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1. EXECUTIVE SUMMARY AND INTRODUCTION 

The Environmental Protection Agency has been at the forefront of analyzing 
the economic consequences of regulations on those who must comply with them. As 
part of its continuing policy of evaluating both the public and private economic 
effects of its regulations, EPA has recognized the need for a more detailed ana
lysis of the marginal cost-effectiveness (MCE) of alternative pollution control 
methods and levels of abatement . Much of the previous work evaluating the im
pact of a proposed regulation has compared the costs of alternative technologies 
or levels of abatement. However, much of this \o.Ork has focused on a single 
technology chosen to represent the "best available" or "economically achieve
able" control technology without consideration of its cost-effectiveness com
pared to other methods of control or levels of abatement (effectiveness). 

Recent declarations by EPA that it would analyze the MCE of pollution con
trols to· improve the evaluation of alternative contcol strategies· in order to 
try to obtain the least costly mix of pollution controls led to the formulation 
of this stud\'. In this context, the study was designed in two phases: 

• 	 Phase ~ - the development of a methodology and its pilot test in 

two in·ilstries, and 


• 	 Phase II - the application of the methodology to selected indµs
tc ies to derive marginal cost-effectiveness relationships for 

use in policy decisionmaking. 


This report i•resents the results of the work on Phase I, which took place from 
Septenber 19 ..'8 to January 1979. Additional modification and clarification of 
the methodology described herein will undoubtedly emerge during Phase II. 
Thus, the methodology should be considered as preliminary at this time . The 
report is organized as follows: 

l. Executive Surrmary and Introduction 

2. 	Theory of Marginal Cost-Effectiveness 

3. 	 Methodology for Marginal Cost-Effectiveness 

4. Textile Industry: A Case Study 

5. Coal-Fired Power Plants: A case Study 

6. Implementation Concerns 

THE POLICY CONTEXT 

EPA• s primary objective in sponsoring the development of an MCE methodolo
gy was to augment its capabilities to analyze the impacts of its regulations. 
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The Age:1cy recogn izes that it is no longer satisfactory to measure on l y t he 
economic burden that meeting a particular standard Eor a particular poll.uta nt 
places on a specific indlstry; nor does evaluating the cost-effectiveness of 
moving to a moce stringent control level for a single pollutant provide ade
quate assu rance that EPA is acting in a mann~r consistent with its goal of 
providing the highest level of environmental protection for the least cost. 

The need for more advanced analytic tools is particularly evident, because 
the Agency is increasingly being subjected to legal challenge on economic-re
la ted issues . In adopting more effective regulations, EPA confronts increas
ingly conplex policy decisions. The primary policy issues include determin i ng 
control strategies: 

• for a single pollutant or group of pollutants, 

• for an inrustry or industry segment, and 

• to determine ent>hasis among pollutants. 

For each of these primary issues, there are a number of a spects which EPA 
must determine including which specific industries and pollutants to regulate 
a nd the order in which they should be considered, how the regula t ions might 
affect particular regions, the date at which the regulations should be imple
mented, and whether or not interim standards should be used. 

In developing the marginal cost-effectiveness analysis methodology, it was 
apparent that a single analytical scheme could not be applied to respond to 
all the varied policy questions for which such a tool would be useful. We 
f ound that different issues arise (e .g., weighting, timing, aggregation) de 
pending on the specific policy questions being addressed. Consequently, we 
have developed a basic methodology containing a nunt>er of steps from which 
only those necessary to respond to the particular policy questions at issue 
could be selected. 

THE ANALYTIC CONTEXT 

In t heory, environmental regulations are designed .to maximize the differ
e nce between the social benefits derived from the regulation and the social 
costs (both public and private) of coapliance with the r egula tion. Benefit 
cost analy s is (BC) is a well-developed theory of analysis de signed to aid in 
identifying socia lly .optimal policies or regulations . Its util i ty is severely 
limited, how•.?ver, by the requirement to quantify both tangible and intangible 
soc ial costs and benefits. cost-effectiveness analysis {CE) was developed to 
analyze problems where benefits could not be quant ified in a manner commensu
rate w·i th the quantification of costs. CE is designed to identify efficient 
but not necessarily optimal solutions by answering one of the fol lowing to 
quest ions : 

l. 	What is the least-cost way to achieve a given level of effec

tiveness?, or 


2. 	 How can the greate s t effectivenes s be achieved foe a given 

Level of expenditure? 
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CE.results have a goo] deal n f ut1li~y in the decisionmaking process p rov i
ded that one of the two conditions specified can be met . CE ratios (cost per 
unit of effectiveness) are often used as a comparative tool for ranking alterna
tiv~ courses of action , but the validity of the comparison suffers when nei ther 
cost nor effectiveness are held constant. Furthermore, CE results represent 
average solutions and are a relatively poor measure of the marginal change in 
cost with effectiveness at a given level of effectiveness. 

Marginal cost~effectiveness {fol::E) tends to overcome the problems associated 
with conventional CE solutions. MCE results can be used for comparisons when 
neither cost nor effectiveness is held constant and thus is a suitable basis f or 
identifying efficient solutions to a broad array .of policy questions regarding 
pollution contr.ol alternatives. 

MCE analysis as applied to pollution control issues seeks to establish the 
relation between successively more stringent degrees of abatement (effective
ness) and the corresponding change in cost of compliance. Theoretically, a con
tinuous functional relationship between ·cost and effectiveness can be developed 
at both the macro- and microeconomic l evels . In practice, these relationships 
can rarely be derived analytically, because t he abatement technologies generally 
yield a discrete interval of effectiveness at a discrete increase in cost. 

Functional relationships between cost and effectiveness can be approximated 
statistically through successive incremental analyses. Thus, where a continuous 
cost-effectiveness function does not exist or cannot be eas ily derived, the MCE 
analysis is akin to repeated applications of CE analysis under nearly equal 
effectiveness conditions, i.e., repeated CE analysis for several closely related 
effectiveness levels so that the "marginal" costs of the "marginal" removals can 
be ascertained. 

Consequently , MCE analysis as applied in this methodology is the blending of 
success ive incremental changes in cost and effectiveness and technically should 
he call~d incremental cost-effectiveness analysis . However, for the purposes of 
this study, we have adopted the more general term -- marginal cost-effectiveness 
analysis. 

THE DATA. CONTEXT 

The MCE analysis tool is not a complex one, but it does require extensive 
cost and effectiveness data in order to establish useful relationships. From 
the existing EPA policy of requiring economic analyses o f r egulations, it could 
readi ly be inferred that a considerable amount of the appropriate data existed. 
This was not the case. The orientation of the regulation development process 
toward selecting a single "best" technology for control of a given pollutant has 
meant that little or no data has been reported on alternative technological pro
cesses which might approach but not reach the "best" level of control. The ab
s ence of this data means that relatively few points were available to establi sh 
a curve relating marginal costs with margin~! effectiveness for any regulation. 
This presented a reasonably severe handicap in accomplishing one of the objec
tives of Phase I, which was to develop some useful relationships for the two 
pilot-test industries. 

http:contr.ol
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Because marginal cost-effectiveness analysis i s not now an integral f)<1rt of 
the standards-setting process, extensive data requirements must be ful f i J. l ed in 
order to undertake this type of analys i s. For EPA to analyze the margj na t cost
effectiveness of its actions in a comprehensive fashion, it would have to allo
cate increased resources to broad exami nation of the effects of proposed poli
cies. At some future time, EPA must decide whether the costs necessary b . .> col
lect the ad:Htional required data are justified by improvements in the cost
effectiveness of its. regulations. Because data requirements are an integral 
part of performing an MCE analysis, we have incorporated into the early s teps of 
the methodology a systematic approach to defining the pollutants and treatment 
systems for which costs and abatement l evels· will be needed. In addi tion , 
where data limitations exist, we recommend simplifications and data manipu ;.,1
tions wl1ich will facilitate MCE analys i s in these instances . 

We must -3lso enphasize that MCE is only one analytical tool among many 
(e.g., averaqe cost-effectiveness analysis, least-cost solutions, and tota l ·cost 
analysis), aria for some specific policy questions, it may be inappropriate . 
Recognizing the possible limitations of per forming MCE analysis, the met h<x lc , 1-ogy 
has been designed so that it can also be applied to other relevant econom •·: ;. na
lysis . In effect, we have expanded the scope of the original workplan anrl .dve 
attenpted to provide EPA with a systematic approach to defining the bas i c tdputs 
(cost and effectiveness data for alternative pollution control strategies\ 
necessary to enhancing its ability to do economic analysis leading to irorc l_! ffi
cient regulatory strategies. · 

SUMMARY OF RESULTS 

.This section presents a summary description of the methodology that was 
developed during Phase I and briefly reviews the results of the two pilot tests. 

Summary Description of .the Methodology 

The methodo l ogy devised for computi ng mar-ginal cost-effectiveness ratios is 
conprised of seven steps: 

1. Per !:orm Population Analysis 

2. Perform Entity Analysis 

3. Identify Elements of Data Base 

4 . Compute Treatment System Cost and Abatement Table 

5 . Compute MCE Ratios 

6 . Analyze MCE Ratios 

7 . Aggregate Entities 

Each o f this steps is discussed bel ow. 
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Population Analysis. Population analysis identifies the universe of indus
tries or processes relevant to the po·licy issues being examined. For example, 
if the policy question were: "What is the MCE of controlling pollution from the 
steel industry?" then the relevant population would be all the pr~esses in t.he 
steel industry. If the policy issue were "Compare t he MCE of controlling BOD 
in two different industries," the popula t ion would be those processes in each 
industry involved in BOD production and control. Similarly, if the policy issue 
were "Compare the MCE of controlling air pollution from boilers," the relevant 
processes using boilers must be culled from all industries. 
In short, population analysis involves two substeps: 

1. 	Define policy issues study is to address in broadest possible 

terms, and 


2 .. 	 Identify industries arrl processes relevant to policy issues. 

Entity Analysis. For most policy decisions, the ultimate objective is to 
analyze MCE ratios for an entire population (e.g., the steel industry, all boi
lers). But populations frequently will consist of diverse components. For 
exa"t>le, the steel industry includes three different types of furnaces and a 
total of twenty-nine processes. For the purposes of performing M~E analysis, we 
propose that populations be divided into CO"t>Onents with similar characteris
tjcs . We refer to these subsets of a population in this analysis as "entities." 
An entity may be a model plant, ~ particular engineering process or a mobile 
source. Iri defining entities, several characterist ics should be considered in
cluding age, size, and engineering process. 

Identify Elements of Data Base. This step of the methodology specifies the 
required data. In this step, we identify: the pollutants to be included in the 
analysis (Step 3.1) and the unit processes to control each of these pollutants 
(Step .1 • 2 ) . 

Id1!ally, all pollutants affecting a given entity would be included , but this 
may make the analysis unwieldy. No set rules can be articulated for deciding 
which pollutants are to be included i n the data base. In part, the specific 
pollutants included will be determined by the enti t y being analyzed and the 
policy issues being addressed. 

A unit process is a piece of equipment, an engineering process, or a raw 
material which achieves a level of abatement of a pollutant. It is necessary to 
identify each plausible unit process capable of abating a particular pollutant. 
Where a unit process affects only one pollutant, this task will be straight
forward . Where a unit process affects two or more pollutants, a method must be 
employed ' to apportion the costs of operating the process among the affected pol
lutants. 

Create Treatment Systems Cost and Abatement Table. The Treatment Systems 
Cost and Aha tement Table brings together the entire set of key pollutants, the 
applicable (unit processes} arrl the abatement levels they achieve, and their 
costs of pollution control. The design of the Table (4.1), how to determine the 
possible nunt>er of cont>inations (4.2), the relevant cost factors (4.3) and the 
effectiveness of the combinations (4.4) are the substeps involved . 
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The Treatment Sy s tems Cost and Abatemen t Table i s .je s ig ned t o serve as t he 
fundamental data ba se for evaluating any MCE-related policy questions and must 
be as co!Tpreheosive as possibl e . rt must present the costs of control, broken 
down into detailed estimates assignable to specific pollutants. It must present 
a ll the leveJ.s of effectivene s s attainable by each unit process. Most impor
tantly, it must examine the costs and effectiveness of each plausible combina
tion of pollutants and controls. For each pollutant, the required data include: 

(l) technology or unit process errp l oyed; 

(2} the r.ost of that process; 

( 3) the ~unount of pollutant removed by the process; and 

(4) the · amount of po1lutant still emitted. 

Calculating control costs for each pollutant is one of the more complex 
tas~s in the MCE methodology particularly for those pollutants and unit pro
cesses which affect more than one pollutant. Where possible, based on engineer 
ing judgment, these joint costs should oe a l located among the affected pollu
tants on the basis of their re l ative contribution to the total costs of control. 
In most cases where joint costs occur, this will be impossible, and a method for 
allocating costs among affected pollutants is required (see Step 5) • . 

Quan tifying effectiveness results in measures of the level of abatement and 
of the level of emissions from the entity when t he unit process combination is 
applied. For each key pollutant, an appropriate measure should be devised. We 
reconmend kilograms removed aoci kilograms emitted per year whenever appropriate. 
For .certain pollutants, other standardized measures will be necessary (heat, 
degrees; pH, pH level}. 

Compute MCE Ratios. The exact data drawn from the data 9ase will depend on 
the particular policy question being addressed. The policy issue is then used 
to identify the relevant data which directly affect it . For example, if the 
po l icy question involved the MCE of changing the standard for a particular pol
1u·tant, then only those data which accomplish this while holding all other pol
lutants constant (or by allocating costs to those affected pollutants where 
costs are nonseparable) must be analyzed. 

Having identified the data relevant to the specified policy issue, we now 
have a measure of costs and abatement for each pollutant . Before using this 
data to compute the desired MCE ratios, a final manipulation may be required. 
To determine marginal costs · where nonseparable costs exists, some allocation 
scheme must be employed. Several ways to assign nonseparable costs exist and 
selecting the one to errploy wi ll depend in part on the availability o f data and 
the particular policy question being ad~ressed . These include: 

• 	 target poll1Jtant - all costs are assigned to one pollutant, 

• 	 ratio of separable costs - costs are assigned in proportion to 

the ratio of separable costs, 


•allocation 	on effectiveness weighting - costs are assigned in 

proportion to the ratio of damage averted by the unit process, 
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• 	 rati o of c o s ts o f separate .: ac ili;::ies - ccscs a re ass igned i n 

proportion t o t he ratio of the cost s ~ f bui l ding separate treat

ment chains for e ach pollutant, and 


• 	 equal allocation o f costs - costs a r e assigned in equal propor

tion to all affected pollutants -- t he last resort. 


Analyze MCE Ratios. The next s tep in the methodology requires the analyst 
to evaluate the MCE ratios before drawing conclusions. This step is critical 
because the derived ratios are subject to misinterpr~tation; they must not be 
mechanically applied in the decisionmaking process. Situations where misin
terpretation is likely include: (a) where th.!'=esholds are .used to determine 
acceptable MCE ratios, (b) where major po l luters are permitted to continue at 
the expense of minor polluters; (c) where the percentage of removal varies 
(e.g. ·, one firm moves from 10 to 50% abatement, another moves from 80-90% 
abatement); (d) ~here interim standards are phased in over a period of time; 
and (e) where the timing o f implementation of a standard remains a t issue. 

Of particular concern are policy ques tions requiring the consideration of tim
ing. For example, EPA may choose to adopt a less stringent interim level of 
required abatement in an effort to le ssen the burden its regulatio ns impos e on 
indlstry, followed at some later date by a more stringent target s tandard. 
The use of interim standards affects two aspects of the MCE methodology. We 
can reasonably assume a firm will select the least-cost treatinent chain to 
meet each of the proposed standards. Where the use of interim standards is 
being considered, examining only the least-cost treatment chain to comply with 
the alternative standards i mposed at different points in time could be mis
leading. With the likeli hood of shifting over ti.me from a given standard to a 
more stringent one, it may be less costly for a firm to select a unit process 
which actually costs more than another at the initial period. Thus, from a 
marginal cost standpoint, in situations where two or more time periods are 
being considered, it is e ssential to examine the full range of possible unit 
processe s to corrply with each standard. 

Although timing is straightforward as it relates to costs, it severely 
corrplicates attempts to measure e f fectiveness . This problem a r ises when the 
MCE methodo logy i s used to compare a proposed standard which is t o take effect 
immediately to one to take effect at some fut'ure date. Comparing costs in 
this situaticn is relatively easy . Although there may be some debate about 
the appropriate discount rate when applied to the estimated future costs, 
these costs can be directly compared to present investments. But no such 
clear- cut manipulation exists for comparing the effectiveness of the same 
standards irrpos ed at different times. If we were to ignore this problem, the 
MCE of a standard imposed today would be exactly the same as that of the same 
sta·ndard if its implementation were delayed for a period of time. The problem 
is handled by a llocating the amount of pollutant removed over a time horizon 
awropr iate to the policy question at issue. 

Aggregate Entities. Marginal cost-effectiveness, a lthough most applicable 
at the entity level, can be conceptually -extended to apply to industry seg 
ments or across industries, and to geographic regions or nationwide. For many 
of the policy issues c apable o f be i ng addressed by MCE analysis, some level o f 
aggregation will be necessary. Examples of these issues include t he following: 
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• 	 What i~ the marginal cost-~ffectiver~ss .o f clean ing up one pol

lutant to che same degree in differen t industri~s? 


• 	 What is the marginal cost-effectiveness curve for ~leaning up 

one pollutant in all industries? 


•What 	is the marginal cost-effectiveness o f cleaning up al l pol

l~tants in one region of the country? 


• 	 What is the marginal cost-effectiveness curve for cleaning up 

one pollutant across all industries in one region? 


To respond to these policy questions requires that model plant data be ag
gregated along any of three dimensions: 

• 	 pollutant 
• 	 indust ry 
• 	 geog caphy 

Aggcegation is the equivalent to sununing the applicable entity-level MCE 
curves over a constant range of marginal costs. Before summing the curve.s , how
ever, it -is necessary to weight each by the proportional number of equivalent 
model entities in the relevant population. Secondly, in order to obtain a con
stant range necessary to sum the MCE curves, they may need to be extrapolated to 
a corranon marginal cost range. Finally, if ·different pollutants are being aggre
gated, they must be weighted (or assumed to be equal). 

Coal-Ficed Power Plants: A Case Study 

This case study shows how the methodology would evaluate alterna tive new 

source pecfocmance standards currently being proposed for coal-fired power 
plants. The population must be defined to include those coal-fired power plants 
likely to be built if specific environmental regulations are adopted. 

Defining the entity to be analyzed is ' relatively straightforward in this 
case stu9y. Because we are dealing with a new source performance standard, 
neither age of the plant ~r varying engineering processes are relevant consi
derations. We will assume that all new facil~ties employ the same boiler pro
cesses~ For the purposes of this case study, we have defined the entity to be a 
500-megawatt power plant. 

The Development Documents for coal-fired electric utilities and the numerous 
studies suw•1rting the development documents have identified over 50 pollutants 
which are emitted by electric utilities. These fifty pollutants include conven
tiona1, non-·~onventional and priority wa tee pollutants plus er i ter i.a and hazar 
dous air pollutants. Sludge is also created in substantial quantities. Of 
these fifty, the most serious ace: 

Air: 
. S02 
Flyash (TSP) 
N()X 
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W.1 tl:!l': 

Su ~:pended and Dissolved so li.<ls 
Heat 
ph 

Chlorine 

O&G 

Trace Metals 


Sludge 

Several unit processes are available for controlling so2 emissions, two 
uni.t processes control particulates, and one unit process is availab le for 
NOx. Sludge is chemically treated and land-filled. Because the data were 
insuffi - cient, water pollution unit processes we re not a na lyzed. 

· The most well-known unit process to control so2 is a flue-gas desulfurizer 
(FGD}, ~lso kno wn as a scrubber. Another uni.t process to control so2 emis
sions is physical coal cleaning (PCC) and the use of low-sulfur coal (LSC}. For 
particulates, two unit processes have been identified. The most cormnon is an 
electrostatic precipitator (ESP). The '.secor~ unit process is a f~bric filter. 
The onl·! unit process available to control NOx is t wo-stage combustion. 

Several unit processes ex ist to dispose of sludg e , but their current costs 
reduce the p ractical options to ponding and chemical treatment and landfill. 

Because data were totally inadequate , as compared .to the part i al inadequacy 
of air and sludge data, we were unable to incorporate wa ter unit processes into 
th is analysis . 

Summary. After identifying the relations hips a mong the unit processes and 
completing the Trea tment Systems Cost and Abateme nt Table, we were able to i l 
lustrate the application of the methodology to spec ific policy questions. ·It is 
irtportant to no te that the limited arrl un r eliable qua lity of air and sludge .cost 
data and the lack of any water treatment data severely c ompromise the abiiity to 
use these trial results as anything more t han an example o f an application of 
the methodo logy . The policy questions addressed were : 

• 	 What is the MCE of alternative, more stringent sulfur dioxide 

standards? 


• 	 What is the MCE of trading-off part iculate control for sulfur 

dioxide control? 


In applying the methodology to these issues, it was apparen t that, when 
used to a ddress a spec.ific policy quest ion, some manipulat ion o f the basic 
methodology is required. This is particularly true when on ly limited data i s 
available. At the same time, the methodology pro ved to be f lexible enough t o 
provide the basic f r amework for analyzing a diversity of po licy issues. 

Textile Industry: A Case Study 

The re l e vant population of textile mi ll s was defined as existing direct 
~ischargers. The popu l ation is composed of about 220 mill s which are subject 
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to best av.=i ila ble technology economically achievab le . Th is popul ation :::an be 

repres ented by 26 e ntities composed of different processes and mi ll s izes . 

The data base used was from recent Effluent Guide l ines Document on the 
t extile industry. Although a number of pollutants ace present, seven key pol
lutants and pollutant parameters were reported i ncluding: 

Convent iona 1 BOO, COO, TSS, 0 & G 

Nonconventionall Phenols , Chromium, Sulfide 

The Textile IndJstry case study demonstrated that margi nal cost-effective
ness can be developed but only after significant analytical e ffort not norma l 
ly included in the indJstry engineering studies. Mode l plant information can 
be aggregated to industry . or regional totals provided that the study includes 
geographic as well as size/type of plant parameters. 

These positive res ults are offset by the following factors . The cesult s 
actually generated are useful only as an example applicat ion of . the methodolo
gy and cannot be used for policy decisions. Moreover, the additional analys is 
required is substantial and requires a degree o f soph istica tion not normally 
needed in engineering studies -- the methodology relies on data that may be 
avai lable during the engineering analys is but not generally required to 
achieve study objectives. Finally, MCE resµlts of the type possible exclude 
such salient considerations as economic i mpacts and are therefore only one 
tool of several required for sound policy decisions. 

