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ABSTRACT

Thecentralsteamplantat theLawrencecampusof The
University of Kansas is fired with natural gas and oil. A new
plantis neededto burnfuelsotherthanthosepresentlybeing
used One alternativeis urban solid waste procuredfrom thei

immediatearea surroundingLawrence pluswood to supplementthe
9

refuse. In 1976,a 4 yearstudywas begunto identifywood-
supplyalternativessuch as residuesfrom local forestindustries,
urban waste-woodtrimmings,thinningsfrom nearby woodlands,and
biomassplantationsspecificallymanagedas an "Energyforest".
Early evaluationsindicatethreeof the four alternativesappear :
to be feasiblesourcesof woodforthe Lawrencesteamplant.

Thisis an interimreportwhichsummarizesthe findingsof
thefirstthreeyearsofa fouryearstudy. •
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Background

t
Wood for energy not only may help alleviate the nation's energy i

crisis, but also may provide practicing foresters with a new and
highly marketable forest product° In a few years_ harvesting "energy" 1
woodmaybe as commonas harvesting corn_ E

c
Burning wood as a fuel peaked in the United States about a

century ago, when it provided 3 of the 4 qualdrillion BTUs of energy
consumed annually by the nation. Today, annual energy consumption has
risen to 75 quads, but the contribution of wood has decreased to ].I f
quads.

t
A few technological events contributed to the reduced use of

In this country, the discovery of vast coal and oil deposits was the
beginning of a major switch from wood to the more convenient fossil

fuels° Later, regulation of the price of natural gas induced many b
industries to switch to this cheap, clean, and highly efficient fuel. a
Still later, air-quality regulations accelerated the switch from h
high-sulfur coal to oil and gas.

c
These events were accompanied by sociological changes We became ,

a highly mobile society, dependent upon petroleum-fired individual

transportation systems° We became affluent and, in our affluence, we 4
demanded a higher standard of living and more leisure time. Wood, as i
a source of home heat° was quickly replaced by the oil and gas-fired
central heating systems when we discovered the convenience of turning
the dial on the thermostat as opposed to carrying in anarmload of wood.
Almost simultaneously wood as a fuel was replaced by wood as an
aesthetic device; millions of our homes were outfitted with
outrageously inefficient fireplaces so that we might pacify our
prehistoric fascination for watching a blazing fire.

TheStudy_
s

In 1976_ a project team of foresters from Kansas State University f
and engineers from the University of Kansas began to examine the (
feasibility of using wood fuels to provide "top-off" for a proposed (
solid waste-fired generating plant on the University of Kansas camp t

I/Contribution 79-I07-Ao Department of Forestry, Kansas Agricultural
Experiment Station, Manhattan, KS 66506
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Engineering. Considerations

The price and the unreliable supply of fuel oil and natural gas v
have caused serious problems for operating institutional heating a
systems. Likewise, the capital costs of solar heating systems and s
the safety restrictions on nuclear fuels have substantially narrowed a
theoptionsavailable. 1

d
Currently coal is looked upon as the savior of the energy crisis

for many situations in which large amounts of fuel are consumed at
centralized points to produce industrial power, institutional heat, a
and energy for other purposes. But coal has problems too, as t
evidenced by the 1977 coal miners' strike, which approached disastrous T
proportions. In the future, it might be feasible for a university, 7
state prison, hospital or other public institution to manage forests
for the production of fuel wood; it is less likely that those
organizations would be able to operate their own coal mines, cq

o_
Coai is not just coal -- extremely important variations in heat nc

yield, sulphur content, and foreign material must be taken into s
account. For example, "western" coal from Wyoming and Montana is s_
generally either sub-bituminous or lignite grade. Although classified w_
as "low sulphur" and thus more readily adapted to current air-pollution cl
control standards_ the run-of-the-mine yield is only 6,000 or 7,000
BTUs per pound (less than dry wood). This coal is also high in
foreign material_ leading one observer to call it "good, burnable dirt." wl

