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Ahstract

The typss and rates of pollutant emissions
from coal utilization systems depend on proc-
e€ss design, coal characteristics, and en-
vironmental control technology. The latter is

strorigly influenced by environmental.

-regulatory policy which has historically focused
on pollutant emissions to a single environmen-
ta! medium (air, land, or water) without
rigorous analysis of the energy and secondary
environmental impacts that follow. It thus re-
meins unclear as to whether regulations requir-
ing stringent controf of single pollutants in a
single medium may actually be counterproduc-
tive to overall environmental quality when
energy and cross-media impacts are con-
sidered. The present paper describes an ap-
- proach being developed at Carnegie-Mellon

University to systematically address such’

issues in the context of conventional and ad-
vaniced technologies producing electricity from
coal. Analytical models are described which
compute system residuals to air, land, and
waler as a function of coal parameters and
systemm design after all ancillary energy
penalties are accounted for. Included are
models of a coal cleaning plant, flue gas
desulfurization system, dry particulate collec-
tar, vwastewater control systemn, and low-Btu
gasification plant coupled to either a conven-
tional or combined cycle power generation
systemn. Application of these models is il-
lustreted in the context of alternative
regulatory strateaies for sulfur dioxide emission
control. Methodologies for assessing cross-
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medja tradeoffs in the context of societal value
Judgments are also discussed.

INTRODUCTION

Increasing interest in the use of coal as an
energy source has sharpened our awareness of
the close relationship between energy
technology development and environmental
regulatory policy. Environmental regulations
limiting gaseous and liquid discharges from
coal utilization systems can have significant
ramifications on the cost and feasibility of
specific processes. At the same time, adeguate
environmental control is imperative if the
adverse effects of coal utilization are to be
mitigated. The goal of informed public policy is
to develop regulations and standards that pro-
vide acceptable environmental protection in a
way that is equitable to competing energy proc-
esses. This requires that environmental
regulatory policy be sensitive to adverse ef-
fects in all.environmental media (air, land, and
water), and that it also be sensitive to the im-
pact specific regulations can have on the
viability of alternative coal technologies. Both
concerns suggest the need for a comprehen-
sive “‘systems’’ view of the environmenta! im-
pacts of coal conversion technologies. This
paper describes the status of work at Carnegie-
Mellon University to develop such a model for
coal-to-electric systerns, including advanced
coal conversion processes. Results are
presented following a review of current
regulatory policy for coal conversion
technolagies.

REVIEW OF CURRENT.REGULATORY POLICY

A 1975 paper by Rubin and McMichael
summarized the nature'and status of regula-
tions and standards affecting coal utilization
processes. For air and water pollutants two
types of standards exist: standards of ambient
environmenta! quality, and standards limiting
source emissions. For air, environmental qual-
ity standards include national primary and
secondary ambient air levels designed to pro-
tect human health and welfare. Special stand-
ards also prevent the significant deterioration
of superior air quality. For water, environmental




quality standards are similarly designed to pro-
tect human health and welfare as well as
aquatic species in streams and rivers. While
ambient air quality standards apply uniformly
across the nation {except where state and local
standards are more stringent), ambient water
standards vary markedly from stream to
stream. They are set principally by state and
local agencies subject to federal approval.
Uniform standards for drinking water,
however, now apply nationally.

Discharge standards for air and water
pollutants are the principal enforcement tool for
achieving standards of environmental quality.
Existing sources are regulated by state and
local agencies. New sources of certain in-
dustrial categories are regulated federally via
New Source Performance Standards (NSPS)
promulgated by the U.S. Environmental Protec-
tion Agency (EPA). These require the use of
Best Available Control Technology (BACT) for
specified air and/or water pollutants. For most
processes, they pose an important design con-
straint which adds to the cost of technology.

At the present time, no NSPS regulations ex-
ist for synfuel processes, though regulation of
process sulfur emissions from Lurgi hi-Btu
gasification plants is being considered by
EPA.? Table 1 summarizes the air and water
pollutants currently regulated by NSPS for coal-
fired steam-electric generators, petroleum
refineries and “y-product coke plants. The lat-
ter two may be suggestive of future coal
refineries producing synthetic gas or liquid
from coal. Regulation of solid waste effluents
from coal utilization systems is currently sub-
ject to state and local standards only. Federal
regulations in the solid waste area is limited to
special situations such as mining and ocean
dumping, although increased regulation is likely
as a result of the 1976 Solid Waste Recovery
Act.

