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PROLOGUE
The development and organization of this 1982 Energy Symposium resulted
from an interest, on the part of a number of Minnesota turkey growers,
to utilize their discard turkey litter as a solid biomass fuel to heat
their turkey buildings.
The Energy Committee of the Minnesota Turkey Growers Association subse
quently held a number of meetings to discuss the litter burning topic
toward determining its priority for research funding by M.T.G.A. It
was determined that some growers were interested because of a problem
with disposal of litter while other growers value their turkey litter
as crop fertilizer and were not interested in using it as fuel.
A subcommittee was then appointed to survey the M.T.G.A. membership and
determine their interest in attending a seminar on litter burning. The
response indicated wide differences in opinion on the value of turkey
litter but an overwhelming interest in attending a symposium.
The symposium was developed and sponsored jointly by M.T.G.A., the
University of Minnesota Agricultural Engineering Department, and the
University of Minnesota Extension Service.

No~e:
The University of Minnesota Agricultural Experiment Station
sponsored the production of this publication. As a miscellaneous
publication, it is intended for very limited audiences and distribu
tion is made by the author. Copies of this publication may be
purchased from the Department of Agricultural Engineering, 201 Agri
cultural Engineering, 1390 Ekcles Avenue, University of Minnesota,
St. Paul, HN 55108 for $4 each, postpaid until the original printing
is exhausted. Checks should be made payable to University of Minnesota.

Although trade names and advertisements for commercial products are
included in this publication, no endorsement of commerical products or
firms by the University of Minnesota, including the Agricultural
Experiment Station, is intended, nor criticism implied of those not
mentioned.
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ENERGY SYMPOSIUM PROGRAM
Sponsors:

Minnesota Turkey Growers (Energy Committee)
University of Minnesota
Extension Service - University of Minnesota
Chairman: Dr. Peter Poss

9 :00 a.m.

COFFEE AND DONUTS

9:30 a.m.

WHY DOES A MINNESOTA TURKEY PRODUCER HAVE TO RAISE WINTER TURKEYS?
Jim Richardson, Sales Manager - Jennie-O Foods, Willmar

10:00 a.m.

ARE THERE ADVANTAGES IN YEAR ROUND PRODUCTION OF TURKEYS?
Ken Klippen, Assistant Executive Secretary -

MTC~

10: 30 a.m.

WHAT IS THE AVERAGE COST OF LITTER AND FUEL IN MINNESOTA?
Robert W. Berg, Department of Animal Science - University of
Minnesota

10:45 a.m.

WHY DO WE NEED TO HEAT A TURKEY BARN?

Dr. Ken Jordan, Agricultural Engineering Department - University
of Minnesota
11: 15 a.m.

MINNESOTA -vs- SOUTHEAST FUEL USE AND COMPARATIVE AND PROJECTED FUEL
COSTS.
John Hietala, Northern States Power Company

11 :45 a.m.

CROP FERTILIZER VALUE OF TURKEY LITTER.
Dr. Fred Bensen, Agricultural Economics Department - University
of Minnesota

12:15 p.m.

LUNCH

1:15 p.m.

REVIEW OF BIOMASS BURNER TYPES AND A RESEARCH PROPOSAL TO DETERMINE
VALUES OF TURKEY LITTER AS FUEL AND TO DEVELOP A TURKEY LITTER
BURNER.
Dr. Dave Thimson, Agricultural Engineering Depart~nt - Univer
sity of Minnesota

1:45 p.m.

THE COST OF INSTALLING AND OPERATING A BIOMASS BURNER IN A MINNESOTA
TURKEY BARN.
Terry Gunnell, Swede Stoker - Tbunderbay, Ontario, Canada

2:15 p.m.

INCREASING PROFITS THROUGH· ENERGY OPPORTUNITIES.
Dr. Tom Abeles. I.E. Associstea ~ Minneapolis

2:4~

PANEL DISCUSSION

p.m.

3: 30 p.m.

ADJOURN

The University of Minnesota is committed to the Policy that all persons shall have
equal access to its programs, facilities and employment without regard to race,
creed, color, sex, national origin, or handicap.
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1982 ENERGY SYMPOSIUM
SUMMARY
M.T.G.A. ENERGY SUBCOMMITTEE CHAIRMAN
DR. P. E. POSS
EARL B. OLSON FARMS. INC.
250& WILLMAR AVE. S.W.
WILLMAR. MINNESOTA 56201
The events leading up to the development of the symposium were reviewed
which involved a number of meetings held by the Minnesota Turkey Growers
Association Energy Committee over the past year. The need to address
the Minnesota growers energy problem and to fund research to keep the
industry competitive with other areas of the United States was pointed
out. Over the years, a lot of the resources of M.T.G.A. have gone into
research on disease, management. and nutritional work and a priority for
research on energy problems needs to be set as a matter of survival. It
doesn't help to keep the birds alive and growing well if, in the process,
the industry is not cost competitive because of energy costs.
The symposium is a first in Minnesota, addressing engineering needs for
the turkey grower. and the program was developed towards providing the
grower and the M.T.G.A. Research Committee with current information to
be better able to set priorities on energy research needs.
Why Minnesota growers need to produce turkeys in the winter months. as
well as during the regular season. was answered very directly by
Jim Richardson, Sales Manager with Jennio-O Foods 1n Willmar. Minnesota.
who stated simply that 1.) turkey products must be available for filling
and maintaining customer orders year around, 2.) product must come from
fresh turkey, and 3.) if the Minnesota turkey grower does not raise the
winter turkeys, the processor will be forced to purchase the birds from
producers in other states.
The fixed cost advantage of year-round production to the Minnesota
grower was very well described by Ken Klippen, Assistant Executive
Secretary of the Minnesota Turkey Growers Association. A telephone sur
vey of the industry was conducted to develop a range of variable and
fixed costs for each segment of the industry from the breeder men through
hatching, feed milling, growing, and processing. By doubling the off
season production from the present 20 percent of annual to 40 percent of
annual production, a saving or total decrease in costs for all segments
was projected to be quite significant at 1.5 to 2.0 cents per pound of
turkey.
Dr. Robert Berg, University of Minnesota Extension Poultryman, summarized
the questionnaire which had been sent out and which indicated a lot of
interest in having the symposium. Additionally. the questionnaire indic
ated discard litter value ranged from a disposal problem or give-away
value to over $20 per ton. Annual costs reported for new litter and
fuel were one and two cents per pound of market turkey. respectively.
and they were Significantly higher for winter off-season production.
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The need for heat in a turkey barn was reviewed by Dr. ~n
Agricultural Engineer at the University of Minnesota. The
of a turkey barn was well described, pointing out that the
in Minnesota is required primarily to heat the ventilation
the litter dry.

Jordan,
heat balance
high fuel use
air to keep

John Hietala. Agricultural Enyineer with Northern States Power Company,
described the transient current dip in propane gas costs and the astro
nomically high projected costs for the future. The turkey industry in
Minnesota was likened to another energy intensive bUSiness like the hot
house tomato industry which had to move to warmer climates because they
did not address the impending rise In cost of fuel and could not compete.
The value of turkey litter as crop fertilizer was discussed by
Dr. Fred Brown. Agricultural Economist at the University of Minnesota.
The lack of published information on the quantity and characteristics of
Minnesota turkey litter was painted out indicating a need for research
work in this area.
The afternoon program involved three presentations Which were aimed at
providing three possible directions the Minnesota Turkey Growers Assoc
Iation could go in researching answers to the litter/energy problem.
1.

Dave Thlmson in Agricultural Engineering at the University of
Minnesota described a research proposal to characterize discard
turkey litter as a biomass fuel and to develop a prototype
burner which the industry could manufacture.

2.

Wells Oswalt, representative for Anga Varme. Ltd. in Thunderbay,
Ontario, filled in for their company engineer, Terry Gunnell. who
was not able to attend. The Swede Stoker biomass burner was
described. as well as their guarantee to burn 50 percent turkey
manure with wood or bark chips in a large furnace installation.
Proposals were made this past year to two Minnesota turkey growers
for multiple building farms using hot water boilers; however,
the systems. costing in the area of $200.000 for four turkey
buildings, were not purchased.

3. Dr. Tom Abeles. with I.E. Associates, described a conSUltant's
approach to the litter/fuel problem with a number of solutions
that should be researched and looked at including the use of
discard turkey litter as a feed ingredient for cattle.
Following the formal presentations, a panel discussion was held with all
the speakers participating as panel members. A number of points made by
the speakers were clarified.
Frank Gessel, Swanville. Minnesota, took the podium and addressed the
need for developing a system to utilize turkey litter as fuel and proposed
contributions be made by individual growers and interested organizations
to purchase a burner for an existing turkey building and get a project
started immediately.
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The chairman reminded the audience of the original intent of the
symposium. which is to provide the M.T.G.A. Research Committee with
more information so that an intelligent decision can be made concerning
the priorities for. and the use of. M.T.G.A. resources for research in
1982-83. Those decisions will be made in the next two months and
funding is scheduled for July first.
Finally. the audience was questioned concerning their interest In
another symposium next year. and their response was very favorable.
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WHY DOES A MINNESOTA TURKEY PRODUCER
HAVE TO RAISE WINTER TURKEY1
JAMES RICHARDSON
VICE PRESIDENT/SALES & MARKETING
JENNIE-O FOODS, INC.
2505 WILLMAR AVENUE, SW
WILLMAR, MN 56201
I truly appreciate this opportunity to speak to you briefly on
"Why does a Minnesota turkey producer have to raise winter
turkey." On this subject, I shall only deal with the need for
growing winter turkeys as it relates to sales and marketing.
The future of our industry is completely dependent on turkey
availability twelve months of the year, particularly during the
winter months.
Many changes have taken place in the marketing of turkey in
the past 20 years. Gone are the days when processors can utilize
canner turkeys over the winter for boning.
The turkey industry has become a 52-week-a-year business. In
the year 1980, this became apparent when the per capita consump
tion of turkeys was approximately 71% in those products that
require yearly production;
24.3% cut up
35.3% further processed
10.9% fresh
The remaining 29% was sold in the frozen whole form.
These figures may surprise you since most people still consider
turkey a Thanksgiving and Christmas bird. Turkey is now a "bird
for all seasons"; and without winter production, the Minnesota
turkey industry could be adversely affected. Our future could
be in the hands of Eastern and Western growers and processors.
If we cannot fill live production requirements, then midwestern
processors must turn to producers in areas where winter product is
available. This does, however, leave the processor in a pre
carious position to fill his total needs if sufficient live
product is not available.
I remember back in the early 1950's when meetings were held
by the growers and processors on how our industry could eliminate
the problems that were plaguing us. The problem then being how
to overcome the lack of movement of the undergrades. A solution
had to be found. This was the beginning of further processing.
What was started then. I believe, has made our industry stronger.
During the past 20 to 25 years, the turkey industry has changed
in five basic phases. Each phase created a greater need for
-8

