (Buchele 1976; Center for Energy Studies 1977). This systern, given the 
present situation, offers what appears to be the best alternative for beginning large scale 
harvest of residues. The next most expensive systems are big round bales and large rec- 
tangular bales. Big round bales are likely to be used on small to large size f a rm.  Giant 
rectangular bales are probably the best choice for very large farms. Conventional baling 
is a feasible option only on small acreages. 
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APPENDIX 

Table A-1. MACIiINf!ItY COSTS A N D  CIIARACTI!I1ISTICS 
L'OIl lIAI1VESTIHC AGRICULTUI[CAL CJ<OP RESIDUES 

Augusl 1979 
__ - - .  

Approxininte Cost of Opern t ion  
Approximrt e ($/tone) Mini i in uin Pickup Labor I:Ud 

1'ncltnp.e I&it Price 5 liorsepowrr Cnpnbility (ninn-h/ Usage 
Mnclii nca Size'' ~ o ~ n p n i i i e s ~  (in $000) Fixed Vnrinble Totti1 'I'ractorg (ton/li)g toil)g (gnl/h)g 

Stnclters (compressed) 
Stuc-lters (compressed) 
Stockers (1 oose) 

Stnclters (loosc) 

Dig round bnlers 

c.' llig roirntl balers 
-3 

Cor:veiitioiinl 
rectnngtilar Imlers 
(in od i 11 ni-du t y 

rcctnngiilrir bnlcrs 
(Ileovy-du ty) 

Dig .;qiinrc baler and 
ncvurn tile tor 

Flnii clioppcr 

Poroge \~ngon' 

s tnrlmovcr "7' 

Stnckniovcr 
Round bale mover 

(single)' 
Miilliround bale 

movcr' 
13nle wngoii 

Convcnlional 

3 ton 
3 ton 
4 ton 

4 toil 

- 
I 

- 

- 
- 1,400 l b  

- 1,400 lb 

90 Ib - 

70 l b  - 

- 1,5011 lh 

- 

6 ton 

4 ton 
4 ton 

- 
- 
- 
nnY 

any 

convcn- 
t ional  
bale 

IIc~scton, Owotonnn,  Mocller 
Ilesslon, John Ijeere, hloellrr 
Ilaybusler, J?~rinln~trI ,  Owatonna  

1,rindelt 
Ilriybuslcr, Mc*Kce, Porrnlnnd, 

Moellcr, Owalo~~nn ,  Gelil 
Vrrinrcr, Hnwld~ilt, I Iess ton 

New 1Iollnnd 
Verinecr, Gelil, New Holland 

lillcrnntionnl, Ilesston, 
Mosey Fwguson, Jolin Dcere 

Owntonnn, dohn Ikcre,Iiesston, 
Jnlernntioiinl, New Ilolland, 
Freeinnn, Mnssey Fergrtson 

I n  t erita I i 01131, Now I loilnrtd, 
Frecinnn, Massey Fergiisori 

ilcsston, llownrd Ilotovnlor 

Inlernatioricil, John Upere, 

lritrrnntionnl, Jolm Jkere, 

I I css t on, John Dcerc 
Ilcssrton, John Decre, Fnrrnlnnd 
tlcsston, Inlcrnntiouol 