Multimedia Impact of NSPS Regulations

The choice of technology and the energy
penalty incurred in meeting New Source Per-
formance Standards gives rise to what we call
‘“cross-media’”’ environmental impacts. This
refers to situations in which the reduction of a
pollutant emission to one environmental
medium (air, land, or water) increases the pollu-

334

TABLE 1

POLLUTANTS REGULATED BY FEDERAL
NEW SOURCE PERFORMANCE STANDARDS

Steam-Electric Petroleum  By-Product

Substance Generators  Refineries Coke Plants

AIR POLLUTANTS
Carbon Monoxide X
Hydrocarbons
Nitrogen Oxides X
Particulate Matter
Sulfur Dioxide X
Total Sulfur
Hydrogen Sulfide

WATER POLLUTANTS
Ammonia
Biochem, Oxygen demand
Chemical Oxygen demand X
Chiorine Residual X
Chromium X X
Corrosion Inhibitors
Cyanides X
Heat
0il and Grease
pH
Phenols
Sulfide
Total Organic Carbon
Total Suspended Solids
Zinc
Copper
Iran
Phosphorus

>

>

VO [x |x

x |x

|3 [>x [x [ ]

> Ix (> X |» > [x

x> |» |» [x

P = Proposed

tant burdens in other media. Some examples of
this are well known; e.g., solid waste disposal
problems resulting from FGD systems at elec-
tric power plants. Other cross-media impacts
may be less obvious. Control systems that re-
quire additional steam or electricity to operate
cause additional fuel to be burned resulting in
increased emissions to the air, water, and land.
Current environmental regulatory policy does
not generally incorporate such cross-media im-
pacts in a rigorous way. Rather, regulations




typlcally focus on only a single pollutant emit-
ted to a single medium.
An example of this is the NSPS for sulfur
-dioxide emissions from new steam generators.
Tne current standard of 1.2 pounds per million
Btu heat input to the boiler precludes direct
‘combustmn of coal without some type of pre-
~ trestment or post-treatment process in most
cases. Currently available options are coal
beneficiation (mechanical cleaning) and flue
~ gas .desulfurization (FGD). Alternative
technologies are coal conversion processes
. producing clean gaseous or liquid fuels, such as
- low-Btu gas which can be burned directly as a
boiler fuel or used in a combined cycle electric
generating station. No NSPS yet exists limiting
S0, emissions from combustion of gaseous
‘fuels denved from coal. However, Table 2
shows ‘that existing local, State, and Federal
standards for other types of low-Btu gas con-
taining hydrogen sulfide restrict emissions to
levels an order of magnitude less than the
NSPS for coal. This reflects the availability of
technology to desulfurize low-Btu gas more ex-
tensively than is possible in combustion gases.
A policy requiring best available control
technology when burning low-Btu gas would
substantially reduce SO, emissions relative to a
. conventional coal-fired system. However, one
price of doing so might be a more energy inten-
sive (as well as more expensive) technology,
with greater multimedia impacts. This is il-
lustrated quantitatively later in the paper.
Fmaliy, current new source standards do not
necessarily regulate the same pollutant in the
same way in different processes. An example is

~ the difference in the way wastewater effluent

limitations are imposed on petroleum refineries
and by-product coke manufacturing plants,
two currently regulated processes that bear
~ similarities to coal conversion plants. Table 3
‘shows that in most respects the structure of
current regulations for these two processes dif-
fer substanticlly even though most of the
' regulated pollutants are identical, and the level
of allowable emissions are similar when nor-
. malized on the input fossil fue! energy content.
The structure of futuré regulations for coal
gasification and liquefaction plants is more

uncertain since the zero discharge goal of the .