w(
Coal from the Western Interior Province of the U.S° is predominantly d_

bituminous grade and is classified as high sulphur. Although it fc
yields better (I0,000 - II,000 BTU/Ib.), it is "dirty" from the
standpoint of air pollution control standards and plants using it
require elaborate stack scrubbers to prevent sulphites from entering w[
theatmosphere, sl

z

If we should design a plant for use of anthracite or bituminous
coal, we would get high efficiency in energy, many air pollution but Fi
few transportation problems, great sensitivity to labor strikes; and
we could get by with the little yard storage. Plants designed to use
sub bituminous or lignite coal would give us the reverse ac
considerations. ar

t_
Buring urban solid waste presents some particular problems. The ti

available supply of trash tends to peak in late spring, when demand ne
for fuel is the lowest. Conversely, people apparently don't throw ma
away as much trash in the dead of winter, when the demand for .fuel is fc
thegreatest, ge

la
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It must be emphasized, however, that because disposing of surplus

waste currently is a problem for these wood operators, they are actively
seeking market outlets for this material° At any time markets may open
up and create demand competition--and thus price increases.

Transportation costs are also increasing but at a rate nearly parallel
to the increase in natural gas prices.

Urban waste wood° Since Dutch elem disease became commonin
northeastern Kansas in the mid-1960_s, huge numbers of shade trees have
died and have created problems of safety removal and disposal Costs
borne by homeowners and city governments for removing and disposing of
the dead trees have been correspondingly high. Disposal of the
material has been further complicated by air pollution control
regulations, which prohibit the open burning of large volumes of waste.
The alternative used in most cases is either to stockpile the material
or to bury it. Neither solution is efficient in terms of utilization

of landfill sites, and disposal costs are high.

Because currently most shade-tree waste is being disposed of at
landfill sites, we surveyed three sites to determine the potential fuel
volume. Within a 35-mile radius of the new plant, we found disposal :

potential to be I14 billion BTU annually (1976 and 1977 data averaged)

This "fuel" would be available at $l.]I/million BTU, based on the
fol lowingassumptions"

I. Yield in heat is 5 500 BTU/Ib (average field condition) _
2. Chipping costs $7.14/ton; loading, $3.50/ton.
3. Hauling by twenty ton trucks costs $I O0/loaded mile

e Q

After surveying current availability of shade-tree waste, we made

an inventory of street-side trees in Topeka to determine age, species
distribution, condition, and rate of mortality. If all 1976-77
street-tree removals from Topeka had been available to the KU power i_
p]ant, that single source could have supplied 134%of the estimated
requirementfor supplementalwoodfuel

The trend in species composition, age, and condition of the Topeka
shade trees indicates that there will be a significant reduction in the
rate of tree removals through 1985, by which time the crisis induced by
Dutch elm disease should be neutralized; at that time removals should
reach a reasonable constant 30 billion BTU per year -- a 325% decrease
in 7 years. We anticipate that the annual removals through the
remainder of this century will range from 25 to 30 billion BTU.

Topeka's shade trees provide an excellent short-term source of
fuel wood at reasonable cost. But 1985 the decline in supply and the
inevitable increase in competing markets for this material will make
it unlikely that more than 25% of the "top-off" demand can be obtained
there.

!

i



114

It should be pointed out that at the present it costs an estimat
$1.50/ton to dispose of tree waste at the Shawnee County (Topeka)
landfill whereas the estimated cost of hauling this material to
Lawrence for fuel purposes would be $1.75/tono If the savings of $I.50
per ton could be claimed against the fuel cost, that would yield a net

savings of 13 cents per million BTU, giving a cost at the KU power
plant of $.99 per million BTUo Although a savings would occur, it

might not be realized by the power plant; it would more likely bepassed back to the residents of Topeka.

