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ECONOMICS OF NONMETROPOLITAN SOLID WASTE RESOURCE igwm{gry oF mef;\‘- o
: l/ DAV : ‘
A CASE STUDY AND SOME EXTENSTONS 1
- 0CT.
R C . 2/ ‘ '
Mark)Luttner and Fred Hitzhusen - Ag:a&uulEmﬂWﬂ% umay

Introduction

Theiutiiization of land as a'depository:fof man-made waste‘isvdf ceneetn’
‘to many persons,becaﬁse of its potenﬁial'eontribution to environmental déeay~
and the loss of Qaluable (particularly noﬁerenewable) resourees. The negétiVe
impacts attributed to land disposal of solid Waste——1andfilling—-inc1udeVﬁaief
pollution.by 1endfill leachate, bloﬁing of paper and general unsightliness,
creation of methane gas end odors, andvlossfef recoverable materials and enérgy.
Theée problems are accentuated by  the increasing volume of solid waste ‘
generated [4;12] and the decrease in land available for disposal sites. Because
of developmente in the field of.resource recbvery, there‘ié in the solid waste
dilemma considerable opportunity for meeting the problems of waste management‘
and energy searcity at the local level.

An increasingly attractive process for the partial resolution of these
problems appearsbto_be the‘ﬁtilization of solid waste as a supplementary fuel
in electric plant boilers. The potential benefits.of this process include:
less burning of coal (or ofher fuels) with resultant savings ip coal purchases,
less need for landfill space, recovery of materials (e.g., ferrous metals) from
the refuse stream, and bpportunity for a'public or private utility to aid a ..

community in resolving its solid waste management problem.

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

g/ 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 University, Columbus, Ohio.
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Although generally v1ewed as a desirable goal the 1nst1tut10n of resourcev}.f:'-"

t‘recovery systems has been limlted to 1arge urban areas.; Materlals recovery alone k
"was (and 1s) economically V1able only in high waste generation areas, even in ,fia
;these 1ocat10ns, proces51ng refuse to recover materials is economlcal only

'when supported by revenues from user’ fees as- well as from the sale of recovered

’ -'materlals [1] However, the recovery of energy resources as well as materials

from solid waste has 1ncreased the ecouomic fea81bility of recovery systems for
la wide range of communities of varying size and 1ocation.:

The key feas1bility factor 1n thls regard is that of existing power plant

;fac111t1es capable of burning processed refusesin the power»generatlon process. R

f’.These faC1lities4are~crucial 1n two,respects. ,i

(l) By burning refuse 1n an-existing plant, the’process utllizes an
b‘zestablished system for producing and distrlbuting electrlcity. Ex1st1ng b01lers
'for new unlts designed to burn solid waste may be used'vthe energy recovered from .
Tthe refuse is thereby assured a market..f=hvvv | | .
(2) The use’of existing facilities-minimizes investment in. plantiand

| :eduipment,i Huge expendltures for the construction of new plants are not
ﬁecessit‘atea- - | | o i o

| The importance of energy recovery often supersedes materials recovery,.in
‘fact, resourceirecovery is economically viable prov1ded that the community has
“h:an electric ut111ty which can utilize the organic fraction" [l] A study by
'n}Midwest Research Instltute [11] determlned that the capital 1nvestment require- :

ments for fuel recovery were lower than any other recovery process 1nvest1gated.

v The study further concluded that "the fuel recovery concept ‘has the most favorablea*;w"