Because of the data limitaticns the MCE analysis was confined to one of 
the 26 segments: ~complex plus desizingw mills of the woven fabric finishing 
segment . Also, the analysis was confined to one of conventional pollutants. 
This stenmed from the lack of technical background information for detailed 
cost assignment. 

Within a relevant range of the available da t a, we found a marginal cos t 
curve for conventional pollutants for woven fabric fini shing composed of 17 
s mall <nd 10 large plants . This components of this curve are: 

ABATEMENT 

Marginal Amount 
Cost (kkg/y) Percent 

1. 00 2415 25 
1. 50 3875 40 
2.00 4950 52 
2.50 5·810 61 
3.00 6450 67 
3.50 6955 73 
4.00 7325 76 

lThe inclusion of chromium was done as a matter . o f convent ion ·a na ease 
o f presenta tion of the a nalysis . 

http:industry.or
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At a ma cginal cost of $1.50, che smal l mil ls cou~d ceach a 32 percent 
abatement level and medium mills could cemove 46 percent of the conventionals . 
This illustrates the different amounts of abatement among a subsegment for a 
given marginal cost . 

The overall finding of this analysis was that, even though the source 
document used for data points is one of the better ones we have reviewed, a 
large amount of additional background information is required for . carrying out 
the detailed analysis as· represented by MCE analysis. 

Implementation Concerns 

The developnent and testing of methods for measuring the marginal cost 
effectiveness of EPA regulaticns was much more -complex and difficult than ori 
ginally .thought. A nunber of factors affect the complexity of the ' analyses, 
and, in turn, raise theoretical issues which ·impact on the rigor of results 
obtainable. The specific issues which introduce complexities into the imple
mentation of the methodology includ~: the types of data required and theoceti 
cal conplexities. The speci fic issues in each area are: 

• Types of Data Issues 

l. 	Number of Entities 

2. 	Nunber o f Unit Processes 

3. 	 Interdependency Among Pollutants 

• MCE Theoretical Issues 

1. 	Well Ordered Treatment Chains - unit processes must be combined in 
such a manner that total systems cost increases and that the 
amount of each pollutant removed does not decrease. 

2. 	Nunber of ICE (MCE) Data Points - to aggregate to industry, 
region, or national tota ls requires a reasonable number of data 
points covering a reasonable range of MCE values. Each data point 
requires a properly constructed treatment chain a~ data points 
are required over an extensive effectiveness range. 

3 . 	 ICE (MCE) Interval - the data available for the case studies was 
not sufficient to develop a s tatistical approximation to the 
under lying cost effectiv·eness function. Instead MCE results were 
awroximated by ICE ana l ysis. 

The above issues introduce complexities into implementation not so much 
because they cannot be resolved but because of the scope and detail of the 
tasks required. We believe that sig nificant gaps exist in the data available 
but that these gaps can be closed by more complete and effective systems 
analysis 'at the entity level. Moreover, it seems pr.obable that the quality of 
data available in completed engineering studies can be improved by interaction 
with selected labs or contract.ocs . 
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Information gaps include: 

l . 	 Raw Influent, BPT Eff l uent and BAT Effluent Characteristics 
No information on raw influent was available and ~nly aggre

gated characteristic data for BPT and treatment chain effluent. 

KnoWledg~ of the effluent characteristics for each unit process 

in each treatment chain is essential for cost assignment. 


2. 	Tr eatment Chain Logic - The reasons for selecting particular 
unit processes and the sequence in which they are applied 

should be fully explained. 


3. 	Complete Cost Analysis - Both investment and operating cost 

estimates should be prepared for each unit process i n each 

treatment chain tested. This is essential when cost assignment 

is 	requi r:ed . 

. 4. 	Cost Effectiveness Analysis - A cost effectiveness study, not a 

mere reporting of cost and effectiveness is required. Each 

treatment chain presented should be the least cost method for 

achieving the desir:ed level of effectiveness. 


5. 	Cross-Media Consideration - It is important to include impacts 

on other media. 


The above data gaps were generalized from the Tex tile Industry case study . 
The Coal-Fired Power Plan Case Study revealed similar problems. More specifi 
cal.ly, information on the interrelationships among pollutants and unit processes 
was sketchy, cost and effectiveness points were limited even wh e n a continuous 
fu nction wa s available and data was lacking on at least several feasible combi
nations of unit processes. 

The 	data and analysis problems cited above can be solved but at some cost in 
both money and time. The problems suggest that our Phase II effort be concen
trated on a few key industries so that truly u seful results can be obtained. 1t 
does not appear that a broad-brush study of a large number of industries based 
on avatlable data will produce results much more applicable than the two case 
studies completed in this Phase. 

ThP Phase II study will, of course, clarify the issues raised here. It 
seems ikely, ho~ver, that a comprehensive application of MCE methods will re
quire ncreased resources . for more detailed analyses of abatement option. EPA 
must tl'erefore assess the cost effectiveness of MCE at some future time when 
better estimates of r esources are available. 

FINAL COMMENT 

Marginal cost-e ff ec tiveness analysis, when properly performed,· can be a 
powerful and useful tool for.policy ·ana lysis. However it should be recognized 
that it requires extensive data. Also it should be considered as only one tool 
to be used in policy analysis. It does not replace conventional econom i c impact 
analysis aimed at plant closure, production and employment impacts. Both types 
o f 	 analyses should be performed in setting pollution control standards. 
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2. THEORY OF MARGINAL COST-EFFECTIVENESS 

Marginal cost-effectiveness (K:E) ana lysis of pollution abatement seek s to 
estabish the relat ionship between success i ve increments o f pollu tion abatemen t 
(effectiveness) and corcesponding incremental costs of abatement. Theoretical
ly, conti nuous fu nctio nal re la t ionships exis t between cost a nd e ffectiveness at 
both microeconomic and macroeconomic leve l s , but in pcactice such theoretica l 
MCE functions c an on ly be statistically est imated through s uccess ive incrementa l 
analyses. Th is arises because most abatement technologies requ i re discrete com
ponents having discrete costs for a given level of pollutant removal. Thus, the 
marginal costs of pollution abatement and the marginal effectiveness are not 
normally precise ly related, although they may be concucrently a nalyzed and a n 
MCE celationsh ip may be approximated. 

BACKGROUND 

As a point o f reference , margina l cost-effec t iveness a nalysis i s contrasted 
with that of cost-effectiveness analysis which i nvolves one of two criteria: 

• 	 ho lding effectiveness constant and determin ing 

the least cos t alternative for meeting the spe

c.ified effectiveness , or 


• 	 holding total cost constant and de termining the 
alternative which maximiz es effectiveness foe 

the specified cost. 


MCE analyis is most l ike performing r e peated applic ations of the first cri 
terion, i.e., repeat t he cost...:effect iveness analysis for several closel y -related 
effectiveness levels so that the "marginal• cost - (also l east cost for each ef
fectiveness level) of the "marginal" removals can be ascertained. Next, MCE 
a nalysis may require that an MCE c urve be fitted to successiv e ''marginal" values. 

Such an approach to MCE poses analytical subtleties and m_ay present burden 
some data requirements even for a single pollutant, _because t he methods of 
achieving irrproved pollutant removal usually involve new or modified treatment 
systems (cather than changes in operating procedu res of a given treatment sys
te m) . The necessary data may not be read i ly access i b l e. 

Most pollutant abatement issues deal with multiple pollutants that are in
terrelated wi thi n trea tment systems. In this ~ituation, two fundamental ques 
tions arise -- both of which may require solutions for many policy problems to 
be an swered: 

a) 	 What is the cost of each pollutant's inccemental removal, i.e. , how 
are the treatment system' s jo int costs to be allocated (assigned) t o 
individual pollutants?, o r, 
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b) 	 What is a common measur e of e ffecti.ve11ess , i.e., :--1ow a ce the mu l!:. i p ! -:: 
pollutarits to be separa cely weighted t o p cod1.1ce an overall index 0 f 
.;batemen t? 

Th is 	multipollutant c ase and the questions it raises are complex and have 
heen the core of this research e ffort . Although there appears to be no single, 
best answer t o either of the questions posed, the research ha s developed some 
alt~rnative a~roaches to each which are pres e nted below. 

In addition to the multipollutant issue, other difficulties were encounte red 
that s ign ificantly affect the applicability and value of MCE analysis. Two o f 
these issues are of major consequence -- aggregation and time phasing. The i r 
theoretical and meth_o<lological implica t ions are discussed separately below, as 
are those for other remaining concerns . 

CONCEPI'UAL DEVELOPMENT 

Ma rg i nal cost -e ffectiveness analysis is foremos t a microecono mic procedu r~ , 

a l though with proper aggregation it provides macroeconomic re sults . The po t en
t i.al usefulness of MCE a nalysis i n mak i ng environmental manageme nt decisions c an 
be s t be described by cons idering a simplified macroeconomic case in wh ich the 
economi c concepts of publi.c policy a re ent>edded. 

Economic Concepts of Public Policy 

The genera lly accepted criteria~ for selecting among public-policy alterna 
tives (such as those regarding pollution abatemen t) is to choose those which 
maximiz e social welfa r e , the s'um of both public and private net benefits. Such 
a criterion theoretically requires perfect knowledge of all components of t he 
social costs and social benefits of all feasible alternatives.l Thus in these 
terms the question "What degree of pol l ution abatement should be achieved to 
maximize social welfare?" can be posed. The q uestion is extremely complex, bu t 
the conceptual basis for answering this question can be illustrated i n a 
simp.lied case. For exanple, assume t hat only o ne .pollutant exists in a static 
environmental setting and that we know both the total costs and the total hene
fits associated with all levels of abatement, i.e., costs and benefit functions 
f rom 0 to 100 percent abatement. Based on these functions, the associa ted mar
ginal cost and marginal benefit functions can be derived. These relationships 
are i llu s tra t:e<l in Exh·ibi t l. 

With these relations hips, it can be shown that maximum social welfare will 
be achieve<l at abatement level A whe re marginal socia l costs equal marginal so
cia t beneft.ts. In relation to the tota l functions in Exhibit l, this optimum 
point (A) also corresponds to the maximum distance between the total benefit and 
the total cost funct ions. 

1Th i s objective involves both issues of efficiency and equity, although 
these issue s will not be pursued here . 

http:beneft.ts
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~:Xli !BIT l 

PUBLIC POL : CY ECONOM I ·.:: CONCEPTS: 


TOTAL AND MARGINAL SOCIAL BENEFIT _!\ND SOCIAL COST FU NCTIONS 

To tal 
Value 

( $) 

A 100% 
Abatement 

Marginal 
Value 

MSB MSC 
( $) 

A 100~{, 
Abatement 
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In the single pollutant case, MCE analysis ~s equivale nt to est ima t~ng the 
marginal social cost function of Exhibit 1 . Estimating the marginal social 
benefits is extremely difficult and must be approached using a proxy based on 
effectiv~ness. Thus, the optimum level of abatement, i . e., (A), will not be 
known. Presumably, some independently derived criterion in terms of the cost 
level associated with A may be specified to indicate the desired marginal cost 
level that will approximate the optimum abatement level. 

As suggested, to the extent that MCE analysis produces an accurate estimate 
of marginal social costs of pollution abatement, it becomes an important compo
nent i n deciding whether p roposed (or existing) pollution regulations may be 
"reasonable" or perhaps too costly in relation to perce.ived criteria. 

Analysis Techniques 

Benefit-cost analysis applied to alternative treatment systems will identify 
the treatment system that maximizes net social benefits, i.e. , the point A on 
Exhibit 1. This technique cannot be applied, however, unless the total benefit 
function (TSB) is known. When the tota l benefit function is not precisely known 
(and in general such is the case), some relaxation of the rigor of public-policy 
economic concepts is required. 

Cost-effectiveness analysis can be applied (usually at the micro level) 
under these relaxed conditions. The available abatement technologies could be 
examined to determine several levels of: (1) cost of corrpliance or (2) abate
ment. A total cost of compliance (TC) curve similar to TSC in Exhibit 1, can 
thus be developed. B,ecause social. costs2 are excl uded, TC would be below the 
TSC curve although it would have a simi l ar s hape. Each point on the TC curve 
would be efficient, because the· technology selected either would be the least 
cost method of providing the desired level of abatement, or would yield the 
greatest abatement for a given cost of corrpliance. Thus, TC can be viewed as 
the envelope or boundary curve of efficient applications of all available 
technologies. Note, however, that location of the optimal point A cannot be 
identified. 

Jlobst cost-effectiveness analyses yield discrete points on the TC curve (un
less cost of compliance is a continuous rather than discrete function of effec
tiveness); thus, successive analyses are required. The marginal cost curve 
(similar to but below MSC on Exhibit 1) can be derived mathematically or through 
s uccessive analyses at very small intervals around selected levels of effective
nP. SS. 

Cost-effectiveness results may be sufficient for some decisions such as 
establishing a standard for a particular model plant or process. This presumes, 
of course, that the proposed standard has already been deemed socially efficient 
and equitable . Superior solutions can be obtained for many po l icy considera
tions by use of marginal cost-effectiveness analysis. It can be shown, for 
example, that the least cost method of reducing pollution over an entire indus
try occurs when MCE ratios are equal f o r al l processes in the industry. 

This need not be done in general but is the normal and reconunended 
p rocedure. 

2
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This being .so, determining the best estimator oE the true marginal cost 
function is desirable. The precision of the techniques discussed above can be 
illustrated in the following example. Assume that cost (C) · is a non- decreas 
ing function o f abatement or effectiveness (E) and further that the abatemen t 
has .:i finite limit. One such function can be written: 

aEc = 
b-E 

where a is a scaling constant and b is the limit of e ffectiveness. 

The marginal cost-effectiveness (MCE} function can be derived mathematically 
and is 

abMCE = 2(b-E) 

a.nd the MCE ratio at any po int x is 

abMCE = 
x (b-E ) 2 

x 

Now, as discussed above, the MCE ratio can be approximated by repeated analy
ses of small intervals around an effectivness level o f x. This procedure, 
appli ed to an interval of x, that is moving from x - x to x yie lds an in
cremental cost effectiveness (ICE) ratio of 

ab
ICE 

x (b-x) (b-x+ bx) 

Th is shows that ICE is a good estimator of MCE when x is smal 1 and fur ther 
that the mathematic definition of MCE 

LIM
MCE = E o 

holds . Note, however, th"at ICE i s not a good estimator of MCE if xis larger 
and that, for a given x, the error of the estimate increases as the point x. 
moves farther along the effectiveness axis. 

A cost effectiveness (CE) ratio is a poor estimator of MCE. The ratio is 
obtained by dividing total cost at abatement point x by the abatement, i.e., 
x . Assuming the same functional relationship 

ab
CE = x b- E x

and 
CE = (b-E )Meex x 

x 

so that for 

(b-x) L:_ 1, CE 7 MCE 

( b-x) l, CE = MCE 

(b-x) 7 1 , CE L MCE 
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The relations hip between MCE, ICE and CE have implic a t 1;)nS foe t he .2ppl ica
tion of the theoretical a~roach to p ractical · situations. Considerable c are 
will be required to develop reaso nable est imator s o f MCE when the cost effec
tiveness function cannot be derived. 

Basic Aggregation Concepts 

The previous exafit> l e as illustrated i n Exhibit l could have represente d 
either a single pol l uter or many polluters each with its o wn marg i nal cos t func
tions. If more than one polluter were involved, the "horizontal sum o f the mar
ginal cost curves" _of all sources is r equired. The aba tement l evels mu st be 
spec ified in absolute t erms in order t o weiqht each source in the summation pro
perly; pe r centages are inadequa te . 

This aggregation concept is illustr ated in Exhibit 2 for a hypothetical two
s ource case in the same environmental control region . Only the marginal cost 
funct ions are shown , though impl ic itly the total abatement cost c urves exist. 

The example illust rates that the amount of the polluta nt abated by each 
source is to be sunune d for each marginal cost level. A new total abatement a x i s 
must be specified to represent the aggregate pollution levels in the control 
reg ion . · Important characteristics of the summat ion process are to use only the 
rising marginal cost por t ion of the marginal cos t f unctions and to be sure that 
all marg ina l cost functions span t he cost-range being aggregated. 

By aggregat i ng in th is manner, the sum of the sources marginal cost fu nc
tions yields the same aggregate marginal social cost function. as portrayed i n 
Exhibit 1. Furthermore , it can be shown t hat the most efficien t pollution 
abatement p rocedure would be to establish the marginal cost level associated 
with point A (in the aggregate) and then require that all sources (two in 
Exhibit . 2) "spend" that marginal cost level, i.e., MCA = MC1 = MC 2 fo r 
sources l and 2. This is the l east-cos t ( and most efficient) manner to a c hieve 
the aba tement level A i n this hypothetical c ase. 

Other aggregation p ~ocedures, though perhaps usefu l, will not possess the 
propert_ies described here. The main concern i s to mainta in comparab i lity across 
sources i n the aggregate. 

Ma rginal Cost-Effectiveness Concepts 

The preceding discussion wa s based upon the single-pollutant c ase for which 
theoretical constructs are read ily determined. However, in fact, multip l e pol
lutants ~re often involved in treatment systems, and this complicates the con
ceptual basis (and the analytical r equi rements ) of MCE analys i s. Three general 
cases exist for assessing the nultipol lutant problem. First, o n e might alloca te 
a ll treatm.e nt costs among the inpacted pollutants and cons equently comple te se
parate MCE analyses for each pollutant , i.e., cost a llocation approach. Second
ly , on~ might -develop effectiveness weigh ts for each pollutant i n o rder to de
f ine a single-valued abatement index, i.e., effec t i veness weighting approach. 
Thirdly, one might combine the cost allocation and ·the effectiveness weighting 
approac hes for specified classes o f pollutants with consequent separate MCE ana
lyses for each class of pollutants . Each of these general cases has underlyi ng 
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BASIC MCE AGGREGATION CONCEPTS 
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theoretical complications as discussed below. No t e chat the s e l ection or one 
(or more) of the general approaches for a particular policy application is 1e
pendent primarily upon the policy-related questions to be answered rather than 
on the inherent nature of the approach itself. 

Cost-Allocation Case. In a multipolltant treatment environment, separate 
MCE analyses may be made for each of the impacted pollutants if the treatment 
system' s conponent costs (e.g., by unit process) can be uniquely assigned to 
individual pollutants. Often, however, costs cannot be uniquely assigned, be
cause some unit processes abate more than one pollutant and such costs are non
separable, i.e., joint. Theoretically there is no correct way to allocate joint 
costs; they must be arbitrarily allocated among the impacted pollutants. 

Conceptually, when joint costs have been allocated, any subsequent analysis 
of a single pollutant will potentially lead to decisions that need not maximize 
public and private welfare. A partial cost allocation may understate the "true• 
cost of abating a given pollutant. In contrast, allocating all costs of a unit 
process to a single "target pollutant" -- so as t o reflect the " true" cost of 
abatement -- will necessarily understate the cost of treating other germane pol
lutants. Also, the potential allocation of all costs to more than one pollutant 
may lead to erroneous aggregation results. 

Despite the conceptual problems associated with allocating joint (nonsepar
able) costs, there are many situations where decision rules may be applied to 
allocate costs •reasonably". Several alternative decision rules that may often 
be applicable are described in Chapter 3 on methodology. The reasonableness of 
each is principally dependent on how the marginal cost effectiveness results are 
to be used, i.e., the policy issue being assessed including aggregation require
ments . 

Effectiveness-Weighting Case. This second general case requires the estab
lishment of effectiveness weights (e.g., environmental damage function values) 
that are assigned to each pollutant to provide a single- valued abatement index. 
In this case, the marginal (incremental) costs of treatment chains do not have 
to be allocated among pollutants; hence, joint cost issues are not encountered. 
On the other hand, suitable effectiveness weights are generally unknown. 

Conceptually, the most appea.li ng type of weighting is one that rates pollu
tants acx:ording to their relative damage in the environment p~r standard units 
of pollutants. Such environmental damages wil l vary among control regions and 
subregions within such regions. Further, an environmental damage function 
weighting (versus a single-valued weight) is implied in relation to the aggre
gate l evels of pollutants emitted into the control region. 

Simple relative weights among pollutants (versus damage estimates) are ade
quate f ·or agg rega ting in this marginal cost-effectiveness general case, though 
they too must be based on an underlying value system that should be known . The 
weights used will instrumentally affect the final results obtained and, ther~
fore, the conclusions that can be drawn regarding the marginal cos t effective
ness of the pollutants abated . 
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Cost-Allocation and Effective:1ess-Weighti.ng Case. A combination o [ the 
first two cases can be uti l ized, perhaps most . suitab ly, for most policy ques
tions. This general case involves both partia l cost ;1 Uocation among classes of 
pollutants and partial effectiveness weighting. For insta nce, a common distinc
tiai is made among convent i onal, nonconventiona l and priority pollutants , and 
this may be an acceptable dist.inction for certain analyses. In this situation, 
costs could be allocated among the three classes (thereby reducing joint cost 
all ocation problems) and effectiveness weights \<.Ould only be required within 
classes (perhaps equal) for purposes of the marginal cost-e ffectiveness computa
tions. This procedure would help reduce the scope of the problem yet allow a 
needed separat'ion of results for each class of pollutant analyzed including the 
ex ~ assignment of effectivene.ss weights as deemed appropriate for ec-ch case 
studied. 

The contiination case has advantage of overcoming some of the joint cost al
locaticn issues, but, also, the disadvantage of introducing sub j ective (of ten 
unknown) effectiveness weights within each c l ass of pollutants . In f ormation is 

. lost concerning the marginal cost effectiveness o f indiv i dual po llutan t s, though 
certain of the individual-pollutant results would be theoretically sus pect be
cause of joint c ost allocation problems. · At best, one s hould caref ully conside r 
t he issue to be analyzed, the availabi l ity and qual i ty of data input, and the 
degree o f confidence in using needed effectivene ss weights in d eciding to use a 
cont>ination cost allocation and effectiveness weighting approach. 

Types of Data Required3 

Basically, only four types of data are required to c onduct MCE analy s is at 
the entity, e.g., model plant, leveL (Aggregat i on requires further data regar
ding the "population" being ana l yzed as described separately below. ) 

These f our types of data are: 

a) Treatment Options 
b) Treatment Chain Costs 
c) Treatment Chain Abatements 
d) Effectiveness Weights 

The latter effective ness weights are not needed for the cost allocation ap
proach, whereas much of the detailed treatment cha i n costs (by pollutant) are 
not needed where the effectiveness weighting i s applicabl e. 

Each of t hese types of data are briefly descr i b.ed here, to empha size the 
data that are conceptually required f or MCE analysis . Of tent i mes available data 
does not aw r oach the "ideal", though the data to be us ed can b e accepted as 
represent i ng such an ideal . Further descriptions of these types of data, inclu
dinq conunon limitations, are presented in Chapter 3. 

