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'Livestock and poultry' wastes could produce significant amounts of bI

energy if conventional energy prices continue to rise.. This study ettiros

the recover/able energy potentially available from livestock and poultyy wateo

in the southern United States in 1980 with projections for 1990 • The pcItentlal

. energy from anaerobic digestion (JE dairy cow, hog, fed beef, and laying hen

manurcs was 20.6 billion cubic feet of methane gas in 1980 with 20.6 . trillion

Btu's of enc!rgy; only slight increases are projected for 1990. Diroct burning

.of litter from broilers, turkeys, and pullets could have produced 43.7- trirnon,

Btu's of energy in 1980 with 58,6 trillion Btu's projected for 1990. The total

potential farm value of biomass energy from these enterpries ranged from $141

to $446 million in 1980 and 43/40 million to $1.08 billion in 1990 depewling

upon the types of conventional energy displaced. Biomass energy valuas ria

highest when substituted for LP gas.

IK. y words: biomass energy, animal wastes, anaerobic digestion, energy

potential, direct combustion, energy values.

Paper presented at the American Agricultural Economics Association Annual

Meeting, Cornell University, Ithaca, New York, August 5-8, 1984



. ECONOMIC POTENTIAL FOR BIOMASS ENERGY FROM

LIVESTOCK AND POULTRY WASTES IN THE SOUTH

introducion.•

The energy crisis ot. the 1970's creatt;,;d .renclwed interest in alternatiVe

energy sources. •••••• r " • • , ,•4Bioma.,.3L! oncl ma: or

alternative that has sot beinl .C1,111, oNnin,,,,A This study -focuses an the

potential for '1') -Iamss eny frcza livootock and poultry wastkn in i.7,he

southern United States. The objectives were to: (1) determine the quantity

and location of manure and litter available for conversion to energy, (2)

-assess the feasibility of various convion 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). Estimates

of livestock and poultry manure • and biomass energy petenLial were derived for

livestock and poultry species • by states • for the base year 1980 and. projected •

for 1990. - Biomass energy potentials will vary greatly by states and regions

•• due to differences in typos and size12. of iiimutocX and poultry' enterprises and .

• •• manure handling practices.

Procedure

The procedure WAS: (1) livestock and poultry 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 quantity, location, and

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

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

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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rigure 1. Outline of Farm Production Regions in the United States Including Major Regions Included
in this Study

or larger; (6) allowance was made for on—farm handling losses and conversion

efficiencies in the anaerobic digestion and direct burning processw,i

(including electrical power generation from methane gas); (7) .vslues 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.

Ener,sy Converoion Processes

The conversion of. organic matter to energy can be accomplished by a number

of technical processes depending on the raw material and the type of energy

desired. However, 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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and most livestock and poulty.v enterprises with confined 1iot:1,5'111g have

integrated manure handling syste41s. The process is well-established from a•

technical standpoint, and commercial -scale. . systems are available. Pottli:xy.

enterprises with lagc quantitiG of litte71..7 -based manuTe. ar4,1, not as adaptable.

to anaerobic digestion .due to the. Iignin-ellulose content of . the litter which_

• affects the digestive pto.ceil.•.• Direct cotthustion is therefore the most;

_feasible process for converting litter-based manure into energy.

Anaerobic pig9stion

Anaerobic digestion is a ro.lativcly efficient process producing a biogas

mixture with an average methane content of 60% (OTA). Non t; systems are

site-specific and enterprises must have a certain minimum amount of manure to

supply a given system. The methane could be used as a heating fuel for

boilers or to replace natural gas, fuel oil, or LP gas, and the residual

sludge can be used as a soil fertilizer or livestock feed ilw;redient. In

large-scale operations, the gas could be scrubbed to remove itiApurities,

compressed, and sold as synthetic natural gas to pipeline cofiipanies. The gas

could also be fired in engine-generators to produce electricity for on-farm

use or sale to electric utilities in some areas.

The capital investment required for anaerobic digester systems is

relatively - low compared to other forms of biomass energy conversion (DOE,

1980), but these costs can be relatively high for individual farm operations

depending upon the size of the system and current manure handling practices.