:QVerall-economics:Of any investigated"‘”
The scale requ1rements normally associated w1th resource recovery are sub—viv

stantially reduced in those systems including the recovery of energy from refuse.;f;!
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Scale economics are further reduced by the commercial availabilify of systems
designéd spgcifiCally for relativeiy small éommunities.v The fesource recovery
plént in Ameé, Iowa, which serves é county population of apprsximately 60,000,
_is aniexémple of a small scale'appliCation.' Acéording to data from the National
Coal ASQOCiation and a nationalbsurveyvfunded by the U.S. Environmental Pfotécticn-
Agency, there are approximafely 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, 611,
natural gas) create the greatest 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 focuées on a coal burning steam electric
municipal power plant located in a nonmetropolitan county in Northeast Ohio.
The specifié objectives of the analysis were: (1) to ascertain the technical
feasibility of converting the existing power plant facility to include an energy
recovefy system, - (2) to complete a benefit-cost sensitivity analysis of the pro-
posed resource recovery prototype td evaluate the technical and economic parameters
of importance to fe;ource recovery in a nonmetropolitan location, and (3) to

determine the potential net reduction in external impacts from implementation of

such a system.



“The Study Area

- The- areabwhlch prov1des‘the focus‘for this analysis is Wayne County,‘Ohlo.f‘A'

7 hocated in the northeastern quadrant of the state, Wayne County has a populationnd
’of approx1mately 87 000.. Like manybother areas,4Wayne County is rapidly

_ exhaustlng its . present 1andfill space. In addition, these current 51tes are .
‘con31dered suspect in terms damage to surface and groundwater supplles,.negatlve: -
aesthetlc 1mpacts, and generally poor management techniques.v Because the county?i"

is a leadlng agr1cu1tura1 area of the state, the cost of land for disposal sites«yf'

dls higha: Residents in the county 8 population centers: oppose the development of-bp.& -

.‘unew 1andfills 1n any areas close to. the waste-generation centers (generally,'v
‘”thelf residences) |

The c1ty of Orrv1lle located in Northeast‘Wayne County owns and operates .
a 75—megawatt mun1c1pa1 electric plant whlch appears to be a promlslng 31te for
‘an energy and materlals reCOVery system simllar to that in Ames,blowa., Two of»_.‘

Z the four b01lers of 0rrv1lle Municlpal Power (OMP) are 31de-f1red pulverlzed .

';;coal unlts of modern de81gn which have the potent1a1 to burn refuse in- combustlon' -

'hwath:coal; ’Dependlng upon»the refuse—to—coalvfiring ratio utilized'(15185'
,~20 80 or 25 75), OMP may fire from 51 to. 84 percent of the solid waste now
generated in Wayne County. |

The prototype recovery system would 1nclude a horizontal hammerm111 to _Tc:

"reduce 1ncom1ng refuse to optimum combustion'size, an air cla581f1cat10n

' process (zig -zag columnar or elutrlative) to separate the refuse 1nto combustible,_ L

and noncombustible fractlons, a magnetlc system to recover: ferrous scrap materlal‘;,f__

for-sale,-processed refuse storage fac111t1es,-and refuse—fuel transport and
’ o : s .
'firing mechanisms. The entire system (refuse input .and processing) would operate‘

1n an enclosed building adJacent to. the electric power plant.
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Methodology

The methédology used to-gvaluate‘the protbtype resource recovery féciliﬁy
is a standard Benefit—cost sensitivity approach. Low,medium ("most likély |
outCome") and high estimates are made for key technical and economic parameters
to determine their relative impacts on economic outcome. Although difficult’to 
E forecast, the direct benefits of resource recovery appear to include the cost
savings of reduced landfill.activity and extension of the lives of existihg
sites, savings from reduced depépdence on conventional fuels, and revenues from the
sale of recovered‘maferials. Indirect benefits may include reduced consumption
of virgin materials and of the resources required to produce and transport them,
reduced lahdfill=creéted water pollution and better air quality due to the use‘of
lowfsulfuf refuse as fuel;

Four benefit-cost criteria are used to evéluate the prototype: benefit-cost
» ratio, net benefits, internal rate of return and pay-out period. Determination |
of the benefit-cost ratib follows the pattern of Seneca and Taussig [13] which
is similar to that of Eckstein [6] and Howe [91: ‘

] .

z Bt ,
t=1 (1 + 1)

— |
z Ot .
t=1 [(1 + i)t] N

B/C =

where: B = annual benefits resulting from project
‘O = recurring costs, or annual operating and maintenance expenses incurred
T = timevperiodvover 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 investmeﬁt. This criterion is derived as follows:



".iNetHBenefits.=”?-Z.””” B T 0 .dl+-K f}ff
T saeDr t-l——_—(1+i)t--'

! Internal rate of return and pay-out per1od are: other frequently used benef1t-r»‘~»

. cost cr1ter1a used in the analys1s of th1s case‘study. Internal rate of return .
';1s that rate of dlscount wh1ch makes the dlscounted present value of net benef1ts ,
equal to the value ofbthe 1n1t1a1 outlay._ Investments are cons1dered Justifled |
‘: 1f the 1nternal rate ofbreturn exceeds that generated 1n the best alternatlve
~use,offresources or~exceeds-some other.predetermlned rate;- In 1ts s1mplest
fforu,!internallrate;of return;is that rbforewhich;' :
T
LI (B; - Ot) —
t=1 (1 +~r)t -
Thefpay-out period crlterlon measures the number of time perlods (usually
ryears) necessary to. recoup the 1n1t1a1 outlay. This crlterlon 1s calculated by
summing‘the values of d1scounted net beneflts for consecut1ve perlods until the.
_tvalue of the 1n1t1a1 cap1ta1 outlay has- been reached |
The dlscount rate chosen for use in the methodologv 1s recognized to be
-cruclalvto-the outcome of;the analysls,, The:rate indicates_if capital:provided',
for anvrpartdcular proﬁectivields.as hlgh-an:economic returnjas it»would,amoné.l’
alternative‘uses.‘.fhe,choice of'atdiscount;rateialSO'inVolves:social Value»
judgeﬂents abOut<benefits‘and costs*whichxmay accrue_to.future generationsb'z-'

To manlmlze sub;ectlve argument concernlng—the valldltyﬂof using a: partlcularau

srate of dlscount, three rates are utlllzed in the analy51s-—5 9, and ll percent.g.g;,

Thls actlon reflects the use of alternat1ve (1ow, medlum and hlgh) values for.
the key technlcal and econoulc parameters Judged crucial ‘to. thevresource recovery i
prototype. The key technlcal parameter 1nvolved is the refuse-to-coal f1r1ng‘
rat1o utllrzed in-the combust1on process.' Th1s ratlo determines‘how much: . ‘

vrefuse can be f1red in the b011ers, thereby dlctating the processing capac1ty
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required in thevrécovéryvsystém.v The primary ecqnomié parémetefs ére: the -

: projected»annuai éoal price increase, rate of discount, and.ﬁet férrous revenue”"
v pér th of.regovefed metal scrap. In;tial capital.investﬁent, a final pérameter,
tends to have tgchnical as well as economic dimensions. Table 1 presents these
parameters and the values used tovdemonstratevtﬁe sensitivity of the system.

Thefe is somé.supporting eﬁidence-for the parameter projections used, parficu- 
1érly for the medium values, from previous research, historical data, consultation
with aﬁthofities in the various areas, etc. However, the eVidéﬁce is not |
sufficient to assignvprobabilities to the array'of poséible values for each
parameter. Variations in all parametgrs may. occur, but the medium parameter
estimates are assumed to represent the "most 1ike1y»outcomesﬁ.

Nine benefit streams are derived by combining each 6f the three refuse-to-
coal firing ratios with low, medium and high coal price increases and net ferrous
revenue schedules. Additional benefits are the elimiﬁation of the costs -
associated with avlandfill large enough to accept all of the countyis waste
and eliminétion Qf transport costs incurred in delivery of all the county's
waste to a centrally-located landfill. Each benéfit—stream ié then discounted
atIS, 9, and 11 percent. |

Costs measured in thexanalysis‘are:‘ operating.cbsts of  the resource
réco#ery prdtotypé, operating costs of a small scale landfill suitable to
accémmodate that wéste not processed plus residuals material from the recovery
system, tranéport costs for refuse delivered to tﬁevrecovery facility, and trans-
‘pbrt costs forithat-refuse taken to the small landfill. Each cost stream is
then discounted at 5, 9, and 11 percent. The individual componénts of benefits
and costs, such as labor, maintenance materials, petroleum fuels for waste

