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ECONOMICS OF NONMETROPOLITAN SOLID WASTE RESOURCE 
1/ 

A CASE STUDY AND SOME EXTENSIONS 

]j 
Mark~ttner and Fred Hitzhusen 

Introduction 
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The utilization of land as a depository for man-made waste is of concern 

to many persons because of its potential contribution to environmental decay 

and the loss of valuable (particularly non-renewable) resources. The negative 

impacts attributed to land disposal of solid waste--landfilling--includewater 

pollution by landfill leachate, blowing of paper and general unsightliness, 

creation of methane gas and odors, and loss of recoverable materials and energy. 

These problems are accentuated by the increasing volume of solid waste 

generated [4,12] and the decrease in land available for disposal sites. Because 

of developments in the field of resource recovery, there is in the solid waste 

dilemma considerable opportunity for meeting the problems of waste management 

and energy scarcity at the local level. 

An increasingly attractive process for the partial resolution of these 

problems appears to be the utilization of solid waste as a supplementary fuel 

in electric· plant boilers. The potential benefits of this process include:. 

less burning of coal (or other fuels) with resultant savings in coal purchases, 

less need for landfill space, recovery of materials (e.g., ferrous metals) from 

the refuse stream, and opportunity for a public or private utility to aid a 

community in resolving its solid waste management problem. 

1/ This paper is based. primarily on an M.S. thesis by Mr. Mark Luttner, Benefit­
Cost Sensitivity Analysis of Solid Waste Resource Recovery: A Nonmetropolitan 
Case Study, The Ohio State University, 1976. 

]j The authors are Economist, U. S. Environmental Protection Agency, Washington, 
D. C. and Associate Professor, Department of Agricultural Economics and Rural 
Sociology, The Ohio State. Un. ive~sity, Colum_bus, Ohio. / . ':'": ·. :_·J 
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. . . . ' . . . . 

Althoughgenerally viewed as a desirable goal,.the institution of resource 

recovery systems has been limited to large urban areas. Materials ·recovery alone 

was (and is) economically viable only in h:i.gh wastegenerationareas; even in 

. these locations, processing refuse. to-recover materials is economical only 
. . . 

when supported by revenues from user fees as :welL as from the sale of recovered 

materials _[1J. However~ the recovery of. energy resotirGes as well. as materials 

from solid waste has increased the economic feasibility of recovery systemsecfor 

.a wide range of communities of varying size and location • 

. The 'key feasibili:ty fac·tor in this I'.egard <is that of existing power plant 

,faci.li:ties capable of burning processed re-fuse __:in the _power-generation process. 

l'qese facilities .are ~c.r,ucial .i.n •. two ..;resp.ects: 

· (1) By burning ·re:fuse· 4.n an ae_xisti:ng plant, the process utilizes an 

estab-li:shed system for producing and distributing elec·tricity. Existing boilers 

or new .u,nits designeci to burn solid waste may be used; .the ene-rgy recoYered from, 

the refuse :le thereby assured a maI'ket. 

(2) The use ·of ex:isting f ac-ilities minimizes invest1J1ent in plant and 

equipment. Flu.ge e~end:i.tures for the .construction of new plants are not . 

nec.essitated. 

·The importance of energy recovery often. supersedes materials recovery; in 

£act, ''resource recovery is economi~ally viable provided that the connnunity has 

an elect-ric .utility which can utilize the o:rgitnic ·fr.aetionll .£11 .. A study by·. 

Midwest Researehinstitute [lll determined.that the capi'tal.investment require­

ments for fuel rec.overy were lower than any other '.recovery process investigated. 

The s·tudy further conc'luded that "the fuel recovery concept has the most favorable · 

overall economics of arty investigated". 

The "scale -requirements normally assoc:iated with resource· recovery are sub-­

stantially reducecl int:hose systems inclu.dillg the recovery of energy fri:>m refµse~ 
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Scale economics are further reduced by the commerc1al availability of systems 

designed specifically for relatively small communities. The resource recovery 

plant in Am.es, Iowa, which serves a county population of approximately 60,000, 

is an example of a small scale application. According to data from the National 

Coal Association and a national survey funded by the U.S. Environmental Protection 

Agency, there are approximately 300 coal burning steam electric generating plants 

similar to the Ames plant located in the nonmetropolitan areas of the United 

States [16,19]. 