Ilesston, Fnrmland, Sehwarlz, 

Frccmnn and others 

Ownforinn, John I>cerc, Ilesston, 

New llollnnd 

Mnssey Fcrguson, New Ifollnnd 

Dow Eze 

9.0-14.0 
20.0 

12.0-14.0 

20.0 

5.5- 6.5 

7.5- 9.0 

5.0- 6 . 5  

6.0- 7.0 

30.0 

4.0 

4.0- 7.0 

3.0- 4.9 
9 .0  

0.1- 0.3 

4.5 

1 2.0- 1 4.0 

3.69 
4.83 
3.65 

4.60 

2.42 

2.42 

1.92 

1 .92  

8.34 

3.21 

2.36 

1.49 
1.70 
1.81 

1.75 

3.17 

3.72 
1.81 
3.79 

1.84 

1.77 

2.08 

1.64 

2.98 

1.54 

1 .92  

2.41 

2.24 
2.40 
3.61 

2.41 

1.73 

7.41 
6.G4 
7.44 

6 .44  

4.19 

4.50 

3.543 

4.90 

9.R8 

5 .13  

4.77 

3 .73  
4.18 
5.42 

4.16 

4.90 

G O  6.5 
90 7 .5  
60 6.5 

90 7 .5  

40 6.5 

50-60 7 .5  

25-35 6 . 4  

40 8 .0  

100 14.0 

40-50 4.8 

40-50 - 

G O  5 .0  
435 

20-00 2.5 

55 2.5 

50-100 7.0 

0.15 
0.13 
0.16 

0.14 

0.14 

0.13 

0.16 

0 . 1 3  

0 . 1  

0.22 

- 
0.15 
0 . 1 3  
0.40 

0.40 

0.17 

3 .0  
4.2 
3 .0  

4.2 

3 .I) 

3.6 

2.8 

3 .2  

43.0 

1.7 

- 

3.9 
4 . 5  
2.4 

3.5 

3.00 



'Table A-I. MACfllNRRY COSTS A N D  CIiAIIACTIII11STICS 
F012 IIARVESTING AC IIICULTURAL CROP RESIDUES 

August 1979 

Approximate Cost of Operation 
Approximrr e ($/ton") Mi in i in u in Pi c k ~ p  Labor I'ucl 

Ilorscpower Cnpnbility (inan-h/ Usngc 5 Paclzagc List Price - 
Machine" Sizeb Conipnniesc (iri $000) Fixed Variable 'Totnl Trnr-torg (tou/ii)g ton)g (gnl/ii)e 

Ncw Iiollniicl arid othcrs 1.8 0.47 

Windrower (P'L'O - llesston, Owntonnu 5.0 2.27 

' Y n i ~ t h i i  rake - NPW Holland nntl others 4.6 1.92 

1.12 

I h k c  - 
nhwer (Fro) I Rlnny 1.5 1 . I0  

'Miintirower (31') - IIcsslon, Owntonria 14.0 3.61 

swntitcr (sr) I Mnsqcy Fcrgvsori and othcrs 15.0-22.0 3.03 
Swntlier - Mn!jsPy Ferguson nrid othcrs - - ______ 

~ 

nlf l l i ~  iinplemmt docs iiot contnin a powrr sowvc, n powcr unit is odtlcd for all cost eslinintes. 

1.53 2.00 
2.13 3.23 
2.13 4.40 
0.83 4.44 
0.7 5 2.G7 
0.97 4.90 
1.39 2.s1 

20 5.2 0.19 I .00 
20-GO 3.7 0.27 1.30 

30 4.9 0.20 2.94 
- 6.9 0.15 4.20 
60 10.0 0.10 1.20 
- 11.0 0.16 4.40 
30 8.9 0.1 1 4.90 

bl'licse nrc bawd on rnaxinium cnpncitics. Iri virtually all cases sinuller pnckagcs con hc rnnde. 

errtiis list is not n i l  inclusive. tt riicrcly mrntions firms tliat iiave provided literature, co~ t ,  or otiier information. 

eCosts will vary with tonnage, optiorinl equipment, type of crop, and field sizes. 
'Dirsel fiiel price is assii:nc~I to be $0.80 per gaUon. 

g13nsrd on rnanrrfncturw specifications, &ssouri Furin Planning Handbook (blissouri Cooperative Extension Service 19791, _Net)ruska 'I'ractor 'I'csts (Nebraska Cooperative 

"tlcsstoii inniiufuctiires stnclzmovrrs drsigricd for liigttwny usc. 
iOn-farm Itnuling diTtaiices arc  assumed to be one mile. 
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I'lirsr priecs will vary bctwreri retailers, compariies, nrid optionat equipment selected. 
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