year-round production and established turkey as a daily con
sumption item in the minds of the consumer - a vital part in
growth of our industry.
Phase I
This was the development of low cost further processed product
as a means of utilizing the undergrade turkeys. These products
were low in quality from the standpoint of sliceability and were
used primarily for industrial feeding. Research and development
personnel learned greatly from customer reaction and suggestion.
We experienced many problems which had to be overcome if
further processing and cut up were to survive, such as what to
do with the drumsticks, thighs, etc. Supermarkets in the United
States were slow to accept these turkey products. If it were
not for Germany and Hong Kong taking on large amounts of these
items, this new merchandising program may not have succeeded.
At this pOint, sales had followed the Thanksgiving and Christmas
sales demands.
Phase II
This was the development of more refined further processed pro
ducts such as oven-roasted turkey breast and consumer turkey roast.
Phase II was to change the course of our industry. No longer was
further processing produced totally from undergrade turkey, but
rather a means of utilizing grade "A" turkeys in a form other
than whole turkeys for the supermarkets as well. As this type
of sales increased, so did the sales of drumsticks, thighs, etc.,
in the domestic market. The export market, further processed, and
cut up had a future.
At this time, speciality product sales were difficult to come
by. A few pioneering companies went to a great deal of time and
expense to sell the new further processing concept. Speciality
salesmen were hired to travel the United States to preach the
word: Further processed turkey was of value.
It was not easy. The biggest hurdle these sales people had
was "We only serve turkey at Thanksgiving and Christmas." Time
has proven that the early pioneer, in producing and merchandising
of turkey and speciality products, built a solid base for every
one to benefit from.
Phase III
With the development of oven-roasted breast for the Food Service
trade, it was found that we had developed a high quality turkey
product that could be used in the delicatessen throughout the
country, on the East Coast in particular. Today, this product
is one of the largest movement items in the delicatessen. The
per pound consumption of turkey would profit because of the
ability of the consumer being able to PUll.chase high quality
turkey in any quantity desired.
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Phase IV
This was the development of sales for fresh turkey and turkey
parts. Most major supermarkets started displaying fresh turkey
on a daily basis. The need for daily production, especially
during the first four months of the year, became a necessity.
Turkey was now an everyday item in the supermarkets. This phase
would have been a failure if turkey was only available July
through December. Frozen turkeys could not be used because
of the poor shelf life that would be obtained. Turkey was
fast becoming a staple item in menu planning of Mrs. Housewife.
Phase V
The fifth phase was probably the most dramatic in that it
created a new outlet for turkey throughout the United States,
not only in sales, but in the minds of the consumer. This was
the development of the cured turkey products, such as turkey
wieners, bologna, salami, ham, pastrami, as well as roasted and
smoked turkey breast in smaller consumer sizes. These turkey
items have made such an impact on the consumer that major meat
companies such as Oscar Meyer and Armour are now producing like
items. The entrance of the red meat industry into the production
of speciality turkey products cannot but help increase the demand
for our turkeys. Our industry is no longer a stepchild.
Each phase has contributed to the overall growth and improvements
of the turkey industry.
In 1971, the New York hen market was four to five cents per
pound higher than the tom market. In 1981, just ten years
later, toms were the same or exceeded hen prices most of the year.
So you can see speciality turkey products have enhanced the market
value on toms to the point where they equal the value of hens . .
a long way from our experience of 1971. In the long run, higher
tom turkey value shall increase the value of hens.
A question you might be asking yourself is '~y don't the
further processors produce their winter requirements from frozen
canner turkeys?"
The problem that develops from this theory is that turkeys that
are in storage at the end of the year are turkeys that were packed
for supermarket sales and contain some form of basting solution,
such as butter, broth, or oil, therefore. becoming difficult
to use in further processing. In cooked products, various ingre
dients are used to enhance flavor, sliceability, etc. The task
of purchasing the turkey for exact ingredient specifications to
accomodate each company's formula becomes a near impossibility.
The U. S. Government will not permit any ingredient in a product
that is not listed in the approved ingredients formula.
Canners are not a viable solution for winter month production.
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Contracting to obtain canners from other processors is difficult
as these packers are prdducing for their own needs. Thus, one
cannot plan its sales and marketing on an uncertain availability.
Jennie-O, for one, is not in a position to pack canners because
all turkeys grown and scheduled for production in October and
November are utilized during this time period.
The cost of storage, interest cost, cost of handling, shrinkage
in defrosting, and more important, the loss of quality and shelf
life eliminates our ability to utilize these turkeys in our
speciality products on a regular basis.
In my personal opinion, turkeys grown and processed in the
winter months do not contribute to the depressed turkey market.
Depressed market conditions are caused by the overproduction in
September, October, and November. Turkeys must be produced for
consumption. We must NOT grow and produce to fill our plants.
Production increases should not be based on a company's desire
to increase its volume on existing industry sales. This philosophy
means large storage holding.
We must develop increased demand for our products before increasing
production. This should be the industry's objectives as we grow.
The grocery stimulation program undertaken by the National Turkey
Fedenation in the latter part of 1981 and early 1982 is a perfect
example of what our industry can do.
Growing and processing in the normal production period must
become orderly, well planned production to sales objectives of
every processor in the United States. At Jennie-O, we do every
thing possible to avoid year end inventories.
Our industry-further processors-consumers need your help.
Winter turkeys afford a balanced year-round availability.
Phase VI
Perhaps shall be the further
However, objectives shall be
in further processing so the
beyond the cut of breast and
achieving this goal.

refinement of speciality products.
on the development of hen turkeys
utilization of hens are in products
parts. We are not to far from

Conclusion
More and more the consumer is demanding higher protein foods.
No longer will the average housewife feed her family high fat
foods. Because of this attitude, the demand for turkey and
turkey products shall increase.
In closing, I would like to emphasize that our industry is
totally dependent on the sale of further processed, cut up,
and fresh turkey products. The consumer is expecting turkey
products in supermarkets and restaurants every week of the year.
-11

We are competing with red meat, and red meat is produced without
seasonal variation. Israel, Italy, Switzerland, and Germany
have taught us that turkey is a replacement for veal, pork, and
beef. Your planning today insures the continued growth of our
industry.
Thank you.
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ARE THERE ADVANTAGES IN YEAR-ABOIJND PllODUCTION OF TUlUCEYS?
Ken Klippen
Assistant Executive Secretary
Minnesota Turkey Growers Association
Are there advantages in year-around production of turkeys?

The answer
that question depends on who you ask, because the response is con
tingent on the perspective of the individual, i.e., whether the individual
is involved in growing turkeys; a breeding operation, a hatchery, feed
mill, processor, or any COIlIbination of integration. In addition, the
response from within anyone category may offer a disparity of opinions.
Whether there are advantages or disadvantages in year-around production
depends on the myriad number of variables, each with subvariables that
affect that particular operation cost.
to

The best approach in analyzing year-around production advantages is
from the standpoint of fixed costs. Costs that cannot be turned off
are fixed costs. Examples of such fixed costs include buildings and
equipment, depreciation, labor, general administrative charges, repairs
and maintenance, long term debt, etc. When assessed on a per pound of
turkey meat basis they may provide the bottom line in determining the
advantages in year-around production.
But let's analyze the considerations in year-around production from the
perspective of the confines of this energy symposium.
During the decade of the seventies, the production of turkeys in the
Midwest accounted for approximately 40 percent of the total U.S. crop.
Minnesota alone averaged 15 percent of U.S. total production. and this
percentage floated steadily with the increases in total production over
the decade. This last year, 1981, North Carolina surpassed Minnesota as
the number one turkey producing state. That fact, in itself, is not a
problem for most Minnesota turkey producers, especially in light of the
terrible market conditions, however the production competitiveness
pervades into the marketing channels ••• markets that are captured and
maintained by a specific product. From a consumer's point of view,
availability on a uniform basis reinforces repeat usage.
Let's examine the competitiveness by analyzing the costs of producing
Minnesota-grown turkeys (Table 1). The single most expensive item in
production analysis is feed. With the price of feed presently hovering
in the range of $150 - $190 per ton, the average price of feed will range
between 7; - 9; cents a pound. At S; cents for an average per pound
feed cost, a 19-20 week old tom averaging 25 pounds liveweight with a
feed conversion of 3.0 pounds of grain per pound of gain, will price
out on a feed per pound of meat basis at 25; cents •. The 16 week old
hen at 13.5 pounds with a 2.8 feed conversion will price out for feed
at approximately 23; cents per pound of meat.
Poult costs vary, but picking a range of $.70 to $1.15 plus or minus
$.10, or an average cost of $1.00 yields per pound costs for toms at
4 cents and hens at 7.4 cents. This price would include assessments
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for sexing, injections and

toe

clipping.

Fuel costs, as is evident from the energy survey, will fluctuate from
~
cent per pound to Over 5 cents per pound and the variables within this
cost include the season, the operation type, i.e., semiconfinement or
total confinement, and management of heat and ventilation. Some growers
IIlanaged (the key word in this line) to contain their per pound fuel costs
in the neighborhood of 1 cent in light of the coldest Minnesota winter
this century. The yearly average will range between 3/4 to 1; cents a
pound.
Litter costa also vary depending on operation types, seasons and
management, and will range between 3/4 to l~ cents a pound.
Medication costs, for COCCidiosis, Blackhead, Cholera, Coliforms, and
including growth promotants will average 3/4 cent a pound.
Disease is one of those subvariables that can alter a variable and
significantly influence the cost per pound estilllates by as much as
15 to 20 percent.
The final category is the catchall category and is probably the most
difficult to assess on a per pound basis. Segmenting out lebor at
2 - 2; cents a pound, the catchall will cost approximately 5 - 7 cente
a pound. This includes water, electricity, buildings and equipment,
land, repairs and maintenance, depreciation, instiranc~ taxes, etc.
Assuming we're in the ballpark for the catchall category costs, the
average annual cost of producing turkeys in Minnesota is in the
neighborhood of 36 - 46 cents a pound. The average price is obviously
hinged on numerous variables and assumes year-around production. Those
fixed costs are costs to the grower whether his barns are full or not.
Let's examine the fixed costs in other segments of this industry and
attempt to apply a cost assessed to in-season production only (Table 2).
Before we do, certain production statistics need to be introduced so
you can follow the cost-assessing procedures.
In 1981, the nation'S turkey industry produced 164.8 million turkeys.
Minnesota, producing at its traditional 15 percent, grew 25.7 million
birds. The nation's total tonnage last year was 3.07 billion pounds.
Minnesota therefore produced approximatley 470 - 490 million pounds.
This figure in extrapolated from the average liveweight at 19.09 pounds
times the number of birds produced, or 15 percent of the total tonnage.
With a feed conversion average of 3.0 pounds, Minnesota turkeys consumed
1471.8 million pounds of feed or 735,900 tons.
Producing 740,000 tons of turkey feed for in-season turkey production
only would require radical alterations in feed mill lebor scheduling.
Some feed mills operate on an increased output basis during the in~season,
and temper with other feed business such as producing a layer mash. some
feed mills prefer to operate "on an even keel" throughout the year because
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the management of people is much easier. One operator indicated a
~ to 3/4 cent per pound of turkey savings for labor only through year
around feed mill scheduling.
Most feed mill operators concede that off-season activity is more costly
due to repairs and maintenance as well as the increased time for labor
and deliveries.
Depreciation and interest on mill buildings and equipment depend on the
mortgage relative to tonnage produced and can vary from $1.00 per ton to
over $12.00. The long term interest can vary from 6 percent to 16 percent.
To encourage year-around production, some feed mills offer a $2 - $3
incentive to purchase turkey feed in the off-season. This incentive
expense can be offset by altering the rations to a winter formula which
allows for the turkey's increased demand for energy. This adjustment
increases the feed energy and lowers the protein level bearing a cost
per ton savings of $2 - $3.
Basically, feed mills operate with a fixed price of $3 - $8 per ton. On
a price per pound of feed offered basis with a 3.0 average feed conversion,
year-around production yields a $.012 per pound of meat for fixed costs.
At the hatchery the fixed costs on a per poult basis will fluctuate between
8 - 11 cents. This is based on the complement of fixed costs including
equipment, depreciation, insurance, general administrative charges,
electricity, and repairs and maintenace. Some hatcheries prefer a certain
amount of down time in order to clean-up and reduce the incidence of
hatchery-borne diseases. Assuming an average of 9 cents per poult with
10 percent mortality (from day one to market) yields an additional 9/l0's
of a cent per poult. When divided by the average liveweight, the cost of
a pound of turkey from the hatchery perspective of fixed costs in ~ of a
cent.

From the breeder'S perspective, facility costs on a per hen basis
approximates $37.50. This is based on 7~ square feet per bird times
$5.00 per square foot building costs. 16 percent interest will yield
$6 per hen per year, 15 year depreciation will yield 2.50 per hen, and
taxes and insurance will add another 90 cents per hen per year. These
fixed costs total $9.40. The range will fluctuate from $6.50 to $9.50
based on interest alone. When divided by the average number of eggs
produced (90) yields a per egg cost at $.10. With a 70 percent
hatchability yielding 63 poults, the per poult fixed cost is $.15.
When divided by the average liveweight, the cost from the breeder
perspective is 3/4's of one cent.
Those in the know have estimated the cost of buying a new turkey processing
complex in the neighborhood of $16 - $20 million. This would depend on
many factors including the freezer facilities, number of inspector lines,
etc. The fixed costs on a new complex is undoubtedly phenomenial. You
would think that every processor would prefer to spread those costs year
around, but that's not the case. One processor operates only 150 days.
The line of reasoning is that operating costs rise proportionally with
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the hours of operation. Concering labor costs .•• during the down time
that labor force draws unemployment.
The range of costs on a per pound basis from the processor's gerspective
can be as low as 3/4 to 1 cent up to 10 cents. The ballpark figure is
3 - 3" cents.

Table 3 carries the fixed costs one step further with a scenario that
expands of.f-season production. Assuming that in Minnesota approximately
80 percent of the birds grown are produced in-season allows an estimated
390 million pounds, leaving 20 percent or 100 million pounds off-season.
If off-season production was doubled the production scenario shows 590
million pounds produced however the fixed costs are now spread over an
extra. 100 million pounds. Instead of
cents f.or fixed costs to the
grower on a per pound of turkey basis, his fixed costs are 3., cents.
The feed mill's fixed costs will drop
1/10 of a cent, the hatchery's
fixed costs will drop 1/10 of a cent, the breeder's fixed costs will
drop 1/10 of a cent, and the processor's fixed costs will be reduced
I, a cent.
The net savings by expanding off-season production and spreading
fixed costs will approximate
2 cents a pound. Assuming North Carolina
is on a 60:40 production calendar, this scenario for expanded off-season
production would allow Minnesota to compete with Nor~~ Carolina through
increased efficiency of fixed costs.