3rn add i tion to the da t a needs s pecified here, MCE analys i s u l timately 
requic:es, also, a c r iteria or a "threshold" MC lE?vel that approximate s the 
opt i mum l evel i f it is to be enp l oyed by all s ources. Such a l e vel corres
ponds conceptua l ly to the MSC level a ssociated with abatement leve l A in 
Exhibit 1, above , where MSC = MSB. 

http:effectivene.ss
http:Effective:1ess-Weighti.ng
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Treatment Ootions. An o::-dered set of treatmer.t options - - theoret ::. .::.;.; :.~·1 

the least -cost set4 ~ are requi:ed, each of which successively achieves 
increasing levels of abatement for one or more of the specificed pollutant s 
for which the treatment system is designed. The abatement level of no ?Qliu
tant should decline throughout the specified treatment sequence. 

Unless a cost-effectiveness analysis is pe~formed to assure for each ef
fectiveness level tt~e chosen treatment option is lea s t cost, then the M.CE ana
lysis performed may not be optimal. Hence, deci sions based on the ar~lysis 

may not maximize achievement of public-policy objectives. 

Discrete, increased levels of abatement, for one or more pollutants, wi ll 
occur as a result of the ordered, sequencing process. Still, though, each 
pollutant may have varied increments of abatement and all pollutants may not 
have the same null'Oer of applicable incremental abatements, i.e., no change in 
abatement is valid for some pollutants (but not all) affected by the designa
ted treatment system. 

Ideally, the abatement (effectiveness) increments for each pollutant ...,il L 
be small throughout the sequence of treatment options. The smaller the incre
ments, the more nearly the assessment will represent a "marginal" analysis, 
and, hence , a true MCE analysis. However, the discrete nature of known tech
nological pollution removal alternatives may limit the available options. 

Treatment Chain Costs. The cost a l location approach is highly demanding 
of treatment-system engineering and economic data to perform the requisite 
cost allocations among multiple pollutants. Generally, treatment systems a~e 
corrprised of u~it processes that are designed to attack specific pollutants. 
Therefore, data pertaining to these building blocks are essential, e.g., pol
lutant influent and effluent levels, investment and operating costs, and engi
neering design parameters. In contrast, if only the effectiveness weighting 
approach is to be applied, then only total treatment costs for each option are 
required. These data requirements are fully described below in Chapter 3. 

Two types of costs ace generally applicable when the cost allocation ap
proach is required: separable and nonseparable. Nonseparable costs may be 
further divided as either semi-separable or unseparable. Separable costs are 
those which ace clearly applicable to a given pollutant, e.g., a specific unit 
process attacks only one pollutant. Semi-separable costs are t hose that can 
be shown to apply to only a subset of the pollutants; any subsequent cost al
locations will also apply to this subset. Finally, unseparable costs pertain 
to those cost items which cannot be clearly allocated to any specific pollu
tants. 

3rn practice, alternative ordered sets of treatment options may not be 
"least-costn over the entire range of effectiveness. Furthermore, many there 
exist technological constraints to . s hifting from one set of treatment options 
to another set. Theoretically, however, in the static case, one can consider 
the "envelope curve" of least-cost bptions. 
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Conceptually , t he non$eparable cost s p r e sent tr.e grea t~ s t burden o f ~na ly s is 
in the cost allocation awroach. At best, only a rbitrar y cost a l l ocat ion dec i 
sion rules can be applied to obtain the desired data for lndividual pollutant 
MCE analys is . Various, potentially applic able decision rules are described i n 
Chapter 3. . 

Treatment Chain Abatement. A full disclosure of the trea tment cha in's 
abateme.nt performance is needed for each treatment option. Furthermore, a 
breakdown of influent-effluent characteris tics f o r each unit process with in each 
treatment option is needed in o rder to determine those pollutants affected (and 
the degree of abatement) as a partial basis of the preceding cos t allocation 
decisions. Such detaile3 unit process aba tement data are not required for ef
fectiveness weighting; instead, only abatements for each treatment option are 
needed. 

Obviously, the cost allocation approac h requires additional detailed data 
pertaining to abatements as well as more detailed cost data. Howe ve r, unless 
the joint cost allocation requirements are real is tical l y approached, the r e sults 
of MCE assessment will be highly suspect. Theoretically, there is no correct 
way, beeau se joint costs cannot be se·para ted . 

Effectiveness Weights. Effectiveness weights are requi red f o r MCE analysis 
when either the effectiveness weighting or the combination (cost a llocation and 
effectiveness weighting) awroaches are used. In the first case, a t least rela
tive, differential weights ·are required for each pollutant in the analysis. In 
the combination case, at least relat ive weights are necessary within classes of 
pollutants so that abatement levels of each may be appropriately aggregated. 

Conceptually, in the most general case, the effectiveness weights for all 
pollutants would be based upon their rela t ive environmental damages. However , 
such damages will be functionally related to the aggregate levels of each pollu
tant, and others, in the environment. Hence, it follows that environmental da
mage function weights are the most suitable. Even more complex functions exist 
when dynamic versus static relationships are considered and/or synergistic in
terpollutant environmental reactions are embedded in the functions posited. 

As i s evident, effectiveness weights are not based on any of the calc ula
tions or data that · are germane to MCE analysis, per se . That is, such we ights 
are to be determined exogenously for use in certain MCE analyses as the basis 
for aggregating pollutant abatements into a common effectiveness index. 

Although effectiveness weights are theoretically definable, such weights 
seldom exist and are necessarily subject ive when they do exist. This state-of
the-art limitation handicaps the potential application of MCE analysis in many 
cases where at least partial effectiveness weighting is required to answer some 
policy quest ions. 

Whenever effectiveness weights are used in MCE analysis, their effects 
should be easily identifiable from the analysis. Ideally, a sensitivity analy
s is can also be made using alternative weights so that decisionmakers can care
fully assess the effectiveness weighting effects of their decisions. 

http:abateme.nt
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3. MARGINAL COST-EFFECTIVENESS METHODOLOGY 

This chapter presents the analytical scheme devised for computing marginal 
cost-effectiveness (MCE) ratios. The methodology is comprised of seven steps: 

1. Perform Pop4lation Analysis 
2. Perform Entity Analysis 
3. Identify Elements of Data Base 
4. Create Treatment Systems Cost and Abatement Table 
5. Compute Marginal Cost-Effectiveness Ratios 
6 . Analyze Marginal Cost- Effectiveness Ratios 
7. Aggregate Entities 

The methodology is organized first to define the universe being studied 
(population analysis), then to disaggregate the universe into homogenous 
segments (Step 2) to facilitate margina l cost-effectiveness analysis. Steps 3 
and 4 define the data requirments to compute marginal cost-effectiveness and 
conpile the information in a systematic manner. Steps 5 and 6 describe 
alternative procedures for computing and analyzing MCE ratios. The last step 
discusses how to manipulate the entity- level analysis to make policy decisions 
relating to either segments of or the entire population. 

As suggested in the introduction MCE analysis can be a useful analytical 
tool to address a variety of relevant pollcy issues . Therefore, we have aimed 
at developing a conprehensive, yet flexible mechanism that can be incorporated 
into EPA's standards-setting process. The diverse nature of the policy ques
tions that may be posed preclude the mechanical application of the methodology 
to a particular policy issue. Depending on the policy question being address
ed, some substeps (such as weighting), may not be required. For other sub
s teps, we have presented several acceptable alternative methodologies and 
s uggest guidelines to aid the analyst i n deciding which of the approaches is 
most applicable to a particular policy issue. 

A second major consideration in applying . the methodology is assembling the 
required data. As constructed, the methodology requires information on the 
costs and abatement levels for all relevant combinations of pollutants and 
c ontrol processes. W~ believe that th is level of detail is critical to doing 
a useful, credible, and defensible MCE analysis. We also rec99nize that the 
ackiitional costs ~ssociated with these requirements in some cases may not be 
justified. In the methodology (especially Steps 3 and 4), we address what 
data ideally would either be available or developed for the purpose of this 
analysis. We then discuss what modifi c ations must be made where data 
limitations exist. 

STEP 1: POPULATION ANALYSIS 

Population ana lysis is ~he first s t ep in undertaking an MCE study. This 
step identifies the universe of industr ies and/or processes relevant to such a 
study. _The objective in defining the universe is to establis h the parameters 
that the policy analysis is to address; to accomplish th is , it is necessary to 
articulate fully the policy issues themselves. We emphasize that, at l east in 
the early stages, these issues should be defined as broadly as possible. By 
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de finind these i s sues broadly, it will then in subsequent s t e ps o f the me thod 
ology, be possible to address a variety o f speeific policy issues contained 
within the initial framework. 

For some policy questions, the population would be all the relevant pollu
tion-related processes in a specific industry, e.g., the steel industry. But 
for more complex poli'cy questions, comparisons are required across industries 
and even across polJutants. 

If the policy i s sue were, ncompare the MCE of controll ing BOD in t\IWO dif 
ferent indJstries," the population would be those processes in each industry 
involved in BOD production and control. Similarly, if the policy issue were, 
"Coq:>are the MCE of controlling air pollution from boilers," all processes 
using boilers in all industries would be examined. 

Tll.Js, population analysis involves two substeps: 

1.1 	 Define policy issues to be analyzed in 

broadest possible terms. 


1.2 	 Identify industries and processes re l evant t o 

policy issues. 


STEP 	2: ENTITY ANALYSIS 

For 10C>st policy decisions, the ultimate objective is to analyze MCE ratios 
for an entire population (e.g., the steel industry, all boilers). But popula
tions frequently consist of diverse components with different pollution 
characteristics, control processes, etc. For example, the steel industry in
cludes three different types of furnaces and 10C>re than twenty processes. To 
compute the MCE of a proposed government action on such a diverse populatio n 
i s extremely complex; it is most workable to divide the population into rela
tively homogeneous segments. Such subsets of a population in this analysis 
are referred to as "entities". In most existing EPA development documents, 
the model plant defined for each industry segment is the equivalent of an 
"entity" . Frequently, this same model plant can be adopted as the entity for 
the purposes of MCE analysis. But for some policy issues, an entity may be a 
particular engineering process (e.g . boiler units, auto engines). To avoid 
this 	confusion, \lie have elected to use the term 9 entity" for the purposes of 
th is 	study. 

In defining entities for a given population, the key c haracteristic which 
de termines whether distinct entities are required is the exte~t to which dif 
ferent abatement s trategies (i.e., unit processes and costs) are used within 
the population. Other characteristics o f the population that should be 
examined include: 

Age - Qlde r plants may have markedly different pollution and abate 
ment 	characteristics than new facilities. This may be true even 
where the same processes are employed in new and old facilities. I f 
a known relationship exists between the old and new s egments of the 
population, some computed ~factorft can be used to estimate the MCE ~f 
one segment based on computations of the .MCE for the other. In mos t 
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instances, this relationship will be unknown and therefore, wi ~l 
necessitate the definition of two or more independent entities and 
MCE analysis for each. This analysis would then be follow~ by 
aggregation based on the proportional weighting of each .entity as 
determined by its representation in the population. 

Size - Pollution abatement costs, abatement levels, and technologies 
will significantly vary based on the size of a particular facility. 
Large plants sometimes can achieve economies of scale; in other 
instances, certain control technologies may be limited in their 
ability to clean large volumes of emissions . To determine whether it 
is necessary to define distinct entities by size, the range of sizes 
in the population must be examined. Secondly, the extent to which 
different controls, levels of abatement and costs vary by size must 
also be determined . Again, if the variation is minor, or if a known 

· relationship exists over the range· of capacities present, only one 
entity will be required and a factor can be applied to aggregate to 
the population level. Most frequently, however, MCE analysis for two 
or more distinct entities will be required. 

Engineering Process - Where populations are defined as an i ndustry or 
a region, numerous distinct engineering processes will be relevant to 
an examination of the W:::E of environmental regulations. Because 
these processes involve different control . technologies and costs, 
they must be examined separately as distinct entities and later be 
aggregated based on their proportional representation in the indu stry. 

Thus, if any of these factors are prevalen.t, and no factor (known rela
tionship) exists capable of aggregating any variations, then the use of more 
than one distirx:t entity is required. 

STEP 3: IDENTIFY ELEMENTS OF DATA BASE 

This step of the methodology ident i fies and establishes the data specifi
cations required for subsequent MCE analysis . In this step, we identify: the 
pollutants to be included in the analysis (Step 3.1) and the unit processes to 
control each of these pollutants (Step 3.2). 

Identification of the appropriate data elements is a critical step to a 
workable MCE methodology. By systemat i cally pulling together the relevant 
pollutants, potential unit processes, and abatement levels, this step provides 
a useful roadmap to guide the efforts of EPA's engineering and economic con
tractors and ultimately the Agency's own decisionmakers in analyzing the MCE 
of proposed actions. 

3.1 Identify Key Pollutants 

The first step in creating the data base is to identify the pollutants to 
be included. Ideally, all pollutants affecting a given entity would be in
cluded. For most entities, however, this would make the analysis unwieldy; 
there are no significant advantages from including rela'tively unimportant pol
lutants. On ·the other hand, •key• pollutants cannot be determined by consi
dering mass emitted alone. This would eliminate from the analysis most toxic 
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a nd non-convent ional po llutants which c ause significant damage t o the 
environment and whic h may be extremely costly to abate. 

No set rules c an be articulated for deciding which pollutants are to be 
included in the data base. In part, the specific pollutants included will be 
de ter~ined by the entity being analyzed and the policy issues being 
addressed. In the context of development documents supporting standards, EPA 
has frequently add r.e s s ed this exact issue and used reasoned judgment to make 
its determinations . If a question arises concerning a partic ular pollutant , 
we do recomnend, ho we ver, that the analys t err on the s i de of being overin
c lusive. 

It would also be useful at this point in the analysis to group pollutants 
i nto recognized categories. For water pollutants, there would be conven
tionals (e.g., BOD and COD), priority pollutants, and nonconventionals . For 
air, ' the groupings would be criteria pol l utants, toxics and all others . Sludge 
should be treated as a distinct pollutant. The purpose o f these groupings is 
to faci l itate the analysis of pollutant c ontrol costs and abatement (Step 4). 

3 . 2 Identify Unit Processes and Treatment Chains 

A unit process i s a piece of equii:xnent, an engineering process, or a raw 
material which i s employed to achieve a l evel of abatement of a poll utant. In 
its most simple construction, it is a piece of equipment which controls one 
pollutant .to a specified level at specified costs. Frequently, . however, a 
unit process will · affect more than pollutant. Where this occurs, it must be 
incorporated into this analysis. A treatment chain is one or more unit pro
cesses used to abate pollution. For example, physical coal cleaning and a · 
scrubber (both distinct unit processes) when used together to abate sulfur 
dioxide form a treatment chain. (A single unit process, such as an electro
s tatic precipitator, would also be considered a treatment chain.) Treatment 

·chains occur most frequently in controlling water pollution. Here, higher 
levels of abatement, require adding new unit processes t o existing controls. 
In many of these instances a particular ordering of additional unit processes 
(e.g., remove a certain amount of suspended solids before going after phenols) 
is requirej and must be followed in the development of treatment chains for 
the analysis to be credible. 

The first task in this step is to identify all process -specific treatment 
chains (made up of one or more unit processes) capable o f abating a part i cular 
pollutant. Where a treatment chain affects only one pollutant, t his task wil l 
be straightforward; where process or chain affects two or more pollutants , 
complications arise . Specifically, a met hod must be deve l oped t o apportio n 
c o sts of abatement among the affected pollutants. This problem is discussed 
in S~ction 4.4. For this step it is nece ssary only to identify those treat
ment chains which affect more than one po llutant. 

A second conq:>lication is that many treatment chains can achieve more than 
o ne level of abatement. For example, an electrostatic precipitator can 
achieve a full range o f abatement levels for particulates by changing the area 
o f magnetic plates it contains. In cases where treatment chains can be 
des igned to achieve a full range Of abate ment levels, a continuous function 
would exist f oe its costs. This prob lem i s dealt with in de tai l i n Step 4.4. 
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Again for this step, all that need be noted is whether a unit process is cap
able of achieving only one level of abatement, can achieve a full range of 
abatement levels or only several distinct points .· The latter would be the 
case if an electrost~tic precipitator could only be designed to meet 0 . 5 
lbs/106 BTU or 1.0 lb/106 BTU and not any abatement levels in between. 
This is necessary beeause processes or chains which control to different 
levels at different costs will be entered separately into the Treatment 
Systems Cost and ·Abatement Table derived in Step 4 and must be analyzed as 
distinct control alternatives. 

The process used in this step is almost identical to that currently used 
by EPA in its standards setting process. The one divergence is that EPA estab
lishes standards based on available technology (here termed a treatment chain) 
and then does cost analysis for the proposed alternative standards. MCE 
analysis stops short of using s t andards and instead focuses on level of abate
ment. This is necessary because a particular unit treatment chain may .abate 
pollution to a specific level, but when used in the presence of or . in combina
tion with other equiEXUent, or with different material inputs (e.g., higher 
s ulfur coal), it may attain a slightly higher or lower level of abatement. 
The costs of moving back to the original standard may be very high ~ Thus, by 
using abatement levels, we are able to achieve a more flexible analytical 
framework for MCE evaluation. 

The final product of this step is a data base table (Exhibit 3) listing 
all "key" pollutants and t heir relevant treatment chains. For each 'treatment 
chain, it is essential that the particular· unit process or combination of unit 
processes be identified. Where relationships exist among pollutants, co~trol 
processes or cont>inations of the two, these ltllSt also be identified in this 
table. For example, total suspended solids may be defined separately from BOD, 
but they are indistinguishable from the perspeetive of abatement (i.e., 
reducing one also reduces the other) ; this should be noted under these pollu
tants. When unit processes are combined, the costs of the existing controls 
may be altered. This too must be noted in the table. Finally, the use of a 
treatment chain to control one pollutant sometimes affects the control of 
other pollutants and must be described in the Table. 

A hypothetical example illustrates the contents of the Data Base Table. 
In this exarrple, S02 and conventionals (e.g. , BOD and· COD) are the only key 
pollutants. For each, we describe the alternative treatment chains, the rele
vant relationships which exist, and the abatement characteristics . This table 
defines in general terms the inputs into the Treatment System Costs and Abate
ment Table developed in the next step. 

STEP 5: CREATE TREATMENT SYSTEM COST AND ABATEMENT TABLE 

The Treatment Systems Cost and Abatement Tablel brings together t he 
entire set of key pollutants, the appl i cable treatment chains and the abate
ment levels they achieve, and their costs of pollution control. This section 
first describes the Table, followed by sections which discuss how to determine 
the possible number of cont>inations (4 . 2), the relevant cost factors (4.3) and 
the effectiveness of the treatment chai ns (4.4). 
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4.1 Designing the Table 

The Treatment systems Cost and Abatement Table is designed to serve as 
the. fundamental data base for evaluating any MCE.:..related policy questions 
which could be asked about the specified population. To accomplish this ob
jective, it must be as comprehensive as possible. It must present the costs 
of pollution control broken down into detailed estimates assignable to speci
fic pollutants. I~ must present all levels of effectiveness attainable by 
each treatment chain. More importantly, it must examine the c0sts and effec
tiveness of each plausible combination of pollutants and treatment chains . 

For the purposes of t his analysis, combinations of pollutants and applic
able treatment chains are referred to as "treatment systems.• Exhibit 4 
illustrates the design of the data base. The initial task is to categorize 
the key .pollutants into criteria and haz ardous pollutant groups for air; 
groups of conventionals, priority pollutants and non-conventionals for water; 
and sludge. 

!This table is presented only as a prototype for a specific analysis. 
The data required and that available will vary significantly and could be com
bined in a number of equally acceptable alternative formats. 

EXHIBIT 3 

ELEMENTS OF DATA BASE 

rreatment Abatement 
Pollutant Chain Characteristics 

Flue gas desulferizer Creates sulfur sludge; Requires increas
(FGO) ed use of water; Can be designed to 

various levels. 

Physical Coal Clean	 Creates sulfur sludge and requires dis
ing · (PCC) and FGO 	 posal of coal tail washings; PCC "re

duces sulfur content and requires less 
scrubbing to meet a specified standard; 
Can be designed to abate to various 
levels. 

Low Sulfur Coal (LSC) 	 Western coal contains less sulfur 
but has a lower heating value so 
more must be used to produce the 
same amount of electricity; Use of 
LSC adversely affects operation of 
electrostatic precipita tor. 



EXH!B IT 4 

TREATEMENT SYSTEM COST AND ABATEMENT TABLE 

HYPOTHETICAL ENTITY 

TREATHEITT 
SYSTEM 
COKB !NATIONS POLLUTANTS 

WATER AIR SLUDGE NON SEPARAB l. ES 'l'l1'1'1\I . 

Convent iona Is Priority Nonconventiona l s Criteria Hazardous 

Phenols Heat TSP Trace Metals 
Treat. Cost Abate Treat. Cost Abate Treat. Cost Abate Treat. Cost Abate Treat. Cost Abate Treat. r:os t Treat. Cost Cn~l 

Chain R E Chain R E Chain R E Chain R E Chain R E Chain Chai n 

J. cc 50 400 300 xx 100 300 50 - 0 ESP 150 135 2 0 CF+L 25 - 0 110 

2. CC+VF nm 300 200 CC+VF non .01 .OOl CT 10 7 0 ESP 150 135 2 0 CF+L 25 CC+VF 200 2'JS 
sep sep ' 

:;:, 
). yy 70 500 150 71) 

CC+VF ncn- CC+VF non •01 . 001 CC +Vf' I SO 150 
sep sep 

R - Pollu tant Removed 


E - ?ollutant Emitte d 
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Conventionals (BOO and COD) 

Chemical Coagulation Affects both BOO and COO 
(CC) 

Vacuum filtration (VF) Works only after installa
and CC tion of cc. 

The specificity of these groups will be determined by the level of detail 
of the available data. Ideally, all costs of treatment chains will be allo
cated to specific pollutants, thus eliminating the need for groups. Realis
tically, however, where joints costs exist or where inadequate data is avai l 
able the analysis can best be performed wi th groups of similar pollutants. 

In Exhibit 2 we present the Treatment Systems Table. In doing so, we 
recognize that frequently only limited data will be available, th~reby 

requiring modifications to the prescribed format. As discussed above, one 
sinplication is to group similar pollutants. A second simpl i cation involves 
the absence Qf all the possible combinations of treatment chains. The MCE 
analysis can stil l be employed with a limi ted number of treatment· systems, but 
the results may be less than optimum. The format of the Table allows the 
analyst to determine when other points are possible but currently unavailable, 
and require additional data is required. 

For each corrbination of pollutants, the required data includes: 

(1) treatment system employed; 
(2) the total cost of that system; 
(3) t he amount of pollutants removed by each treatment system; and 
(4) the amount of pollutant still emi tted. 