1972 Federal Water Poilutlon Control Act may
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" TABLEZ
SELECTED SD, ERISSIGN STANBARDS
FOR COMBUSTION GF FGSSIL FUELS

Maximum Allowakle Emission
- ~{ibs $85/10% Bru)*
" Solid
Federal Standards (NSPS)
Fossi-fueled steam - 1.2 0.8 -
Generators :
Petroleum refinery - -
plant gas T
State-and Lacal Standards
Coke gven gas - -
(Allegheny Gounty, PA)
Faossil-fueled Steam
generators
{New Mexico)
{Wyoming)

Source
Category -

Liguid Gas

0.11A

0.198

.0.34 0.16C
8.2 -

AFromst combustion assuming 250 Btu/scf (9.3 md/m3)
Bfrom HoS caombistion assurning 700 Btu/scf (26.1 mJ/mS)
Cror pawer plant associated with coal gasification plant
*1.0 16/108 Bru = 0.430 kg/gJ

TABLE 3
CGMPARISON OF FEBEBAL WASTEWATEB
EFFLUENT STAMDBARDS

Petroleum Refineries - By-Produst Coke Plants
Limits on 1-day and 30-day Limits on 1-day and 30-day

max. max.
Based on emission perunit  Based on emission per unit

of plant feedstock input af plant feedstock output

Same limits for all plant
sizes and complexity

Limits applicable only to
coking process (not total
integrated steel mill)

Limits vary with plant size
and complexity v

Limits applicable to “end-
of-pipe” {includes total
plant) ;

require complete recycling of all wastewaters
from these facilities. ‘Again, cross-media en-
vironmental impacts_ (on'land and air) will result
from wastewater control 'strategies. These
must be anticipated in the design of
wastewater regulations.




METHODOLOGICAL NEEDS FOR examining how these emissions are transferred

REGULATION DEVELOPMENT through various media (air, land, and water) to
receptors in the environment thumans, plants,
The discussion above suggests a number of and animal life}; and (c) evaluating the damage
policy research guestions that the authors have incurred by these receptors from exposure to
raised previously in the context of regulatory the various pollutants. This type of
policy implications for synthetic fue! plants.'" methodology would yield a benefit/risk/cost
These include questions as to how plant type, analysis of alternative regulatory standards, in
size, complexity, and product mix should enter contrast to the existing philosophy of NSPS
the regulatory picture; whether limits on pollu- which is based only on best available
tant discharge should be established for in- technology. The framework is idealized,
dividual unit operations or for larger systems, however, since our current state of knowledge
including the total plant; whether environmen- is simply inadequate to actuaily perform this
tal regulations can be structured so as to type of analysis. Indeed, even the characteriza-
reward process improvements that reduce en- tion of coal conversion process emissions can-
vironmental impact; and whether a multi-media not yet be done rigorously in many cases.
approach that minimizes overall environmental Three research programs in progress at
impact can be developed into a workable Carnegie-Mellon University (CMU) seek to im-
regulatory scheme. prove methodologies for assessing coal conver-
Evaluation of environmental tradeoffs, sion plant environmental impacts and
however, is a difficult task. An idealized regulatory policies. One effort involves the
framework for such an analysis is suggested in measurement and characterization of waste
Figure 1. The three principal elements involve: streams from ERDA pilot plants producing high-
{(a) characterizing the rates and types of emis- Btu gas from coal." This program will con-
sions to air, water, and land as a function of the tribute a substantially improved data base for
coal feed type and the characteristics of proc- assessing advanced technologies and the im-
ess and environmental control technologies; (b) plications of alternative policy formulations. A
CHARACTERISTICS OF: .B‘JCEQS EMISSIONS TO
- PROCESS TECHNOLOGY—Ta~  ENISSICN AIR, WATER ¢
~ COAL FEEDSTOCK MOZELS LARD
- ENV. CONTROL TECH, .
(REGULATORY POLICY)
~ ENERGY PLANT &
REQUIREMENTS ENVIRONMENTAL
DISPERSICN ¢
gg:EECNJ$RAT10N oF IN-T-,E;U;FIION —— §°#§X§2'p‘$a§§?’f§§°”
SPECIES IN AIR, PROCESSES FOR- AIR,
WATER, LAND WATER & LAND
ENVIROMMENTAL
DAMAGE ™ VALUE OF ENVIRONMENTAL
g T I oace
FISH & ANIMALS,