Railroad ties" Another possibility for fuel from industrial waste
is old rail ties. Both the Santa Fe and the Union Pacific railroads
have active tie-replacement programs. The Union Pacific has 150 miles
of trackage between Kansas City and Topeka; on that section, about
30,000 ties are replaced per year° Old ties, made of hardwood and
creosote treated° have a heat value of lO,O00 BTU/Ib (equivalent to
that of soft coal)o This source of fuel would yield 80 billion BTU/
year. Currently ties are cut into three pieces when removed and are
stacked and burned on the right-of-way. Officials of both railroads
have indicated they would be glad to _li_ve us the old ties; but we
haven't yet devised an efficient means of collecting and hauling t

I_m_pact on the Lawrence landfill- If the solid waste-fired steam
plant goes into operation° slag and furnace residue will require dis
Preliminary information indicates that it would not be profitable to
recover ferrous metals for recycling because of the small quantities
i nvolvedo

Hauling the residue to the Lawrence landfill site (the one n
the University) would reduce the annual requirement for space there by
80%. Thus, the landfill would require only three acres per year
instead of the present fifteen.

Other proportionate cost savings would be realized by the City
net annual savings of $45,521.00, according to a recent estimate by the
Director of Public Works. His report also shows an item of $20,720.00
annually for "landfill receipts" paid to the city by the public for
dumping privileges° Although that amount would be debited against the
gross savings to the city, it would represent a savings to the public,

bringing the total "theoretical" savings to the people of Lawrence to

$66o241o00 annually.

What would actually happen to this "money saved" is academic--it
would be available to be spent by the people for other goods and
services through either the public or the private sector. This sum,
for example, would be adequate to pay the land rent for more than 700
acres of land of the quality owned by the City along the Kaw River
north of Lawrence--more than the estimated 500 acres of energy forest
plantations needed to "top-off" the solid-waste power plant.

.
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We had four sites available for testing_ two prairie and two
bottonl and'

w_
Site no. Soil type Description w(

(I
1 silt loam bluegrass prairie_ shallow (8-I0"), ir

5-8%slope, pH5.6, N=17ppm_ gr
P=22#/Ac, K=427#/Ac°

2 silt loam bluegrass priarie, shallow (I0-16")_
3-5%slope pH5 6, N=15ppm tY' " _ CC
P=8#/Ac, K=378#/Ac.

pr
3 sandyloam river bottom, deep(40"+)° flat, ha

pH 7.5_ N=6ppm_P=79#/Ac, K=342#/Ac. t_

4 silty clay river bottom, deep (40"+)_ flat,
loam pH 7.6, N=lOppm_P=I76#/Ac_ K=552#/Ac. CG

It
Weexpected tree growth to be the best on Site 4_ with the

richest soi1_ and to be the least on Site I, with the poorest soil. ccpc

After 3 years of growth, trees in the test plots did not conform to
our expectations---and perhaps never would in a "short rotation"
system° The "best" soil so far has proved to be the most difficult to
handle in terms of weed control, and to date the growth of trees has
been poorest on that site. The traditional concept of site quality
used by foresters may need some new interpretations for "short
rotation" forestry. That needs to be continually evaluated.

To test the spacing variable--perhaps the most critical in termsof cost control and site efficiency--we used a modification of Nelder's

variable plot design" a circular plot in a "cartwheel" design. Our Thdesign has 30 "spokes," seven trees per spoke, and covers approximately on
I/5 acre. There is one wheel for each species at each site. we

OV

Io
We can approximate five different test specings usinq average

CO

radial and chord distances and excluding trees No. 1 and 7 as buffers, th

At the end of the second growing season, trees on all plots were co
still expressing accelerated growth characteristics, but by the third ch
year cottonwood was decelerating while the others were continuing to ha
acceleratesome. mi

Our target for harvesting is to get as close to 400 million

BTU/acre as possible. Weexpect that to be a good compromise between Fithe optimum time between cuts and the optimum _ per cut. Because

fixed costs of harvesting are expected to be high, harvesting too soon At
will cause excessive costs per BTU. Time is always a big expense in
forestry programs_ so realistically, we expect seven or eight years wh
between cuts to be the maximum time that we can consider economical.





