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Abstract

Livestock and poullry wastes could produce significant smounits of hiamasgs
energy if conventional energy prices coantianue to rise. This study
the recoversble energy potentially available from livestock and poulicy
in the scuthern United States in 1980 with projections for 1490. The potanbial
energy from anserobilce digection of deiry cow, hog, fed beef, and laving
wanures was 20.6 billion cubic feet of methane gas in 1980 with 2.6
Btu's of enerpgy; only slight increases are projected for 1990. DRivaecht burning
ol littewr from broilers, turkeys, and pullets could have preduced ; .7 trillion
Btu's of energy in 1280 with 58.6 trillion Btu's projected for 1340, The total
potenkial farm value of bilomass energy from these enterprizes vanged from $147
to $446 million in 1980 and %340 million to $1.08 billioa in 18350 de

upen the types of conventional energy displaced. Bilomads energy velus

highest when substituted for LP gas

Key words: energy, animal wastes, anaerobic digestion, energy

potential, direct combustion, energy values.

Paper presented at the Awerican Agricultural FEconomics Association Annual
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ECONOMYIC POTEHTIAL FOR BIOMASS ENERCY FRGH
LIVESTOCK AND PFOULMRY WASTES TH THE S0UTLH

The energy crisis of Lhe 1970%'s creataed renewed intereskt
energy sources. Biomasg enevzy from epricultural souarces
alternative that has pot axplores Thig study focuges on the
economic potential for kilomzsa enerzy from livestock and peultry wastes in Lhe
gouthern United Statez. The objecti sere to: (1) debermine the gquantity
and location of manure and littsr available for conversion Lo energy, (2)
asgess the feasibilily of varicus conversion processes, and (3) estimate the
quantity and value of potential energy available from these sources.

There were three farm production regions included in this study: the
Southeast, the Delta States, and the Appalachian region (Figure 1). Bstimates
of livestock and pouliry manurz and biowass enevgy potential weve derived for
livestock and poultry spacies by states for the base year 1680, and projected
for 1990. Biomass energy potentials will vary greatly by stabes and regions

due to differences in types and sizes of livegtock and poultry enterprises and

manure handling practices.

Frocedure
The proéedure was: (1) livestock and poullry numbers confined on farms in
the South were compiled for the period 1960 to 1981 and projected for 1990
based on the outlook for the various species; (2) the guantity, location, and

availability of manure was estimated by applying manure output rates to animal

numbers; (3) manure volumes were converted to gross energy potentials assuning

anaerobic digestion of wastes or direct combustion of litter; (4) previous
studies were evaluated to determine minimum size enterprises feasible for
utilizing on-site energy conversion processes; (5) animal numbers and manure

volumes were adjusted to include only output from farms of minimum size
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Figure 1. Outline of Farm Production Beglons in the United States Including Major Reglous Taciuded
in this Study

or larger; (6) allowance was made for on-farm handling losses and conversion
efficiencies in the anacrobic digestion and direct burning processesy

(including electrical power generation from metbane gasg); (7) wvaluas of the

various forms of biomass energy were then determined based on prices for

conventional fuels that the biomass energy could replace on the farm.

_ Energy Conversion Procesges
The conversion of organic matter to energy can be accomplished by a numbev
of technical processes depending on the raw material and the type of energy
desiréd. Hewever, according to the U.S. Dept. of Energy (DOE), 1980, and
Office of Technology Assessment (OTA), the anaerobic digestion process is
probably the most feasible system for converting livestock and laying hen

manures into energy. These manures are suitable for the digestive process,
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highly variable, however, depending upon design factors
farm labor for construction.

Direct Combustion

Direct combustion of Ilitter-based poultcry wmanure is more advantapgecus than
anacrobic digestion due to lower capital investment costs and ihe ivrez
supplies of litter from poultry houses Lhat are cleaned only ance
year. Also, the steady flow of energy from anaercbic digesters
the gpecific energy neads of poultry growers whargkthe brooding procass
reguires extensive heat during the firslt two weeks of the growing staze.
Dirvect combustion ig also more flexible in terms of feedstock skorepe and For
neeting ceasonal or cyclical energy needs for functions octher then brooding.

Direct combustion of poultry litter is similar te burning other wood regi-
duss. With moisture content ranging from 25 to 35%, litter could be burned
directly or pelletized for easier storage and handling, and move efficient
burning (0TA; Smith et al.). Energy values from burning litter are rela-

sh, and capital investment ceosts for furnace or boiler Facll
ralatively low for small--scale operabtions. 8Small, wood-fired wara-alye
systoms for broiler houges can be constructed for less than $18,¢

possibly as low as 8,800 depending on the types of systems needed {(Holier

al.), but large-scale steam boilers using wood fuels could cost $5C0,000 ar

more (U.S. General Accounting Office). Wood-burning systems, howewer, have
lower capital investment costs per unit of energy than anaerobic digestion
gystems even though operating costs may be somewhat higher.