MATERIALS, ETC,

Figure 1. An idealized framework for standards development.
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second program is directed at assessing the en-
virenmenta! demage of pollution with particular
emphasis on the role of uncertainty. To date,
this research has focused on the health effects
of sulfur dioxide emissions from coal-fired
power plants.'” A third effort, which is the sub-
ject of the present paper, involves the develop-
ment of a systematic framework for
characterizing air, water, and land emissions
from coal utilization technologies as a function
of four factors:
¢ coal characteristics,
*® process and environmental control
technology characteristics,
* environmenta! regulatory constraints,
and
* useful product or output.

This represents the first module in Figure 1.
The emission inventories derived from this
anzlysis are basic to any subsequent approach
to integrate theilrimpact on air, land, and water.
Currently, work is focused on conventional and
advanced cozl-to-electric systems, which
represent the greatest potential for coal use '",
the near term.

COAL-TO-ELECTRIC SYSTEMS MODEL

A systematic framework for comparing alter-
native coal-to-electric technologies is il-
lustrated in Figure 2. The figure appliez to &
mine mouth situation using run-of-rmine (HOM)
coal in one of several ways. Ons is to burn the

"coal directly in a conventional steam-electric

generator using -once-through cooling and no
flue gas cleanup. This would represent an en-
vironmentally uncontrolled or ‘’base case’’
situation. A system designed to mest en-

. vironmental standards would be more complex.

To meet water effluent standards for heat,

‘suspended solids, organics, and other chemical

species a wastewater treatment system in-
cluding cooling towers or pond would replace
simple once-through cooling. To mest air-poliu-
tion standards, a flue gas treatment system or
coal ¢leaning prior to combustion would be re-
quired. Flue gas treatment could include a
desulfurization system (FGD) and/or & per-
ticulate removal device (mechanical colizctor,
electrostatic precipitator or baghouse).
Precombustion- cleanup could include

ELECTRIC
, corL PONER
,,“ ' i T>="1 eLwT = —
N TR — A -CONV, STM. L J
4 > EPARATION ) -coms, cv, DRY FGD
; PLANT -FL. BED - |COLLECTOR SYSTEM
& 4 ] I
[ cooLtng & | %
l e PROCESS | |
[ GAS PLANT I | wATER |
{ F3 A YATER 1 lReaTwenT { ]
I E ! £
i &34 1 1QUEFACTION | i ; ;
l PLANT Y i i
i £ ] | i I
| i [ | I '
L——-—.——————L—...—E_.!:EQB_I.QT.‘L.Q ?—é— -_é._ e ok S —— ...L
HORMALIZATION BASIS: 1000 MWe |
NeT outpur ¥

Figure 2. CMU systems mode! of coal-to-electric technologies.
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mechanical coal cleaning or conversion of coal
to a clean gaseous or liquid fuel. Advanced

an environmental point of view, the systems
model in Figure 2 asserts that the proper basis

technologies such as fluidized bed boilers offer for comparing different coal-to-electric
the potential for direct combustion of coal with generating systems is on the ability to produce
simultaneous pollutant removal. the same amount of electricity for sale after all

All the alternatives above have two impor- ancillary energy needs are accounted for. For
tant characteristics. First, in meeting en- convenience this quantity is taken as 1000
vironmental regulations for air and water MW. Electricity is thus viewed as a socially
pollutants additional residual streams appear desirable commaodity and the environmental im-
that may pose new environmental problems. pacts of different systems producing it are
Secandly, each component or system alters the compared on the basis of 8 common net out-
‘herr-al efficiency of the coal-to-electric cycie, put. From this perspective, a number of

irecily affecting all material flow rates technical and policy issues can be addressed as
vncluding effluents to air, land, and water) indicated in Table 4. The goal of on-going
associated with the production of power. From research at CMU is to develop computerized

TABLE 4

EXAMPLES OF ENVIRONMENTAL IMPACT TRADEOFF ISSUES
ADDRESSED BY PARAMETRIC ANALYSIS USING CMU MODEL

Useful Process and
Electrical Coal Emissions Env. Control Tech.
QOutput Characteristics Cantraints Characteristics

Types of Questions Addressed

Constant Variad Constant Derived What process and/or control technology
characteristics are needed to comply
with fixed emission constraints for
varigus coals? What are the associated
coal production rates, costs, and emis-
sions of pollutants to air, land and
water from producing a fixed amount of

electricity for sale?