TA
B

LE
I

-
Th

eo
re

tic
al

V
ar

ia
tio

n
of

C
ot

to
nw

oo
d

Fu
el

w
oo

d
Pl

an
ta

tio
ns

at
A

ge
6

Y
ie

ld
A

c
re

s
o

f
p

la
n

ta
ti
o

n
In

it
ia

l
T

re
e

m
ill

io
n

E
st

a
b
lis

h
m

e
n
t

P
ro

d
u
ct

io
n

re
q
u
ir
e
d

fo
r

7
2

ca
p
ita

l
Sa

p_
__

_n
g

B
T

U
/A

c.
co

st
pe

r
ac

.
co

st
/M

M
B

T
U

bi
lli

on
B

T
U

/y
ea

r
in

ve
st

m
en

t

Ix
l

6
1

0
5

,7
0

0
$

I4
.O

0
7

0
0

$
6

:0
5

0
,0

0
0

2
x
2

5
1

0
1

,5
0

0
4

.5
0

8
5

0
1

,9
0

0
,0

0
0

4
x
4

5
0

5
4

5
0

I.
3

0
8

5
0

5
7

0
,0

0
0

8
x
8

3
7
5

1
5
0

.6
0

1
,I

5
0

2
6
0
,0

0
0

1
2

x
1

2
2

1
5

I0
0

.6
5

2
,0

0
0

2
7

0
,0

0
0





122

SELECTED REFERENCES

Io Battelle - Columbia Laboratories. 1976. COMPARISONOF FOSSEL
ANDWOODFUELS, EPA600/2-76-056, Washington_ D.C.

2. Bowersox, T.W. and W.W. Ward. 1976. ECONOMICANALYSIS OF A
SHORT ROTATION FIBER PRODUCTION SYSTEM FOR HYBRID POPLAR,
Journal of Forestry, November, 1976, pp. 750-753.

3. Curtis, AoB. 1977. WOODFOR ENERGY- AN OVERVIEW. Speech
delivered to National Association of State Foresters,
Orlando° Florida, October I0, 1977.

4. Dutrow_ George Fo and J.R. Saucier. 1975. ECONOMICCASE FOR
GENETIC MANIPULATION OF SHORT ROTATION SYCAMORE_In
Proceedings 13th Southern Forest Tree Improvement
Conference.

5. Ek, Alan R. and D°H. Dawson, 1976. YIELDS OF INTENSIVELYGROWN
POPULUS" ACTUALAND PROJECTED,In Intensive Plantation _i
Culture; USDA Forest Services General Technical Report NC-21.

6. Geyer: Wayne A. 1978. SPACING AND CUTTING CYCLE INFLUENCE ON
SHORT ROTATION SILVER MAPLE YIELD, Tree Planters Notes,
Volume 299 No. I, pp. 5-7.

7. Inman, R.E. ]977. SILVICULTURALBIOMASSFARMS(in 6 Volumes), !
Mitre Technical Report #7347, ERDAContract E(49-18)-2081,
Project 2170, Mitre Corp., McLean, Virginia.

8. Kennedy, H.E., Jr. 1975. INFLUENCE OF CUTTING CYCLE AND SPACING
ON COPPICESYCAMOREY!ELD_ USDAForest Service, Research
Note SD-]93.

9. Krinard: R.M. and R.L. Johnson. 1975. TEN YEARRESULTSIN A
COTTONWOODPLANTATION SPACING STUDY, USDA Forest Service

ResearchPaperSD-I06.

I0. Steinbeck, K. and C.L. Brown. 1976. YIELD ANDUTILIZATION OF
HARDWOODFIBER GROWNON SHORTROTATIONS. Applied Polymer _
SymposiumNo.28., 393-401. i_

II. Szego, George Co and C.C. Kemp. 1973. ENERGYFORESTSAND FUEL
PLANTATIONS,Chemtechmagazine, May1973.