Recent increases in the costs of conventional fossil fuels (coal, oil, 

natural gas) create the greaLest incentive for energy and materials recovery 

systems. Many indicators suggest a sizeable increase in future demand for coal, 

as the electric power industry is likely to increasingly rely on coal and its 

derivatives. This demand is likely to be accentuated in those areas most 

susceptible to natural gas shortages, i.e., the Midwest, Northeast and Mid­

Atlantic states. Problems in nuclear power development, refinements in coal 

gasification technology, and projected absolute increases in energy demand all 

point to increasing demand for coal (with resultant price increases). Increases 

in the price of coal and other energy sources will tend to make solid waste an 

attractive energy source. 

The following case study analysis focuses on a coal burning steam electric 

municipal power plant located in a nonmetropolitan county in Northeast Ohio. 

The specific objectives of the analysis were: (1) to ascertain the technical 

feasibility of converting the existing power plant facility to include an energy 

recovery system, .(2) to complete a benefit-cost sensitivity analysis of the pro­

posed resource recovery prototype to evaluate the technical and economic parameters 

of importance to resource recovery in a nonmetropolitan location, and (3) to 

determine the potential net reduction in external impacts from implementation of 

such a system. t. 
i 
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The Study A:tea 
. . . . . 

. ;ne area~hich p~ov:i.1es the fo~us for this analysis is Wayne County, Ohio. 
. . . ·. · ... ·- . ·. . . 

~ocated in the northeastern quadrant o~ the_,state, Wayne County has a population .··· 
. . . . . . . . ' . . . 

. - . . . . 

· of approximately 87 ,000 .• <Like many other areas, Wayne .·County is rapidly 
·· . · ~TP . 

- . . .· . . 

exhausting its present :landfill space. .. In addition,- these current sites are 

- considered suspect iri terms damage tc:, ~urface ana groundwater supplies, I)egattve 
. . . . 

aesthetic impacts, a~d ge~era1ly poor management techniques. Because the coµnty' 

. i-s a leading agricultural area. of tbe state, the cost -of land for disposat sites .. ··. 
. . . . 

is bigb. ·Residents in tlie co:unty'"s popul,.a:t:ion centers oppose the .develo_pl!lent t>f 

·· -new landfills _in any area-,s .close to the w:aste.;.,generatj:on <!enters {generallt; ·· 

their.residences). 

'the d.-ty of '~Orrvi.11~ located in ~orth;east Wayne County owns and ~pera~es . ·•· 
. . . . 

.a 75.;,;megawatt municipal electric plant which appears to be a promisi:n:g site for 

an· energy and mate:riale; recovery syst:~m similar to that in An;ies,. Iowa •.•.. ~o rif. 

··· .. -th~ -four hollers of Orr;ille Municipal Power (OMP) are side_;fired pulverized. 
. . . -~·. 

coal,un:i.ts of moderndes:i.gn whichllave the-potential to burn refuse in comllus,t:i.on 
: . :. -·.. . . ·. 

with coal. Depencling µpoii -the r~£Jse-to-coal :f-i.ring ratio ut:i.lized • (15 :85, 
- . . . . . ' . . 

20:80 o.r 2:S: 75}, ()MP niay fire from 51 to 84 percent of the solid waste now ... 

. .. generated in Wayne County. 

_The prototype recovery system -would include a horizontal hammepnill to. 

r_educe incoming refuse to optimum combµs~iori -siize, an air classification 

process (zig:-...zag columnar or eluti::iativ,e) to separate the re-fuse intc;LCOlllbustible 
. .· . 

and noncombustibl-e fractions, a magnetic system -to recover ;ferrous -scrap material_ . 

for sale, processed refuse storage facili·~ies, and ref~se-fuel transport and 
. . : . 