A separate column to the right of the specific pollutants isolates those 
costs which are "nonseparable". This refers to those treatment chains which 
affect more than one pollutant and, which in some instances, must be assigned 
among the affected pollutants. As illustrated by the example, where non
separable costs exist for those affected pollutants, "nonsep" would be written 
under their cost headings, and the total cost of the treatment chain would 
aR>ear under the column labelled "Nonsepar able Costs" to the right. 

The final two columns would be sununations of total costs and abatements. 
Nonseparable costs must be distinguished f rom situations where two or more 
pollutants are affected, but where the treatment chain i s employed primarily 
to remove a particular pollutant and ancillary effects are incidental. 
Instances of "incidental removal" costs should not be considered nonseparable, 
all costs should be borne by the pollutant which requires the treatment 
chain. The rows would consist of all the. possible combinations of treatment 
chains and pollutants. By costing out each of these treatment systems, it 
should be possible to determine wpich treatment chains achieve a given level 
of abatement for the least cost and how MCE can be improved by trading-off 
abatement levels among po~lutants. 
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4.2 Determining the Number of Possible Combinations 

In order to guide the analyst an:l to determine the amount of resources 
necessary to undertake the analysis, i t is useful to identify the total numbec 
of combinations or treatment systems to be examined. This computation draws 
from Steps 3 . 1 and 3.2 where we identified the key pollutants, the related 
treatment chains, and levels of abatement . 

For each pollutant, the nunt>er of combinations (rows in the table) is 

determined by the nunt>er of different treatment chains identified in Step 

3. 2 . For example, particulates can be controlled by an electrostatic precipi
tator to reach abatement levels of 0 . 1 and 0 . 05 x 106/BTU and by fabric fil 
ters capable of reaching a control leve l of 0.03 x 106/BTU. Thus,· there are 
three different opti.ons for particulates , each of which must be compared to 
all the other possible cont>inations of options for other pollutants. In a 
four pollutant example having three opt ions for two pollutants and two options 
for the remaining two pollutants, the t otal number of rows would be 36 

· ( 3.x3x2x2) . 

The number of possible treatment systems calculated in this manner repre 
sent a ceiling, with the actual nunt>er of options being considerab l y fewer. 
Some cont>inations of treatment chains are mutually exclusive or redundant and 
can be eliminated at the early stage of the analysis. Wher~ the policy i ssue 
being addressed concerns a static situation (i.e., only_one time period), any 
treatment system which does not achieve a certain level o f abatement at the 
least cost can al.so be eliminated. 

The one situation where the method understates the true number of treat
ment systems would be where a continuous function exists for a particular 
treatment chain. Because the chain can achieve any abatement level over a 
specified range, it does not fit neatly into this part of analysis and must be 
excluded . 

4.3 Calculate Cost of Control 

Calculating the cost of controlling each pollutant in each row is one of 
the more complex tasks in the .CE methodology . The costs used should include 
all . elements relevant to the particular system application. These elements 
include investment and operating costs associated with the systems, generated 
pollutant disposal costs, interrupted p roduction costs, and, for in-plant/ 
process change sy_stems, costs associated with changes in production capacity . 

Cost coverage is not the only coll'{)lexity. Costs a re best computed by the 

basic bu.ilding blocks of the method, i. e . , unit processes . Some unit pro

cesses attack only one pollut ant, but others attack several pollutants. When 

considering treatment chains and systems, cost assignment problems exist. 

When a unit process involves only one pollutant, assignment is easy . This 

situation describes what are called "separable costs". Where multipollutants 

are involved , costs are "no~separable". In some cases nonseparable costs are 

assignable to a group if not all pollutants are involved . These costs are 

termed "semi-separable". Costs are ter med "unseparable" when they can be 

assigned only to all pollutants attacked by the particular chain. 




- 33

The complex.ity of the cost analysis is reduced to the extent that separ
able costs can be identified. Sound engineering analysis can enhance this 
identification . In some cases, for example, a particular unit process is in
cluded in the treatment chain to attack a particular pollutant. The reduction 
of other pollutants by this process i s often termed "incidental removal." It 
seems logical to assign all costs associated with the unit process to the 
prime pollutant where incidental removal can be demonstrated. 

It will not be possible to apply the incidental removal criterion to most 
cases where multipollutants (hence joint costs) are involved. Some other 
method for assigning costs is required. For the purposes of filling in the 
Treatment Systems Cost and Abatement Table, all that is necessary is to enter 
these nonseparable costs under the specified column to the right of the dis
tinct pollutants and to place "nonsep" in the cost column under those affected 
pollutants. The problem of allocating these costs need only be addressed when 
calculating certain MCE ratios and is discussed in Step 5. 

A continuous cost-effectiveness function also requires special handling in 
completing the Table. In this instance, we may want to identify specific 
levels of control, calculate costs for these derived from the continuous func
tion, and enter these in the Table. Alternatively, it may be more desirable 
not to include distinct points for this pollutant in the Table . Instead, 
these would be incorporated directly into the MCE analysis in Step 5. 

Regardless of form, it is essential to include all relevant costs of com
pliance in the Table. Different types of unit processes require different 
types of analysis to determine total cost of compliance. These are discussed 
below. 

Costs for"End-of-Pipe" Treatment. Costs for end-of-pipe treatment, used 
genericly to mean treatment upon discharge for a particular production plant 
or process, can be estimated in a relatively straightforward manner. Basic
ally only two types of costs are involved : (1) investment costs, .and (2) 
annual costs. Investment costs are defined to include the one-time costs 
associated with designing, procuring, installing and checking the unit treat
ment process. Annual costs are defined to include all recurring costs 
associated with operating, monitoring and rehabilitating the unit process. 

Various general definitions of the relevant investment costs and annual 
costs may be presented. The intent, however, is to include all items that are 
affected by a decision to proceed with each prospective treatment option. In 
most cases, these costs included at least : 

Investment Costs 
Construction 
Equipment 
Monitoring F.quipment 
Engineering 
Contingencies 
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Annual Costs 
O&M Labor 
Maintenance 
Sludge Disposal 
Energy 
Chemicals 
Monitoring 

Energy costs, which are quite properly included as an element of Annual 
Costs, may be of particular interest in some cases. Unusually high energy 
costs should be noted so that the energy i~acts of proposed environmental 
regulations can be fully explored as aPI;>ropriate. Although energy in'()acts are 
not part of this analysis, they are an important consideration when evaluating 
policy alternatives ." Adver.se energy impacts should therefore be reported when 
identified in model plant (process) analyses. 

Computing Annualized Costs. The cost elements listed above represent 
out-of-pocket expenditures for goods arXI services required to utilize each 
unit process. A single cost entry representing these elements arXI incor
porating cost-of-capital and capital recovery concepts is required for entry 
in the Table. The •annualized• cost of each unit process will serve the pur
pose. Annualized costs are defined as operating costs for a base year plus 
investment costs amortized over the useful life of the project at the real 
cost of capital (weighted) before taxes. 

Annualized costs should be expressed in constant year (e.g. , 1980) dollars 
so that all entries in the Table are comparable. Appropri~te inflation fac
tors should therefore be applied to convert the reported investment arXI 
operating costs to the level of the selected year. The effects of taxes, 
which \oOuld have a different impact on different companies, have been excluded. 

The amortized costs developed in this manner will be suitable for most 
static MCE analyses. They are, however, inconq:>lete when dynamic problems such 
as the utility of interim standards are being considered -- the amortized 
costs exclude salvage value. Moat pollution abatement equipment will have 
little salvage value as the dynamic problem may instead involve cost of re
moval and replacement rather than salvage coat considerations. 

Generated Pollutant Costs: The removal of pollutants from one environmen
tal medium will necessarily involve the generation of pollutants for disposal 
in another medium. A commonly generated "pollutant" is sludge, usually from 
the wastewater treatment system. The simplest approach is to estimate a 
sludge rlisposal cost -- given a cost per ton factor -- for the total volume of 
sludge qenerated. 

The use of a standard sludge disposal cost may be satisfactory, particu
larly in a static situation. However, another type of cost concern is that 
associated with increasingly toxic sludge disposal -- which could increase 
abatement costs substantially. 

Sludge generated contains both the pollutants removed from the waste water 
and any chemicals used to treat the water. Toxic pollutants s~ch as phenols, 
sulfides and chromium may be present . Moreover, many of the organic priority 

http:Adver.se
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pollutants (chlori nated hydrocarbons) can be removed using activated carbon, 
and others (heavy metals) may be removed by fi l tration. Thus, depending on 
influent and treatment process, the sludge generated could contain concentra
ti<:X'ls of priority pollutants high enough to require special sludge disposal 
techniques . If so, these costs are relevant to water pollution abatement and 
would show up in the Table under the sludge column.l 

Interrupted Production Costs: The installation of abatement equipment 
could cau se a production stoppage or slow-down at the nxXlel plant or process. 
If this occurs, the costs associated with the interruption are relevant to 
pollution abatement. Quantifying these costs can be a difficult task 
requiring a case-by-case analysis. The following guidelines will be helpful 
in such an .analysis: 

(1) 	 Value of Lost Production: Lost production can, when data are 
available, be valued in terms of contribution to profits -- that 
is, the selling price less the variable (or out-of-pocket) cost 
of production. It is generally more difficult to determine if 
production is lost or merely delayed. Unless a plant is 
operating at or near capacity and the interruption is signifi 
cant, the cost of lost production may be more illusionary than 
real. In those cases where production can easily be made up at 
a later.date, the value of lost production approaches zero. 

(2) 	 Shutdown or Slowdown Costs: Some costs may be i ncurred whether 
or not the plant is in operation. Many of these costs are fixed 
in nature and would include supervisory salaries and rent. All 
such costs are relevant to pollution abatement. 

In-Plant Control/Process Change Costs: A variety of in-plant controls or 
process changes can be postulated. Changing from high-sulfur to low-sulfur coal 
to reduce S02 or using staged cont>ustion to reduce NOx are two examples from 
the coal-fired power plant case. The textile case provides several examples 
u~eful to illustrate cost analysis methodology so that the discussion here cen
ters on water pollution in general and the textile industry specifically. 

In-plant controls and process changes are measures a firm can take to reduce 
water usage (e. g., water reuse and reduction) and the production of pollutants 
(e.g., substitution and material reuse). In some instances, there may be both 
costs and benefits associated with in-plant controls. Hence, "relevant costs" 
c an be either positive or negative. cost will include investment and operating 
categories such as those discussed above. These c osts will, however, be reduced 
by the benefits derived which include: 

(l) 	 energy savings associated with the reuse of cooling water 
(2) 	 potential reduction in the cost of water 
(3) 	 potential reduction in process material costs through reuse 
(4) 	 sale of any residuals from control process . 

Process changes (as opposed to in-plant controls) tend to be complex and 
costly. Solvent processing can, for exa.Jtt>le, be substituted for conventional 
process ing for scouring wool am some knit fabrics and for finishing fabrics 

lNote that sludge disposal was included as an element of operating costs. 
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sensitive to water, but with limited effectiveness. Changing material and pro
cess flow proce<i.Jres from batch to continuous, substituting standing baths for 
moving baths or conDining operations where possible, tend to decrease hydraulic 
loading. Newer equi?11ent tends to be less polluting. Pressure dyeing uses dye
stuffs more efficiently, uses less water and reduces the levels of toxic dye 
carriers compared a;> atmospheric dyeing. 

The determination of costs relevant to process changes is slightly more com
plex than determining the cost relative to in-plant control. Cost estimates for 
both the new and the existing process are required using investment and opera
ting categories similar to those discussed above. These costs should be time 
phased over some reasonable planning horizon with any interruption of production 
noted so that the value of lost production can be considered. The new process 
costs should also include the cost of abandoning the old system less salvage 
value. A first estimate of the net cost of the process change is the cost of 
the new process less the cost of continuing the old process totalled over the 
planning horizon. 

This net cost (which could in theory be negative) represents the cost of 
abatement relevant to the process change. In some cases, the new process may 
increase production capacity significantly. When this occurs, it does not seem 
logical to charge all of the costs of the change to pollution abatement provided 
that the increased capacity can be utilized at the model plant. The separation 
of costs associated with capacity from the cost associated with abatement re
quires some additional analysis. 

When capacity is increased ·_and the cost of production does not dee cease 
costs can be allocated between abatement and extra usable capacity on a per
centage basis, that is 

p 
RA = p-<> 

where RA is the percent allocated tonabatement, is the original capaP0 
city and Pn is the new capacity. The percentage allocated to capacity (Re) 
is 

These ratios would assign too much costs in those cases where unit produc
tion costs decreased. Under these conditions, the percent of net cost allo
cated to capacity (Re') is 

Rc ' = 

where U0 and Un are the old and new unit costs. Since unit cost is the 
ratio C/N, the equa_tion reduces to 

R •c 
CoPn 
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where C0 and are the old and new process costs respectively. The perc0 
cent charge to abatement (RA') is 

Note that RA' is always less than RA so long as unit costs have decreased. 

4.4 Computing Effectiveness in the Table 

Quantifying effectiveness in the Table resu1ts in ~easures of the level of 
abatement a_nd of the level of emissions from the entity when the unit process 
corrbination is applied. For each key pollutant, an appropriate physical mea
sure should be devised. For example annual kilos removed and kilos emitted 
should be used for most conventional pollutants. To the extent possible, all 
measures should be expressed in the same units. 

Both the a~unt of pollution removed and the amount emitted must· be in
cluded for clarity. For some treatment chains, the amount removed will 
increase, but at the same time the amount emitted will also increase. An 
example of the phenomenon would be the use of high-sulfur coal with a.scrub
ber. Even though the scrubber is operating properly, the amount of· sulfur 
emitted may increase because more sulfur is being put into the system. It will 
be important in answering policy questions and performing marginal analy- sis to 
identify this occurrence. By reporting both kilos emitted and removed, we also 
will be able to calculate percent removal, which may be useful to com- pare MCE 
ratios . 

One other aspect of effectiveness in the Table is the lack of data in the 
"Nonseparable" column and Total Effectiveness column. Although it would be 
useful to have an overall effectivene·ss measure for nonseparables and the total 
system, it is not possible to create one until weights are assigned to 
p~llutants. In the next section, this wil l be discussed further. 

STEP 5: COMPUTE MCE RATIOS 

Having identified all possible unit process corrbinations and their asso
ciated costs and levels of abatement in the data base Table (Exhibit 2), the 
essential elements are now present for do i ng MCE analysis. By enumerating all 
the possible relevant combinations of unit processes, the data base contains 
enough detailed information to address a variety of policy issues. 

5.1 Define the Policy Issues 

The exact data drawn from the Table will depend on toe particular policy 
question being addressed. Drawing from the table of costs and abatement, it is 
possible to analyze the MCE of the relevant policy questions defined in Step 1 
including : 
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• 	 What is the MCE for controlling a particular pollutant 
at alternative, more stringent standards? 

• 	 What is the overall MCE of pollution controls affecting 
an industry? 

• 	 Row does the PCE of controlling a pollutant in one 
industry co~are to that of controlling the same pollu
tant in another industry? 

5.2 	 Identify Relevant Rows in Table 

Once the poli~ issues are defined, the next step is to identify the rele
vant rows in the Table which directly affect them. As expressed in the pre-· 
vious section, the Table was constructed to be conprehensive and therefore 
represents an extremely flexible policy tool. If a policy question involved 
the HCE of changing the standard for a particular pollutant, then only those 
rows which accomplish this, while holding all other pollutants constant (or by 
allocating costs to those affected pollutants where costs are nonseparable) 
must 	be analyzed. 

Furthermore, the Table presents data for all possible combinations of 
treatment chains, abatement levels, and costs for each pollutant. In static 
situations {only one time period being examined), where two treatment systems 
can achieve the same level of abatement or where one can achieve a higher 
level of abatement for less money, it is possible to eliminate the roc>re expen
sive treatment system from this . analysis. Wl)ere more than two time periods 
are being considered (e.g., the use of interim standards, the MCE of alterna
tive dates of compliance), all unit processes, regardless of costs for meeting 
any one level of abatement, must be analyzed. This issue will be examined in 
greater detail in Step 6. 

5.3 	 Assign Nonseparable Costs 

Having identified the rows relevant to the specified policy issue, we now 
have a measure of costs and abatement for each pollutant. Before using this 
data to co~ute the desired MCE ratios, a final manipulation may be required. 
To determine marginal costs where nonseparable costs exists, some allocation 
scheme must be enployed. Ideally, all unit processes can be defined in such a 
way that there exists a direct, one-to-one relationship between that treatment 
chain and the level of abatement for a particular pollutant. Where this is 
not possible, some form of cost allocation will be required. Exhibit 2 iden
tified these instances. Rement>er however, that a distinction must be made 
between situations where two or more pollutants are significantly affected 
(i.e., where joint costs must be allocated) and where only one pollutant is 
s ignificantly affected, with others being incidentally affected and therefore 
not assigned any costs. 

We analyzed numerous different ways to assign nonseparable costs and pro
pose several alternative methods. Each of these methods is described and 
illustrated using the following example of nonseparable costs. 



- 39

Treatlnent Pollutant Pollutant 
Chains Affected Costs Removed 

UPl A 10 10 

UP2 A,B 30 10 (A) 


S(B) 

UP3 B 50 5 


The choice of these methods to be employed w~ll depend in part on the 
availability of data and the particular policy question being addressed. One 
of these methods may require significant amounts of added resources to perform 
the analysis (i.e., separate facilities); another is based on the questionable 
assumption that credible r e lative wei9hts can be assigned to pollutants (i.e., 
effectiveness-weighting approach). We emphasize that there appears to be no 
correct way to assign joint costs. We have listed the methods of allocating 
_costs in an order of preference established for the general case. For speci
fic cases, the best advice we can offer is to apply two or more of the methods 
and compare results. What must be at all times avo i ded is a mechanical appli 
cation of any of these methods. If done, any of these methods could produce 
results which will be misleading. 

Target Pollutant: Where a treatment chain was employed for a particular 
p0llutant, it may be most credible to ass i gn all .the cdsts to this one pollu
tant. The reasoning behind this approach is that the abatement of target pol
lutant was the primary objective and could be achieved only by incurring the 
total costs; thus, any effects on other pollutants would be borne by the tar
get pollutant. This would however, tend to understate total effectiveness for 
the costs incurred (i.e., other non-target pollutants increasing or decreas 
ing). In many instances, a target pollutant cannot be identified. For 
exarrple if UP2 was used because it was the least costly way to meet the 
requirement of 20 units of removal of pollutant A, we could assign all of its 
costs to A. Thus, the total cost of removing 20 units of A would be 40. 

Ratio of Separable Costs: In some situations where non-separable· costs 
occur they may only comprise part of the total costs of .controlli,ng the 
affected po llutants. Where separable costs do exist their ratio can be used 
as the basis for allocating nonseparable costs. Using the example above, the 
separable costs for A and B are 10 and 50. Using a ratio of 1/6 and 5/6, the 
total costs of UP2 (30) would be allocated to 5 to pollutant A and 25 to 
pollutant B. 

10
A 30 	 :: 5

10 	+ so 
50

B = 30 	 = 25
10 + 50 

Allocation Based on Effectiveness-Weighting: This alternative takes into 
account the environmental damage averted by the un it process and uses this as 
the basis of cost allocation. It serves as a proxy for the benefits received 
by abating pollution. 
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To use the above example, we must assume a damage function exists between 
pollutants A and B. We will assume that B is a toxic substance and therefore, 
cause 15 times more damage to the environment than A. A's share of the cost 
of UP2 would be: 

A = 30 {5) {12) = 25.7 

5 (12) + 10 


B = 30 10 = 4.3 

5 (12) + 10 


Separate Facilities: Another option is to determine the costs of con
trolling the pollutant to tJ:le desired abatement level using exogenous means. 
This method requires several separate engineering analyses to identify the 
costs of each control option. 

In our exaJti>le, we would determine separately the costs of controlling 
pollutants A and Bat the incremental Levels (e.g., for A going from 10 to 20 
units of pollutant removed). 

F.qual Allocation of Costs: This least preferred method allocates cost 
equally across all affected pollutants. In doing so, however, we are forced 
to ignore the anount of each of the relevant pollutants removed and the rela
tive costliness for each. In the above example, using this allocation method, 
the costs would be equally divided, to pollutants .A and B, 15 units each. 

5.4 Assign Weights 

The denominator of the MCE ratio derived from the Table will show some 
physical measure (amount removed or emitted) of the effectiveness of the 
treatment system. In some situations, this information alone will be adequate 
for making a policy decision. For example, if the decision involves a single 
pollutant an MCE ratio can be derived. 

Where several pollutants are invol ved . in the policy question some method 
is necessary for bringing them to9ether into one MCE ratio. Without this 
step, the policymaker has a series of disjointed MCE ratios for each pollutant 
and no acceptable means of comparing them. Ideally, the method of comparing 
effectiveness across pollutants would be based on the relative damage func
tions of each pollutant. The state of the art for developing damage functions 
for pollution emissions has not yet developed to a point where it can be 
directly used appropriately in this methodology. In its place we suggest 
using weights for each pollutant based on subjective estimations of relative 
damage done by each pollutant. 

We have designed the methodology to avoid this problem whenever possible 
and to minimize its impact when it is unavoidable. First, when only one pol
lutant is being analyzed, weights are not required, so this step of the 
methodology is inapplicaqle. When two or more pollutants are being compared 
and a single MCE ratio is desired, weights are employed as one of the last 
steps in the methodology. They are inserted simply as a term to be multiplied 
by the physical measure of effectiveness (e.g. usually kilos emitted) in the 
demoninator of the MCE ratios. If no weight is assigned, it implicitly means 
that all pollutants are considered to be equal. 



- 41

Because weights are imposed as a distinct substep late in the methodo l ogy. 
it is a simple matter to redo the analysis using different weighting schemes. 
No additional data will be required. Thus, where some weighting scheme is 
required we suggest the use of sensitivity analysis to determine the effect of 
alternative weighting schemes. 

STEP 6 : ANALYZE MCE RATIOS 

The next step in the methodology requi r es the analyst to evaluate the MCE 
ratios before drawing conclusions. This s t ep is critical because the derived 
ratios are subject to misinterpretation; they must not be mechanically applied 
in the ' decisionrnaking pro~ss. These situations where misinterpretation is 
likely are: (a) where thresholds are used as the determination of acceptable 
MCE ratios; (b) where major polluters are permitted to continue at the ex
pense of minor polluters; and (c) where the percentage of removal varies 
(e. g., one firm moves from 10 to 50\ abatement, another moves from 80-90% 
abatement). Two additional situations are discussed in this section. These 
involve situations where different time periods are included as an· aspect of 
the policy issue being addressed. In theory, MCE analysis is· timeless. To 
use this analysis in situations which are not static requires certain manipu
lations discussed in sections (d) where interim standards phased-in over a . 
period of time are being used; and (e) where the timing of ·implementation of a 
standard remains at issue. Each of these is discussed below. 