Economically Recoverable Biomass Energy

The energy potentially available from livestock and poullry wastes was
based on manure oubtput from operations of certain minimum sizes or larger
where the anaercbic digestion or direct combustion processes were considered

feasible. Actual manure residues and costs for individual farms will vary




;reatly. Recoverable energy will also be affected by manure handliing lossos,

storage losses, variations in blogas yilelds, and conversion losgses in the

~

anacrobic digestion, dirvect burning, and electrical generation processes.

Methane Gag Productio:

The quant ity and value of vezoverable encrpy From Liveghtock and
poultry in t toukh are given in Table 1. Anserchic digestion was the
conversion process tusesd £ inivy, swine, fed beef, and laying hen
entorprises. Manure velumes avzilable from these enterprises were sad on
1.95 tons of dry weight wanure per cow from dalry farms with herds of 30 cows
or more minus 20% paskure and handling losses; .07 tons of manure per pig from
hog farms with sales of 500 head per year or more minus 10% handliag losses;
.62 tons per head from fed catile on farms with sales of 1,000 head or more
per year minus 5% losges; and 12.6 tons per 1,000 layers from poultry farms

with flocks of 20,000 hens or more minus 3% handling losses (Chrigtensen, et
) 5] ?

al.; Fischer, et al.; Van Dyna and Gilbertson; Strong and Segars). These

enterprises produced an estimated 3.6 millien tong of manure in 1980 with a
biogas potential of 34.46 billicno cubi s 18 19 the egqulwvalent of 20.6
billion cubic feet of mothane gags witl thermal enorgy potential of 20.6
trillion Bltu's. Dairy cows accounted for 43% of this energy, laying hens 37%,
hogs 21%, and fed beef 4%. The major producing states were Georgia, North

~

Carolina, and Florida, accounting for 43% of the biogas potential in the Scuth

(Table 2). Producticn potential was generally widespread throughout the
region except in West Virginia which had relatively few livestock and pouliry
farms. Projected methane production for 1990 shows little change from 1930
except for a slight increase in energy potential from hogs which are expected
to expand somewhat in numbers by 1990.

The methane production potential for the region was based on the following

production coefficients: an output of 3.7 cubic feet of biogas per pound of
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manure at 35% digester efficiency for dairy cows; 5.83 cubic feet ak
digester effici : hogs; 5.3 cubic feet at 50% efficiency
6.3 cubic feét at 65% efficiency for laying hens (Hayesz et al.:
al., Figcher et al., Hashimote et al., Slane et al.); and
methane content. Improved technology and higher operating effilciencies fov
digesters could result in substantially higher levels of enerpy oubpub.

If the methane from the anaerchic digesticn process was burned
a substitute for conventional fuels, the value of the gas groducéd
reginn in 1980 would he $76.7 million if substituted for natural gss, or
$145.3 million if substituted for liguefied petroleum (LF) gas {Table 1)}. The
potential value depends on the prices of conventional fuels in
states. The average natural gag price in the South was
(tmerican Gas Associakion, 1982) and LP gas prices were 674/gallon in 13580
(U.3. Dept. of Agriculture). HNatural gas has traditionally been priced much
lower Lhan LP gas on a Btu basis. However, since natural gas is nct geunerally
available in most rural areas of the South, the higher-priced LP
most common conventional fuel that would be displaced by methana.
potential value of the methane gaug is projected to be wuch higher by

.

rigsing to $203.8 million if substituted for natural gas and $2%0.8 wmillio

substituted for LP gag. These higher values are based on projected nalural

gas prices of $9.75 per million BLu and LP gas prices of $1.31/gallon for
1990, due to government deregulation of the natural gas industry (Asericen Gag
Association, 1983; DOE, 1983).

If methane gas from anaerobic digestion was converted to electricity, th
production potential for the region would be 1,810 zigawatt-hours (Gwhr) (or
1.81 billion kilowatt-hours) in 1980 and 1,837 Gwhr's in 1990 (Table 1). This
electrical power potential was based on 30% conversion efficiency from engine

generators fueled by methane gas (Fischer et al.; Bartlett, et al.). The




‘potential valge of this electriecity depends on the electrical power rates in
the various skates. In 19280, prices paid by farmers cveportad by USDA

from 3.5¢/kilowatt-hour (kwhr) in Tennessez to 5.%¢/kwhr in lorida.

Seuth as a whole, electrical power rabes were 4.7¢/kwhr in 1980 which

in a value of $85.3 million for the olectricity poiential from wmethans gas.
This electricity valus was slighbtly highev than methane used ag a substitute
for natural gas, bub substantiaslly lower than methane substituted for LP gas.
The states with the highast potential eleckricity values were Florida,
Georgia, aﬁd Norih Carolina {(Table 2). wWith the average price for olectricity
in the South in 1690 projescted =t 9.4¢/kwhr, the potentiasl value of alec-
tricity generated from methane pas in the South will increase bto £173 million
in 1960. However, the ¢lectricity value in 1990 will still be considerably
lower than methane gas uscd as & substitute for natural or LP pased.