Large-scale commercially built digesters, such as those used by cattle feeding

operations of 10,000 head or more, could cost $1- to $2 million or more (DOE,

1980; Hashimoto et al.). Smaller farm digester systems could be built for

less than $100,000. Some very small systems have been built for less than

*50,000, and they may be suitable for small dairy, swine, or poultry farms in

some areas of the country (Fischer et al.; Hayes et al.). Capital costs are



4

highly variable, however, depending upon design factors and availability of

farm labor for construction.

Direct Combustion

.Direct combustion of, litter-based poultry manure is more advntagecus than

anaerobic digestion due to lower capital investment costs and tho,

supplies ,of litter from poultry houses that are cleaned only once or

year. Also, the steady flow of energy from anaerobic digestern decm not fit

the specific energy needs of poultry growers where the brooding process

requires extensive heat during the first two weeks of the growing !,_;!;i0

Direct combustion is also more flexible in terms of feedotock gi-mvge and Ear

meeting seasonal or cyclical energy needs for functions other than brooding.

Direct combustion of poultry litter is similar to burning ether wood resi-

dues. With moisture content ranging from 25 to 35%, litter could be burned

directly or pelletized for easier storage and handling, and more efficient

burning (OTA; Smith et al.). Energy values from burning litter are rela-

tively high, and capital investment costs for furnace or boiler facilities are

relatively low for small-scale operations. Small, wood-fired war-,tti,.7heating

systems for broiler houses can be constructed for less than $180,00 and

possibly as low as $8,800 depending on the types of systems needed (Noltr: at

al.), but large-scale steam boilers using wood fuels could cost *500,000 or

more (U.S. General Accounting Office). Wood-burning systems, however, have

lower capital investment costs per unit of energy than anaerobic digestion

systems even though operating costs may be somewhat higher.

Economically Recoverable Biomass Energy

The energy potentially available from livestock and poultry wastes was

based on manure output from operations of certain minimum sizes or larger

where the anaerobic digestion or direct combustion processes were considered

feasible. Actual manureresidues and costs .for individual farms will vary



5

greatly. 'Recoverable energy will also be affected . by manure handling losses,

'storage •losses, variations in biogas yields, and conversion loos in the -

anaerobic digestion, di root burn lug and 6lectrical genera'. ion pror,:esses.•

• Methane Gas Productipq

The potential quantity and Value of rnc,bverable energy from livestock and

poultry wastes in the Vouth are given In Table 1. Anaerobic digestion was the

. conversion process used for dairy, swine, fed beef, and laying hen •

enterprises.. Manure volumes available from these. enterprises were based on

1.95 tons of dry weiO.E ianure pcJxi cow from dairy farms with herds of 30 cows

.or more minus 20% pasture and handling losses; .07 tons of manure per pig from.

hog. farms with sales of 500 head per year or more minus .1.014 handling losses;

. .62 tons per head from fed • cattle on farms with sales of 1,000 head or more

.per. year minus 5% loss6s; ad 12.6 tons per 1,000 layers from poultry farms.

• with flocks of 20,000 bons or more minus 31 handling losses (Christensen, at

al.; Fischer, at al.; Van Dyne and Gilbertson; strong and Segars).. • Those

enterprises produced an estimated 3.6 million tons of manure in 1980 with a

biogas potential of 34.4 billion cubic feet. This is the (,luivalent of 20.6

• 'billion cubic feet of. methane gas with a thermal energy potential of 20.6

trillion Btu's.. Dairy cows accounted for 43% of this energy, laying hens . 327,..

hogs 21%, and .fed beef 4%. The major producing states were Georgia, Nerth.

Carolina, and Florida, accounting for 43% of the. Magas potential in the South

(Table 2).- • Production potential was generally widespread throughout the

region except in West Virginia which had relatively few livestock and poultry. •

farms. Projected methane production for 1990 shows little change from. 1980

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 an output of 3.7 cubic feet of biogas per pound of



Table 1. Potential .Quantity and Value of Economically Recoverable Biomass Energy from Livestock and 'Poultry
Manure and Litter,. by. Species, Southein Region s 1980, with Projections for 1990.

Item Dairy Beef I/L.