4"

1" -

Off-season production today is no doubt crippling the Minnesota turkey
grower. Some growers must produce year-around to face cash flow problems
or guarantees of shackle space for his in-season flocks.
Any method of reducing production costs is advantageous to turkey growers
in Minnesota. Fuel is one of the major hurdles in producing off-season
and off-season will allow the spread of fixed costs. Hence the purpose
of this enegy symposium.
There is another cruX thatloODlS head and shoulders above increasing
production efficiencies and that is the market crunches, especially
in the first quarter of the calendar year. As one grower put it, "We
know how to feed animals better than we know how to feed people." The
answer to this crux is this industry's salvation.
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AllE THERE ADVANTAGES TO YEAR-AROUND PRODUCTION OF TURKEYS?

Table 1
_Cost Per Pound of Turkel

Cost of Production
Peed

@ $150 - $190/t
7.5¢ - 9.5¢/lb.
2.8 - 3.0 feed conversion

$.238 - $.255

Poult@ $.70 - $1.15 + $.10 ($1.00 ave.)
25 lb tom/13.5 lb. hen

.040

.074

Fuel

.0075 - 5.0

Litter

.0075 - .015

Medication

.0050 - .0075

Disease

*

Labor

.020 - .025

Buildings and Equipment, Repairs and
Maintenance, Water, Electricity, Phone,
General Administrative Expense, Depreciation.
Insurance, Taxes, Interest

.05 - .07

$.36 - $.46

TOTAL COSTS

"Disease may influence
category costs

Table 2

. COst Per Pound of Turkey

Fixed Costs
Grower

25.7 million turkeys
470 - 490 million pounds
(ave. wt. 19.09)

$.045 - $.05

Feed Mill

735,900 tons of turkey feed
$3.00 - $8.00 fixed cost
2000 lb•• /t x 3.0 feed conversion

.01 - .012

Hatchery

$.08 - $.11 per poult
19.09 average liveweight

.004 - .006

Breeder

$6.50 - 9.50 per hen
63 pou1ts/19.09

.007 - .OOB

Processor

$.0075 - $.10

.030 - .035

TOTAL FIXED COSTS

$.101 - $.111
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Table 3
AS~enario

for Reducing Fixed Costs by Doubling Off-Season Production
Doublin2 Off-Season
(cents per pound of
(cents per
turkey)
pound of turkey)
!'ixed Costs

~

25 million turkeys
490 million pound

!!!!
(cents per
pound of
turkey)

4.5

3.5

1.0

1.0

0.9

0.1

0.5

0.4

0.1

0.7

0.6

0.1

3.0

2.5

0.5

?

1

80,20 production calendar
390 million pounda
100 million pounds
$22 million fixed costs

Feed Mill
740,000 tons

Doubling off-season
e8O,000 tons needed
$5.2 million fixed costs

Hatche!X
$2.5 million fixed costs

Breeder
$4.7 million fixed costs

Processor
$14.7 million fixed costs

Ancilla!X

savings
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MINNESOTA TURKEY GROWERS ASSOCIATIotl
1982 FUEL SURVEY
The ris in9 cost of fuel to heat turkey buildings has put the Minnesota
grower and breedermen at a disadvantage. The !1TGA Energy COlllllittee is
concerned and want to study the use of alternative fuels to help make
Minnesota more competitive.
This questionnaire should be completed and returned by Fe~ruary 10, 19B2
so that the concern and interest the industry has can be assessed and
research priorities can be set.
1.

What fuel type(s) are you presently using to brood and finish turkeys?
Wood_ __

Propane___ Fuel 01

2. What type equipment do you use for your turkey buildings?
Open Flame !lurners
Air Heat Exchanger___
3.

Make up air heaters_ __
Hot Water____

Do you grow winter or off season flocks that are marketed in January
through April?____
Percent of Annual Product i on,_ _ __

4.

Could you estimate your cost per pound of turkey produced the past year?
Off Season

In Season

Annual

Fuel
Litter

5.

Have you considered alternative fuels?

6.

If satisfactory furnaces were made availabl~ to burn turkey manure for
fuel, would you be interested in converting? _ _ __

7.

Is disposal of manure a prob Iern in your aperation?

B.

How do you dispose of your manure? Give away to neighbors?
Use to fertilize your own cropl
Sell to neighbors-ar-
5____/ton.

9.

What value do you place on manure as crop fertilizer?

_____ per ton.

10. Would you be interested in attending a half day seminar dealing with the
use of turkey litter as a fuel for heating turkey
P. E. Pass
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FllEL COST AS REFLECTED BY THI! FUEL SURVEY
Dr. Robert W. Berg
Extension Poultry Specislist
University of Minnesota
The rising cost of fuel has put the Minnesota turkey producer at a distinct
disadvantage. A survey was sent out to our Minnesota turkey growers to de
termine the fuel and litter costs for growing turkeys. Eighty-nine growers
returned their questionnaires.
Fuel costs for winter production of turkeys ranged fram a high 5.7 cents a
pound to a low of 0.74 cents per pound with an average cost of 2.84 cents.
The grower with the low cost was not USing propane. Fuel costs for in-season
production ranged fram s high of 4.8 cents to a low 0.28 cents per pound with
an average cost of 1.15 cents. This tells us that there is a way to solve
the fuel problem. More of the turkey growers must get in the lower range.
This means that a lot of growers have changed their brooding system to the
heating of a smaller area the first four weeks. The average annual cost was
1.75 cents per pound of turkey sold.
Those of you who filled out the questionnaire are anxious to see the results.
Question one and two will not total 100 percent because some of you reported
two kinds of fuel used. It seems that the open flame burners and the hot
water systems make up the brooding units. Make-up air snd heat exchangers
are being used primarily in the rearing units.
Quaation three, the percentage reported is the percent of birds raised dur
ing the winter by the ones that reported raiSing winter turkeys. This per
centage should not be interpreted to mean that 26.6 percent of our turkeys
are marketed between January 1 and April 30. There is still 28.7 percent of
the growers reporting that they do not rsise any winter turkeys.
RESULTS OF 1982 FUEL SURVEY
1.

What fuel type(s) sre you presently using to brood and finish turkeys?
Propane: 96.6%

2.

Fuel oil: 7.9% Coal: 11.2% Wood: 2.2% Catalytic: 1.1%

What type equipment do you use for your turkey buildings?
Open flame burners:

M.:1!

Make-up air heaters: 28. 1%

Air heat exchanger: 9.0%
3.

Hot water: 15.7%

Do you grow winter or off season flocks thst are marketed in January
through April?
Yes: 71.3%

No: 28.7%

Percent of annual production: 26.5%
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4.

Could you estimate your cost per pound of turkey produced the psst yesr?
In Season

Off Sesson

5.

Fuel:

7..84 cents

1.15 cents

Litter:

1.18 centa

0.73 cents

1.75 cents

Have you considered alternative fuels?
Yes: 57.7%

No: 42.3%

6.

If sstisfactory furnsces were made available to burn turkey manure for
fuel. would you be interested in converting?

7.

Is disposal of manure s problem in your operation?

Yes: 79.7%

Yes: 17.1%

8.

No: 20.3%

No: 82.9%

How do you dispose of your manure?
Give _ay to neighbors: 28.0%
Use to fertilize your own cropland: 54%
Sell to neighbors at $6.42 per ton (l8%)

9.

What value do you place on manure as crop fertilizer?
Per ton: $18.65

10.

Would you be interested in attending s half-day seminar dealing with the
use of turkey litter as a fuel for heating turkey barns?
Yes: 88.0%

No: 12.0%

There is a great deal of interest in the value of turkey manure for fertilizer.
A report put out by the University of Wisconsin gave the following figures for
the mineral content of turkey manure. Current values were used to calculate
the value.
TURKEY MANURE 25-40% HJISTURE

Lbs/Ton

Value/Ton

N

52

15 cents

P20
5

63

2311 cents

KZO

42

13 cents
Subtotal Value
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$ 7.80
$14.05

$ 5.46
$27.:31

Lbs/Ton
Ca
Mg
Hn

Fe
B
Cu

Zn

PriceLLb.

.75
.28
.24
.29
.13
.53

cents
cents
cents
cents
cents
cents
cents

L..:.!!

TOTAL Value of Htnerals:

$29.69

25
7
(1.4
1.32
0.05
0.25
0.24

.03
.04
.60
.22
2.50
2.10
.68

Value/Ton
$
$

$
$
$
$

Turkey manure also has value for its fiber (humus) and the bacteria that may
be pftlllent.
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WHY DO 'WE NEED TO BEAT A TUlUCEY BARN?

Kenneth A. Jordan
Agricultural Engineer
University of Minnesota
Since the birds produce a considerable quantity of heat, can't we conserve
energy and eliminate the need for purchased fuel? The best way to answer
this question all well as the question poaed in the title is to look at the
losses of heat through the walls snd in the ventilating air. These must
he balanced by the heat produced in the barn by the birds and brooders and
any supplemental heat. Figure 1 shows this balance for one set of condi
tions, but in order for the producer to see what can he accomplished
throughout the growth cycle, he would need to calculate a similar set of
conditions for his barn over the entire growth cycle. In order to help
him with these calculations, a detailed example ia appended to this report.
In Figure 1 it can be seen that purchased fuel is necessary because the
losses are greater than the heat produced by the birds. An anslysis of the
losses will show where reductions are most appropriately applied.
Losses from the building through the walls, ceiling, and perimeter are the
principal envelope losses. The driving force is the difference between
air temperatures inside and outside. This temperature difference is multi
plied by the area and divided by the thermal resistance. This resistance
is often stamped on insulation and includes the combined effect of all
building materials and the air film st both the inside and outside surfaces.
A well insulated stud wall has s resistance of 13 while the ceiling is
often 23 or greater. The normal units from these calculations is British
Thermal Units per hour, Btub. In order to obtain a "feel" of the magnitude
of this energy, it is often converted to the daily equivalent of propane in
gallons. This is accomplished by multiplying by 24 hours and dividing by
the energy in a gallon of propane, 92,000 Btu/gal. The heat 10saes in a
72' x 186' brooder barn is calculated in Appendix A using an inside temper
ature of 70·P and an outside temperature of 10·F (which is the average
temperature in January in Minnesota). An equivalent loss of propane of
5 gal/day is transferred through the wall. The ceiling with greater area
but better insulation resistance has an equivalent loss of 9.1 gal/day of
propane.
The losses into the ground are usually thought of all going straight down
but the most significant portion (and the only one that we can materially
affect) is the perimeter heat loss which occurs to the outside air not the
ground temperature. A factor of loss per foot of building perimeter, C,
is about 1.8 for uninsulated floors and about 0.9 for insulated perimeters
which varies somewbat on the thickness and the placement of the insulation.
Even with insulation. more heat is lost through the perimeter than through
the walls of the brooder barn. A propane equivalent of 1.3 gal/day is
calculated for our example in the appendix. The sum of the heat losses
through the building enclosure (5.0 through the walls, 9.1 through the
ceiling, and 1.3 through the perimeter) ia the equivalent of 21.4 gallons
of propane per day.
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A BALANCE EXISTS BETWEEN
HEAT SOURCES AND HEAT LOSSES
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In sharp contrast is the ventilation heat loss in a brooder barn. This
can be calculated in Stuh by multiplying the air temperature difference by
the fan capacity. The example worked out in the Appendix for 10,000 tOlll.8
8 weeks old shows a propane equivalent of 227 gallons per day. This is
more than ten times the heat loss through the building shell!
The fan capacity is established from field observations to maintain litter
conditions and bird health. Lower ventilation rates increase the concen
tration of contaminants, water vapor, pathogens, and noxious gases like
ammonia. Dust 1s usually suppressed because the litter becomes wet and one
sourCe of dust is reduced. The effect of ventilation rste on litter con
dition is dependent on the temperature of the air. Again field observa
tions indicate that temperatures lower than 60°F usually result in wet
litter conditions and temperatures above 70°F are usually dusty in upper
midwest turkey barns. The exact relationship has not been worked out and
further observations are needed. The rates of ventilation in the winter
range from 1/4 to 1/3 (CFM per pound of poult) in well managed barns.
During extr~ winter weather conditions this may be reduced to 1/6 CFK/lb
of poult. If this rate is maintained over an extended period the litter
usually becomes slick.
The lIlIlOunt of water added to the litter by 10,000 eight week old toms is
sbout 1000 gallons. This must be removed by vaporizing the liquid to water
vapor and carrying it out with the ventilation rate. What is the carrying
capacity of air? At 100% relative humidity air contains all the water it
can carry. The moisture content of air at different conditions is given
in Table 2. It is easily seen that air at 50% relative humidity holds only
half as much air as 100% but not so obvious is that increaSing the tempera
ture by 20°F roughly doubles the water holding capacity.
The BlIIOunt of water removed from the air can be eatimated by multiplying
the fan capacity by the change in moisture content increase of the air and
also by a constant 4.5. For a barn kept at 80·F and 50% relative humidity
(.011 lb water/lb air) taking air from outside at 10°F and 100% relative
humidity (.001 moisture content) the water removed in pounds per hour is

q (lb water/hr) - 4.5 CFH (.011 - .001)
To remove 1000 gallons of water (8350 lb/day) would require 7732 CFH which
is only 1/8 CFM/lb poult. The disparity of this calculation and field
observations is probably twofold. First the barn would probably not be
kept at 80°F but more significantly the addition of water from leaks or
spillage of waters is a common occurrence. Maintaining litter conditions
economically using ventilation requires careful maintenance to prevent
unncessary water addition to the litter. If ventilation air is required
to vaporize and remove water from the litter, additional heat must be
purchased.
I have never been in a barn yet that the operator doesn't adjust the
ventilation capacity to ":Improve" the air quality. The ventilation rate
in most turkey barns is not known since it is constantly being adjusted
by the operator. Most fans sre on thermostats and set to barn tempera
ture but these thermostats are usually adjusted up to reduce ventilation
-25