:-r·, 

firing mechani.sms. 
n.. , ... _ .. . _ 

The entire system (refuse input and ,proc·essing) would operate-

inan enclosed building adjacent to the electric power plant. 
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Methodology 

The methodology used to evaluate the prototype resource recovery facility 

is a standard benefit-cost sensitivity approach. Low,medium ("most likely 

outcome") and high estimates are made for key technical and economic parameters 

to determine their relative impacts on economic outcome. Although difficult to 

forecast, the direct benefits of resource recovery appear to include the cost 

savings of reduced landfillactivity and extension of the lives of e:x:isting 

sites, savings from reduced dependence on conventional fuels, and revenues from the 

sale of recovered materials. Indirect benefits may include reduced consumption 

of virgin materials and of the resources required to produce and transport them, 

reduced landfill-created water pollution and better air quality due to the use of 

low-sulfur refuse as fuel. 

Four benefit-cost criteria are used to evaluate the prototype: benefit-cost 

ratio, net benefits, internal rate of return and pay-out period. Determination 

of the benefit-cost ratio follows the pattern of Senecaand Taussig [13] which 

is similar to that of Eckstein [6] and :Howe [9]: 

T 

B/C = 

E Bt 
t=l (1 + i)t 

.~ .[. Ot ·]· 
t=l (1 + i)t +K 

where: B = annual benefits resulting from project 

0 = recurring costs, or annual operating and maintenance expenses incurred 

T = time period over which benefits and costs occur 

i = discount rate 

K = capital outlays incurred in the initial year of the project. 

The net benefit criteria provides another measure of the economic feasibility 

of a given investment. This criterion·is derived as follows: 
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T ul +KJ Benefits E B 

.. 
Ne.t = 0 

t=l (1 + i)t (1 + i)t 

Internal rate of return and pay-out period are other frequently used benefit-. 

cost criteria used in the.analysis.of thiscase study. Internal rate of return 
:'.-i' 

is that rate of discount which makes the discounted present value .of net benefi.ts. 

equal to the value of t::he initial outlay. Investments are considered justified 

if the intenµil,. rate of return exceeds that generated in the best alternative 

use of .resources or ·exceeds some other predetermined rate. .In its simplest 

form~ internal rate -of r.eturn is that r for whicb: 

T 
I: 

t=l 
~(_Bt ... ·_-_Ot} . _ ..... - t I{ (1 + ·r} · 

The •p_ay-out period ·criterion measures the number of t·i111e periods {m:mally 

years) necessary to .recoup the i.nitial outiay. This critericm is calculated by 

s1Jllitllitig "the va1.ues of discounted net benef-its ~for conse-eutive -periods; until the· 

value of the initial cap~taloutlayhas·been reached. 

The.discount rate ~hosen for use in the methodology is recognized to be 

crucial l:o the outcome of >the analysis •.. Th~ rate i11clicates if capital provided 

for any ,particular project yi•elds as high an economic retm::nas it would amortg 

alternat:ive~uses. The choice of a discount rate also involves social val-ue 

judgements about:: .henefi.ts and costs which may accrue to future generations. 

To minimize subjectl.ve ·argument concerning -the validity :-0f using a .particular 

~ate of•discount, three rates are ut-il:ized in the analysis---5, 9, and 11 percent. 

This .action reflects t:he use of alternative. (low, me<iium andhigb) values for 
f 
) .;,. 

the key technical and economic parameters judged c,rucial to the ceresource recovery 

prototype. :The key tec-hi;iical par~meter .involv.ed is the refuse-to-coal firing. 
• . . f· 

ratio utilized in~tbe combustion process. This ratio deterniines~how much 

r~fuse can be fired in the boilers, thereby dictating the processing capacity . 
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required in the recovery system. The primary economic parameters· are: the­

projected annual coal price increase, rate of discount, and net ferrous revenue 

per ton o~ recovered metal scrap. :Initial capital investment, a final parameter, 

tends to have technical as well as economic dimensions. Table 1 presen1s these 

parameters and the values used to demonstrate the sensitivity of the system. 

There is some supporting -evidence for the parameter projections used, particu­

larly for the medium values, from previous research, historical data, consultation 

with authorities in the various areas, etc. However, the evid~nce is not 

sufficient to assign probabilities to the array of possible values for each 

parameter. Variations in all parameters may occur, but the medium parameter 

estimates.are assumed to represent the "most likely outcomes". 