A. Using a •Threshold• to Evaluate MCE Ratio 

Among the most important considerations when analyzing the MCE ratios 
is to understand its role in choosing standards. Ideally we need the MCE 
curves and pollutant-based curves. However, these curves do not exist. In
stead we have discrete points for particular industry segments and industries, 
none of which is truly comparable . But in many cases it may be possible by 
manipulating the available data to fit a representative curve through the 
existing points. A typical set of points is shown in Exhibit 5. 

EXHIBIT 5 

TYPICAL TOTAL COST DATA 

• D 

TC 
• c 

e B 

e A 

Abatement 
25 50 75 100 
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The points represent unit processes or treatment chains and correspond t o 
rows in the Treatment Systems table. When only these points exist, MCE then 
becomes incremental cost effec.tiveness (see Chapter 2 for a more detailed dis
cussion). So long as the analyst is aware of this distinction no problems 
should necessarily arise. 

However, the lack of continuous cu r ves does create problems when "thres
holds" are important. A threshold is a dollar amount per unit of abatement at 
t he margin which has been judged reasonable value for firms to spend. A thres
hold could be set based on the costs o f similar treatment at a publicly-owned 
treatment works or it could employ the existing MCE as a floor. For example if 
municipal waste treatment facilities spend $3/ton at the margin, this might be 
considered a threshold for private industry to meet. Because the Table includes 
discrete points, it is sometimes impossible to find a value at the threshold . 
Furthermore, the threshold may be such that for one industry compliance will 
require that only 2 percent of the total pollution of the industry be abated; ln 
another industry ·100 percent removal may be neces sary. Yet the economic pro
blem faced by these industries of how to pay for the cleanup is not considered. 
It could be that the industry which should remove 100 percent of its pollut ion 
cannot obtain the resources to install the necessary equipnent. Each of these 
two problems is discussed in the succeeding paragraphs. 

Exhibit 5 shows what the Treatment Sy~tem Table, looks like in graph form 
when discrete points are identified. Theslope of the total cost curve is the 
marginal cost curve. This is shown in Exhibit 6. 

EXHIBIT 6 

TYPICAL MCE CURVE DERIVED FROM EXHIBIT 5 

MC . 06 • 0 

.05 
A 

• 04 • • c 

• 03 

.02 

• B 
.01 

10025 50 75 
ABATEMENT 

The Threshold Isn't Defined By The Technologies: If the marginal cost per k i lo 
were set at .OS dollars per kilo as a threshold, would this graph supply an 
answer? The answer is that we could not reconunend an action because the 
threshold lies between two discrete points -- C and o. If the new standard is 
imposed the industry will be exceeding the threshold; yet at the old standard it 
is not at the threshold. 
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EXHIBIT 7 

MCE CURVE FOR TWO INDUSTRIES 

Industry A Indus try B 

MC 

3 

2 

• D 

---------------------- 

• c 

• c 

----·----  --
Bl 

• B 

•A 

25 50 75 100 25 50 75 100 
ABATEMENT 

Industry F.quity Issues and the Threshold Concept: Exhibit 7 shows hypotheti 
cal MCE graphs for two industries. The MCE graphs again are discrete points 
represented by the available technologies. In addition to the threshold pro
blems, in this case an additional problem arises. If the threshold is $2 per 
kilo, then Industry A will have to remove 100 kilos, and Industry B will have to 
remove 45 kilos. Thus, it is possible that Industry A will have to pay far more 
than Industry B in order to remove the efficient amount of pollution. The issue 
then is "Can Industry A afford these costs?" 

B. Relative Significance of Control. Consider the example wher~ several 
industries have different existing standards and different proposed future stan
dards for some pollutant. The policy issue is which future standard will create 
the greatest benefit for the cost . Determining the most cost-effective new 
standard is not difficult, using th~ procedures shown above for a single pollu
tant in a s ingle industry, it is possible to create. a list of l-CE like those 
shown below: 

Marginal Cost-effectivenss Percent of Total Pollution 
Industry of Possible Standards Emitted 

A 2.0 12 

B 2.5 12 

c 2. 3 12 

D 3.0 60 

E 4.0 3 

F .5 l 
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Using these values, EPA could develop a MCE-based priority schedule for 
impl ementation of regulations. However, in many ways, this would not be pru
dent . For example, Industry F whose MCE is .5 is responsible for only 1% of 
all the pollution of this type, Industry D causes 60% of this type of pollu
tion. Even though Industry F is the most cost-effective target, it would not 
accomplish much overall to tighten Industry F's standards alone. 

Another example of the need· to combine MCE with other data is shown in the
case where EPA knows that, if it can remove X-amount from the environment, 
then the environment will be balanced with respect to this pollutant. In the 
above example, if the amount that could be achieved by moving from the current 
standards to new standards in only some of the industries is in excess of X, 
then the agency might want to impose the standards in order of MCE. However, 
this .approach creates several industry equity arguments, because as shown in 
the example, it might be possible to cleanup this pollutant to a satisfactory 
level nationwide . and could be achieved without tightening the standard on the 
biggest pollutor -- Industry Dl 

This example suggests that EPA must incorporate equity considerations into 
its use of MCE analysis. Additionally, separate decision rules (e.g., all 
sources must achieve a minimum standard) may be required. 

C. Comparing Amounts of Pollutant Removed Over Varying Intervals. In 
most instances, we will not have continuous functions. for unit processes. 
Instead, we will have a series of distinct points determined by the level of 
abatement that specific unit pr0cesses are capable of achieving. When com
puting MCE ratios for different intervals, the results may not be directly 
comparable. For example, we may want t o compare the MCE of going from 30 to 
60 percent removal for BOD in one indubtry to going from 80 to 95 percent 
removal of the same pollutant in another industry. According to MCE theory, 
because neither the costs nor the measure of effectiveness are being held con
stant, the ratios should not be comparable. But if effectiveness weighting 
were used and a kilo removed of BOD from one industry equaled a kilo removed 
from the other, the ratios would be comparable . Thus to be efficient, EPA 
should require the next kilo removed to cane from that industry which has the 
lowest foCE ratio. 

Where intervals are large, however, an "efficient" decision may not be 
possible. For example, suppose that EPA's goal is to decrease BOD effluent 
by 100 kilos. It must choose between Industry A which could install unit pro
cess two at a cost of $20 to remove 110 kilos (MCE equals .18) and Industry B 
which could install unit process Y at a cost of $10, to remove 80 kilos (MCE 
equals .125). No obvious solution exists. It may be necessary to accept less 
clean-up to achieve a better coet~effectiveness. 

If continuous functions existed for the unit processes in each of these 
industries, the above problems would not arise . To optimize clean-up in this 
situation, it would take the mix of abatement in each industry_ totalling 100 
kilos which minimized total costs. Without continuous functions, however, 
some judgment will be necessary where the MCE of large intervals are being 
compared. 
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o. Using Inter i m Standards 

Where EPA's main concern is deciding which of alternative,. more stringent 
standards to adopt for a specified date, timing does not enter into the MCE 
~nalysis. All that is required is to estimate the incremental costs of com
pliance for the proposed standards and to compare these costs for the incre
mental lev.els of abatement that result. But EPA often ch<X>ses to adopt a less 
stringent interim level of required abatement in an effort to lessen the bur
den its regulations impose on industry. This interim standard is followed at 
some later date by a more stringent target standard. (Th is is one of the op
t ions EPA is currently evaluating for air pollution control on ·new coal-fired 
power plants.) 

The use of interim standards affects two aspects of the MCE methodology. 
When employing the traditional methodology in situations where alternative 
levels of abatement are being corrpared for irrplementation at the same point in 
time, we can reasonably assume a firm will select the least-cost treatment 
chain to meet each of the proposed standards. 

Exhibit 8 graphically demonstrates this point. If EPA were dec id ing which 
of these standards (1, 2, or 3) to adopt at a particular time, it would be 
reasonable to consider only the least-cost unit process for each standard. 
Thus, the numerator of the cost-effectiveness ratio is based on compliance 
costs using an estimate of points A, B and C on treatment chains 1 and 2. 

Where the use of interim standards is being considered, examining only the 
least-cost treatment chain to comply with the alternative standards imposed at 
different points in time would be misleading. With the likelihood of shifting 
overtime from a given standard to a more stringent one, it may be less costly 
for a firm to select a unit process which actually costs more than another at 
the initial period. Turning again to Exhibit 8, we observe that us i ng treat
ment chain 2 at 3.5 (point B) is the least cost way to comply with Standard 
2. But the MCE analysis would suggest that treatment chain 1 be employed. In 
moving from Standard 1 to Standard 2, the marginal cost of maintaining treat

. ment chain 1 is 3 (4 minus 1). Instead, if we were to shift to treatment 
chain 2 to meet standard 2, the marginal cost would be 3.5 (3.5 minus 0). 
More accurately, the marginal cost of shifting from treatment chain l to 2 to 
corrply with standard 2 would be 3.5 units less any salvage value from abandon
ing treatment chain i. · But pollution control equipnent is gene rally plant 
specific and would have minimal salvage value. For this reason, future calcu
lations will omit this consideration. 

Thu s, from a marginal cost standpoint, in situations where two or more 
t ime peri~s are being considered, it is essential to examine the full range 
of poss ible unit processes to COnt>lY with each standard. The burden this 
requirement irrposes on EPA will be reduced to the extent that the unit pro
cesses being considered have a limited range of appl icability. and therefore, 
are incapable of reaching certain s~andards. Exhibit 8 illustrates this 
point. Treatment chain 2 can be used to conply with abatement levels 1 and 4, 
but as it is currently designed, cannot remove an adequate amount of pollution 
to conply with standard 3. 
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EXHIBIT 8 

TOTAL COST OF CONTROL OPTIONS OVER TIME 

Treatment Chain 2
9 

B Treatment Cha i n 1~---/~---=='C
3 j 

, I 
! 

A 1 2 3 
1979 1982 1985 

STANDARD/TIME 

. In addition to necessitating that we examine the costs of compliance for 
each unit process and not just the least cost one, the issue of timing pre
sents a second interesting implication for the developnent of an MCE method
ology . By fcx:using attention on marginal costs, we may in fact, through the 
use of i .nter im standards, be adopting a regulatory program where total costs 
are higher than they need be. Exhibit 9 illustrates this point. The two pos
sibilities are to either require standard l and at a later date impose stan
dard 2, or immediately require compliance with standard 2. The total costs 
would be i 

EXHIBIT 9 

TOTAL COSTS FOR MEETING INTERIM STANDARDS 

Option Treatment Chain Total Costs 

Standard l, then 2 1 4.0 

Standard 2, immediately 2 3 . 5 

If EPA ' s main concern is to minimize the costs its regulations impose on in
dustry, Exhibit 9 indicates that this can best be accomplished by imposing the 
most stringent level of abatement attainable using an available treatrnen~ 
chain. This analysis suggests that in situations where phasing-in more 
stringent standards is being considered, EPA may want to consider both the 
total and marginal cost impl i cations of its actions. 

E. Comparing MCE of Alternative Dates for Implementation. 

The previous section examined the complications arising from timing issues 
as they effect the numerator (i . e., the costs of the MCE methodology). 
Although timing is str aightforward as it relates to costs, it severely compli
cates attempts to measure effectiveness. This problem arises when the MCE 
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methodology i s used to compare a proposed standard which is to take effect 
immediately to one to take effect at some future date. This policy question 
most frequently arises when EPA considers requests seeking extensions of 
abatement deadlines. 

Comparing costs in this situation is relatively easy. Although there may 
be sane debate about the appropriate discount rate when applied to the esti
mated future costs, these costs can be directly compared to present invest
ments. 

But no such clear-cut manipulation exists for comparing the effectiveness 
of the same standards imposed at different points in time . If we were to ig
nore this problem, the MCE of a standard imposed today would be exactly the 
same as tha~ of the same standard if its implementation were delayed for a 
period of time. In Exhibit 10, the probl em is shown in numerica~ terms. 

EXHIBIT 10 

MCE OF DELAYING IMPLEMENTATION 

Year 
Annual 
Costs 

Annual 
Pollutant 

Removed 

Number 
Years 
Effect 

of 
in PV of Tota

Costs 
l Discounted 

Effectiveness* 
MCE 

Ratio 

l 

. 5 

100 

100 

50 

so 

30 

25 

1,037 

998 

50x30 
30 

50x25 
30 

= 

= 

50 

41. 67 

20 . 74 

23.95 

*AssLDnes a 10% discount rate . 

In this example, we assume the choice is between requiring 50 kilos of 
abatement now or delaying implementation for four years. In either case, the 
annualized costs would be 100. We first calculate the costs by determining 
the present value of the annualized· costs over a 30-year timefrarne . To deter
mine effectiveness , we would divide the total amount of pollutant removed for 
each .option over 30 years and divide this by the 30-year timeframe . The MCE 
ratio for these options suggests immediate implementation (20.74 compared to 
23.94) would be the best policy for EPA to pursue . 

STEP 7: AGGREGATING ENTITIES 

Marginal cost-effectiveness analysis , although most applicable at the 
entity level , can be conceptually extended to .apply to industry segments and 
industries . Further, multiple industry analyses within regions or nationally 
mi ght be conducted though the data base r equirements are potentially massive. 

Nevertheless, many macroeconmic policy questions of interest to EPA deci
s i onsmakers cannot be appropriately assessed un1ess model plant data regarding 
marginal cost-effectiveness are suitably aggregated. 
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Pol i cy Issues and Aggregation 

EPA wants to answer several types of policy questions that could be accom
p l ished with the proposed methodology, incl uding the following: 

• 	 What is the margina l cost-effectiveness of c l eaning up one pol l utant 
to t he same degree i n different industries? 

• 	 What is the margina l cost-effectiveness curve for cleaning up one 
pollutant in all industries? 

• 	 What is t he margina l cost-effectiveness of cleaning up all pollutants 
in one region of the country? 

• 	 What is the marginal cost-effectiveness of cleaning up one pollutant 
across all industries in one r egion? 

Types of Aggregation 

To respond to these policy questions requires that mode l plant data be 
aggregated a loog any of three dimensions: 

• 	 pollutant 
• 	 industry 
• 	 geography 

In addition to the data created in previous steps, identification of all 
present and planned entities and segments in an industry by size, age and 
location is also necessary. Most of t his data is readily available from the 
Conunerce Department. 

With the above information available, it is possible to aggregate along 
any of the three dimensions, i.e., pollutant, industry , and geography . We 
d i scuss each of these further after describing them briefly here. 

Pollutant . A relevant policy quest ion is the extent to whi ch different 
industries must remove a part i cular pollutant a t a specified marginal 
cost . In general , when exploring t his question it is necessary to 1) 
identify all of the industries in which the pollutant of interest is pre
sent, 2) construct and analyze a model plant or several plants (depending 
on production processes in the industry), 3) identify the total number of 
plants (of each type modeled) in each industr y and 4 ) sum the abatement at 
each specified marginal cost across all industries . Mar ginal cost-effec
tiveness could be compared for several d i fferent pol lutants to respond to 
another policy question, i.e., "What are the most/least cost-effect ive 
standar ds?" 

Industry. Agg r egation by industry is essential for EPA to know how one 
industry ' s burden compares to others across all· pollutants and for indivi
dua l pollutants . Furthermore , industry aggregation discloses those indus
tries where the most effectiveness is achieved per dollar spent. In this 
case the necessary elements are the model plants, the number o f pl ants in 
the industry, and the marginal cos t -effectivene ss curves. 
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Geography. To · understand the impact of pollution control on different economLc 
and environmental regions, aggregation by geography is important. Geography 

is important because of the varying levels of pollution found .in the wate rs 
and atmosphere in different regions of the country. The e le- ments necessary 
to perform this kind of analysis are: 1) model entities by relevant s egment 
for each industry, 2) the number of entities by segment in the region and 3) 
the marginal. cost-effectiveness curves for the entities. 

As explained in Chapter 2, aggregation is equivalent to summing the appli
cable entity-level MCE curves over a constant range of marginal costs. This 
results in an expanded effectiv~ness range (horizontal axis) for the given 
pollutants being aggregated. Such an expansion procedure is not unlike an 
aggregate supply curve of ·abatement for the specified aggregation case, e.g. , 
segment, industry, region. However, all applicable entities must be included 
and weighted by the number of equivalent model entities to accompli sh the 
agg rega ti on. 

In actuality, two main problems will typically exist even when MCE analy
sis as been performed for all applicable entities to be aggregated. First , 
the range of marginal costs estimated for each entity may not be c ommon among 
all entities because their data bases are different. In effect, the MCE curve 
for · each entity should be extrapolated (potentially for both higher and lower 
marginal costs) to a common marginal cost range, e.9., from the lowest to the 
highest observed MCE's among the entities being aggregated. 

Second, aggregation of MCE curves of different pollutants - - which is pos
sible only with the introduction of effectiveness weights -- presents the pro
blem of judgmentally obtaining such weights that are exogenous to this analy
si.s. Furthermore, unless the MCE ratios of the separate pollutant are compar
able, MCE extrapolation problems as presented above may be compounded. Al
though, alternatively, and appropriately, the standard physical units of each 
pollutant should be scaled in such a manner that the mean MCE ratios analyzed 
are normalized. That is, the different.pollutants' observed MCE ratios s hould 
first be made to have comparable ranges of marginal costs by scaling the phy
sical units of abatement so that standard units have similar marginal costs, 
e.g., if MCE, = $10 for pollutants at its means abatement of 100 units (kg) , 
and MCE2 = $20 for pollutants at its mean abatement of 40 units (g), then 
MCE1 = 1'CE2 = 10 if the standard unit for pollutant 2 is changed to be 
('l/2g) rather than {g). 

Following this conversion, effectiveness weights per standard units must then 
be applied to create a comparable horizontal axis. Returning to the 
extrapolation problem as described above, certain theoretical principles 
should be followed when extrapolations are made (of t en judgemental- ly rather 
than statistically because of limited observations) . Namely, MCE curves 
theoretically are high as abatement approaches 100 percent, e.g., asym- totic 
to the line extended vertically upward from 100 percent abatement for each 
entity. Also, as abatements are lowered, the MCE curve theoretically has a 
non-zero minimum point (due ~o fixed costs). Hence, extrapolations "down
ward~ should not approach zero marginal costs as might be implied by limited 
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data. Recognizing these principles for each entity's MCE curves over the 
relevant K: range is critical when aggregations are to be made. 

* * * 

The following two chapters present applications of this methodology to the 
textile and coal-fired power plan t industries. 
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4. TEXTILE INDUSTRY: A CASE STUDY 

This application of marginal cost effectiveness to the textile industry fo
cuses on water, The data used in the examples were derived fran the recent 
E.ff.luent Guidelines Document entitled , Technical Study Report BATEA-NSPS-PESE
PSNS, Textile Mills · Point Source Categoryl and associated unreported data from 
the study. This industry was chosen, in part, due to the large amount of data 
available. H~ever, as will be subsequently noted, even the large amount of 
available data was found to be limited for a rigorous MCE analysis, in terms of 
logical alternatives generated and accompanying engineering descriptions and 
explanations of the · unit processes and technologies involved. 

The serious limitations, have restricted the pilot study and we caution the 
reader that the MCE applications and results should be used more as illustrative 
of the methodological and problems encountered rather than indicat ive · of conclu
sions regarding abatement levels. 

1. IDENTIFICATION ANALYSIS 

The Clean wa·ter Act2 requires existing industrial dischargers to waters to 
achieve effluent limitations requiring the application of the best practicable 
control technology c urrently available (BPT) by July 1, 1977. By July. 1, 1984, 
these same dischargers are required to achieve effluent limiations requiring the 
application of the best available technology economically achieveable (BATEA) 
and the best conventional pollutant control t echnology (BCT). Additionally, new 
industrial dischargers are required to comply with New Source Performance Stan
dards (NSPS) under Section 306 of the Clean Water Act (the Act>. , and new and 
existing industrial dischargers to Publicly Owned Treatment Works (POTW's) are 
subject to Pretreatment Standards (PSES for existing sources and PSNS for new 
sources) . 

The textile i ndustry3 is composed of over 1,100 individual textile mills 
engaged in manufacturing processes which, in one form or another, generate 
wastewaters and are thus subject to these abatement regulations. Approximately 
80 percent of these mills discharge into publically own~d treatment works (POTW) 
and are classified as indirect dischargers; the remaining 20 percent discharge 
directly into receiving waters and are classified as direct dischargers. Al
though indirect dischargers will be subject to certain pretreatment standards , 
the segment of interest for this analysis is existing direct dischargers. 

lsverdrup and Parcel and Associates, Inc., Technical Study Report 
BATEA-NSPS-PSES-PSNS, "Textile Mills Point Source Category", prepared under 
contract Nos. 68-01-3289 and 68-01-3884, Nov. 1978. 

2The Federal Water Pollution Control Act Amendments of 1972, as amended 
by P.L. 95-217, the Clean Water Ac~ of 1977. 

3The textile i ndustry consists of establishments wh ich typical l y 
create and/or process textile related materials for further processing into 
apparel, home furnishings, or industrial goods. 
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2. DEFINE ENTITY 


Direct dischargers in the textile industry are comprised of a diverse group 
of establishments varying in size, process, and product . The general character
istics of the industry establishments range from small family-owned mills utili 
zing traditional manufacturing and.managerial practices to large multi-mill cor
porations who rely on the latest managerial practices and sophisticated proces
ses available. 

The most common structural depiction of the industry is the standard indus
trial classification (SIC) system used by the U.S. Bureau of the Census. How
ever, for purposes of an analysis of effluent controls, a classification system 
based on manufacturing or -process functions performed at the facility is more 
appropriate. This is because wastewater characteristics are predominately de
pendent upon the process functions performed at a facility . Such a classifica
tion industry establishment to be grouped into categories with similar waste
water characteristics . . 

Based on extensive industry analysis, in which SIC, functional, and other 
characteristics were used, -- direct dischargers can be defined according to the 
entities s.hown_ in Exhibit 11. These entity descriptions, in this instance, were 
adopted from the Effluent Guideline Document4 and the associated economic im
pac·t analysis.5 In many i_nstances previous studies will provide entity defi 
nitions, although they should be evaluated with regard to their representative
ness . 

Twenty-six entities were defined to represent this industry. The number of 
entities in practice will depend upon the extent of variation in the population 
of interest, availability of data, time and budget constraints . Generally, the 
larger the number of model plants, the greater the accuracy of the analysis. 

In addition to the entity descriptions, the number of plants and/or other 
weight measures sho.uld be reported as shown in Exhibit 11. 