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



. TABLE1

* SUMMARY OF LOW, MEDIUM AND HIGH ESTIMATES -
' FOR TECHNICAL AND ECONOMIC PARAMETERS

_Parameter Projection Estimate

2_ Factor:,v'

" refuse:coal

firing ratio -

-annual coal’ -

. price increase

initial = .-

- net ferrous

v'revenue/tdnvA N

v Low -

15:85

1975-80:10%
1981-94: 4%
discoUntiréfe‘[ffw?fﬁ5z '
- investment - . Ffss;zsa;ogi{:'ﬁ

. s15.00

___Medium

9%

- $22.00

f:,LZG:SO -

 1975-80:12.5%
T 1981"94 :.;:7% e

$4,105,101

..

_ _High

 25:75

. 19]5—80:17% T : e
- 1981-94: 8%

'”.f$5,131,376;-

52900
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manﬁfacturers and’engineérs estimatés (14, 15] and daté ffom_previous resource
recovéry studies‘{2,3,7,l7]. These cbmponents are projected for'a recoﬁery system
plant life of 20 years. Inflationary effects are incorporated inteo the énalysis
based on berfbrmance data relevant to each cost or behefit component over the pést

20 year period, 1955-1974 [5].

>Analysis Results
Results of the benefit—cost ratio and het benefit analysis are presented
T an Tébles 2, 3, andvérgiven successive‘increase in the initial éapital in-
vestment estimate (K). The data in Tables 2, 3, and 4 indicate ;he 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 t0'20:80.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
eéondmic feasibility.

Analysis bf»thevresource recbvery prototype by the medium estimates repre-
sents the‘"most likely.outcome". While somewhaf arbitrary, the évidence
gathered indicates that the medium parameter,projectiqns répfesent the most
plausible values.. Anélysis of the mostilikely 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) internai rate of return = 17.9 peréent»

These datavsuggest that the prototype is an acceptable use of resoufces,

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



'”‘f};BY FIRING RATIO AND ALTERNATIVE:

}yH  fFir1nz Ratio

‘”' ;2;25,75

- ,’ TABLE 2 2

R
ARAVFTER pROJECTION;'?y

'5VB/C AND B-C ANALYSIS OF RESOURGE

‘.;;x = $3,284 081

TCOVVRY PROTOTYPE

Discount'Rateqﬁf“%

'5 %

Parameter

ngh

‘ "-7'Médidmﬁ;fijﬁé508’;13 230 fi*?8

High ;ff;gfiz so'-18 usszz.il

10’761 $1,9§;;thj;h

.*Thousands of dollars. ;f'

| souPGE§‘-Qrigana;xdata,t S
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TABLE 3

B/C AND B-C ANALYSIS OF RESOURCE RFCOVERY PROTOTYPE . .
BY FIRING RATIO AND ALTFRNATIVE PARAMETER PROJ“CTION'”
- K— $b 105 101 o

Fifing‘Rafio' . ~Discount Rate- ‘ e
| Parameter -~ - 5% 9% . 11 %
Projection B/C  B-C#% B/C___B-C* B/Cj BoC® .
Low 1,09 1,194 .94 ( 728) .87 (1,374)

Medium 1,29_  3,955.. 1.;0  _ 955' 1F01.‘.v (33)‘_,,

High . 1.52 7,076 1.27 2,967 1.16 1,541

20180

R N

. LOW . ‘ . | ; “ ' 1032 Ll”218 ‘ 1.15 .‘ 1 ,L"721 .06 - My98 :7"

¥edium - 1.64 8,568 1.35 3,713 1.24 2,284

High  1.91 12,197 1.59 6,317 1.45 4,383

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

 Medium . 1.95 12,306 1.64 6,581 1.50 4,682
”High_ff"  2‘34_ 17,506 1.95 ,9’837 vig?7   7;3§§;f?fﬁ

#Thousands of dollars.