TABLE 1.
POULT
AGE

II£EKS

I
0
'"
I

1
Z
3
4
5
6
7
8
9
10
11
1Z
13
14
15
16
17
18
19
20

Z1
22

HEAT PRODUCTION AND WEIGHT OF TURKEYS
PRO D U C T ION
10,000 BIRD FLOCK
BlUM/LB.
MILLION BTUH
TOMS HENS

WEIGHT
EACH
POUNDS
TOMS HENS

HE AT

0.Z6
0.47
0.89
1.44
Z.1
2.9
3.8
4.7
5.7
6.7
7.7
8.7
9.6
10.4
11.2
11.9
1Z.6
13.2

Z8
Z5
Z3
Z1
19
17.Z
15.5
14.0
1Z.7
11.5
10.4
9.4
9
9
9
9
9
9
9
9

0.Z6
0.53
1.01
1.64
Z.5
3.5
4.6
5.8
7.0
8.3
9.6
10.9
1Z.2
13.5
14.8
16.1
17.3
18.4
19.5
ZO.5
21.4
ZZ.3

9

9

0.07
0.13
0.Z3
0.34
0.48
0.60
0.71
0.81
0.89
0.96
1.00
1.03
1.10
1.2Z
1.33
1.45
1.56
1.66
1.76
1.85
1.93
2.01

0.07
0.1Z
0.Z1
0.30
0.40
0.50
0.59
0.69
0.72
0.77
0.80
0.8Z
0.86
0.94
1.01
1.07
1.13
1.19

rate in cold and adjusted dawn to improve air quality. Since there are a
number of fans in the barn on separate thermostats (and circuits to pre
vent catastrophic fan shut down) adjustments can be made throughout the
bird cycle.
The selection of fan capacity is of utmost importance to both litter con
dition and supplemental heat requirements~
A large part of this heat is supplied by the birds. The heat production
per pound is initially high during the early ages and by 12 weeks and after
stabilizes to about 9 Btuh/lb poult. Table 1 gives the heat production of
poults, which is largely independent of sex, for. a given growth schedule for
toms and hens. These data can be converted to equivalent gallons of propane
by 1IIIltliplying by 24 and dividing by 92,000. Sample. calculations are made
in the APpendix section C. For the brooder barn with 10,000 eight week old
toms an equivalent of 211 gallons of propane are produced by the birds each
day.
This is a significant q~tity of hest from the birds but not enough to
supply the building heat loss and ventilation air. At eight weeks of age
no brooders are needed but some producers use them to supply the extra
heat needed to make up for ventilation losses. Section D of the Appendix
shows how to calculate the supplemental heet requirement which for this
case is 37.4 gallons of propane equivalent per day. This must be increased
to account for the burner efficiency (say 70%) so that with fuel costing
$.50 the daily cost would be $26.71. (Divide by efficiency and multiply by
the unit fuel cost.)
Since the birds do not provide sufficient heat to ventilate the barn at a
level to maintain litter conditions it is important to limit any extraneous
additions of water to the litter.

Table 2
Moisture Content of Air
Relative Humidity

Temp.

0%

50%

100%
.032
.023

90

0

.016

80

0

.011

70
60

0
0

.008

10
0

0
0
0

-10

.016
.011
.001
.0008
.0005
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APPENDIX A

'BALANCE OF ENERGY IN 'BA1UI
A.

Buildina Best Loss
1.

Wall loses
2 * (W

+ L) * H * (TIN - TOUT) * 24 hr/day

<!vALL • (vall insulation R-value) *92000 BTU/gal LP

2*

02 + 186)

* 8 (70 - 10) * 24

"ALL •

.. 5.0 gal LP/day
13 * 92000

2.

Ceiling 10ssss
W * L (TIN - TOUT) * 24 hr/day
qCBILING • - - - - - - - - - - - - - - - - - - 
(ceiling insulation R-value) * 92000 BTU/gal LP

72 * 186 * (70 - 10) * 24
qCEILIIiG • - - - - - - - - - - .. 9.1 gal LP/day
23 * 92000

3.

~r1met.r

109ses
C

1Ii

Perimeter * (TIN - TOUT) * 24 hr/day
92000 BTU/gal LP

0.9

*

2 * (72 + 186) * (70.- 10) * 24

qPERIMETER .. - - - - - - - - - - - - - - . 7.3 gal LP/day

92000
B.

Vanti1ation Best Loss
(CPM/1b * (lb/pou1t) * (I poults)

* 24 hra/day

qVENT .. -------------------=~-~~-----

92000 BTU/gal LP

8 week old tOIlS. 10.000 poults

~ • (.25) * (5.8) * (10000) * 60 * 24 • 227 gal LP/day
92000
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C.

An:l.mal Heat Gain

(# poults)

W

(lb/pou1t) (BTU/hr-1b)

W

24 hr/day

92000 BTU/gal LP
eXtlJltpU:

8 week old toms, 10,000 poults

(10000) W (5.8) W (14.0) W 24
qANlMAL • - - - - - - - - - - - .. 211 gal LP/day
92000
D.

Supplemental Beat Needed
1.

Brooding heat
qBROODING - (II brooders)" (rating BTIlR/brooder)

qBRooDING • 0
2.

Purchased Fuel

eXtlJltpU:
FUEL -

E.

5.0 + 9.1 + 7.3 + 227 - 211 - 0 • 37.4 ga1/LP day

Alternative Sources of Heat
1.

Ventilation management - variation of CFM/1b also varies the amount
of fuel to be purchased

2.

Solar collectors 
- asaume collector is the entire length of the barn
- energy received daily from the sun during Nov_ber through March
on a vertical surface is between 300 - SOO BTU/sq ft
- assume 400 BTU/sq ft/day is collected
(400 BTU/sq ft-day) " L " B
qSOLAR • - - - - - - - - - - - 

92000 BTU/gal LP

eXtIJItpU:

(400) " 186 " 8
qSOLAR • - - - - - - .. 6.5 gal LP/day
92000
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3.

Heat exchangers
(minimum CFK)

a.

Area of heat exchange 
5

example:

(10,000)
• 2000 sq ft

Area 5

b.

Exchanger coefficient - EC (for an ideal heat exchanger)
(minimum CFK)
EC •

*

(Area/plate resistance)

(minimum CFK) + (Area/plate resistance)

example:

*

(10,000)
EC 

c.

(2000/0.5)
• 3640

(10,000) + (2000/0.5)

Beat gained

'if

EX

EC

*

(7

- 7
I1f

)
OUT

92000 BTU/gal LP

e.xample:

3640

'if

EX 

*

(70 - 10)
• 2.4 gal LP/day

92000
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FUEL USE AND COSTS IN TURKEY PRODUCTION 
MINNESOTA VS. U.S.
JOHN S. HIETALA, P.E.
NSP RESEARCH DEPARTMENT
414 NICOLLET MALL
MINNEAPOLIS. MN 55401

FUEL

USED! .

MINNESOTA AND U.S.

A survey of fuel types used by MTGA producers indicates the rela
tive reliance on LPG (liquified.petroleum gas) and other fuels
by turkey producers in the state. The 1982 survey indicates that
LPG is presently used by 95' of the Minnesota producers as a heat
source. IDable 1 indicates similar information on fuel sources
used in turkey production in other states based on data from USDA
(1976) for production year 1974.
Table 1.

Turkey Production and Fuel Sources (1974)

State
Minnesota
California
North Carolina
Texas
Missouri
Arkansas
Iowa
Virginia

Production
(10 6 lb)

Rank

364
322
260
176
176
148
135
100

1
2
3
4
5
6
7
9

H~~Dg

Fuel oil

2'
2'
16'

LPG
100'
6'
93'
42'
98'
911
100'
58'

lYIl Ua ed
N.O.

Coal

94'
5'
58'
9'
5'

211

Table 2 indicates the relative heating fuel use, in terms of
gallons of propane equivalent used per thousand pounds of pro
duction, for several of the top turkey producing states. as
given by USDA (1976). The values are based on heating only (fuel
Oil, LPO, natural gas, coal) fuel sources and do not inclUde
electriCity or motor fuels.
Also indicated in Table 2 is the
annual degree days (650 F base) ranges for each state as given in
ASHRAE (1970).
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Table 2.

Heatinq Energy Used in TUrkey Production (1974)
and Deqree Days

FUel usel (Gal. LPG Equivalent
1000 lb produced)

state (Rank)
Minnesota (1)
California (2)
North Carolina (3)
Texas (4)
Missouri (5)
Arkansas (6)
Iowa (7)
Virqinia (9)

46.3
28.4
12.5
19.6

Deqree Days

8300-10000
1700-5700
2300-4000
1000-4000
4500-5500
2500-3300
6000-7400
3300-4200

14.3

13.1
26.6
18.7

lSased on fuel heat content values of 138,500 Btu/qal fuel oil,
91,500 Btu/qal LPG, 1000 Btu/cu ft natural qas and 11,000 Btu/
lb coal (eastern bituminous).
Most of the values of heatinq fuel use for different states as in
dicated in Table 2 appear to be directly influenced by state
climatic conditions. What is not indicated in Table 2 is the
relative numbers of birds p~oduced in confinement versus range
facilities in each state. Nor are particular practices employed
in each state. such as ranqe brooding. which may be more or less
energy intensive. defined by the data available used in Table 2.
While the actual fuel use in northern latitude production areas
may be reduced throuqh conservation techniques, the use will
continue to be weather-dependent. Conservation techniques may be
applicable in all geographic locations, but the absolute magnitude
of the energy used, as indicated in Table 2, may directly affect
the economics of alternatives in different climatic locations.
FUEL· COSTS:

PAIT. PRESENT AND ?

The heating values, fuel unit costs and comparative heating energy
costs ($/NMBtu) are given in Table 3, for typical fuels used in the
Minneapolis-St. Paul residential area in early January, 1982. The
different heat energy costs qiven in $/MMBtu are relative to the
various seasonal efficiencies.
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Table 3.

Heating Fuel Cost Comparison l

Heatinq Fuel
Source

Heat Content
Btu/Unit

Cost/Unit

Efficiency

$/MMBtu
(Output)

Electric
Resistance
Natural Gas
(Northern Natural)

3412/Kwhr
100,OOO/ccf

$.0383/Kwhr
$.485/ccf

Liqnite
Hard Coal
Hard wood
LPG (Propane Gas)

7,000/lb
11,000/lb
5,500/lb
9l,500/qal

$40/ton
$77/ton
$50/ton
$.743/gal

Oil

138,500/qal

$1.189/qal

100'
60'
80'
90'
50'
50'
50'
60'
80'
90'
60'
75'

11.23
8.08
6.06
5.39
5.71
7.00
9.09
13.54
10.15
9.02
14.31
11.45

lEffective date

1/6/82~

based on residential lot prices.

Table 4 indicates the past several year's historic heatinq fuel
costs for the Minneapolis-St. Paul area.
Table 4.

Historic TWin Cities Fuel Prices l

Date
LPG Transport
Lots
LPG
Residential
Oil
#2 Transport
#6 Transport
#2 Residential
Natural Gas
NNG-Residential
NNG-Commercial
Electric
2nd Step

1-28-80

1-6-82·Cost
$IMMBtu (input)

1-7-81

1-6-82

52.60

63.20

48.75

5.32

62.50

72.20

74.30

8.12

79.84
46.63
97.90

96.57
66.89
110.90

103.67
69.00
118.90

7.49
4.63
8.58

.294
.294
0.02552

.373
.373
0.0292
-33

.485
.468
0.0383

4.85
4.68
11. 22

lLPG fl ¢/qal

Oil • ¢/qal
Natural qas • $/ccf
Electric fl $/Kwhr

$/therm

It is interestinq to note the staqnation of the price of propane
(LPG) prices durinq 1982. CUrrent price surveys (March, 1982)
indicate that LPG prices are below those indicated in Table 4.
Some indications of why this has occurred are suqqested by the
Minnesota Enerqy Agency (1980).
Table 5 indicates the 1978 propane consumption by sector as qiven
by the MEA (1980).
Table 5.