3. ESTABLISH DATA BASE 

3.1 Identify Key Pollutants 

As previously noted the data base for the analysis was taken fr.om a recent 
Effluent Guideline DocLUnent. A large number of pollutant parameters are found 
in the textile industry. Out of the large number of parameter and pollutant 
constituents, seven were selected and reported. These include conventionals: 
biochemical oxygen demand (BOD), chemical oxygen .demand (COO); total suspended 
solids (TSS); oil and grease (0 & G) ; two nonconventional pollutants - total 
phenols and sulfide; and one priority pollutant - chromium, which will be in
cluded with the nonconventional group as a matter of ease . 

4sverdrup and Parcels, op. cit. 

5oevelopnent Planning and Research Associates, Inc., Economic Impact 
Analysis of Proposed Effluent Limitations Guidelines For the Textile Industry, 
EPA Contract No. 68-01-4632, in preparation. 
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DEFINITION OF MODEL PLANTS f'OR DIRECT DISCHARGERS, TEXTLLE INDUSTRY 

No. Seguu?~~t 

Process 
Tn>e Code Size 

Size 
~Product ion CaEacit~ 

( kkg/ d) 
Water F l ow 
(mgd)-

Es t imated Nurnhi:r 
___R~e~E~r~e, scnt ed 

l'lan l·,I 

l. 
2. 
3. 

Wool Scouri ng \.IS Sma l l 
Medium 
Large 

16 .2 
35 .6 
80.9 

. 05 

.ll 

.25 

4 
"2 
t 

4. 
s. 
6 . 

Woo l Fin i shing WF Smal 1 
Med i um 
Large 

8 .0 
20 .0 
40.0 

.6 
l. 5 
3.0 

8 

7. Woven Fabric Finishing Simple Wf'FS Sma l 1 5.3 .11 25 

8. 
9. 

10 . 

Woven Fabric Finishing Canpl ex WFFC Smal 1 
Medium 
Large 

26 
130 
220 

.6 
3.0 
s.o 

20 
5 
5 

1l. 

12. 

Woven Fabric Finishing Complex p l us 
designing WP'~CD Sma 11 

Heditnn 
20 
so 

.6 
l. s 

17 
10 v• 

13 . Knit Fabric Finishing Simple KFFS Small 7. 7 .6 20 

14. 
15 . 

Knit Fabric Finishing Complex KFFS Sma 11 
Medi.um 

7. 7 
18.6 

.25 

.6 
20 
8 

16. 
17 . 

Hosiery Fin i shing HF Sma 11 
Med i urn 

2. 7 
6.0 

.OS 

. I I 
7 
I 

18. 
19. 
20. 

Carpet Finishing CF Sma 11 
Medium 
Large 

20.0 
49.0 

120.0 

.2s 

.6 
l. 5 

7 
:1 
J 

2 l. 
22. 
23. 
24 . 

Stock and Yarn Finishing SYF Sma ll 
Med i um 
Large 
X-L1rge 

9. 4 
23.0 
38. 0 
57 .0 

.2 5 

. 6 
1.0 
l . ~ 

25 
8 
'). 

25. Nonwov~n Fabri c 
F i ni s h i ng \.fr>Vt'O NFFW Hedi 1110 It) . !, .1 l 11 

26 . No nwo vcn Fahri c 
F i ni sh ing F' e I t 'NFF F" ~e,j j UIO 2 . 0 . 11 ., 

":" ora 1 :~ ·.~( J 

-------.-·- ·-
I Est i. rna c~ d f r 0<~ t "o b ase 5t11 '1 i e '. 
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This analysis was based available data. However , in other studies , it wil l 
be beneficial to carry out detailed technical analyses of waste characteristics 
and relationships. 

3.2 Identify Unit Process and Treatment Chains 

The next step is to determine t he range of unit processes which will provide 
abatement. The unit processes reported in the Effluent Guideline Document on 
Textiles, were used herein as shown in Exhibit 12. This Exhibit also presents 
the treatment chains, that is the basic combinations of unit processes. Avail
able alternatives may or may not be sufficient for rigorous MCE analysis, depen
ding upon the number . and the logic of the resulting abatement levels. 

In this application, an analysis of the unit processes and resulting treat
ment chains was not performed, as it was outside the purpose of the effort. 
However, as will be discussed, the treatment chains and resulting abatement 
levels were limited, indicating the need for presenting additional unit proces
ses or treatment chains. 

Both water and sludge were included in the data base; sludge characteristics 
were not separately reported. Although it will depend upon the nature of the 
policy question, the analyst should include all media and pollutants that will 
be affected by the policies being evaluated. 

3.3 Relationship Among Unit Processes and Pollutants. 

A critical factor in this step is to identify the unit process treatment 
chain-pollutant relationships, starting at the unit process level. The textile 
data were deficient in this regard; which limited the ' ability to create addi
tional treatment chains and to identify unit processes with specific pollutant 
parameters. Additionally, we noted that the sequence of treatment chains may 
influence abatement levels. For example in this textile case we found by deduc
tive analysis, that treatment chain C -- chemical coagulation (1), sedimentation 
(2) and multi-media filtration (3) -- resulted in a different level of abate
ment, depending on whether it was compared against multimedia filtration or 
against chemical coagulation. Other words unit processes may not be strictly 
additive. Nonadditive relationships should be explained and reflected in speci
fying the associated abatement levels. 

3 .4 Cost Estimates 

The other critical data component is cost estimates. In this case, total 
annual costs were used as reported.a Investment costs were reported by unit 
processes, but operating and maintenance costs were only reported by element 
within a treatment chain. Consequently, the ability to assign costs to unit 
processes was severely hampered. Both the unit process pollutant abatement and 
unit process cost relationships are_ necessary for rigorous MCE analysis. 

8Annual capital costs w~re estimated in the reported data as interest on 
total investment plus depreciation. Because of limitations of the data base, 
reestimating annual capital costs by the discounted cash flow method was not 
considered to be warranted. 
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EXHIBIT 12 

ALTERNATIVE END-OF-PIPE TREATMENT TECHNOLOGIES 
EXISTING SOURCES6 

No. Nos. Treatment Chain 

B 1,2 Chemical coagulation (1) and sedimentation (2) 

c 3 Multi-media filtra t ion (3) 

D 1,2,3 Chemical coagulation (!),sedimentation (2), 
multi-media filtra t ion (3) 

and 

E 3,4 Multi-media 
(4) 

filtration (3) and granular activated carbon 

F 1,2,3,4 Chemical coagul~tion (1), sedimentation (2), multi
filtration (3), and granular activated carbon (41 

-media 

G 5 Ozonation (5) 

H 1,2,5 Chemical coagulation (2), 
ozonation (5) 

sedimentation (2); and 

J 3,5 Multi-media filtration (3) and ozonation (5) 

K 1,2,3,5 Chemical coagulation (1), sedimentation 
filtration (3), and ozonation (5) 

(2), multi-media 

M7 1,,6 Chemical coagulation (1) and dissolved air flotation (6) 

N 1,6,3,4 Chemical c0agulation (1), dissolved air flotation 
multi-media filtration (3), and granular activated 
carbon (4) 

(6), 

p 1,6,S Chemical coagulat i on 
and ozonation (5) 

(1), dissolved air flotation (6), 

b . 

6BPT consisting of screening, extended aeration activated sludge, 
sedimentation arrl solids recycle to creation basin assumed to be in place. 

7Alternatives M, N, and P apply to .wool scouring. 
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4. CREATE POLLUTION CONTROL COST AND ABATEMENT 

' 
As noted in the preceeding discussion, it is. important to create the neces

sary data base. The limited data available in this allows only those combina
t ioos reported to be used . Had additional unit process. pollutant information 
been developed or available, additional treatment chains mi'ght have been devel
oped. Due to the large number of entities involved in this population of exis
ting direct dischargers, a table for only one entity -- a mediwn sized complex 
plus desizing woven fabric finishing mill (No 12 in Exhibit 1) is presented as 
Exhibit 13. Normally, Tables would have to be prepared for each entity . 

The lower portion of the table was ordered from the reported data set as 
shown in the top nine rows of the Table. Though analysis we ordered each s~t of 
treatment chains such that the abatement of .each pollutant in a pol l utant vector 
remained equal or increased and that total annual costs were increasing , pursu
ant to the principles of marginal analysis . This produced the nine unique sets 
of logical paths. 

The indicated cost separation was done by examining the margina l effect ive
ness of each treatment path vector. From this analysis we could separate cer
tain costs to conventional pollutants and in five instances, directly to COD. 
Had we additional technical information, additional cost separation might have 
been. We suspect that a considerable degree of incidental removal is in fact 
occurring with some unit processes. If this is true, we would reconunend that no 
costs be assigned to the incidentally impacted pollutants ~ 9 Hence there may 
be a greater degree of separation than shown in Exhibit 13. 

5. PERFORM INITIAL ANALYSIS 

The creation of the data table resulted in several readily observations, 
particularly with regard to the paucity of separable costs and the relatively 
few and large effectiveness intervals. This suggests that joint cost allocation 
and aggregate are significant issues in water. This is in contrast to the air 
media presented in Chapter 5, which had few joint costs. 

With the paucity of separable costs and technical background regarding inci
dental removals (that is, unit process-treatment chain-pollutant relationships), 
cost allocations was limited to target pollutant group . or equally among impacted 
pollutant groups. Because of these limitations,10 the answers to policy ques
tions regarding specific pollutants or pollutant parameters would of limited 
value and were not addressed in this illustration. 

This illustration does present a situation that may typical when existing, 
available data are being used for MCE analysis. The following discussion will 
provide possible short cut. 

For each of the ordered sets of data, the incremental effectiveness and cost 
tables were computed for each ordered data set. Then, the MCE ratios were com
puted for each incremental by dividing the incremental cost by the corresponding 

9This should not be considered as a hard and fast rule, particularly for 
priority pollutants . 

· l01n practice, some additional but limited, techincal background work 
might prove of value and should be explored. 
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incremental effectiveness for each set of cost estimat~s (i.e., target gro up and 
equal allocation methods of the incremental cost where nonseparable costs wer~ 
present. These procedures are illustrated in Exhibit 14. 

In the case of the target group approach, it is assumed that any control of 
other pollutants is incidental. In the example, the middle increments indicate 
some control of nonconventionals. However, under the target assumption, all 
incremental costs were allocated to the conventional target.11 This approach 
effectively provides an upper limit of the ratio, because any cost allocation 
would serve to reduce the incremental costs and hence, the MCE ratio. 

The MCE ratio resulting from these computations are summarized in Exhibit 
15. Additionally, this Exhibit carries data information regarding total abate
ment and the incremental impacts on nonconventionals as reference points for 
analysis of the results. 

Examination of the Exhibit indicates that the range of MCE ratios is $.64 to 
$7 .11. However, the comparability of the sets is imper feet because nonconven
tiona ls are accounted for in different 'increments. 12 Recognizing this limita
tion and in the absence of additional informa'tion, the MCE ratios can be used to 
estimate a marginal cost curve. One approach would be a statistical fitting of 
a function based on the data points shown in Exhibit 15. However, due to the 
gross nature of the data, we believe that graphical analysis would be more ap
propr iate as a first approximation with limited data so that extreme points 
could be adjusted in or out depending on understanding of the control technolo
gies and cost theory. 

Exhibit 16 shows the plotting of the MCE ratios at this mid-pointl3 of the 
respective intervals. For this estimate, all data points were plotted. Other 
plots could be made using allocated costs, omitting those points involving al
located costs or other adjustments as expertise permitted. An overall examina
tion of this Exhibit indicates that the marginal cost for the conventionals in
crease ce lat ive ly rapidly. Precise MCE ratios would not be war ranted, although 
inferences could be drawn. For exanple, if a threshold of $.75 to $1.00 was 
considered, abatement levels are 100 to 125 kkg's (about 20 percent) per year 
would appear to be indicated. Moving the threshold upward would indicate higher 
abatement levels. Due to the limited data points and the nature of the varying 
widths of the increments, inferences about abatement levels above 75 percent 
would be tenuous. If the threshold criteria were sufficiently large, say above 
$3.00, the generation of additional data points might be warranted, if the af
fected pollutants were considered inportant. 

ll1t nonconventionals, were in fact the target, the increments 1oOuld 
have to be reordered if treatment chain C were required (and not in place) to 
achieve treatment chain D. 

l2It was also observed in the data that the control of oil and gr.ease 
appears to create abberations and . technical analysis would be required to 
analyze the components of the conventional group. 

13The mid-point is considered to be a better approximation than the end 
poin t , as the end point will consistently underestimate the MCE ratios in the 
rising portion of the marginal cost curve. The extent of the mid-point bias 
will depend on the shape of the ftreal" marginal cost curves. 
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EXHIIHT 14 


Computation of Marginal Cost-Effectiveness Ratioa for Conventionals 

Under Two Coat Allocation Procedures 


ABATEMENT ANNUAL COST HCE RATIOS 
Target Equal 

Treatment Conventional Non-Conventional Incremental Allocation 1'llocation 
Chain Incremental Total Incremental Total Total Separable Non-Separab l e Conventional Non-Conventional~ 

(kkg/ yr-- "(fi,ooo) ($/ kkg'/Y') 

c 212. l 212. I 0.00 o.oo 146 146 146 .69 .69 

E 464.4 252.3 0.08 0.08 530 384 384 I. 52 .)6 

F 490.0 25.6 0.08 o.oo 712 18 2 182 7 .11 7. 11 

V>.., 



EXHIBIT IS 

A Swmnary of MCE Ratios for Conventionals 

Number 
--1-.

2 . 
J . 

Treatment 
Chain - c -
0 
F' 

A.SATEKF.HT 

Total 
212.1 

31 4 .8 
490.0 

Mi d-Point of 
Increment 

106 .0 
26 3 .4 
40 2 .4 

MCE RATIO 

Target Equal 
. 69 . 69 

1. 83 I. 83 
2 . 16 I. 08 

Increment al Abatement of Ndn-Conventiona ls 
Phenols Chrom ium Su lfide Total 

0 . 0 o.o o.o 0.0 
0 .0 o.o 0 .0 0.0 

.052 .025 0 .0 .077 

4. 
s. 
6. 

c 
E 
F 

21 2. I 
464. 4 
490. 0 

106.0 
338.2 
477 .2 

. 69 
l . 52 
7. 11 

. 69 

.76 
7 . I I 

o.o 
.052 

o.o 

o.o 
.025 

o.o 

o.o 
o.o 
o.o 

o.o 
.077 

0 .0 

7. 
8. 
9. 

8 
0 
F 

272. 6 
314.8 
490.0 

136.) 
293. 7 
402.4 

. 89 
2 . 16 
2. 16 

.89 
2 .1 6 
1.08 

0 .0 
o.o 

.052 

0 . 0 
0 .0 

.025 

o.o 
o.o 
o.o 

0.0 
o.o 

.077 

10. 
11. 
I 2. 

c 
J 
K 

239.6 
391. 8 
434.6 

119 .8 
315. 7 
413 .2 

I . 29 
.6 5 

4. 39 

.64 

.65 
4. 39 

.060 
o.o 
0 .0 

o.o 
0. 0 
0.0 

1.6 
0.0 
o.o 

I. 66 
o.o 
o.o 

13 . 
14 . 
15. 

l?. 
17. 
18 . 

c 
11 
K 

c 
0 
K 

239 .6 
400.9 
434.6 

21 2. l 
314 .8 
4'.14 . 6 

! 19 .8 
320. 7 
417. 3 

106.0 
263 .4 
374.7 

I. 29 
1. 23 
2 . 65 

. 69 
1. 83 
2. 18 

.64 
l. 23 
2. 65 

. 69 
I. 83 
l . 09 

.060 
o.o 
o.o 

0.0 
o.o 

. 060 

0. 0 
0.0 
o.n 

0.0 
0.0 
o.o 

1.6 
o.o 
o.o 

0 .0 
0.0 
1.6 

l.60 
o.o 
0.0 

o.o 
0.0 
l. 6 

,,. 
(.. 

19 . 
20. 
21. 

B 
0 
K 

272.6 
314.8 
1,34 . ,, 

136 . 3 
293. 7 
374. 7 

.89 
2 .16 
2. 18 

.89 
2. 16 
1.09 

o.o 
o.o 

.060 

0 .0 
0. 0 
0 . 0 

0.0 
o.o 
I. 6 

0.0 
o.o 
1.6 

2 2. 
23 . 
24. 

B 
11 
K 

272.6 
400.9 
434 .6 

136 .3 
336.8 
417 . 8 

.89 
2 .07 
2 . 58 

. 89 
I. 04 
2. 58 

o.o 
.060 

0.0 

0 .0 
o.o 
0 .0 

0 . 0 
l.6 
o.o 

0.0 
I. 6 
o.o 

25 . 
2? . 
27. 

c 
J 
K 

212. I 
31 4 .8 
434.,, 

106 . 0 
302 .o 
336.2 

. 69 
1.45 
f.. 39 

.69 
• 73 

4 . 39 

o.o 
. 060 

o.o 

o.o 
0 . 0 
0 .0 

o.o 
l. 6 
0 . 0 

o.o 
I. 66 
o.o 



EXHIBIT 16 

MARGINAL COST- EFFECTIVENESS RATIOS FOR CONVE~rIONALS (AS A TARGET) 
IN MEDIUM WOV EN FABRIC FINI SHING (COMPLEX PLUS DESIZING) 

Marginal 
Cost 
($) 8.00 • 6 

7.00 

6.00 

• 
0'5. 00 "2.7 12 	 ~ 

4. 00 

: 2~ 
8,20 • •18,21•393.00 

:.rn• 
:n 

• 5 
• 10, 13 	 2t •142. 00 .. •4,16,25 7,19 , 22 

11 
1. 00 4--~-t-~~~~~~~~~~~-+-· 

100 200 300 400 	 500 571 kkg/year abatement 

18 35 53 ·10 88 100 	 Pe r cent abatement (above assumed 
existing t reatment) 
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This s ame type of analysis could be done for the non-conventionals, although 
in this instance, the data points are limited and our understanding of the tech
nology was so limited that analysis was not presented. 

fl. AGGREGATION 

The develoµnent 'of an aggregate marginal cost estimate for the textile in
dustry would first require an analysis of each of the 26 entities defined in 
Exhibit ll. Due to lack of the requisite technical understanding and hence the 
tenous nature of the results we chose not to present aggregation results for the 
industry as a whole. However, to illustrate the approach the two model plants 
for the woven fabric finishing (complex plus desizing) segments.are presented 
below. 

Aggregation involves one additional requirement - namely, the establishment 
of a specific curve or .marginal cost effectiveness and their horizontal summa-· 
u«:>ns.13 In practice, and particularly with a limited available data, the 
analyst should estimate the aggregate MCE ratio as a range, using two curves 
representing the entities. The results of the model plant analysis, estimate of 
each segment's marginal cost effectiveness curve, the weights and the results 
are stx:>wn in Exhibit 17. The weights, in this case, are the number of model 
plants s~own in Exhibit ll. Total abatement for each segment is the product of 
the weight and model plant abatement; total abatement in the right columns is 
the s um of the total abatement of segment. 

Athough these results should be considered as illustrative, they were drawn 
from the data sets previously discussed and the given target conventional target 
approach. For a given marginal cost level . the results show that each component 
achieves a different degree of abatement. For example, at $1.00, the tota l seg
ment stx:>ws a 25 percent removal. However, the medium segment is at 29 pe~cent 
and the small sized mills as at 26 percent, reflecting economies of size. 14 

It is noted that in preparing these results that the abatement levels were 
assl..Ulled be linear (i.e., a constant scale factor). However, the reported annual 
costs were found to behave differently among the treatment chains, indicating 
different cost scale factors for different components. This suggest that care 
should be given to th~ use of scale factors in scaling costs, even within a seg
ment. 

The relevant ·population of textile mills was defined as existing direct dis
chargers . The population is composed of abou t 220 mills which are subject to 
best available technology economically achievable. Th is population can be re
presented by 26 entities composed of different processes and mill sizes. 

The data base used was from recen t Effluent Guidelines Document on the tex
tile industry. Although a number of pollutants are present, seven key pollu
tants and pollutant parameters were reported including: 

13~he range of marginal costs used for aggregation were restricted to a 
range including the most data points, thus only a portion of the cui:ve, from 
Sl.00 to $4.00 was estimated. 

14sased on existing influent level s and does not refl~ct existing leyels 
of abatement. 

http:u�:>ns.13


EXHIBIT 17 


Illustration of Aggregat ion of Margina l Cost-Effectiveness of 'Conventi ona l s 

For Woven Fabri c Finishing 

Marginal 
Cost Weight 

SHALL SEGMENT 
Abated 

Pct Model Total- - --(kkg/ yY-:: 

--- 
Weight 

MEDIUM SECMENT --- 
Abated 

Pct Model Total 
----::-Ckkg/v~ 

Total Abat emP.nt 
Amount Pc t 
-----Ckkg/ y-)

$1 . 00 l7 20 45 765 JO 29 165 I, 650 2,4lS 25 

!. so 17 33 75 I, 275 10 46 260 2,600 3,875 40 

2.00 

2.so 

I 7 

17 

4.4 

57 

100 

130 

I , 700 

2,21 0 

10 

10 

S7 

63 

J2S 

360 

) I 2SO 

3,600 

4, 9SO 

S,810 

52 

61 

'.l.00 l 7 66 lSO 2' sso lO 68 390 3,900 6,450 67 

'.I. so l 7 72 165 2,805 10 73 415 4, 150 6,955 73 

4.00 17 77 175 2, 925 10 76 435 4' 350 7, 32S 76 

I 

0, .... 

IPer mode I p I ant data. 
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Conve ntional BOD, COD, TSS, 0 & G 

Nonconvent i onall5 Phenols, Chromium, Sulf ide 

The Textile Industry case study demonstrated that marginal cost-effective
ne ss can be developed but only after s i gnificant analytical effort not normally 
included i n the ind~stry engineering studies. Model plant information can be 
aggregated to industry or regional totals provided that the study includes geo
graphic as well as size/type of plant parameters. 

These positive results are offset by the following factors. The results 
actually generated are useful only as an example application of the methodo logy 
and cannot be used for policy decisions. Moreover, the additional analysis re
quired i s substantial and requires a degree of sophistication not normally need
ed in engineering studies -- the methodology relies on data that may be ava i l
able du r ing the ·e ngineering a nalysis but not generally required to achie ve study 
objectives. Finally, MCE results of the type possible exclude such sal i ent con
siderations as economic i!llPacts and are therefore only one tool of several re
quired f or sound policy decisions . 

Because of the data limitations the MCE analysis was confined to one o f the 
26 segments: "complex plus desizing" mills of the woven fabric fin i shing s eg
ment. Al~o, the analysis was confined to one of conventional pollutants . This 
s terned from the lack of technical background information for detailed cost as
signment. 