Constant Derived Constant Varied What coals can be used to comply with
given emission regulations for different
processes or facility configurations?
What are the asseciated costs and
emissions?

Constant Derived Varied Constant What coals can be used at a given type
of facility as emission constraints are
changed? What are the associated costs
and emissions?

Constant Varied Derived Constant What regu!ations are required in order

to use certain types of coal at a given
facility? What are the associated costs
and emissions?

Constant Constant Varied Derived What facility characteristics are required

to process a given coal for various emission
constraints? What are the associated costs
and emissions?

What must the emission constraints be for
various facilities in order to process a
given coal? What are the associated costs
and emissions?

Constant Constant Derived Varied




anglytical models of the modules in Figure 2
which are sufficiently detailed to capture all
pertinent factors, but which are also sufficient-
ly simple and flexible so that a wide range of
parameters can be examined easily. The follow-
ing paragraphs present highlights of the models
currently developed. Following this is an il-
lustration of their use to examine the multi-
rmadia impacis of alternative formulations of
80, regulations for coal-based electric power
systems.

Cos! Fesdstock Parameters

Four coal characteristics are the principal
parameters of the model. These are the coal
higher heating value, ash content, sulfur con-
tent, and pyrite fraction expressed on a dry
mass basis. More detailed data on coal com-
position {ultimate analysis) is used to model the
performance of FGD and low-Btu gasification
systems. The electrical energy penalty required
to mingcoal (applicable to underground mining)
is glso an optional parameter of the model.

Cosl Preparation Flant

Mechanical cleaning of coal prior to combus-
tion is modeled in terms of either a "‘simple’”
plant, designed principally for ash reduction
with maximum energy vield and some sulfur
reduction, or a ““complex’’ plant providing
greater sulfur reduction but with higher
material and energy losses. Figure 3 shows the
latier configuration. Wash circuits are provided
for coarse and fine coal, with the fine stream
reporting to a thermal dryer to achieve an ac-
ceptable moisture content in the final coal mix-
ture. In the analytical model, ash, sulfur, and
energy recovery are functions of the overall
meterial yield (which depends on bath specific
gravity) and the crushed coal top size. The
model employs coal-specific washability curves
of the type reported by the U.S. Bureau of
Mines for various domestic coal seams.'® Elec-
trical energy is reguired by the plant for coal
crushing, particulate control equipment,
materials handling, liquid pumping, and
westewater treatment. These requirements are
evaluated and modeled in proportion to the coal
flow in various circuits. The thermal dryer in-
curs an additional energy penalty modeled as a
fraction of the ROM coal input. Air pollutant

339

emissions from the dryer incorporate empirical
data on adsorption of SO, on the dried coal and
levels of NO, emissions. Dryer TSP emissions
are controlled to the NSPS level assuming use
of a wet scrubber. Solid waste from the clean-
ing plant occurs as a dewatered sludge prin-
cipally containing ash, sulfur, and coal refuse.
All other waters are assumed to be completely
recycled.

Figure 4 Iillustrates the sulfur reduction
achieved for three eastern coals ‘‘processed’’
through the CMU coal cleaning plant model. In
this case the plant was designed to recover 90
percent of the-input coal mass with coal
crushed to 3/8"’ top size. 63-68 percent of the
sulfur was pyritic. The plant achieved an overall
reduction of 38 tc 41 percent in total sulfur ex-
pressed as equivalent SO, per unit energy con-
tent of coal. Between 3 and 8 percent of the
coal energy was lost as plant refuse.