Source: Original data.
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TABLE 4 j S

"  B/C AND B-C ANALYSIS OF R“SGURCP RECOVERY P?OTOTYPE
BY FIRING RATIO AND ALTFRNATIVE PARAWFTER PROJPCTION

35 131 376

BlScOunt Rate ‘ .

B Pa?amete”

Ny 11’383i}¥;ﬁ§ihis’gsgisi¥33¥f{fi?f“
16 584n 1;77*j38?9147ffffﬁff," o

,3  *Thousands of dOllars

: Source,f orizinal dafa,:--
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positive oet.benefits;bitIWill recover the initial investment-inbslightiyr'
oﬁer'one—half its expectedkiife, and.it,provides a rate of‘return equal to or
greater thanrmost measuree of tﬁe opportunity cost\of’cepital in*thevprivate
sector. i |

The data also reveal the following ranking.of"technicel and eeonomic-para—
metersfbased on their impacts upon_het benefits:

1) refose—to—coal firing ratio ,

| | | | ; 3
2) project estimates for the coal and ferrous metal price parameters
3) rate of discount | |

4) initial capital investment

Sum?ary and Implications._

The-results of the analysis indicate that -the resource»recovery prototype
examined appears to Be an economicallybfeasible investment. This conclusionfr
is substantiated by a majority of outcomes based on sensitivity analysis of
five key technical and eoonomic parameters»examined under several benefit-cost
and internal rete of returh criteria.

fhe‘analyeis also reveals‘thevimpact of theAkey techoicel»aod'economic»~
‘ parameters on the economiovfeasrbility of.the prototype.. These parameters,
in order of importance,,are; 1) the refuse—to—coal f1r1ng ratio, 2) prOJectlon'
~estimates for coal prioee,b3) rate of discount,»4)'initia1 capital investment,
and 5) net ferrous metal oricee.

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

provide an economical, environmentelly acceptable method of solid waste management.. -

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

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

3/ Addltlonal 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. : :



th1s research effort' such systems are attractive alternatlves to tradltional

costly waste dlsposal practices because resource (energy and materlals) recovery}(«:a.f;~~,

appears to be, at. m1nimum, ‘a break—even operation.
The 0rrv1lle case study prov1des quant1tat1ve support to-the; p031t1on that,*;;}ﬁlw
Vglven certa1n condltlons, nonmetropolltan as well as metropol1tan areas may

flnd resource recovery to. be an attractive alternatlve.- Prerequis1te condltionSM’in

generally 1nc1ude. 1) the existence of an. electrlc power plant capable of burn1ng~7vﬁ“’

'refuse, 2) the ab111ty of the ut111ty 1n questlon to burn enough refuse (100 to
':200 tons/day {18]) to Just1fy the expendltures requ1red to: convert ‘the plant and
construct and operate the sol1d waste processing facllity, 3) a- populatlon base

v_flarge enough to supply an- adequate Waste volume (e g.4 100 to 200 tons/day)

R1s1ng prlces of conventlonal fuels and a. lack of landflll space generally increase}f?,ff

~the des1rab111ty of resource recovery ‘but -are not prerequlsltes to 1ts feas1b111ty;j:%‘

Secondary data 1nd1cates the eX1stence of approx1mately 300 coal burnlng ﬁ,]f-17~

L steam-electric generat1on plants 1n the nonmetropolltan countles of the United @:
States.; Present ev1dence on the spe01f1c characterist1cs of these plants and
'vthelr surroundlng waste generatlon areas is: 1nadeguate to make any conclu31ve‘jQ?w'*

statements on the1r techn1ca1 and economic feasibllity for resource recovery.fffff»wfﬂ~

However, 1t«would appear that substantlal potent1a1 ex1sts..uA,reglonalureSOurceafi ERIT

'~recovery research progect currently underway at Ohio State Univer31ty 1s asse331ng LR

‘,thls potentlal for the 12 North Central States [18]
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