Direck Burning of Litter

The potential quantity and value of recoverable energy fiom direct burning
of litter ané manuve from broiiex, tufkay, snd pullet growing enterprises in
the South are given in Table 1. %he volume of manuce and litter available
from thege enterprises is baged on 1.25 lLons per 1,000 birda from broiler
farms with sales of 60,000 birds per year or monre minug 3% handling_lossea;
12.6 tons per 1,000 birds from turkey farms with sales of 30,000 birds per
year or ﬁore minus 20% range and handling losges; and 3.0 tons per 1,000 birds
from pullet growing farms wWith sales of 20,000 birds or more per year minus 3%
handling losses (Van Dyne and Gilbertson; Strong and Segars). These enter-

prises produced an estimated 3.9 million tons of manure and litter in 1980

with a thermal energy potential of 43.7 trillion Btu's (Rokeby and Hayo).

Broilers accounted for 82% of this energy, turkeys 14%, and pullets 4%. The
major producing states were Arkansas, North Carolina, Georgia, and Alabanma,

accounting for 74% of the energy potential frem direct burning of menure and
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litter (Table 2). Projected energy production shows significant increases in

the 1980's, reaching 58.6 trillion Btu's in 1990 due primarily to the

continued expansion of broiler and turkey production in the Scuth (Table 1
The potential value of this energy depends on whether it ig usged Lo

eplace natural gas or LP gas. 18 18 the most common fuel used

farms in the South, but natural gas ig used to some extenkt in cerbtain

If poultry litter was used as a substitute for natural gas, the valus

3

Lhermal energy produced in 1980 would be $162.5 million, as compared

"

willion if it replaced LP gas (Table 1). These values are
increase substantially by 1990, however, with the potential value of energy
from poultry litter rising to $571.4 million if gubstituted for natural gas,

and $789.5 million if used Lo replace LP gas.

Total Energy Production

The total recoverable thermal energy potential from livestock and poultry
manure in the South was 64.3 trillion Btu's in 1980 with 55.4% of this enevgy
derived from broiler enterprises, 13.8% from dairy cows, 10.4% from laying
hens, 9.4% from turkeys, 6.7% from hogs, 3.0% from pullets, and 1.3% fyrom fed
beef (Table 1). HMethane gas from dairy, fed beef, hog, and layiag hea
enterpriges accounted for 32% of this energy potential, and direct burning
litter from broilers, turkeys, and pullets accounited for 68%. It wes
estimated that this energy producticn potential for the South was 26% of the

total potential energy output from these enterprises in the United States in

1980. The major energy producing states were Arkansas, Georgia, North

Carolina, and Alabama, accounting for 64% of the thermal energy in the region

(Table 2). The other states also had signific ant energy potential except for
West Virginia which had relatively few livestock and poultry enterprises of

sufficient size to utilize current biomass conversion technologies.




The economically recoverable energy poteantial from thesge
the South was préjected at 79.5 trillion Btu's im 1990 (tgble 1). Hogst of the
increase is due to expeched increases in production of broilervs and turkeys
which have been expanding rapidly in the Scubh in vecenb yeurs
¢light increase in number of hogs is also expected in the 1480"s whic
increase their poteatisl snovrgy muhput, bt A7y cow numbery sre projected to
decline somewhat. Fed catbtle numbers may increase slightly also, bub little
change is expected in laying hen and pullet numberd.

The potentiél value of recoverable enefgy Prom bhese enberprises at the
farm level varvies widely depanding upon the form of energy produced and the
type of conventional energy displaced. The lowest values in 1480 for
enterprigses utilizing anserobic digestion occurred when methane was
gubstituted for naturael gas. The next highest values were from electrical
power generation, and the highest values occuried when methane was used as
substitute for LP gas {Table 1). In 1930, however, electrical power
generation is projected to have the lowest value, followed by methane
gubstituted for natural gas, but methane used ag a substibube for LP gas
continue to have the hiphest value. The lowest values for enterprises

utilizing direct burning in both 1980 and 19¢0 occurred when litter was

substituted for natural gas, and the highest walues occurred when litter

digplaced LP gas. These values vary among states depending upon electricity

rates, prices of natural and LP gas, and other factors.

The lowest total on-site energy farm value for all seven entervpris
1980 would be $239.2 million if energy from burning litter and methane gas
were substituted for natural gas. In 1990 this value would be $744.1 million
with litter combustion replacing natural gas and methane gas used for
electricity. If the energy from all enterprises was used to replace natural

gas, it would be worth $775.4 million in 1990 (Table 1). The highest values
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for all enterprises would be $446.4 million in 1980 aud $1.08 billion in 1990

based on LP gas as the conventional fuel displaced. Markeb wvalues for energy

g0ld to potential ouktlets off-farm would be even move variable, aithough

probably lower than on-site uge values.

Since the anaesrobic digestien process leaves a residual sludge that caa
also be used as a fertilizer or animal feed ingfediént, the total walue ﬁf
these energy conversion processes will be incveaéed if residues can he
utilized effectively. The potential fertilizer values for enterprises using
anaerobic digestion ranged up to $82.2 million in 1980 and #114.5 million in
.1990 (Strong and Segars). Potential animal feed values for the same
enterprises ranged up to $181.0 million in 1980 and $254.3 million in 1990

(Cullison). Usage of these residues would therefore greatly enhance the

economic potential of biomass energy from livestock and poultry wastes.
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