Number of Animals or Birdsa
1980 .1..3q , n.2
199 

(millions)
0 1.2 0,2

Manure Volume Produced')
1980 „ 2.0 0.1

(mu. tons)
1990 1.9 0.1

Biogas Potentialc
1980 14.8 1.4

(bil. ft
3
)

1990 14.9 1.4

Thermal Energy Potential
d

1980
1990 

(bil. Btu's)

Electrical Energy Potential
e

1980
1990 

(Gwhr s)

Value Electrical Energy
1980

(mil. S)
1990

Value Thermal Energy8
1980

NC (mil. $)
1990

1980
LP 

1990 
(mil. )

8,880
8,520

730.0
748.4

36.7
70.3

33.0
RI. 1

62.
11 1 1, 4

810
868

71.1
76.2

7.2

avers Broilers Turkeys

7.2
8.1

4 864

379.9
427.2

17.8
In 2,14J.

3.0 16.1
8.5

c7

12.0

47.4 

30.4
67.0

71.1
1314

P 0J.)

6,606
6,666

580.3
585.4

27.3
55.0

24 .6
AL: n

46.6
91.9

35,669
47,675

1')0

464.8

246.9
643.4

6,068
9,001

226 . 
87.8

41.1
119.6

Pullets Total

60,8 2,867.8
60.4 3,794.9

0.2 7.5
0.2 8.9

34.4
34.8

0..•0•111

1,945 .
,931

,n

26.5

64,295
79,529

1,810.6
1,537.2

QC

173.0

239.2
'74

40.111.)
4

446.4
1,077.8

a
Based on minimum herd or c4L10.lock sizes feas4ble burning processes.

b
E
c
onomicallv recoverable manure and litter on dry *eight basis after various handling losses

c
Base 4...

q
.1."# d on 3.7 to 6.3 1.ot bi.w7,.a.c pr pound of ninn-f1-2, with digester affic:Lenci ranging iiom 35 to 65%.

. d . _ 3
Based on 600 Btu's per tt of biogas i:,.-L- 60% methane content, and 11 to 12 m111::on Btu pe-: .on f litter.

C Xwhr's.Based on 30% electrical convers-;on efficiency and 3.4153 billion ..r.tu's per Cw1r. Cnc Cwhz

Based on electricity prices paid by farmers y states for 1980 and projected prices for 1990.

8Based on NG and LP czas -Drices naid farmers by states for 1980 and project d prices for )"(I.



Table 2. Potential Quantity and Value of Economically Recoverable Biomass Energy from Livestock and Poultry

Manure and Litter, by States, Southern Region, 1980; with Projections for 1990

 1.411.4444.4444.4.44.114•1

.11•••• 

Item

Number of Animals or Birdsa
1980
1990 

(millions)

Manure Volume Produced
b

1980
(mil. tons)

1990

Biogas Potentialc
1980 (

bil. ft 3)
1990

Thermal Energy Potential
1980 
1990 

(tril.. Btu s)

Electrical
1980
1990

Energy Potential
e

(Gwhr t s)

Value Electrical Energy'
1980
1990 

(mil. $)

Value Thermal Energy'
1980

NG 1990 
(mil. $)

LP 
1980
1990

(mu. .$)

FL

482 tz

632 142

0.8
1.0

2.6

GA

t I

"7na
a,-

lvd

Sc

54
Vt.)

AR

640
n9o,

LA

100 977

146 364

KY

412
c:‘,1

0.6 1.2 0.3 1.2 0.3 0.5 0.3 1.2
0.7 1.4 0.3 1.6 0.3 0.6 0.3 1.4

I I
4.1

2.7 4.8

8.0
10.1

ilc
1.aa

144

6.9
14.7

4 n
4.4

4.7

5.3
c.2

11
32.8
.0

1.8
10

2.5

340
"

11.8
ie..

1 C

4 k
I.4 I4i

2.8

r4
.24

4.9
0

4.6
5zed .0

1,8
1.7

246 279 93 159 77 100 1.54
252 n7c 17510G an ;j.

/.

4:01 i

In

109 56

53
.1.10 77

13„:1
LZ ,74....