1978 Propane consumption by Sector

Sector

Million Gallons

Residential
Agricultural
COImIercial
Gas Utility
Industrial
other

91.3
94.6
90.2
12.3
10.6

Percent
30
31
29

4
3
3

~

307.6 (28.2 Trillion Btu)

Table 6 indicates the MEA (1980) prOjection of the baseline
propane demand. in Minnesota by sector for the years 1980-2000.
Table 6.

Baseline Propane Demand in Minnesota by Sector
1980-2000

(Trillion BtU)

Year

Residential

Aqricultural

1980
1985
1990
1995
2000

10.4
10.1
9.9
9.8
9.7

8.5
9.0
9.0
9.3

Commercial
11.2
12.7
14.4
15.9
17.5

9~6

Industrial

Total

2.4
3.0
3.4
3.7
4.2

32.5
34.8
36.7
38.7
41.0

Since propane is typically found in conjunction with natural qas
and is also a by-product. of the refininq of petroleum, Table 7
presents an estimate of the proportion of the propane obtained from
domestic qasplant prodUction, domestic refinery production and
imports, as qiven by the MEA (1980).
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Table 7.

Propane supply By Source l
(Percentage of Total Supply)

Gas Processing Plant
Production
Refinery Production
Importation
1 From I

1978

1979

1980

1981

1985

59.7
32.6
7.7

58.1
33.2
8.7

55.1
34.7
10.2

51.6
33.7
14.7

40.0
30.6
29.4

Butane-Propane News, November 1979

The MEA (1980) indicates: "It is expected that domestic propene
supply will decrease as a result of declininq natural gas pro
duction end the less-rich liquid petroleum content of future gas
discoveries. Refinery production should remain proportional to
the amount of crude oil refined.
Even so, a worldwide surplus of LPG is expected during the early
1980's. A major reason is the new gas processing capabilities
being developed in petroleum producing nations. Some analysts
have projected a doublinq of processing capacity in export areas
between 1978 and 1985, with the largest increases occurring in
the Middle East. Until the recent energy price hikes, these
countries had simply been flaring or burning off the natural gas
and LPG found during oil exploration. Such surpluses could have
a moderatinq effect on propane prices.
The Canadian National Energy board estimates that currently 62
percent of canadian propane is available for export. By the year
2000 this amount is expected to increase to 75 percent."
The recent price moderation of LPG might be explained by the above
rationale. How temporary the price fluctuations are is unknown,
and any price forecasting should be viewed cautiously, since it
is unknown whether propane importation will be federally limited
(MEA, 1980). It is the opinion of this author that propane prices
will be adjusted to other traditional fuel energy prices, and will
reflect the portable and clean burning characteristics of propane.
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CROP FERTILIZER VALUE OF TURKEY LITTER
Fred J. Benson, Extension Economist
Farm Management
Agricultural Extension Service
University of Minnesota
A weed is merely a plant for which there is no economically viable use.
However, if we discovered that a certain weed contained a needed nutrient
for cattle and could economically be grown and harvested for cattle feed,
that plant would no longer be called a weed. It would have economic value.
Further, if we nOW discovered that the same plant had special nutritive
values for humans, the demand for the plant would increase its economic
value. Thus, it might be bid away from the cattle feeders. And even
further, if we discovered economically feasible uses of that plant for
medical purposes we would again see an increase in its value.
The point I am making is that as any resource has an increase in the number
of economically feasible alternatives for which it can be used, it will
increase in value. That is the problem we have faced with oil. Oil used
to be referred to as that black icky stuff that plagued farmers in Oklahoma.
However, those farmers grew rather fond of that black stuff as we found more
and more uses for oil. In fact, we now have found so many uses for oil that
we have run its value so high that now some of the resources replaced by oil
are now economically viable substitutes. Consider the case of both coal and
wood. This country as well as many others is in the process of trying to
find economically viable substitutes for oil. And as this is done, the
value of oil will decline. We are now seeing evidence of this. We have
conserved by switching to automobiles that get better mileage and with insu
lation to conserve heat. We have substituted coal, wood and paper for oil
and oil products and we have encouraged further production of oil to increase
competition in order to bring supply more in line with demand.
Let's keep the pressure on oil and consider other alternatives in order
to keep the cost of oil down. We are here today to discuss the economic
merits of turkey manure both as a heat source and as a fertilizer. Both
uses, of course, are ener8Y related and as we can more readily make use of
turkey litter we can apply downward pressure on oil prices and upward pres
sures on the value of turkey litter. Today we are talking about two uses for
turkey manure--fertilizer and as a heat source. Remember what happened to
the value of our theoretical plant as we found more economically feasible
uses for it; it increased in value.
A review of the literature indicated that there is not that much known
about turkey litter. There are no consistent figures on the nutrient content
of turkey litter or on how much is produced annually. A study conducted by
Van Dyne and Gilbertson of the USDA estimated Minnesota turkey manure pro
duction in 1974 at 282,222 tons. Minnesota Agricultural Statistics indicates
A paper presented at the Ener8Y Symposium of the Minnesota Turkey Growers
meeting, Little Falls, Minnesota, March 23, 1982.
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there were 21.9 million turkeys raised in 1974. That indicates 12.88 tons
of litter per 1.000 turkeys raised. Other data indicates that 1,000 turkeys
raised should produce about 50 tons of litter. The literature doesn't
mention the moisture content of the litter. This is one of the discrepencies.
In 1980. 25.5 million turkeys were raised. Assuming 50 tons of litter pro
duced per 1.000 turkeys raised provides an estimate of 1,275.000 tons of
turkey litter. or 328.440 dry tons.
Another study from Minnesota estimates 25.17 tons of fresh manure per 1,000
turkeys, which now provides estilUtes of 641.835 tons of fresh turkey lIIaIIure
produced in Minnesota in 1980. That is the figure I will use in my analysis.
The nutrient content ,of turkey llllU\ure varied as much as did the estimates of
production. The analysis should always lUke mention of the 1IIOisture content
of the sample being tested. H1lemar of Arkansas estimated a ton of turkey
IUDUre on an "as is" basis of 33% moisture to contain 19.4# of H, 47.41 of
P205, and 26.8# of K2 • At todays prices of H· .15C/lb. P205 • • 26C/lb.
and iC 20 •• 1lC/lb. tlie value of a ton of turkey manure on In "as is" basis
is $18.18 as applied to the crop.
Another test frOll. a Minnesota grower. probably on an "as is" basis indiested
27.2 pounds of H. 14.2 pounds of P 05 and 18.2 pounds of K 0 per ton turkey
2
manure. This provides an estimate of $9.77 per dry ton. 2
The "as is" value of $18.18 per ton provides a value of $11.6 million i f
there were 641,835 tons of manure produced in 1980. If I use the second
estimate of $9.77 per ton, the total value is appro:dmate1y $6.3 million.
Value at the barn should consider hauUng, storing and spreading costs.
Further research is definitely needed in order to truly realize the value
of a ton of turkey manure. Research should be conducted by type of turkey
grovn, Utter type, moisture content and other relevant variables.
Nitrogen value is a big portion of the value of turkey lIaDure. As we
deregulate our natural g88 prodUction in this country, the price of nitrogen
fertilizer is expected to increase. Natural Bas is an input into nitroBen
fertilizer. One USDA study estimates that the price of nitrogen will
increase by 72% when natural Bas is dereaulated. I believe that study was
conducted before the present glut of oil hi~ the market and reduced prices.
However, deregulation will have an impact of nitrogen prices and will
increase the value of turkey manure accordingly.
Turkey manure as a fertilizer has its drawbacks. To be truly effective in
corn production. it should be appUed in the fall and plowed or disced
into the soil. Spring application may produce an ammonia germination
probl.-. This impUes that turkey manure as a fertilizer has to be stored
until a productive use of 'it can be lIISde. It should be stored properly
in order to maintain it nutrient content. Some can be applied as a top
dressing to hay crops or can be disced into set-aside acres for next years'
production. However, there are many times of the year when turkey manure
is not easily used as a fertilizer.
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Secondly, I would recommend additional uses of turkey manure. Remember
as more uses can be made of a resource, the greater its value. The idea
of burning turkey litter seems like an alternative worth investigating.
It has merit in that it is a continuous user of litter in the cold season
when it cannot be applied as a fertilizer. It would not need to be trans
ported and the burned residue would have a value as fertilizer.
I am advocating an increase use of turkey manure, as a fertilizer, which
will require more analytical testing in order to determine its true ecO
nomic value. And, I would encourage the investigation of its use in other
ways such as for heating. The more uses that can be made of turkey manure,
the greater its value with reapect to its substitutes; in this case, ferti
lizer and heating energy.
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TURKEY LITTER AS FUEL:

PROl'l!RTIES AlUl J>!lOClIDtlRES

David P. Th:l.tuen
Research Fellow and Asst. Extension Specialist
Department of Agricultural Engineering
University of Minneeots
St. Paul, Minnesota 55108
IRTRODUCTION

The aucceesful use of discard turkey litter as a heating fuel will depend on an
autOlllSted, reliable systell for handling the litter, burning it, and delivering
the heat to the bam. The critical step in the systEll!l is the clean, efficient
combustion of the litter, but the other aspects cannot be ignored. The handling
of the litter may be determined by the burner, and the burner is closely r ....
lsted to the final heat distribution system. Most turkey barns in Minnesota
use make-up air heaters or direct-fired heaters. The burner should be well
matched to these types of heat dalivery systems to avoid excessive conversion
costa.

In order to succeesfully burn the litter and use the heat, the fuel char
acteristics of turkey litter must be matched to the types of burners that might
be used. Burners may be fairly specific about allowable fuel llIOisture content,
ash conteot, and fuel particle size and strength. This paper disCUSSes the
known fuel properties of turkey litter and how the litter would perform as a
fuel in various types of combuation equipment available today.
FUEL CBAlIACTEIlISTICS OF TURKEY LITTER

'lbe 1lI08t 1IIIportant fuel properties of solid fuels are llIOisture content, ash
content, and heating value. Moisture content is obtained by oven drying the
fuel. Ash content is obtained by slowly burning the fuel over about 24 hours
and recovering the ash. Heating value is determined by burnins a sample of
the fuel and ....uring the heat recovered.
Table 1 gives the resulta far tests on three individual samples of litter. The
slllll.ples were grabbed from barns and are not necessarily representative, but
do indicate some of the peculiaritisa of turkey litter. Heating value and ash
content measurements were made on both wet and oven-dried eamples.
'!he lIloisture content of the brooder litter sample is fairly high. This is
near the lIlOisture content of recently cut wood. The litter can be dried in a
drua dryer, but considerable dry matter is lost in the dryer exhaust in the
fona of 8IIlall particles and combustible gases. The dried litter can be com
pressed into pellets for easier handling at SOllIe additional expense.
The dry weight ash contents and heating values are very s1m1lar for all samples.
The ash content far wood, corn stover, and IIlOSt other biomass fuels is less
than S% on a dry weight basis. '!he heating value of litter is reduced in direct
proportion to its ash content when compared to other biomass fuels. The heating
value of turkey litter depends II08t strongly on llIOisture content and ash content.
As either of these goes up, the heating value will go down.
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Table 1.

Results of Prelfminary lfuel Tests on TUrkey Litter

SAMPLI NO.