Within a relevant range of the available data, we found a marginal c os t 
curve for conventional pollutants for woven fabric finishing composed of 17 
s mall and 10 large plants . This components of this curve are : 

Mar ginal Abatement 
Cost Amount Percent 
( $) kkg/y 

LOO 2415 25 
l. 50 3875 40 
2.00 4950 52 
2.50 5810 61 
3.00 6450 67 
3.50 6955 73 
4.00 7325 76 

At a marginal cost of $1.50, the small mills could reach a 33 percent abate
ment l eve l and medium mills could remove 46 percent of the conventionals. This 
illustrates the different amounts of abatement among a subsegment for a g i ven 
marginal cost. 

The overall finding of this analysis was that,. even though the s ource docu
ment used for da t a points is one of the better ones we have reviewed, a large 
amount of additional background information is required for carrying out the 
detailed analysis as represented by MCE analysis. 

15The inclusion of chromium was done as a matter of convention and ease of 
presentation of the analysis. 
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5. NEW COAL-FIRED POWER PLANTS: A CASE STUDY 

In this case study , we apply the marginal cost effectiveness methodology t o 
evaluate alternative new source performance standards (NSPS) for coal-f ired 
power plants. This example was selected because it is a regulation currently 
being evaluated by EPA. Significant resources have recently been expended to 
develop data necessary to evaluate the alternative proposals under considera
tion. We initially believed that this data would be adequate to meet the needs 
of r-t:E analyses. Although the costs and abatement estimates developed for use 
by EPA in setting NSPS were a useful starting point for developing this methodo
logy, we found that extensive data gaps remain. · 

Because of these data limitations, we caution the reader that the applica
tions of the MCE methodology presented in this case s tudy are only for illustra
tive purposes and should not be interpreted as meaningful analysis of NSPS for 
coal-fired power plants. 

l. PER.FORM POPULATION ANALYSIS 

This case study shows how the MCE methodology could be used to evaluate 
alternative new source performance standards currently being proposed for coa~
fired power plants. The population must be defined t.o include those coal-fired 
power plants likely to be built if specific envirorunental regulations are adop
ted. Because we a.re only addressing issues involving the proposed standards for 
coal-fired power plants, we can limit this analysis to this subset of total 
electric generating facilities. The types of policy questions likely to arise 
include: 

•What 	i s the MCE of alternative, more stringent sulfur dioxide 

standards for new coal-fired power plants? 


• 	 What i s the MCE of trading-off part i culate control for sulfur 

dioxide control in new coal-fired power plants? 


Each of these questions can be addressed using t he information derived from 
the population defined as new coal-fired power plants. 

2. PERFORM ENTITY- AN.ALYSIS 

Defining the entity is also stra ightforward in this case study. Because we 
are dealing with a new source performance standard, neither age nor varying en
gineering processes are relevant considerations. We asst.nne that all new fac ili 
ties employ the same boiler processes. The one exception to this would b~ the 
type of coal (high o r low-sulfur content) used as an input. This c an be expec
ted to vary by region; low-sulfur coal is predominantly mined and used in the 
West; eastern coal typically has a high-sulfur content. There are two possible 
ways to handle this difference. We could define two distinct entities - - one 
located in the West and burning low-sulfur coal, and the other in the East using 
high-sulfur coal --, perform MCE analysis on each, and then aggregate to the 
total industry. Alternatively, we could define a single entity and incorporate 
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vac iations in sulfur content of coal as an alternative unit process. 'l'he me t~1od 

of analys is that is adopted depends on the specific policy question being 
addressed. 

For the purposes of this case study, we have defined the entity to be a 500
megawatt power plant. This facility was selected because it is considered to be 
the optimum size to achieve economies of scale. Most new facilities will be 
comprised of multiples of 500- MW units. Additionally, a single 500-MW entity is 
all that was needed in the analysis because it is possible using a factor of .7 
to scale the costs of scrubbers (used to control sulfur oioxide emissions) for 
diffecent size fac ilities.! 

3. ESTABLISH DATA BASE 

3.l: Ide ntify Key Pollutants 

The Oevelopnent Documents for coal-fired electric utilities and the numer
ous studies supporting the developnent .documents have identified over 50 pollu
tants which are emitted by electric utilities.2 These fifty pollutants in
clude conventional, nonconventional and priority water pollutants plus criteria 
and hazardous air pollutants . Additionally, sludge is created in substantial 
quantities. Of these fifty, the most serious are: 

Air:· 
so2 
Flyash (TSP) 

Watec: 

Suspended and Dissolved Solids 

Heat 

PH 
Chlorine· 
Oil and Grease 
Trace Metals 

Sludge 

Two important techn i cal relationships exist among these key pollutants which 
is independent of the unit process employed to control them. One is the air/ 
sludge r e lationship. To eliminate air pollution by any process in a controlled 
plant requires that sludge be created. The second is that suspended and dis
solved so lids as defined contain chlorine, oil and grease, and trace metals . 

lThis figure was derived from Battelle's analysis of the scr ubber costs 

foe diff e rent size power plants. It is . inadequ~te for MCE analysis though it 

is useful in other instances. 


2For water pollution, see EPA, · "Development Document for Effluent 

Lirnit~tions . Guidelines and New Source Performance Standards for Steam 


Electric Power Generating Point Source Category" October 1974. 
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3.2: Identify Unit Processes 

The second substep in creating the data base is to i~entify all avai l abl e 
unit processes which will provide control of one or more of the key pollutants . 
In this exampl e, several unit processes a r e availabl e for controlling so2 
emissions, two unit processes control par t iculates, and one unit process i.s 
available for NOx· ' Sludge is chemically t reated and landfilled. 'Because the 
data was insufficient, water pollution un i t processes have not been analyzed. 

S02 Control: The most well-known uni t process to control S02 is a flue
gas desulfurizer (FGD), also known as a scrubber. Scrubbers use any of a vari 
ety of materials including lime, limestone and magnesium oxide to absorb the 
S02. In this ana l ysis we limit the discussion to lime scrubbers, which to 
date . have proven to be the most reliable at the lowest cost. Scrubbers can be 
designed to a control to any of a variety of abatement le.vels. In the model 
plant, the scrubber could be correlated with . the tons of 502 abated by the 
equation. 

Annual i zed cost = 24~000,000 + 166 x tons abat ed. 

As mentioned in the methodology section, this f unction could be combined 
with functions for other unit processes, i f all unit process functions had con
tinuous characteristics . However, one of the reasons for this equation so 
closely matching actual data is that the t ons abated are all close together. 
(The l.2, 90%, and .5 standards represent the range from 80 to 98% removal of 
S02 . ) Additionally continuous ~unctions are not available for other unit pro
cesses. 

A second unit process to control so2 emissions is physical coal cleaning 
(PCC). Physical coal cleaning removes significant amounts of 502 and ash be
fore they enter the boiler . The removed residual is called coal tailings . In 
the model plant , we used PCC with a scrubber because PCC alone could not meet 
current standards.3 (We had no data on PCC applied to low-sulfur coal.) 

The final unit process for so2 control is low-sulfur coal (LSC). LSC is 
defined as a unit process because it achieves a lower level of abatement when 
compared to high sulfur .coal. · LSC can. achieve dramatic levels. of abatement be
cause it would emit annually only 30% as much sulfur as typical high-sulfur 
coal. For example, uncontrolled emissions from a 500 MW plant burning low sul
fur coal total about 21,000 tons per year while uncontrolled emissions . from a . 
plant burning high- sulfur coal would tota l 78,000 tons . Uncontrolled levels of 
emissions using LSC would achieve a level of abatement close to 1.2 lbs 106 
BTU. LSC: must be used in tandem with a scrubber to meet the proposed standards 
examined in this case study. 

3An interesting analysis would be to compare PCC of low-s.ulfur coal 

(LSC:) with the current standards. It may be that PCC is impractical on LSC. 
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Particulates: For particulates, two unit processes have been identified. 
The most conunon is an electrostatic precipitator (ESP). Like scrubbers, ESPs 
can be designed to control to almost any level desi re<i. In our model plant, 
all the ESPs were designed to . remove more than 99% of the uncontrolled emis
sions. 

The second unit process which controls pai:ticulates is a fabr.ic filter. 
This unit process can achieve very low emission levels provided that the chem
ical composition of the flyash is well matched to the cloth used . 

Nitrogen Oxide: The only unit process available to control NOx is two
stage combustion. This process has no cost associated with it in our example 
because: 

• The "population" was new coal fired power plants 

• An EPA report claimed that.the costs of two-stage combustion were 
practically identical ·t o the costs of conventional combustion 
techniques when designed into new plants . 4 

Sludge: Several unit processes exist to dispose of sludg~. These unit 
processes are: 

• ponding 

• chemical treatment and landfill 

• mine disposal 


• ocean disposal 


• conversion to gypsum 

• conversion to sulfuric acid or sulfur 

• use as synthetic aggregate 

The current costs of these unit processes reduce the practical options to 
ponding and chemical treatment and landfill (CT&L) . 5 Because not all power 
plants would be able to pond, we only examine .chemical treatment and landfill 
in our model plant. The cost of chemi cal treatment and landfill is different 
for flyash than for S02. Flyash sludge costs about $3.50 per ton; sulfur 
sludge costs $12 . 10 per ton . 6 The abatement level reached with this unit 
process is difficult to quantify; however, no untreated sludge leaves the 
facility. 

see "E lectric Utility Steam Generating Units: Background I nformation 
for Proposed NOx Emission Standards," EPA 450/2-78-006a, pages 8-22. 

5Aerospace Cor~ration, "Controll i ng S02 Emissions from Coal-Fired 
Steam Electric Generators: Solid Waste Impact," Vol. II, Technical 
Discussion, pages 103-108. 

4
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Water: Because data was inadequate for MCE analysis, as compared to the 
parti~l inadequacy of air and sludge data, we were unable to incorporate water 
unit processes into this analysis. 

3.3 Relationships Among Unit Processes 

In the model plant, the most important relationship which exists among unit 
processes is between low-sulfur coal and electrostatic precipitators (ESP). It 
is much more difficult for an ESP to remove particulates from a stream of em i s
sions from a plant burning low-sulfur coal . 

3.4 Relationships Among Unit Processes and Pollutants 

Exhibit 18. lists the alternatives examined in our case study. Se.veral com
plexit i es of the table should be noted . 

First, it should be noted that most a i r pollution control processes can be 
designed to achieve more than one level of abatement. For example, FGD can 
abate S02 to any of the three levels of control examined in this case study . 
In fact , there probably should be a continuous cost function for FGD use, but 
the limited data available restricts this analysis to the three discrete points. 
Secondly, as is more frequently the case with water , it is possible in control
ling S02 to use two or more µnit processes together to enhance the level of 
abatement. In this example, physical coal cleaning serves to augment FGD to 
reach more stringent levels of control. Likewise, FGDs and low-sulfur coal may 
be used in tandem. Another important complexity is the relationship between 
tons of flyash and S02 removed, and sludge disposal costs. Generally, if the 
choice of coal is known a linear multivariable function could describe the rela
tionship. (Sludge cost= flyash removed x Ai plus S02 removed x A2.) 
When physical coal cleaning is used, the relationship does not hold because coal 
tailings can be removed less expensively, and in some instances, are removed 
from the coal at the mine site and not at t he power plant. In our model plant, 
we assumed that the plant paid the ·costs of disposing of the coal tailings. 

4. CREATE KEY POLLUTANT UNIT PROCESS COMBINATION TABLE 

Before determining the entries in each row of the table it is first neces
sary to estimate the relevant capital and operating and maintenance costs for 
each of the treatment chains. Exhibit 19 presents this data in aggregate form. 
In developing the data for the case study we were limited to existing, readily 
nccessible cost estimates which in many instances we be l ieve are inaccurate. In 
part, this is because for several sources of data it is impossible to determine 
what cost are included as part "relevant costs" in these estimates. 

Exhibit 20 is the Treatment System Table fo~ our example. Because no joint 
costs exist it does not have a nonseparable column. No ~ater pollutant oata is 
shown because of the inadequacy of available data. 

5. PERFORM INCREMENTAL ANALYSIS 

After creating the Treatment Systems Table it is . useful to review the table 
f or obvious relationships. Often this process wil l help the analyst understand 
the pollution problems of the entity, and identify serious gaps in data. (Much 

6Ibid. pages 118, 121 . 
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EXHIBIT 18 


UNIT PROCESS/TREATMENT CHAIN TABLE 


Unit Processes/ 
Treatment Chains Abbreviation 

Flue Gas Desulfurizer FGD 

Physical Coal Cleaning PCC 

L·ow Sulfu r Coal LSC 

Electro>tatic Precipitators ESP 

Fabric Filter FF 

Staged Combustion SC 

Chemical treatment and 
land f ill CT&L 

Description 

Also known as a scrubber . Washes 

S02 with an absorbent, usual ly 
lime or limestone. Removes to any 

of a variety of levels . Does not 

remove other. pollutants . 


Removes ash and sulfur from coal. 

Often done by mines which charge 

higher prices for cleaned coal, 

but sometimes done by power plant , 

Allows for reduced (partial) 

scrubbing . 


Contains 20% as much .sulfur as 

typical coal, but lower heating 

value requires that more be 

burned . Also contains 1/18 the 

ash of typical coal, but much 

harder to remove the remaining 

ash . Costs more than typical coal 

today. 


Removes ash from the stack 

emissions to any of a variety of 

levels . Relatively inexpensive 

compared to scrubbers. Do not 

affect other pollutants. 


Removes ash to even lower levels 

provided chemical composition 

allows . Works best and at least 

cost with low-sulfur coal; but 

will work with high-sulfur . 


Practically eliminates NOx· 

Costs the same as other combustion 

techniques except when retrof i tted . 


Removes acidity and tox i city from 

s'ludge so that it can be land

filled . 
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EXHIBIT 19 


TOTAL COST ESTIMATES OF POLLUTION CONTROL 

UNIT PROCESSES 

Polluta11t Coal Level of Capital O&M Annualized 
Unit TyEe Abatement Costs Costs Costs 

Process (% sulfur) (106 BUT) ($/kw) (mil.ls/kwh) (mill ions) 

SOi 

FGD 3. 5 l. 2 124. 93 8.99 $33.15 

FGD 7.0 l. 2 156 11. 68 $42.97 

FGD and 

p~ 3.5 .i. 2 126.82 14.38 $52.18 


FGD 3.5 90% removal 139. 46 9.95 $36.69 

FGD 7.0 90% removal 157.17 12.22 $44.91 

FGD .8 90% removal 119. 42 7.69 $28.49 

FGD and 


PCC 7.0 . 5 153.22 19.15 $69.26 

FGD .8 . 5 105. 54 6.87 $25.43 


Particulates2 

E;SP .8 .1 66. 34 2.91 $11. 02 

ESP 3.5 .1 28.75 1.34 $ 5 . 06 

ESP . 8 .OS 74. 74 3.32 $12.56 

ESP 3.5 . 05 32. 77 1.46 $ 5.55 

ESP • 8 .03 80 . 71 3.57 $13. 59 

ESP 3.5 • 03 36.32 1. 59 $ 6.02 

IT .8 .03 58.45 1. 9.6 $ 7 . 59 

IT 3.5 .03 51. 83 l. 72 $ 6.64 


lso2 control costs derived from Pedco Environmental . "Particulate and 
Sulfur Dioxide Emission Control Costs for Large Coal-Fired Boilers" (1977). 
Annualized costs are i n 1977 dollars, derived from capital and O&M costs whic h 
are given in 1980 dollars using an annual inf l ation factor of 7 . 5%. 
Annualized capital costs were straightline deprec i ated over 35 years. 

. 2Part iculate control costs derived from Pedco, see footnote l above. 
Low-sulfur coal is assl..Dlled to have an ash content of 8%, high s ulfur coal 
14%. All cost asstnnptions are the same as above. 
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COAL-FIRED POWER Pt.ANTS 

AIR SLUDGE TOTA.LI 
SOx PartTCulates NOx 

Trea t . Abated Emitted Cost Treat. Abated ' Emitted Cost Treat. Abated Emitted Cost 2 Tech Abated Emitted Cost Cost 

1. FGD 61.8 17.1 33. 15 ESP 135 .2 . 1.4 5.06 SC .8 9.9 0 CF+L 223.0 223.0 I. 7 39.91 
2. p(]) 61.8 17. I 33. 15 ESP 135. 9 .7 5.55 SC .8 9.9 0 CF+L 223.0 223 :o I. 7 40.41 
3. PGD 61.8 17. l 33. 15 ESP 136.2 .4 6 .02 SC . 8 9.9 0 CF+L 223.0 223 .o I. 7 40.88 
4. F(]) 61.8 t 7 . I 33 .15 FF 136.2 .4 6.64 SC .8 9.9 0 CP+L 223.0 22 3.o l. 7 41 . 50 
5. FGD 61.8 17 .1 33 .15 ESP 135.2 1.4 5.06 SC 10.3 .4 0 CP+L . 2'23 .o 223.0 I. 7 39.9 l 
6. PCD 61.8 17 .1 33. 15 ESP 135. 9 .7 5.55 SC 10.3 .4 0 CF+L 223.0 223.0 l. 7 40.41 
7. FGO 61.8 17 .I 33 .15 ESP 136.2 .4 6 .02 SC 10.3 .4 0 CF+L 223.0 223.0 I. 7 40.88 
8. FCD 61. 8 17. I 33. 15 FF 136.2 .4 . 6.64 SC 10.3 .4 0 CF+L 223.0 223.0 I. 7 41.SO 
9. Fro+PCC 71.8 7.1 52 .18 ESP 135 .2 1.4 5.06 SC .8 9.9 0 CF+L 157.0 157.9 1.1 58. 34 

10. F(])+PCC 71.8 1. I 52 .18 ESP 135.9 . 7 5.SS SC .8 9 . 9 0 CF+L 157 .0 15 7. 9 I. I 58 .65 
11. F(]) +PCC 71.8 7. I 52 .18 ESP 136.2 .4 6.02 SC .8 9.9 0 CP+L 157 .o 157.9 1.1 58.83 
12. Fro +PCC 71. 8 7.1 52. 18 FF 136.2 .4 6.64 SC .8 9.9 0 CF+L 157.0 15 7. 9 I. I 59.92 
13. F(])+PCC 71.8 7.1 52 .18 ESP 135 .2 1.4 5.06 SC 10.3 .4 0 CF+L 157.0 157.9 l. l 58. 34 
14. F(])+PCC 71.8 7. I 52 .18 ESP 135.9 •7 5. SS SC 10. 3 .4 0 CF+L 157 .o 157. 9 1. 1 58.65 
15, F(])+PCC 71.8 7.1 52 .18 ESP 136.2 .4 6.02 SC 10.3 .4 0 CF+L 157.0 157.9 I. I 58.83 
16. p(]) 70. 9 7.9 36.69 FF 136.2 .4 6.64 SC 10. 3 .4 0 CF+L 15 7.o 157.9 1. I 59.92 
17. F(]) 70.9 7.9 36. 69 ESP 135.2 1.4 5.06 SC .8 9.9 0 CF+L 237.0 237 .0 I. 5 43.25 
18. Fa> 70.9 7.9 36.69 l!.SP 135.9 .7 5.55 SC .8 9.9 0 Cf+L 237.0 237 .o I. 5 43.74 
19. F(]) 
20. Fa> 

70.9 
70.9 

7.9 
7.9 

36.69 
36.69 

!SP 
FF 

136.2 
136.2 

.4 
,.4 

6.02 
6.64 

SC 
SC 

.8 

.8 
9.9 
9.9 

0 
0 

CF+L 
CF+L 

237.0 
237.0 

237.0 
237.0 

I. 5 
1. s 

44.21 
44.83 

......,, 
21. FGO 70.9 7.9 36.69 !SP 135 .2 1.4 5.06 SC 10.3 .4 0 CP+L 237 .o 237 .o I. 5 43.25 
22. Fa> 70.9 7.9 36.69 KSP 135. 9 .4 5.55 SC 10. 3 .4 0 CF+L 237.0 237 .o I. 5 43 . 74 
23. FGD 70. 9 7.9 36.69 ESP 136.2 .4 6.02 SC 10.3 .4 0 CF+L 237.0 237.0 1. 5 44.21 
24. P'(]) 70.9 7. 9 36.69 FF 136.2 .4 6.64 SC 10. 3 .4 0 CF+L 237 .o 237 .o 1. 5 44.83 
25. Fll>+l.$C 19.2 2.9 28.49 ESP 89.4 1. 7 11.0l SC 2.9 9.9 0 CF+L 112.0 112.0 0.7 40.2 
26. FC])+LSC 19.2 2.9 28 .49 ESP 90.2 .9 12.55 SC 2.9 9.9 0 CP+L 112 .0 112.0 0.7 41. 74 
27. FCD+UiC 
28. F(J)+LSC 

19 .2 
19 .2 

2.9 
2.9 

28.49 
28 .49 

ESP,., 90.6 
90.6 

•5 
.5 

13. 59 
7.60 

SC 
SC 

2.9 
2.9 

9.9 
9.9 

0 
0 

CF+L 
CF+L 

112.0 
112.0 

112.0 
112 .o 

0.7 
0.7 

42.78 
36. 79 

29. Fa>+UiC 19.2 2.9 28.49 ESP 89.4 L. 7 l l .01 SC 12.4 .4 0 CF+L 112.0 112 .o 0.7 40.2 
30. FCD+LSC 19.2 2.9 28.49 !SP 90.2 .9 12.55 SC 12.4 .4 0 CF+L 11 2.0 112.0 o. 7 41.74 
31. FCD+UiC 19.2 2.9 28.49 ESP 90.6 •5 13. 59. SC 12.4 .4 0 CF+L 112.0 112.0 0.7 42.78 
32 . FCD•LSC 19.2 2.9 28.49 FF 90.6 .5 7.60 SC 12.4 .4 0 Cl'+L 112.0 112.0 o. 7 36. 79 
33. Fct>•UiC 14 .2 7.1 25.43 ESP 89.4 I. 7 11.01 SC 2.9 9.9 0 CF+L 105.0 105.0 0.6 37.04 
34 . F(])+LSC 14. 2 7. 1 25 . 43 ESP 90. 2 .9 12.SS SC 2.9 9.9 0 CF+L 1os.o 105.0 0.6 38. 58 
3S. FCD+l.SC 14 .2 . 7.1 25.43 ESP 90.6 .5 13. 59 SC 2. 9 9.9 0 CF+L 105.0 105.0 0.6 39.62 
36. FCD+LSC 14. 2 7. l 25 .4 3 FF 90.6 .5 7.60 SC 2.9 9.9 0 CF+L 105.0 105.0 0.6 33.6 3 
37. FCD+UiC 14.2 7 .1 25 .43 ESP 89.4 I. 7 11.01 SC 12.4 .4 0 CF+L 105.0 105.0 0.6 37.04 
38. F<lHLSC 14. 2 7. 1 25 .43 ESP 90.2 .9 12.55 SC 12.4 . 4 0 CF+L 105.0 105.0 0.6 38. 58 
39. FCD+UiC 14.2 7. I 25.43 ESP 90.6 •5 13. 59 SC 12 .4 .4 0 CP+L lOS.O 105.0 0.6 39.62 
40. FCD+LSC 14. 2 7. 1 2S. 43 FF 90.6 . 5 7.60 SC 12.4 . 4 0 CF+L lOS.O 105.0 0.6 33 .6 3 
41. FCD•PCC 150.7 7.1 69. 26 ESP 135 .2 1.4 5 .06 SC .8 9.9 0 . CP+L 3S9.0 359 .0 1. 3 77. 62 
42. F(])•PCC 150. 7 7. 1 69 . 26 ESP 1)5. 9 .9 5. SS SC .8 9 . 9 0 CF+L 359.0 359.0 3. ) 78 . I I 
43. Fro+PCC ISO . 7 7. I 69. 26 ESP 136.2 •5 6 .02 SC .8 9.9 0 CF+L 3S9.0 359.0 'J. 3 78 . 58 
44. FCD+PCC 150. 7 7. I 69 . 26 FF 136. 2 ."> 6.64 SC .8 9.9 0 CF+L 359.0 359 . 0 3. 3 79. 20 
45. FCD +PCC l'so.7 7. I 69. 26 ESP 135.2 I. 7 s .06 SC .8 9 . 9 0 CF+l. 359.0 3S9 .o ) . 3 77.62 
46. P<D+PCC 150. 7 7. I 69.26 ESP 135.9 .9 5.55 SC 10.) ,4 0 CF+L 3S9.0 359.0 ). ) 78.. I I 
47. F<D+PCC l SO. 7 7.1 69. 26 ESP 136.2 . 5 6.02 SC 10.3 .4 0 CF+L 359.0 359.0 'J. 3 78 . 58 
48. FCD+PCC 150.7 7. 1 69. 26 FF 136.2 .4 6.64 SC JO. 3 .4 0 CF+L 3S9.0 359.0 ). 3 79.10 

K TONS/YR $l1 K TONS/YR $'H I< TONS/YR $H K TONS/YR $1'1 $M 

I. l nsufficient dat a were available to deve l op entries for water. The key pol l utancs for which data are req11 i rPd includ!': TSS, chlorinE", 
oi I and grease, trace metals, pH, and heat. 