7

77
176

I. "),

09

"Y",,

15

4
4k-f

IC. Cr

97

11-

79
911

6.1

9`)

40

4., 6.1
8.5 11.6

16
rs'n
-44

82

6
14
;

12

29

10.8
11.7

?CO

40.3

tri-k/
/4

0.4
VOI*

U

f2*
h.. 4

. 8

157

VA WV Total

116

1C-i1

0.5
A

2.8

•

r
.

142
147

11.3 3.9. 7.2
23 10.9 14.4

14 4

72
,"n

0 1

1

23 2,870
31 3,795

0.1
Iiki

u.
0.9

7.4
8.8

34.5
34.9

64.4
•79.5

18
P 1,837

q

1,5

SZrz.. 7

174:1

3 'n4
750

r,;(1 4-1.7

75 13 rtgrl

a
Includes confined livestock and poultry on farms with at least the minimum number of animals to make anaerobic

digestion or direct burning feasible.

bEconomically v after various recoverable manure and litter on d weight basic a...t.er various nanal.im,
c '-1 ,
Based on 3.7 to 6.3 ft' of biogas per ----- -c manure with digester efficiencies ranging from 35 to 65%.= ,,

d
Based on 600 Btu's per ftj of biog,as at 50% methane content, and 11 to 12 million Btu's per ton of

e
Based on 30% electrical conversion efficiency and 3.4153 bill4on Bt-u's per Gwhr. One Gwhr million Kwhr's.

f -
Based on electricity prices paid by farmers by states for 1980 and projected prices for 1990.

gBased on NC and LP gas prices paid by farmers v states • --- for 1980 and projected prices for 1990
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manure at 35%, digester efficiency for dairy cows; 5,83 cubic feet at 551.

digester efficiency for hogs; 5.3 cubic feet at 50% efficiency for fed beef.; -

6.3 cubic feet at 65% efficiency- for laying hens (Hayes- et al.; Bartlett et.

al., Fischer et al., Hashimoto et al., Slane et al.); and biogan r.J;

methane content. Improved technology and higher operating efficiecle f=ov

digesters could result in. substantially higher levels of energy output,

If the methane from the anaerobic digestion process was burned di:eetAly as .

a substitute for conventional fuels, the value of the gas produced in the

region in 1980 would be $76.7 million if substituted for natural ga, or

$145.3 million if substituted for liquefied petroleum (LP) gas (Table 1). The

potential value depends on the prices of conventional fuels in the various

states. The average natural gas price in the South was $3.72 per million Btu,

. (tmerican Gas Association, 1982) and LP gas prices were 674/ga1lon in 1980 -

(U.S. Dept. of Agriculture). Natural gas has traditionally been priced much

lower than LP gas on .a Btu basis. However,- since natural gas is not generally

available in most: rural areas of the South, the higher-priced LP as is the

most common conventional fuel that would be displaced bymethane. Me

potential value of the methane gas is projected to be much higher by 1990,

rising to $203.8 million if substituted for natural gas and $290.3 million if.

substituted for LP gas. These higher values are based on projected n;li:qvfli

gas prices of $9.75 per million Btu and LP gas prices of $1.31/gallon for

1990, due to government deregulation of the natural gas industry (American Gas

Association, 1983; DOE, 1983).

If methane gas from anaerobic digestion was converted to electricity, the

production potential for the region would be 1,810 gigawatt-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
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• "potential 'value of this electriCii4 depends on •th.f,l, electical power rates in

the various states. In 1980, prices paid by farmers reported by USDA varied .

from 3. 5ç/kilowatt-hour (kwhr) in Tennessee to 59c!iikwhr In Florida.. For the

. South as 6. whole, electrical power rates were 4.1Wkwht. in 1980 whi:ch rnsulted

. in a value of $85.3 million •for the•lectri6ty potential from methane gAs.

• This ;electricity _value was slightly highev than methane used as a substitute

for natural gas but substantially lower than methane substituted for LP ga.s.

. The states with the highest potential electricity values were Florida,,

Georgia, and North Carolina (Table 2). With the average price for electricity'

in the South in 1990. projectd at 9.14/kwhr; .the potential value of elec-.