1

2

3

4

Brooder
Litter

Grower
Litter

Grower Litter
Prior to 'Dru!!I
Dryins

WET BEATING VALUE
(Btu/wet lb)

4600

4510

3600

5920

WET ASH CONTENT
(% wet s8lllPle)

13.8

13.1

ll.7

27.9

MOISTURE CONTENT
(% vet slllllPle)

37.7

19.5

4Q.9

8.57

DRY HEATING VALm:
(Btu/dry lb)

6290

6110

6370

55SO

DRY ASH COlmmT
(% dry s8lllPle)

21.4

19.5

20.5

25.7

Description

Grower Litter
After Drum
Dry i 118

The ash left over after combustion of the litter contains the phosphorus,
potasb and other minerals originally present in the litter. The nitrogen
contained in the litter is converted to N2 and lost in the exhaust. Thus,
nearly all of the P and It of the litter is recovered in the ash, but easen
Ually none of the N is reco_red. It has been suggested that the eah may be
a good source of CDP for turkey rations. '!'his may, however, depend on the
details of the COIIlbus tion process.
'!'he results presented above were arrived at by analyzing "grab" s8lllPles of
litter, end do not indicate the variability due to location. subflooring.
management practices. and t:lme of yeer. In order to obtain a more relisble
statistical beais for planning litter burnins systems. the Agricultural Eu
gineeri118 Depara.nt of the University of Minnesota. with fundin8 from the
H'l'GA bee undertaken a broad sampling end analysis progr8DI. Several discard
litter slllllPles from various growers will be taken this spring and _ e r for
analysis of aab content, iaoisture content, and heating value. In addition.
chemical analyses of the litter and ash will be 1IIIIde to evaluate the fertililler
value of the materials and to gain inforution relative to sizins combustion
air delivery.
TUrkey litter. then. can be made available to the combustion system in one of
three forme: (1) loose. undried litter, (2) loose, dried litter, and (3)
pelletized. dried litter. Other simple processing such as milling or screening
may elso be used to prepare the litter for conveying and/or combustion.
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SOLID FUEL BURNERS

Many solid fuel burners have been designed and manufactured over the years.
Some have successfully burned biomass-type mater1sls, others were specificslly
designed for coal. lbe burners that can potent1slly produce heat st around
1 million Btu/hr can be broadly classified by how the cOl1lbustion aiX' is brousht
into contact with the fuel. lbree broad classifications of burners that can
produce acceptable exhaust emissions are: (1) cocurrent flow gaaifier-combustors,
(2) swirl type pile bUX'ners. and (3) sand fluidized bed gasifier-combustors.
Two examples of cocurrent flow gasifieX'-combustors are shown in figure 1. A
portion of the combustion air (primary air) is blown through the fuel and
partislly burns the fuel. lbe partially burned exhaust products are cOl1lbined
with more air (secondaX'Y air) to c~plete cOl1lbustion in the gas phase. VeX'Y
clean exhausta are possible with this type of system. The fuel moiature content
can be up to about 30% for the downdraft burner and up to perhaps 35% for the
sloping grate burner. If the fuel me gete much below 15%, clinker formation
becomes a problem. The fuel 1IlI.lst be of relatively luse particle size (> 1/4").
with no fines since air must be able to move through the unburned fuel bed
without channeling. Heat is recoveretl by exchanging exhaust gas heat with
_ke-up air. Ash is reJO\Oved from under the grate. Some designs add the sec.
ondaX'Y air at a remote location in a jet-type gas burner, but these have not
found much commerc1sl success.
In swirl-type combustors, the combustion air comes into contact with the surface
of a cone ahape bed of fuel. The fuel may be added by an underfeetl augeX' or be
blovn in with the combustion air all indicated in figure 2. Solid particles of
unburned fuel and ash tend to be thrown out to the side and fall back to the
grate or dirsctly into an ashpit. Fuel moisture content must be less than 15%
in order to maintain a hot fire and clean burn. Excessive ash tends to maak
the f l _ leading to reduced combustion rates and poorer quslity exhaust. Ash
caX'X'Yover to the exhaust can be higher than with the cocurrent flow burners. Ex
haust quslity is generslly harder to maintain with this type of burner. Heat
is recovered by exchanging exhaust gas heat with make-up air or the firebox is
located inside a pressure vessel that acts as a boiler and heat output appears
as hot water or steam.
Recently there have been advances in the design snd operation of sand fluidized
bed combustors that have brought them into prominent consideration as cOl1lbue
tion devices. As figure 3 indicates air is blown through a lIupport plate and
bed of sand until the sand floats on the air. It is then called a ''fluidised
bed." After the sand has been preheated the solid fuel is added and is
quickly heated by the hot sand and volatilised. The volatilized fuel ia burned
with the air passing through. Heat is recovered by heat exchange with the ex
haust gases and by heat exchange with the walls of the fluidized bed. Tempera
tures in the fluidized bed must.be kept below l500·Y to avoid clinker formation.
Fuel moisture contents may range from bone dX'Y to 50% mc and be successfully
burned in the device. PaX'ticle size is X'elatively uniml'ortant. Ash content
is of little conceX'n; the ash simply mixes with the sand. Ash carX'Yover in the
exhaust is a problem and means must be provided to collect the ash particles
leaving the fluidized bed. Much more powerful fans are required as the com
bustion aiX' must be foX'ced through the aand.
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CONCLUSIONS
The fluidized bed type combustor offers the best possibility for burning un
processed discsrd turkey litter. It is rsther insensitive to fuel particle
size, 1IIOisture content or ash content. Other burner systems will require some
sort of pre-processing in order to successfully burn the litter. ~e pre
processing may include drying and pelletizing. Tests of cocurrent flow
burners snd swirl-type pile burners using dried and wet turkey litter have
indicated that the high ash content of the litter reduces the combustion rates
and exhaust gas quality. '1'IIere is a general lack of information svailable on
the combustion of high ssh-high moisture fuels in general, and turkey litter,
specifically. At this point no commercial burner systems have performed ade
quately using turkey litter as a fuel. l~ith sufficient development, however,
a successful combustion system utilizing a fluidized bed combustor could be
operated as a make-up air heater or as a recirculating air heater for individual
barns burning the loose, undried litter.
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POTENTIAL OF LITTER ASH AS A FEED INGREDIENT
Paul E. Waibel
Department of Animal Science
University of Minnesota
The question has been asked whether the ash remaining following the
burning of poultry litter would have value aa a source of nutrients.
Unfortunately, research has not been found which would answer this important
question.
It seems a fair assumption that whatever mineral elements are fed will
appear in the excreta excepting that which is retained by the body or is
deposited in products such as eggs.
The feeding of ash should be a clean operation in the sense that any
organic compounds would be destroyed and microbial contamination would be
eliminated in the burning process. These factors have been of great concern
in the feeding of litter or manure.
Not knowing of any research on this subject, I phoned Dr. Tom Sullivan
(Nebraska) and Dr. Hardy Edwards (Georgia) for information as they have
both studied nutrient availability in ashed materials. As phosphorus is
probably the most valuable feed nutrient present, the focus was on phosphorus
availability. It was stated that if the phosphorua is in the ortho form
it should be available. If it were oxidized to the meta or pyro forma its
availability would be poor. Without knowing the truth, it was felt that
there is a good chance the phosphorus would be usable. We are presently
planning a study of phosphorus availability in feed supplements as part of
the bone development project and would be pleased to include some samples of
authentic litter ash.
The following calculation was done to determine the capacity of ash to
replace conventional dietary mineral supplements. As it was not possible
to obtain the mineral content of authentic litter ash, it was necessary to
use reported mineral values in litter (assuming that all the mineral would
end up in the ash).
The litter composition data:
Blair and
Knilht ~19732

Component

Chance ~19652
Broiler Layer

Hileman

-ll2ill

Approx.
average

Assumed ash
c0!!!l!0sit1on

Ash

%

14.1

8.25

19.65

Calcium

%

2.5

1.33

5.56

1.45

1.5

15

1.6

.99

1.09

1.03

1.2

12

Phosphorus %
Sodium
Potassium

.42

%
%

Magnesium %
ppm
Copper

.069

1.77

1.55

.35
32

ppm

343
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100

.4

4

1.7

17

.42

23

Manganese ppm
Zinc

10

.4

4

25

250

228

200

2000

125

200

2000

The mineral supplementation in Department of Animal Science turkey
grower diet T-30 follows:
%
Defluorinated phosphate
0.60
Calcium carbonate
0.40
Salt
0.10
Trace mineral mix

---z.os

The following is a comparison of the minerals provided by the mineral
supplements in diet T-30 with the minerals provided by litter ash, using the
ash composition data derived above. The contribution of phosphorus wss made
equal for both sources.
Amount of supplementary minerals
provided per 100 pounds of diet from
Usual diet supplements
Ash from burned litter
(total 3.25 pounds)
(provided by 3.08 pounds)
Calcium
Phosphorus
Sodium

pounds

0.88
0.37

pounds
pounds

0.46
0.37

0.16

0.12

0

0.52

pounds

0

0.12

grams

0.091

0.35

Manganese

grams

2.7

2.8

Zinc

grsms

2.7

2.8

Potassium
Magnesium

pounds

Copper

According to these figures, cslcium and possibly sslt would need to be
supplemented along with the ash to meet the original diet levels. Copper
would be 4 times high, but this would not be a problem. A real potential
problem is represented by the enrichment of potassium snd magnesium in the
litter ssh. With no potassium supplementation, the diet calculatea to 0.91%
potaasium, while the requirement is 0.40%. With recycling, the potassium
(also magnesium) content would build up due to the excessive amounts in
natural feeding ingredients.
In conclusion (from limited information), there should be optimism
regarding the future use of litter ash for feed nutrients, but quite a bit
a resesrch will have to be done to answer questions and solve problems. If
potassium and magnesium concentrations build up too much, it might be possible
the use the material of higher concentrations as fertilizer and then restart
the cycle with "early st<age" litter ash. A chemical separation might also be
possible if not too expensive.
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Nl!IlIi.'fING

UNI'fS

SOLlI) FUEL STS!l'EMS, INC.
DALE PLICXINGER, PIESIDEN'f
SPICER, MINNESOTA 56288

(512) 796-5141
CONCEP'f
EFPrCIENT aURNING Of' SOLID FUELS IN A SPECIAL FURNACE LOCATED OUTSl:DE
Of' AN EXISTING OR NEW. auILDING.
NEED

-r;2.

DIMINISHING WORLD LIQUID FUEL SUPPLImr
UIIISTAlILE POLITICAL CONDITIONS NOT READILY SQ1i.VABLE

ItIiISElAllCH AND TESTING
2% YEARS TESTING WITH UNITS INSTALLED JIr DALE.S HEA'.l.'ING INC.

A.

APl'L:tcA'fION

1.

2.
3~
4.
5.
5.
B.

EAS'1'ERN COAL
LIGNITE COAL
COM COJa1l (15$ MOXS11'UR~)
PELLETED WOOD
PELLETED OAT TAILXNGS
TUIUtEY LI'l"1'E1t (LESS. THAN 2()j1; HOXSTUR.E)

XNSTALLATIONS
1. 40'x 400' TURKEY BROODER BARN
2. 50'x80' PORTABLE CONS~UCTION REPAXR SHOP BUXLDING
3. COaN DRTING BIN WI~ PORTABLE PUftNACE ALso USED TO HEAT
A 50'x50· FARM REPAIR SHOP
4. SHEET M~AL CONTRACTORS SHGP AND WAREHOUSE

INVENTORS CREDENTIALS
DALE PLXCJtXNGER - 27 YEAItS EXPEItIENCE IN HEATING BUSXNESS. 10 YUU
IXPERXENCE WITH COAL AND WOOD FXRED UNITS. 21 YaARS OWNEa AND OPERA~a
Of' DALE'S HEATIIIG I1IC., SPICEJt., MINN. INCOItPORA'I.'SD PAMILY BUSINESS IN
1972. SELL, XNSTALL, SEItViCE ENERGY EPFICIENT HEATING UNXTS.

B.

COAL CONVEItSION SPEC:IALXST
1. HELSeR COUNn COURTHOUSE - :t..\tCOTA. NORTH DAlCO'1'A
a. DESXGNE:D AND INSTALLED COAL CONVEItSION Of' AU'fOIIATIC
FXJt.ED COAL STOKER UNIT WITH AUTOMATED PLUE CIEANER
AND AUTOMATXC ASH REMOVAL SYSTEM.
2. SWANVILLE 'l'UIUtEY GltOllEJt.S ASSOCIATION - GESSELL PA1tMS
a. EPP:rCIE:NCY IKPROYENENT Of' paR-SENT FAiC:rLXT:rES.

3/12/.2
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SOLID FUEL SYSTEM
FURNACES
COME IN THREE BASIC SIZES:
1. 500,000 BTU Unit that will handle a building up to 100,000 CUbic Feet, If the building
Is reasonably Insulated.
2. 1,000,000 BTU Unit will handle a building up to 200,000 CUbic Feet If the building Is
reasonably Insulated.
3. 1,500,000 BTU Unit win handle a building up to 300,000 CUbic Feet If the building Is
reasonably Insulated.
.

.

.

4. By using a Combination of 2-3-or 4 Units you can heat buildings 800,000 Cubic
Feet or

COST:
RETAIL F.O.B. SPICER·:

500,000 BTU

1,000,000 BTU

$5,908

$8,858

$10,709

• AI prIceS subject to change without notice. PrIce c:Ioe8 not Include fans, oontroIa, stokers or holding
bins. Th_ will have to be priced acoordlng to type Of fuel and SIze Of building.

Figure 1.