Nine benefit streams are derived by combining each of the three refuse-to­

coal firing ratios with low, me_dium and high coal price increases and net ferrous 

revenue schedules. Additiona_l benefits are the elimination of 0 the costs 

associated with a landfill large enough to accept all of the county's waste 

and elimination of transport costs incurred in delivery of all the county's 

waste to a centrally-located landfill. Each benefit-stream is then discounted 

at 5, 9, and 11 percent. 

Costs measured in th~ analysis are: operating c:osts of·the resource 

recovery prototype, operating costs of a small scale landfill suitable to 

accommodate that waste not processed plus residuals material from th(:! recovery 

system, transport costs for refuse delivered to·. the recovery facility, and trans­

port costs for that refuse taken to the small -landfill. Each cost stream is 

then discounted at 5, 9, and 11 percent. The individual components of benefits 

and costs, such as labor, maintenance materials, petroleum fuels for waste 

transport, utilities, insurance, plant and equipment, etc., are derived from 
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TABLE 1 

SUMMARY OF LOW, MEDIUM AND HIGH ESTIMATES 
.FOR TECHNICAL AND ECONOMIC,PARAMETERS 

Factor 
Parameter Projection ~stimate 

Low Medium. High 

·· refuse: coal 
:firing ratio 15:85 

· annual coal 1975-80: 10% 
prrce increase -1981...;94: 4% 

di.scount _rate 5% 

initi0al 
investment 

· net -ferrous 
revenue/ tori. .. $.15 .• 0P 

-20:80 

1975-80 :12. 5% 
1981--94: 5'/% 

9% 

$4,105,101 

$22.00 

25:75 

. 1975-80 :17% 
1981-94: 8% 

11% 

$5,131,376 

$29.00 
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manufacturers and engineers estimates [14, 15] and data from previous resource 

recovery studies [2,3,7,17] •. These components are projected for a recovery system 

plant life of 20 years. Inflationary effects are incorporated into the analysis 

based on performance data relevant to each cost or benefit component over the past 

20 year period, 1955-1974 [5]. 

Analysis Results 

Results of the benefit-cost ratio and net benefit analysis are presented 

in Tables 2~ 3, and 4 given successive increase in the initial capital in­

vestment estimate (K). The data in Tables 2, 3, and 4 indicate the relative 

impacts of the alternative technical and economic parameter values upon the B/C 

and B-C economic criteria. For example, given medium values for all parameters, 

increases in the firing ratio from 15:85 to 20:80 and from 20:80 to 25:75 

increases net benefits by $2.758 million and $2.868 million, respectively. 

Examination of the other data permits the determination of the relative effects 

of the range in values of the individual technical and economic parameters on 

economic feasibility. 

Analysis of the resource recovery prototype by the medium estimates repre­

sents the "most likely outcome". While somewhat arbitrary, the evidence 

gathered indicates that the medium parameter. pI:'ojections represent the most 

plausible values •. Analysis of the most likely outcome situation by the four 

benefit-cost criteria yields the following results: 

1) benefit-cost ratio= 1.35 

2) net benefits= $3,816,000 

3) pay-out period= 10.7 years 

4) internal rate of return= 17.9 percent· 

These dat:a suggest that the prototype is an acceptable use of resources, 

as its benefit-cost •ratio is well in excess of unity, it provides suhstantial. 



·±ABLE i•.· . 
... : .. . . :· . - ... .- .. . (. :· .. : ... .-. . ' . . .. 

. :s/c; AND. l3~C .AN:AL);"Sls·· OF. RESOURQt ,;jtS:COVERY 
·: BY :FIRING, RATIO AND ALTERNATIVE· PARAMETER 

:K~$),g8~,•·osi,:· ... 

. · ... · :pirlng;:\Ra.tlo•. 

·•.•.•-:i~~:6;t;n. ) .{;,~• .. 't ~~Cf .·~B/C 

· •· ::·r:1: •. 16 i;f 1-B :· .1 .• 02 · 

·::r:•j7::.··· .::4{~79 · ·1~:ta/ 

···Low.,. 

·Me:di;m:· 
.-· .. · .. ,._. -:. : ... 

.\1/6:1-.·· :;a]•,h~o 

:-5;:1_~:ir·.· :~i:~ 2,4':., -·:2.}396 
.., ;' 

Ht~h .·.·.· .;tio3 
·.·:2,1,·ts·.· . 