? . The onlv available · source argued that eff i ci encv ach iP.ved when st~ge .l combustion is Pmpl oved resulted in no 11dd1ci,1n,1I ··osl for nt>u p1;ill( .~. 

http:l\J)~lr.Mt.IH
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of what falls out of the Treatment Systems Table will have been recognized in 
the process of defining the key pollutants and unit processes. However, some 
things may be revealed for the first time only after the system of treatment 
chains has been put together in the table. ) 

In this case study, several points are immediately obvious. The first of 
these is that S02 control costs drive the costs of the system. In the case of 
high-sulfur coal plants at a 1 . 2 standard for so2 and a .l standard for TSP, 
they represent about 85% of the total system cost. For very dirty coal, the 
ratio is even higher at nearly 90%. Addi tionally , removal of sludge is rela
tively cheap amounting to less than 3% of the total sys tem cost; and particulate 
control is similarly small, accounting for between 15 and 35% of total system 
costs depending on the type of coal being burned. 

The second interesting point is the relat i onship of average cost per ton 
removed of S02 and TSP . For 3.5% coal the average cost per ton removed at t he 
l . 2 standard is 8 times greater than t he average cost per ton removed for TSP at 
the . 1 standard. Because these are the current standards for these pollutants 
it might be worthwhile to ask the question ~Did EPA decide that removal of a ton 
of S02 is really worth eight times as much as removal of a ton of particu
lates?" "How did they arrive at this relationship?" 

The third point is the sharp jump in t otal costs between a . 5 standard and a 
l. 2 standard for S02 when 3. 5%-sulfur .coal is burned. Upon closer examina
tion, it becomes apparent that the extra cost is related to physical coal clean
ing. Because this jump is so large ($26M), it raises the question as to whether 
it might be possible to reach the . 5 standard without physical coal cleaning? 
And, if so, why hasn't this alternative been analyzed? 

A fourth obvious point is that a 1 . 2 standard for low-sulfur coal plants is 
very expensive on a ton-removed basis. The reason for this is that low-sulfur 
coal itself contains only 25% more sulfur than the standard allows to be emit
ted. In contrast 3.5%-coal emits almost f ive times as much potential sulfur 
emissions as the standard permits. 

Unfortunately, we place little credence in these numbe~s as representing the 
total systems cost for the model entity. In part, this is because we were un
abl e to find enough quality data about water pollution costs. It is possible 
that some water and air pollution problems interact and are important to any 
analysis of the costs of cleaning up the entity. Finally, we can readily see 
the need for identification of more treatment systems than the 48 listed . Not
withstanoing these limitations, we performed this analysis recognizing that the 
results are intended to show the applicati on of the proposed methodology rather 
than to draw conclusions about the proper way to regulate new coal-fi.red power 
plants. 

5 . l Identify the Policy Question 

Earlier in this chapter we identified two plausible policy questions that 
the methodology should be able to address. These were: 

What is the MCE of alternative, more stringent sulf~r dioxide standards? 

What is the MCE of trading-off particulate control for sulfur-dioxide 
control? 
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In the succe eding paragraphs we will analyze each oE these questions app l y i ng 
the relevant s teps identified in the methodology. 

What is the MCE of alternative, more stringent sulfur dioxide standards foI 
new coal-fired power plants? The first step in answering this question is to 
identify all of the relevant Treatment Systems from the Table. Bolding all of 
the other standards constant indicates rows 1, 9, 17, 25, 33, and 41 are those 
o f interest for· analyzing changes in the S02 standaC'd. The total costs asso
ciated with these systems are shown in Exhibit 21. 

EXHIBIT 21 

TOTAL COSTS OF THE RELEVANT TREATMENT SYSTEMS 

Coal 
Treatment (Sulfur so

2 Abated S02 Emitted Total Cost 
System Content ) Standard '( 1, 000 tons) (1,000 tons ) (Annualized) 

1 3.5% l. 2 140.7 17.l 39.91 

9 3.5% . 5 150.7 7.1 58.34 

17 3.5% 90% 149.9 7.9 43.25 

25 . 8% 90% 155.7 2.1 40.2 

33 . 8% . . 5 150.7 7.1 37.04 

41 7.0% .5 150.7 7.1 77. 62 

The next step is to assign nonseparable costs. In this example, the re a re 
non~, so we may omit this step. Likewise, we do not have to assign weights to 
pollutants because this policy i ssue addresses only one pollutant . 

Nex£, the MCE C'atios are computed and analyzed. In . this example a problem 
arises in that the alternative f uels (low-sulfur and high-sulfur) create dif
fere nt amounts of potential emissi ons to be abated (low-sulfur 21.3 thousand 
tons; high-sulfur 78.8 thousand tons; highest sulfuC' 157.8 thousand tons ). By 
defining the entity as burning the highest sulfur coal, and using that as the 
basP. , it is possible to calculate the amount of abatement achieved by 
switc hing to either of the lower sulfur coals. 

Having defined the amount of abatement, the questio~ then is, "Over what 
interval/ increment aC'e we interested in the incremental costs?" Becaus e we 
are choos ing among alternative standards for new sources we assume that the 
most rati onal increment is f rom an uncontrolled condition. 

Exh ibit 22 shows the average cost-effectiveness fOC' the 6 alternatives 
when the incr~ment is from the uncontrolled base. Based on these results it 
would appear that the appropriate standard to impose would be . 5% and. that new 
coal- fired poweC' plants should burn low-sulfur coal. 
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EXHIBIT 22 


AVERAGE COST-EFFECTIVENESS FOR THE SIX ALTERNATIVES 


Coa l 
Alternative 

S td. 
Abatement 

Average 
Cost-Effectiveness Incremental Cost 

3.5% s l. 2 140. 7 .284 39.91 

3.5% 0.5 150.7 .387 58.34 

3.5% 90% 149.9 .289 43.25 

0.8% 90% 155.7 • 258 40.2 

0 • .8% . 5 150.7 .246 37.0 

7.0% .5 150 . 7 • 515 77. 62 

This application of the methodology i l lustrates a point worth noting. By 
comparing costs and effectiveness from one point (zero abatement) to three 
alternative points (s tandards set at 1.2, 90% and .5), we are in effect com
puting average and not marginal cost-effectiveness. Exhibit 23 displays the 
total cost and abatement points on a Total Cost/Total Abatement graph. As is 
readily apparent any effort to fit a curve to these particular points would be 
misleading. Furthermore, the mar.ginal cost curve (the derivative of the spec
ulatively created total costs curve) would not be useful to this decision ~
less EPA had chosen a threshold price per ton abated that represented the mar
ginal social benefit of removing S02. Absent this price, the above analysis 
represents the best tool for answering the question. 

EXHIBIT 23 

TOTAL COST/TOTAL ABATEMENT GRAPH 

• 

• 

l • 

4 ll -I . • 
• 

J(J 
. 

c 1------r---~-~ 

I
140 150 160 
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What is the MCE of trading-off particulate control for sulfur dioxide con
trol? This question requires comparis on of the MCE curves for so2 contro l 
with those for TSP control. For clarity we will only examine the cases where 
the fuel is 3.5% sulfur and 14.0% ash. These cases are described by Rows l to 
15. For TSP control the important rows where all pollutants except TSP are 
held constant, are shown in Exhibit 24 . 

EXHIBIT 24 

TSP DATA FROM ROWS 1 to 4 

Treatment System Abatement Emissions Unit Process Cost 

l 135. 2 l.4 5.06 

2 135. 9 . 7 5.55 

3 136. 2 0.4 6.02 

4 136. 2 0.4 6.64 

For so2 control the relevant rows are shown in Exhibit 25. 

EXHIBIT 25 

S02 DATA FROM ROWS 1, 9 AND 17 

Treatment System Abatement Emissions Unit Process Cost 

1 61. 8 17.1 33.15 

9 71.8 7.1 52.18 

17 70.9 7.9 36.69 

Again we have to decide how to measure MCE. Because we have a constant 
"influentft (the sulfur content of the coal · is held constant), the data allows 
th~ value to be computed in a straightforward manner. The MCE's for TSP are 
the MCE's of going from 0 to Row 1, from Row 1 to Row 2, and from Row 2 to Row 
3. Row 4 would be eliminated fran this analysis because it is not the least 
costly way to achieve the level of abatement. The resulting MCE's are s hown 
in Exhibit 26. 

EXHIBIT 26 

MCE OF TSP 

MCE 0 - 1 .037 
MCE 1 - 2 .700 
MCE 2 - 3 l. 56 

For S02, the MCE's would be calculated for O to Row l, Row l to Row 17, 
Row 17 to Row 9. Exhibit 27 lists these MCE's: 
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EXHIBIT 27 

MCE OF so2 

MCE 0 - 1 . 536 
MCE 1 - 17 .389 
MCE 17 · 9 19.4 

A comparison of the values for S02 reveals an interesting phenomena. The 
marginal cost effectiveness of going from Row 1 to 17 (where emissions decrease 
s ignificantly) is less than the MCE of achieving the initial standard. This 
would suggest that the more appropriate initial standard would have been at row 
17. 

In contrast, the MCE for controlling TSP rises with increqsingly stringent 
standards. This is consistent with expected results. 

~s for trade-offs between pollutants, the data suggests that if Row 1 repre
sents current standards, it would be more cost effective to impose Row 17's 
s tandard of S02 than to impose Row 2's standard on TSP assuming equal weights 
foe those pollutants. However, if a ton of so2 was considered twice as bad as 
~ ton of TSP, then the two pollutants wou l d have to be normalized on the verti
cal axis. In this case, the MCE of S02 would drop to .195 which would further 
confirm the desirability of imposing the tougher S02 standard rather than the 
tougher TSP standard. 

Finally, it is worth noting the effect of employing a threshold in this ana
lysis. If the MCE threshold was set at .5 and equal weights are asstined, then 
TSP would probably be controlled to the Row 2 level while so2 would be con
trolled to the Row 17 level. 

SUMMARY 

Because of the limitations and questionable validity of the available data, 
no firm conclusions concerning alternative new source performance standards for 
coal-fired power plants can be reached. This case study has, however, illu~tra

ted sever~! interesting aspects of applying the MCE methodology. Above all, it 
demonstrated the methodology cannot be applied in a mechanical fashion. With 
less than the desired amount data available and with specific policy questions 
to address, manipulations of the basic met hodology will often be required. 

The case study convincingly demonstrates that the methodology does provide a 
comprehensive tool for use in setting agency policy. By first establishing a 
data · base of all possible combinations of treatment chains with their respective 
cost and levels of abatement, it b~comes possible to address a variety of policy 
decisions. The first example of this case study (comparing proposed standards 
for S02) showed that even though MCE may not be applicable to specific policy 
questions, the basic methodology still proves useful. In this instance, it pro
vided the data for doing the more appropriate average cost-effectiveness analy- · 
s is. In the second example, we introduced the use of weights in comparing the 
composite MCE where the standards for two ix>llutants were being examined con
currently. 
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Fina lly , we s uspect that future applications of the methodology w i l~ cesu~t 

in furthe r r efinement of the methodology. At this juncture in the dev•-dopment 
of MCE analysis, we .have attempted mainly to develop as compr'e hensive ~r1J Eleici
ble an analytical device as possibie. For this reason, applications of the 
methodology to specific policy questions demand the use of careful judgment. 
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6. IMPLEMENTATION CONCERNS 

The development and testing of methods for measuring the marginal cost 
effectiveness of EPA regulati~s was much more compl ex and difficult than ori
ginally thought. A number of factors affect the complexity of the analyses. 
These, in turn, raise theoretical issues which impact on the rigor of results 
obtainable. As a result, a serious application of MCE analyses by EPA may re
quire collecting and analyzing a substant i al amount of new data. 

The implications of the conplexity and theoretical issues raised in this 
phase will be clearer when the Phase II analysis is complete; the purpose of 
this Otapter is to sunrnarize our major implementation concerns as of this point 
in the development of the methodology. 

COMPLEXITY ISSUES 

The methodology proposed is designed to answer some rather soph.ist icated 
policy questions. It is no longer practical to consider abatement of sing le 
pollutants alone. Moreover, EPA has come to recognize that standards in one 
media impact pollution in other media: removing S02 from smokestacks creates 
water problems, and abatement of water problems creates sludge disposal pro
blems. Because of this, the MCE methods are designed for cross-media as well as 
intermedia conpar isons. 

The methods are also wfuture looking" and are therefore designed to consider 
new abatement processes. Moreover, most existing industrial plants have some 
abatement system in place which must be accounted for in the analysis. For 
these reasons, the methodology uses an entity (model plant, model process, mo
bile source) as the basic building block for both cost and abatement (effective
ness) analyses. Because the methods are designed for analysis of regional and 
national as well as industry-wide policy questions, the entity analysis must 
also identify factors for aggregating to appropriate levels. 

Data and Technological Complexities 

With thi~ background in mind, several issues which introduce co1t1?lexities 
into implementation can be pr-esented. Some ar-e associated with the amount and 
multidimensional nature of r-equired data. Other-s center- on technological com
plexities. The issues are: 

• Number of Entities - the number of entities included in a single 
industry can be large. There were 26 model plants which re
quired analysis in the Textile Industry case study. ~reover, 

each of the 26 had five or six separate and distinct production 
proc~sses that, in theory, should be analyzed for potential in
plant/process change abatement options. Although the Textile 
Industry is not homogeneous, it is probably not atypical of what 
can be expected for other industries. 
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~ Numbe r o f Unit Processes - The nwnber of unit processe s for 

abatement was small in both case studies, but the number of com

binati ons of processes (treatment chains) that required analysis 

was large. Furthermore, the number of treatment chains for 

which data were provided by the literature were not sufficient 

for proper l-CE; some apparently obvious combinations were not 

s tudied by the engineering contractors. Despite the lack of suf

fici ent <lata; the combining of treatment chains or systems with 

entiti e s led to large and unwieldy Treatment System Cost and 

Abatement Tables in both case studies. 


• 	 Interdependency Among Pollutants - Both case studies showed that 

there were interactions among pollutants. This seems fundamen

tal to water pollution abatement. For example, a single organic 

substance in suspension will be recorded as all three conven

tional pollutants (BOD, COD, and TSS), and a unit process in

s talled to remove solids will also remove other pollutants. 

This causes both theoretical and practical problems in cost 

assignment. Because of this, the _Textile Industry case study 

was limited to a consideration of conventional pollutants as a 

group rather than on an individual basis . 


A second complexity is introduced when sane process, aimed say at TSS, re
moves nonconventional or priority pollutants in sus pension. A determination 
must be made whether this removal is -incidental" or a principal concern. 

Theoretical Complexities 

Problems related to MCE the0ry also complicated the research effort and pose 
sane complexities to implementing the methodology. These issues are: 

• 	 Well-Ordered Treatment Chains - The theory requires a nonde

creasing cost-effectiveness function. This means that unit pro

cesses must be combined in such a manner that the total system 

cost increases and that the amount of each pollutant removed 

does not decrease. This process was somewhat easier in the case 

studies when individual pollutants were aggregated to conven

tional and nonconventional levels. Nonetheless, where ICE ra

tios were calculated, the resulting plot to obtain a MCE curve 

stowed a surprising dispersion of points. We do not know whether 

this was the result of poor data (inclusion of treatment chains 

that were not cost effective) or poor analysis (improper mea

su r ement of abatement) • 

• 	 Number of ICE (MCE) Data Points - The developnent of an MCE ra

tio envelope curve for an individual entity and the ability to 

aggregate to industry, region, or national totals require a rea

sonable nLimber of data points covering a reasonable range of MCE 

values. Each data point requires a properly constructed treat
ment chain and data points are required over an extensive effec
tiv~ness can9e. Because many EPA studies have concentrated on a 
partic~lar standard (level of effectiveness), alternatives to 
that standard and the cost-effec.tiveness relationships it im
poses are not always available. 
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• 	 ICE (MCE) Interval - The .data available for the case studies was 

not sufficient to develop a statistical approximation tq the 

under.lying costeffectiveness function. Instead MCE results were 

approximated by ICE analysis. ICE is a good estimator of MCE 

under certain conditions, but the Textile study revealed a sig

nificant problem wi~h its use. The addition of a unit process 

to a treatment . chain produced a discrete increase in effective

ness, often a substantial change. These intervals were not only 

large but varied substantially fran entity to entity . The di 

rect comparison of ICE points is, therefore, difficult. The 

best solution to this problem uncovered to date involved using 

the longest interval among entities as a basis for comparison 

and aggregation. Because the accuracy of ICE as an estimator of 

the true MCE degrades with interval length, this practice is 

undesirable. Where possible, comparisons should be based on 

best estimates of the MCE function. 


INCREASED DATA AND ANALYSIS REQUIREMENTS 

The issues discussed above introduce complexities to implementation not so 
much because they cannot be resolved but because of the scope and detail of the 
tasks required. We believe that significant gaps exist in the data a~ailable, 
but that these gaps can be closed by more cQmplete and effective sys tems analy
sis at the entity level. Moreover, it seems probabl e that the quality of data 
available in completed· engineering studies can be improved by interaction with 
selected labs or contractors. 

If one may generalize from the Textile Industry case study, information gaps 
for the analysis of water problems are: 

• 	 Raw Influent, BPT Effluent and BAT Effluent Characteristics 
The s tudy assumed that BTP was in p l ace and that various unit 

processes and combinations would be added to achieve a reason

able BATF.A goal. No information on raw influent was available; 

only aggregated characteristic data for BTP and treatment chain 

effluent was available. Knowled<Je· of the effluent characteris

tics for each unit process in each t reatment chain is essential 

for cost assignment. Knowledge of t he actual constituents (com

pounds) in the effluent stream would be helpful. Knowledge of 

the hydraulic loading and effluent characteristics associated 

with each production process is essential for considering in

p lant/process change options. 

• 	 Treatment Chain Logic - The reasons for selecting particular 

unit processes and the sequence in which they are applied shoul~ 


be fully explained. Although infrences can be drawn if complete 

step-by-step effluent data are available, the logic of assembly 

will allow a· sound engineering "inciaental removal" criterion to 

be established. Furt'hermore, the data indicated that sequencing 

of the same unit processes influences total abatement, that is, 

arranging unit process A, B, and C in one order (A-B.-C) gave a 

different toal abatement from another order (B-A-C). Finally, 

specifying the logic would insure that all logical combinations 
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ace considered and that all pollutants addressed are treated 
simultaneously. Curiously, the textile industry engineering 
a.nalysis did not include a treatment chain that would reduce all 
pollutants and omitted one combination of unit processes (ozona
tion with activated carbon) which seemingly would reduce all 
pollutants . 

• 	 Complete Cost Analysis - Both investment and operating cost es

timates should be prepared for each unit process in each treat 

ment chain tested. This is essential when cost assignment is 

required. 	 · 

• 	 Cost-Effectiveness Analysis - A cost-effectiveness study, not a 

mere . reporting of cost and effectiveness is required. Each 

treatment chain presented should be the least-cost method for 

achieving the desired level of effectiveness. 


• 	 Cross-Media Consideration - It is important to include impacts 

on other media. The sludge problem received sane attention and 

sludge disposal was included as a cost element in the textile 

engineering analysis, but no discussion of potentially toxic 

content was included. As more and more nonconventional and per

haps priority pollutants are removed fran waste water streams, 

the difficulties and c;:osts of sludge treatment and disposal in

crease. Similarly, an analysis of emission problems is required 

particularly when the industry uses process stream in production 

processes. 

The Coal-Fired Power Plant case study revealed similar information problems. 
More specifically, information on the interrelationships among pollutants and 
unit processes was sketchy, cost and effectiveness points were limited even when 
a continuous function was available, and data was lacking on at least several 
feasible combinations of unit processes. 

Implications for Phase II and Beyond 

The data and analysis problems cited above can be solved but at some cost in 
both money and time. The problems sugg.est that our Phase II effort be concen
trated on a few key industries so that truly useful results can be obtained. It 
does not appear that a broad brush study of a large nl.Utlber of industries based 
on available data would produce results much more applicable than the two case 
studies completed in this Phase. 

The Phase II study will, of course, clarify the issues raised here . It 
seems likely, however, that a comprehensive application of MCE methods will re
quire increased resources for more detailed analyses of abatement options. EPA 
must therefore assess the cost effectiveness of employing MCE at some future 
time when better estimates of resource requirements are available. 
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