Sizes of furnaces available.
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INCREASING PROFITS THROUGH ENERGY OPPORTUNITIES·
By: Tom P. Abeles and David A. Ellsworth
tie aSlOCiates, inc.
3702 East Lake Street, 1202
Minneapolis, Minnesota 55406

The agricultural sector has been confronting low prices, high interest
and rising management costs. While this situation has created significant
stress, it also serves as a catalyst for agribusiness operations to deter
mine how to turn adversity into opportunity.
In Minnesota, the turkey growers are also facing competition from the
South. With North Carolina growers threatening Minnesota' 5 premiere posi
tion in the industry, turkey producers in Minnesota have an extra incen
tive to develop a comprehensive program that multiplies the numerous
opportunities available to reduce costs and develop new profit centers.
REDUCING COSTS
Reducing costs means looking at the management of each operation of
business to determine where dollars and cents can be shaved.
The new management is management of effiCiency. Peter Drucker's latest
says. "We are going to have five very hard years. If we use quick fix
thinking, inflation will be dangerous"(1). This suggests the need to look
at both short and long term opportunities. Solutions will have to solve
short term problems, but leave the door open for long term opportunity.
Since fixed costs are primarily capital and debt intensive, about the
only thing most growers can do is optimize production to cope with fixed
costs. 1f you built ten years ago. you're in better shape than those who
built recently. At 5-7¢ per pound (Figure 1), the cost of new construc
tion does not look attractive even to the most aggressive grower; thus,
increasing profitability through expansion is no longer the most attrac
tive opportunity.
The name of the game no;" is efficiency. More bird out for less dollar
in. To tighten up on efficiency. a grower must look to reducing variable
costs. The amount of feed, fuel 'and Utter purchased can also affect short
term interest payments, so reducing these costs will lower overall costs
even more.
FUEL/ENERGY
If fuel represents an average of 2¢ per pound of bird grown, then a

~

reduction in fuel use on a 3 million bird operation represents a $30.000
increase in profitability.
*Preaented at the Minnesota Turkey Growers ASlOCiaUon.
Energy Symposium, Little Falls, Minnesota, March 23. 1982.
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FIGURE 1
EFFECT OF BUILDING COST ON COST!POUND OF BIRD RAISED
(20I/FT2/YR. )
.09
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FIXED BUILDING COST AS COST/LB. OF
BIRD RAISED FOR DIFFERENT INTEREST RATES
INTEREST RATE

COST/FT2
BUILDING

8"

2

$ .016

$.010

4

.032

.020

6

.050

.030

8

.064

.040

10

.080

.050
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Sure. but .....hat are the costs. one asks? The ideal opportunity is to
reduce energy costs by 30% and more .....ithout affecting other cashflo......
Ho..... can this be done?

CONSERVATION
Traditionally, the least cost, highest return method of saving fuel dol
lars has been conservation. Most gro.....ers have done ..... hat they can to
tighten up buildings to reduce heat loss, through .....eatherstripping and
insulation. Opportunities that have .....orked in other livestock facilities
have found turkeys to be a rare bird. Ventilation air heal exchangers
can save from 30-50% in hog farro.....ing barns. Dust is the biggest pro
blem In turkey barns. though. and reduces the effectiveness of the heat
exchanger. So far. no one is marketing a 10..... maintenance heat exchan
ger for turkey buildings. though there are some that sho..... promise.
More efficient. ceramic brooders are being marketed in the South that
show fuel savings from 30-55% in brooder operations. Their effectiveness
lies in radiating more of the heat do.....n. reducing heat stratification in
the bUilding. Their effectiveness In Minnesota .....111 probably be more on
the order of 10-15% due to different management of buildings and heating
needs.
One 10..... cost - no cost means of reducing fuel bills is to tune up pro
pane brooders. Removing dirt and cleaning combustion ports can improve
fuel efficiency by several percentage points.

ALTERNATIVE FUELS
Alternative fuels represent the greatest opportunity. Several fuels, ..... hen
compared against the cost of propane .....ould sho..... an immediate cost reduc
tion of 50% and more (see Table 1). To use them efficiently though, one
.....ould have to make a significant capital investment. Coal ......ood, and
litter represent the most abundant and cheapest of the fuels available
to the Minnesota turkey grower today.
Coal, ..... hile it does not come from Minnesota, is already seeing increased
ii'Seby many gro.....ers. At $35/ton, coal represents a reduction of 55% in
fuel costs compared to propane at 60t/gallon, and 35% compared to pro
pane at 4Ot/gallon.
Wood

is an abundant Minnesota resource. It also represents a resource

iliiit many growers can develop for themselves. through hybrid aspen plan
tations. Wood can be burned to provide energy in the form of gas, hot
.....ater. or hot air. And .....ood can be burned in numerous systems that
are available today and that can be adapted to many different manage
ment needs.
Wood itself can be purchased for anywhere from SIS/ton for green chips
to $5O/ton for .....ood pellets. Depending on the choice of combustion system,
wood fuel can be 50-70% cheaper than propane. Wood fuel systems can
provide clean, even heat, .....ith a minimum of labor or maintenance and
they are available now.
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TABLE 1
COST COMPARISON OF ALTERNATIVE FUELS FOR HEATING

FUEL TYPE
Electr-icity

COST/UNIT
$ .05/kwh

FUEL
COST!MBTU
$14.64

COMBUST
EFFICIENCY
100%

DELIVERED
FUEL
COST!MBTU
$14.64

Fuel Oil

1. 20/gallon

7.14

70%

9.28

Pr-opane

.60/gallon
.40/gallon

6.52
4.34

75%

8.15
5.43

Natural Gas

4.00/1000 Ct/3

Corn

2.50/bushel

Wood

Pellets

Coal
Wood

Chips (green)

LitterPellets Bought
(L itter- Sold)

Wood

4.00

75%

5.00
4.41

3.53

75%

5O.oo/ton

3.12

75%

3.91

35.oo/ton

2.69

70%

3.50

15.oo/ton

1.87

65%

2.52

10.00/ton

1.25

55%

1.81

ton

2.50

75%

3.12
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Litter is another abundant resource for turkey growers to consider for
d~sposa1 problem. Litter is not
a natural fuel though, so special combustion systems will need to be
developed to take optimum advantage of the opportunity. This could mean
two to three years before lttter combustion becomes a commercial realtty.
In the meantime, costs continue to rise and maybe there is a shorter
term solution with a long term opportunity.

1'i:ii1:"'"" It is lO"'-(:ost and for some is a

Litter, besides having fuel value, also has fertilizer and feed value.
For those with land, the fertilizer potential Is well developed and the
current value established between $4 and 510 per ton.
Feeding poultry litter to cattle has been practiced for years by indivi
duals in the South. 1t is now being looked at by the feed industry as
a lower cost feed additive. Values are not well established, but $50-100
per ton for aspen litter as cattle feed is a figure cited by the Univer
sity of Minnesota (2). This represents 3.1¢ - 6.2¢ per pound of turkey
grown and presents opportunities for new profit centers if the right mar
kets are found.
The feed value of Utter presents an opportunity in that many feed mills
are also producing wood fuel pellets. A delivery of wood fuel pellets for
combustion in the turkey houses could result in a pickup of litter to be
back-hauled to the feed mill. This opportunity is attractive in that it
solves the immediate energy problem of many growers. Installing wood
pellet combustion systems can reduce fuel costs immediately by 30% and
more. Back-hauling litter also helps relieve some growers of a litter dis
posal problem, and the purchase buy-back of wood-Utter provides incen
tives for both parties to keep costs down and profitability high.
LITTER VS. WOOD

Figure 2 compares the value of litter as fuel versus the trade-off of
using wood and selling the litter. Two opportunities are presented. One
shows the fuel cost of wood pellets if they are traded on a ton for ton
basis with litter. In reality. a turkey producer will have roughly 31
times as much Utter, by weight. as fuel pellets required. The second
opportunity then shows the net cost of fuel if all the litter is exchanged
for fuel pellets.
Basically, what the figure shows is that if one can obtain $15 per ton
for the litter, on a ton for ton baSiS, he would be better off selling litter
and burning. wood. If all the litter was eXChanged for wood pellets. a
3.5:1 litter for wood exchange, then the grower would effectively receive
free wood at 514. 25/ton , and at 58.50/ton would be better off selling
litter and buying wood.
The graph obviously does not account for the time factor involved in
obtaining litter combustion systems, nor does it account for feed handItng
and storage problems that litter can present. Thus, subjectively, one
would come out ahead by moving immediately to wood, even if $8-10 per
ton was the going rate for litter.
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FIGURE 2
VALUE OF LITTER AS FUEL VERSUS EXCHANGE OF
LITTER FOR WOOD PELLETS AS FUEL
20

15

LITTER
VALUE
SITON
10

5

DELIVERED FUEL* COST S/MMBTU

*Assumes Utter at 4,000 Btu/lb. and 55" combustion effic:ienc:y.
Wood pelletl at 8,000 Btu/lb. and 7~ combultion elflc:1enc:y.
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A rROGRAN FOR INCREASING PROFITABILITY
Table 2 represents typical energy costs for a 2.8 million bird complex
consisting of two 25,000 square foot brooder barns and two 40,000 square
foot grow-out barns. The farm estimates the costs are divided equally
between growing and brooder operations. A few points to note about these
figures:
1) Fuel use is based on tank fillings and not on actual use.
2) The six summer months use roughly one-half the amount of fuel as
the six winter months.
3) The average fuel costs are 2t per pound,
with summer at It per pound and winter averaging 3t per pound.
Compared to propane at $.60/ga11on
With propane at 60t per gallon, the annual fuel bill here is $52,000.
the average, the farm uses 7,200 gallons of propane a month, or
$4,320.
On

Purchasing wood pellets to replace 85% of the propane (some propane
would still be required in the brooders) would require 425 tons of pellets
per year. At $SO per ton, this would cost $21,000 and result in a net
fuel savings of $23,000.
To burn the pellets, however, will require the installation of a wood com
bustion system. With automatic fuel handling and control, hot air heat
exchangers and the like, the system can be purchased and installed for
around $35,000. Annual payments at l7i% would be in the neighborhood
of $11,000 over five years. Thus, total annual cost for the new fuel SY5
tem would be $32,000 (see Table 3). Assuming 15% of the propane would
!ltill be used in brooders, the net savings is around $12,000 per year;
a 23% reduction.
If the litter buy-back option is included, assuming one ton of litter can
be hauled back for each ton of pellets brought in and litter is pur
chased for $10 per ton, the net cost for the fuel is reduced to $40 per
ton. Thus, fuel savings would be increased by an additional $4,000 per
year to over $16,000. This represents a two year payback, the approxi
mate time that will be required to get a litter combustion system on the
market.

It should be noted here that the eqUipment can also be leased. A lease
arrangement under terms available today would lower annual payments
from $11,000 to $9,600, plus leave a 10% energy tax credit available to
the grower.

Compared to propane at $.40/g&11on
Some growers c:an purchase propane at $.40 per gallon. The economics
of just the wood pellet option compared to propane at these prices is not
attractive, though it is close to a break-even option. With no litter buy
back, the system would show a negative savings of $2,800. if a lease
was obtained, the loss would be reduced to $1,100 (Table 3).
When the litter buy-back is examined, the economics look more attractive.
If one ton of litter at $10 is exchanged for one ton of pellets at $SO.
the net savings is $1.440 per year. If all the litter can be sold, an
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TABLE 2
TYPICAL FUEL USE FOR 2.8 MILLION BIRD TURKEY COMPLEX [From (3)]
MONTH

GALS. OF
LP FUEL

January

1.700.

February

8.300

March

14.150

April

12.200

May

4.500

June

3.750

July

5.200

August

4.350

September

3.700

October

5.150

November

5.650

December

18.100

TOTAL

86.800

15000

1000

F

M A ..

Cost • $.60/g&l. • $52,080
Cost • $.40/gal•• $3.4,720
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TABLE 3
SUMMARY OF ANNUAL COSTS FOR WOOD PELLET
FUEL SYSTEM, WITH WOOD AT $5O/TON
COMPARED TO
PROPANE AT

DESCRIPTION

60t

40t

NEW SYSTEM
Loan Payment (17t%, 5 Yrs.)

$ll,070

$ll,070

21,250

21,250

7,800

5,210

40,120

37.530

52,080

34.720

NET SAVINGS

$ll,960

$(2,810)

NET SAVINGS UNDER LEASE SCENARIO

$13,450

$(1,100)

Fuel Cost - 425 Tons

@

$50

Propane for Brooders (13,020 Gals. )
NET COST
PRESENT SYSTEM
Propane Costs

*Leasing the equipment is a viable option that would reduce the annual
loan payment to between $8,970 and $9,580, depending on the quality of
the customer. This is based on 5 year terms available today with a 5%
buy-out option at the end.
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exchange of 3.5 tons of litter for one ton of pellets, at $10, the savings
is on the order of $14,700. This is a payback of under 2t years.
Thus, the analysis shows that compared to propane at Got per gallon,
the switch to wood can take place immediately and show positive cashflow
and swift cost recovery, even without considering the sale of the litter.
At "Ot per gallon of propane, the return is more dependant on the sale
of litter to offset capital costs. With a 1:1 exchange of wood for litter,
the system does show a slight positive cashflow, and represents 1I signifi
cant cash savings if all the litter can be exchanged for wood.
SUMMARY AND CONCLUSIONS

Current propane and wood fuel costs over the next few years clearly point
out the near term opportunity of an immediate increase in profitability
for the grower who switches to wood. This is particularly true if the
grower contracts to sell litter simultaneously.
The rapid payback allows the operator to make the decision to switch
to litter combustion should a viable system come on the market within
the next two years. Or, the grower could maintain the wood system until
such time as a litter system would increase profitability over the use
of wood.
A program which uses wood fuel and sells litter makes sound sense from
three critical areas, technology. management and economics:
Technology

The systems are here today and are proven. They are
easy to use and maintain and are relatively trouble
free even in winter •

• Management - The wood· system can be adapted to current management

programs and rearing practices without significant addi
tional work or learning of new techniques •
• Economics

- Wood provides immediate returns with significant in
creased profitability even with additional capital invest
ments. In the long term, it provides opportunities tor
even greater cost reductions and increased profitability.