. ··. •, tovr ··· 

Medium. 
01ii~h . 

.1.~;~ '8}6.21 f.:1i.~; -4~1b2 -1.a:a J,114 · 
··-2.oa.•· .·fi,k10·.··.1--1-~- -1,505. 1-~•61,,: S.~Q6>·· 
: .- . 

·· .. ·~;.. s·o . -i=cr;,412 

. *1'-hous,ands .of '<iollars. 

~O'llrc-e:; .. -Ori~inail <iat~.:~ :· 
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TABLE 3 

B/C AND B:..c ANALYSIS OF RESOURCE RRCOVERY PROTOTYPE.· 
BY FIRING RATIO AND ALTPRNATIVE PARAMETER PROJECTION 

K= $4,105,101 

Firing Ratio 
Parameter 
Pro.jection 

15:85 

Low 

N!edium 

High 

20180 

Low 

Medium 

. High 

25:75 

Low 

Medium 

5 % 
:S/C B-c*· 

1.09 1,194 

Discount Rate 
. 9 %·· 

B/C B-C* 
11.% 

B/C B-C*· 

( ? 2 8 ) • 8 7 ( 1 , 374 ) 

1.29 3~955 1.10 955. 1.01 (JJ) 

7~076' 1.27 2,967 1.i6 1~541 

1.32 4,218 1.15 1,472 >1.06 1+98 •'·• 

1.64 8;568 

1.91 12,197 

1.35 3,713 1.24 2,284. 

1.59 . 6,317 1.45. 4,JAJ 

1.60 7,703 1.37 3,778 1.27 2,450 

1.95 12,306 1 • 64 6 , 5 81 1 • 50 . 4 , 6 82 

High ·2.34 17,506 .1.95 9,837 1.77 7,309 

*Thousinds of dollars. 

Source: Original data. 
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.··_ TABLE ;4·_ :. 

B/C ,AND -:a~c ANA:LYSIS 6F R~SOURCE REG OVERY. P:RO'l'01?YPE -·•··•·•·· ... 
. BY ;FIRitiG .RAT XO ANP."AVl'ERNATl:VE, F.ARAMB'J:'ER ·J'llO.JEC'l",ION_ ••-·· /. . . . ·. . . <K = <$ s , 131 , J 7 6 : . . . ·-. . . . . · ' 

j:5.;ss_,t.' . : ·\: , ',, ,' 
' ' 

· .. -·: .·· ... .-

'tow· ' · .271:- · : .Il6-: ,ft,6•-s2i ,_. 
.... Medfdtn:,>::--. · .. ,i.;:20:· 1~tfJ:2 ·t~oo,· :<:'.c.:)1: 

.. .-. ...:.~_: __ .- .. 

·· ... :. 

·. . ,_ 

·-_~y·_;,;>· .1~:2)· J;-29·5·; t1.:of .. •· -549, ~-96, •·••: :kz;i'•:_>, 
'-·i.:s.2 -· ·:?;i544< -i~-24\:.:z:ii:99:; t_.f~o--•·. ·••_-i•,i~o<-,( 
1/i1 : 1li213 -'1:~4.{f ·· •.. ,;394- . 1~:12· ·•· J.:4•6.~,: .. 

. . .·. . 

. . . .· . 

.l{~7.Ho, '1~2s 2:; 855 .: i:~14 , : 1; ,5??: ',, 
:Me-d'ruin> _. -' _,:1~a1 · 11 ~:38J _. -t;~-4'9'~:, •5ibS8 ·< 1. J5> · _. J,759/: 

>-~Thritrs~n-<is· O'.f-' dollars._.·· ' 

-$.ource1. -· OI'i~ina1 .. data • 
. , -·- ·. ~- . 

. --:.,,-
, _ _ .) .:. 
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positive net benefits, it will recover the initial investment in slightly 

over one-half its expected life, and it provides a rate of return equal to or 

greater than most measures of the opportunity cost of capital in the private 

sector. 