• tricity generated from methane gas in. the. south will. increase to $173 million

• in 1990. .liowever,, the electricity value in 1990 will still be considerably

• • lower than methane ;as used as a 'substitute for natural or LP gases

Direct Burninr of Litter •

The potential quantity and value of recoverable energy. from direct burning

of litter and manure from broiler, turkey, and pullet growing enterprises in

the South are given in Table 1.. The volume of avirrivize and litter available

from these enterprises is based on 1.25 tons per 1,000 birds from •broiler .

farms with .sales of 60,000 birds per year or more minus 3% handling losses;

12.6 tons per 1,000 birds from turkey farms with sales of 20,000 birds per

year or more minus 20% range and handling losses; and 3.0 tons per 1,000 birds

from pullet growing farms Teiith 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. Mayo).

Broilers accounted- for 82% of this energy, turkeys 14%, and pullets 4%. .The•

major producing states were Arkansas, North Carolina, Georgia, and Alabama,

accounting for 7477 of the energy potential from direct burning of manure 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 South (Table 1)...

The potential value of this -enevgy depends on whether it is IJI:.;.ed to

replace natural gas or LP gas. LP gas is the most common fuel uoed on P,00-1, V

farms in the South, but nal:mral gas is used to some extent in cevtaio kvE2on.

If poultry litter was used as a substitute for natural gas, the vluo oe 7.1

thermal energy produced in 1980 would be $162.5 million, as compvird to $301.1

million if it replaced LP gas (Table 1). These values are expected to

increase substantially by 1990, however, with the potential value of. energy .

from poultry litter. rising to $571..4 million if substituted for natural gag,

and $789.5 million if used to 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 energy

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% from fed

. beef (Table 1). Methane gas from dairy, fed beef, hog, and laying hen

. enterprises accounted for 32% of this energy potential, and direct burning of

litter from broilers, turkeys, and pullets accounted for 68%. It was

estimated that this energy production potential for the South was 26% of the

total potential energy output from th-se. 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 significant 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 potential from these enterprises in •

the South was projected at 79.5 trillion Etu 4 s- . in 1990 (Table 1).-Most .of the .

increase .is due to expected increases in production of broilers and turkeys

which have been expanding rapidly in the SoAh in recent years (Figure 2), • A

slight increase in numb67,: of hoRs 'is olso ex-p.:: -cted in the 1960's . which will •

- Increase their potential enorgy outplit, hut dairy cow number are projected to

• decline somewhat. Fed. :tattle numb*rs Iclay increase slightly also, but little

- change is expected in :Lying• hen and pullet numbers.'

The potential. value of recoverable energy from these enterprises at the. •

farm level varies widely deOnding upon the . form of 'energy produced and the

type of conventional .energy displaced. The lowest values . in 1980 for

enterprises utilizing .anaerobic digestion occurred when methane was

• substituted for natural gas. The next highest values were frm electrical

power generation, and the highest values occurred when methano was Used as a

substitute for LP gas (:able. 1). In 1990, however, electrical pauer.

generation is projected to have the lowest Value ,• followed by .methane

substituted for natural gas,. but methane used as a substitute for LP gas -will.

continue to have the highest value. The lowest values for enterprises

.-utilizing direct burning in both 1980 and 1990 occurred when litter was

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

- displaced 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 enterprise- in

• .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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Thernal
Euergy

(x 10
12

Btu's)

1980 85 90 80 85 90 80 85 90

[1

80 85 90

Dairy Fed beef Hogs & Pigs Layers
80 5 90 80 85 90 80 85 00
Broilers Turkeys Fullet.s

Figure 2. Comparison of Econcmically Recoverable Thermal Energy from Livestock

and Poultry lf,anure and Litter, by Species, Southera United States,

1980, with Projections for 1985 and 1990

for all enterprises would be $446.4 million in 1980 and $1.08 billion in 1990

based on LP gas as the conventional fuel displaced. Harkot ifuluti for energy

sold to potential outlets off-farm would ho oven more variable, ,‹ClUough

probably lower than on-site use values.

Since the anaerobic digestion process leaves a residual sludge that can

also be used as a fertilizer or animal feed ingredient, the total value of

these energy conversion processes will be increased if residues can ha

utilized effectively. The potential fertilizer values far 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

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

economic potential of biomass energy from livestock and poultry wastes.

•••
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