Wood provides the opportunity today without impairing future opportu
nities of either reduced propane costs or the use of litter for a fuel.
Thus, it is an immediate opportunity with long term benefits.
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TABLE 4
SUMMARY OF NET ANNUAL FUEL COSTS WITH WOOD PELLETS
PURCHASED AT $50ITON AND LITTER SOLD AT $lO/TON
(PROPANE AT 4Ot/GALLON)
-EXCHANGE OF LITTER (TONS)
TO WOOD (TONS)

DESCRIPTION

1:1

3.5:1

$11.070

$11.070

21.250

21.250

5.210

5.210

SUBTOTAL

37.530

37.530

Sale of Litter

( 4.250)

<17.500)

NET COST

33.280

20.030

34.720

34.720

NET SAVINGS

$ 1.440

$14.690

NET SAVINGS UNDER LEASE*

$ 3.150

$16.400

NEW SYSTEM
Loan Payment (l7t%. 5 years)
Fuel Cost (425 tons

@

$50)

Propane for Brooders (13.020 Gals.)

PRESENT SYSTEM
Propane Costs

*Leasing the equipment is a viable option that would reduce the annual
loan payment to between $8,970 and $9.580. depending on the quality of
the customer. This is based on 5 year terms available today with a 5'l
buy-out option at the end.
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THE USE OF PELLETIZED BIOMASS FUELS

Robert Despot
Forest Fuels Inc.
1024 Washington
Brainerd, MN 56401
The use of pelletized biomass fuels in the poultry industry has proven
benefits over the use of lignite coal. Lignite coal, which has a vide
range of moisture contents, has IIJ1 unpredictable BTU output making opti
mum perform8llce difficult. Pelletized biomass fuels are very uniform in
BTU output 8Ild have a low moisture content. This simplifies the task of
tuning equipniult· for optimum· efficiencies.
In addition, pelletized biomass fuels can be stored IIJ1d handled with con
ventional farm feed equipment, thus lowering initial equipment invest
ments. One of the biggest problems of solid fuel hllJ1dling in Minnesota,
freezing in the bin, is elimil!lated vith the pelletized fuels, which flow
from hopper bins much like any feed product.
A variety of pelletized fuels are available today, including sunflower
hulls, wood wastes, oat hulls, and other crop residues. The competition
between fuel producers has made pelletized fuels one of the best fuel
buys on the market today. Reliable suppliers of pelletized biomass fuels
makes the task of energy management simpler IIJ1d more cost-effective than
any product knovn.
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RECLAIMING WARM AIR IN POULTRY BARNS 
YOUR BIGGEST RESOURCE

Wa,yne Cummings
Forest Fuels Inc.
1024 Wuhington
Brainerd, MN 56401
"In the tva-plus years ve have used the new coal stoking hot-air fur
naces, ve have reduced our energy costs betWeen 5O-60J." Mr. Charles
Shafer, grower and manager of the Washington Fryer Commission.
Many growers in Washington are brooding chickens by using re-heated
room air only. A typic~ grover in Washington raises 19.000 birds in
0
a 40' x 150' room at 90 • vith outside air at 0 • A complete copy of
Mr. Shafer's report is available from this vriter.
The equipment used is a standard, production line, heat exchanger-stoker
combination vith explosion proof motors, 2 special dust inspection
cleanout doors, and no filters. The units are capable of burning coal
or biomass pellets interchangeably.
The extensive testing and use by many growers in many barns in Washing
ton should :make this attractive to Minnesota turkey growers. The fur
naces are flexible. simple to sssemble. end operate and can even be made
to be portable. Because they are standard production units. their cost
is very competitive. They are available in 150. 250. and 450 101M BTU units.
Boiler systems are also available.
Unlike some
troublesome
tems. This
convenience

stoker systems. these units burn vithout the formation of
clinkers and can be equipped with automatic uh removal sys
greatly reduces labor costs and provides the ultimate in
for the grower.

This space equipment can be leased or purchased.
guaranteed prices are available.
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Fuel contracts vith

ATTENDEES
Psul Holmgren &
Mike Holmgren
Swan River Farm
Route 1
Swanville, HN 56382

Russell Abersoll
Turkeyville Farm
Fleming Route
Aitkin, HN 56431
Vern Anderson
Mill Farms Co.
201 East Jsmes
Paynesville, HN

56362

Wsyne CUlllldngs
Forest Fuels Co.
1020 Washington
Brainerd, HN 56401

Jim Heymer
Red Bridge Farms, Inc.
Route 5
Princeton. MN 55371
Ralph Huisings
Huisinga Fsrms, Inc.
Renville, MN 56284

Jerome Klsphske
Route 2
Freeport, MN 56331
John Klaphalte
Route 2
Freeport, MN 56331
Ervin Klaphake
Route 1
Melrose, MN 56352
Albert Lemke
Hilltop Turkey Farm

RRI
Leonard Doucette
Doucette Turkey Farm
Route 2, Box 113
Little Falls, HN 56345
Robert Doucette
Doucette Turkey Farm
Route 2, Box 113
Little Falls, HN 56345
Charles Duensing
Land O'Lakes, Inc.
P.O. Box I8-H, Route
Foley. HN 56329
Dale Flickinger
Solid Fuel Systems, Inc.
RR I, Box 157
Spicer, MN 56288
J_s Goran
Gorans' Brothers
Route 2, Box 319
Willmar, HN 56201
Marc Gorans
Gorans' Brothers
Route 2
Willmar, HN 56201
Ceo Gorton
Northern Turkey Hatcheries
Bo:x377
Pelican Rapids, MN 56572
Robert Holmgren
Acorn Ridge Fsrm
Route 1
Swanville, MN 56382

Thomas Huis1ngs
Huisinga Farms, Inc.
Raymond, MN 56282
Craig Holden
Holden Farms, Inc.
Box 257
Northfield, MN 55057
Fred Huebsch
Route 2, Box 47
Perham, MN 56573
Keith Homan
Homan Turkey Farm
Box 307
Pelican Rapids, MN 56572
Dick Imdieke
Munson Feed Co., Inc.
Melrose, MN 56352
Henry Loxtercsmp
Munson Feed Co., Inc.
Melrose, HN 56352
Peter Terres
Munson Feed Co., Inc.
Melrose, MN 56352
Tom Herger
Box 3
Sauk Center, MN 56378
Gilbert Klaphake
Route I, Box 3
Melrose, MN 56352
Rick Klsphake
Route 2
Melrose, MN 56352
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Long Prairie, MN 56347
Jerry Ager
Hilltop Turkey Farm

RRI
Long Prairie, MN 56347
Vance Larson
Larson Products, Inc.
Route 1, Box 92
Sargeant, MN 55973
Garth Meschke
Route 1
Little Falls, MN

56345

Marvin Mickelson
Sanset Farms, Inc.
Route 3, Box 269
Frazee, MN 56544
Williard Mickelson
Sonset Farms, Inc.
Rotue 3
Frazee, MN 56544
Robert Moehrle
MN Dept. of Agde.
1597 Hammond Raod
White Bear Lake, MN 55110
George Moreng
Jerome Fairbo Farms, Inc.
1116 NW Fourth Ave.
Faribault, MN 55021
Bery 1 Munson
Hunco, Inc.
Route 2, Box 31
Howard Lake, MN 55349

Norman Norris
Hubbard Foods, Inc.
210 West Spruce
Houston, MN 55943

Bob Sydell
Land 0' Lakes
1141 S.A.R. #4
St. Cloud, MN 56301

Lloyd Opperud
Box 706
Detroit Lakea, MN

Grant Shold
Land O'Lakes
1709 SE Broadway
Albert Lea, MN 56007

56501

Malcolm Anderson
Box 706
Detroit Lakes, MN 56501
Dale Prine
Jer01lle Foolla, Inc.
34 North Seventh Street
Barron, WI 54812
Dr. Glen IColb
Jerome Enterprises
34 North Seventh Street
Barron, WI 54812

Lyle Pederson
West Central Turkeys
Box T
Pelican Rapids, MN 56572
Richard Pursley
Pro-Vid-A11 :Mills
SOl South Marsball
Litchfield, MN 55355
~tt Rumussen
lIDute 4
'McGregor, MN 55160

Harold lIDelike
:Midway Turkeys Inc.
104 Third Ave. SE
:Minneapolis, MN 55414

Gordon Chalmers
John Klenk
Ron Berget
Earl Olson
Don Handahl
Jim Richardson
P.E. Poaa
Earl B. Olson Farma
2505 Willar Ave. SW
Willmar, MN 56201

John Teigland
Perkins Lumber
Box 508
Willmar. MN 56201

Hans Borgwarth
Earl B. Olson Farms
Merrifield, MN
56465

Gary Messer
Perkins Lumber
Box 508
Willmar. MN 56201

Ole Sonstegsrd
Burbank Turkey Farms
110 Washburn Drive
Paynesville. MN 56362

Jim Wensman
Peterson-Biddick Co.
P.O. 190
Wadena, MN 56482

B1ll Smith
Ker Inc.
Box 76
Sunburg. MN

Bob Peterson
Tim Johnson
Dan Bates
Ivan Willroth
Ted Huisinga
Don Magnuson
Willmar Poultry Co.
Box 153
Willmar, MN 56201

Hanspeter Borgwarth
Earl B. Olson Farms
Box 93
Merrifield, MN 56465

Dale Hendrickson
Karl Wolhowe
Cargill - Belgrade
P.O. Box 129
Belgrade, MN 56312

56289

Cass Tho..,son
Roy Goble
John Shelen
Earl B. Olson Farms
Box 93
Merrifield. MN 56465
Jim Matbis
Gessell Farms, Inc.
Swanville. MN 56382

Frank Maleska
Maleska Turkey Farm
Melrose. MN 56352

Loren Weick
Cedar Grove Turkey Ranch
Box 6
Swanville, MN 56382

Merle Ballou
Ballou Plumbing & Heating
Route 1
Randall, MN 56475

Bill lIDthfork
Stewart Bridge Farm
Mel rose. MN 56352

Robert Sinutte
Osakis Turkey Rancb
Osakis, MN 56360

Curt Drager
Box 245
Swanville. MN

Gene Brownfield
Bob Zerr'
Swift & Co.
P.O. Box 270
Marshall. MN 56258

Cal Jackson
Route 1
Swanville. MN 56382

Leo Schanbaar
Melrose Turkey Farm
Melrose, MN 56352
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56382

Darrell Cook
Route 5, Box 342
Brainerd, MN 56401

Darrell Carlsoo
Perkers Prarie, MN 56361
Don Nuller

Carl Skerie
Route 3, Box 186
Detroit Lakes, MN 56501

Joe Javonich
PeA Office
St. Geraain Street
St. Cloud, MN 56301

Bob Despot
Route 1
Fort Ripley, MN 56449

Don Vagle
Route 1
Veradale, MN 56481

Larry Tepley
Route 1, Box 188
SWanville, MN 56382

Greg Sabald
lapp Industries
11150 Rupp Drive
:&limaville, MN 55331

Frank Gessell
Gessell Fame
Swanville, MN 56382

Jan Johnson
Swift & Co.
Detroit Lakes, MN 56501

Gerhard Mitteness
Route 3
Benson, MN 56215

Earl Trosdk
T Farms
Route 1
Pelican Rapids, MN 56572

Doug Winter
Greenwald State Bank
Greenwald, MN 56335
Arnie Hoeschen
Freeport State Bank
Freeport, MN 56331

Dick Eaan
420 Weat Main
Melrose, MN 56352

Dave Shockan
Willpar Area Vo-Tech
Willnar, MN 56201

Darrel Velo
Evelo, Inc.
Rothsay, MN 56519

Copies Requested
Darold Thompson
Thompson Turkey Fam
Route 3, Box 280
Detroit Lakes, MN 56501

Gordon B. Meyer (2 copies)
British United Turkey, Ltd.
83 Laurel Street
Harrisonburg, VA 22801

Charles Dahlgren
Bird Island, MN 55310

Tom Bruin (2 copies)
Route 3 Box 16
Willmar, MN 56201

Dave Fesler
Osakis, MN 5.6350
Robert Allen
Allen Turkey Fam
Route 3
Croaa Lake, MN 56442
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The University of Minnesota, including tbe Agricultural Experiment
Station, is committed to tbe policy tbat all persons sball bave
equal access to its programs. facilities, and employment witbout
regard to race, creed. color, sex, national origin, or bandicap.