The data a'iso reveal the following ranking of te.chnical and economic para-

meters based on their impacts upon net benefits: 

1) refuse-to-coal firing ratio 

2) project estimates for the coal and ferrous metal price parameters 

3) rate of discount 

4) initial capital investment 

Summary and Implications 
,, 

3/ 

The results of the analysis indicate that the resource recovery prototype 

examined appears to be an economically feasible investment. This conclusion · 

is substantiated by a majority of outcomes based on sensitivity analysis of 

five key technical and economic parameters examined under several benefit-cost 

and internal rate of return criteria. 

The analysis also reveals the impact of the key technical and economic 

parameters on the economic feasibility of the prototype. These parameters, 

in order of importance, are: 1) the refuse-to-coal firing ratio, 2) projection 

estimates for coal prices, 3) rate of discount, 4) initial capital investment, 

and 5) net ferrous metal prices. 

It should be emphasized that the primary thrust of resource recovery is to 

provide an economical, environmentally acceptable method of solid waste management. 

The recovery of energy and material resources is, in itself, a secondary goal. 

However, the fact that resources are recovered provides the main impacts for 

]_/ Additional analysis revealed that when the coal and ferrous metal price 
parameters were considered separately, coal·maintained a second place ranking and 
ferrous prices ranked fifth. 
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thi~ resea~ch effort; such systems are ,attractive alternatives to t~aditicm:a.l .•. 
. .· .. ' '.. ..:··. .. 

costly wastedisposal practices b:ecatise .re.source. (energy a.nd matetials) xeco~ery, 

appears to. be, at minimum/ a break..:even, o.1~era.tion • 

. TheOrrvillecasestudyprovides quantitative s1,1ppo,rt to:the.pd~ition that, 
·. •. ' ·. . 

. given certain coridi t:io~s ,' nonnietropoli tan as ~ell as inetropoli ta~. areas may < 

find resqurce -recove·ry to ·be -an attractive :alternative. Prerequisite conditions' 

geneia.lly include: 1) the :~xistence: .of an.elect:ric power plant capanl'e t>f buming,,, ··.· · .· 

reruseJ; ·2)' 'the .,abHit:y of•··the·,utilit:y. in-question -to .burn enough refuse_(lOO"tc,,.··. 

· ..•. 2-00 to~s/-aay :[1:81) .. tb. justify ;-the, ~xpe.nditures X(;!quired ... to: convert>the pl~nt att~ ,-·•···.•. 

constIJ,Jct and operiil.te t,he -:Solid waste pro;eessing facil.i.ty, 3} :a population base:,. 

·1-arge eiiotigli to .supply an a~eq:uate ll18$;e,v-0J~ume (e.:g._, lOP. tQ 200 :tons/da.y).· '. .. 
' .. · .··•,·.· .... ·,: .. 

Risi~g prices• oJ :c'Qnvent:ional fuels and a laclt of landfill spa-ce gerj.era.lly,i~cre11s.e: ,>, 
.. • :_-. . ·_.. ,· .. 

~ne desirabil'fty of resource ·recov.err hut are, 'rrot prerequisites 1:0 its :feasihil.ity • 

Secondary ·clata inditates·:t;he eJt~stsence;of .appt"-O;Kimately· ,30Q,coalbul'nin,g.·~· 

s-ti~lil-elect:d.c Ee11e;ation plants in the no~etropo1:itan ·-counties· :of the United: •· 
- . _.·.· . ·.· ; : ·_.. .. ' .. . .·. . . . . . 

States ... Present evi.dence Ori the. ~peci.f:ic characteri$ti:C~ ~o·f these plant-s ,~nd . 
.. .· . : ·.. .· : .: . 

. . t·heir •surrounding: waste g~ne,ra.tion ·a.reas • is>;f.nade9.uat¢ to .:make any. conclus:t~~ 
' . . . . . . ··.. . . · .. : .. ·•. ·:· · ... 

~tateme.11ts >()Il their t~chnical artd economic ie~sibility f:or .•... resource ,reco'O'.~ry..:>·:• 

. However~ it~would ·appear t=b:at :s:ubs"tantia.1,po~t~ntial :eJtists. .A re8tonal reso.ur:•ce·, .. 

· · recovery. res.ear.ch proj ec-t iurrently underway at Qhi-o State· U.n'iversity is asses's:ing · 

. this P.Ote~tial for·. the :ll-~orth Gentcral Stat:J!S { 18) .•.• 

'· 

. :41!' .. 
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