Steamn-Flectric Generator

The nomina! steam-electric system assumed
in the CMU mode! employs a pulverized coal
boiler designed to achieve NSPS levels of NO,
emissions. The primary electrical conversion
efficiency is represented as a gross cycle heat
rate, defined as the electrical generator output
excluding any energy needed to run coal pro-
duction and environmental control systems.
The primary coal pulverizer is treated separate-
ly since its energy requirement decreases when
coal is mechanically cleaned prior to combus-
tion. A penalty for nitrogen oxide controi can be
included if boiler medifications such as air
preheater bypass are needed to achieve emis-
sion standards.

Coal ash and sulfur streams are partitioned
betwesn the bottom ash and flue gas streams
whle thermal heat loss is divided between air
and water. This determines the emissions of an
uncontrolied plant. Emissions of carbon
monoxide, hydrocarbons and nitrogen oxides
are calculated from empirical emission factors
for the assumed boiler type. Solid waste
streams from an uncontroiled plant are assum-
ed to occur as boiler bottom ash and sludge
from the feedwater treatment unit. These are
calculated by mass balance and empirical ef-
fluent factors, respectively. Uncontrolled ef-
fluents to receiving waters include thermal and
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Figure 4. Sulfur content of three eastern coals ‘‘cleaned’’ by model plant.
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chemical discharges plus suspended solids.
These are estimated from available data on
power plant characteristics.

Particulate Collection System

Flyash is assumed to be collected in a dry col-
lection system and/or a wet scrubber incor-
porated as part of an FGD systemn. The dry col-
lector can be an inertie! separator, baghouse, or
electrostatic precipitator. Performance is
represented in terms of a collection efficiency
with an associzsted energy penalty expressed
as a fraction of gross power plant output. The
mass flow rate of solid waste is determined by
& mass conservation algorithm that includes a
specified moisture content for slurried
systems.

Fiue Gas Desulfurization Systsm

The performance of an FGD system can be
modeled simply by specifying an S0, removal
etficiency and associated energy penalty.
Alternztively, a detailed analytical model has
been developed which calculates FGD energy
requirements for a nonregenerative limestone
system, which is the most prevalent FGD
technology today. This model is similar to one
developed by the Tennessee Valley Authority
(TVA) for cost estimation in lime/limestone
FGD systems,'® and employs performance cor-

OPTIOHAL BYPASS

relations developed by Bechiel and TVA. The
schematic of Figure 5 shows the major
elements of the model. Where dry particulate
collection is used, partial bypass of the scrub-
ber can be implemented to achieve current SO,
emission standards by treating only a fraction
of the gas to a higher SO, removal efficiency
than needed if the entire flue gas stream is
scrubbed. Sensitivity analyses have shown
that this can result in significant energy as well
as cost savings.'”’ Energy penalty calculations
incorporate raw material and sludge-handling
costs as well as electrical requirernents for all
gas-phase and liquid-phase fans and pumps
plus steam requirements for gas reheat.

Figure 6 illustrates the fact that FGD energy
requirements increase nonlinearly as S0, emis-
sions are decreased. The figure also-indicates
how higher sulfur coals incur greater energy
penalties to achieve a given SO, emission
standard. The absolute leve! of energy nesded
depends on a number of coal, plant, and
systemn parameters as suggested in Table 5.
The principal secondary enviromental impact of
lime/limestone technology is sludge consisting
principally of calcium sulfate, calcium sulfite,
flyash, and limestone with appreciable
moisture content. Regenerative systems that
eliminate sludge disposal incur a significantly
larger energy penalty. This increases the air

FLUE {
€25 ‘ ‘
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BOILFR )
LIESTONE  ————sd HOLDING
SLURRY TANK

T0 STACK
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SETTLING
POND - —-;
FGb

SLUDGE

Figure 5. Schematic of limestons FGD system.
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TABLE &

EFFECT OF SYSTEM PARAMETER VARIATIONS ON
LIMESTONE FGD SYSTEM ENERGY REQUIREMENTS

(Ref. 6)
One Percent  Resulting Percent
Increase in Increase in
Parameter Nominal Value  FGD Energy*
Stack exit temperature 1.759%F 2.3
Coal heating value 105 Btu/lb -1.6
Coal sulfur content 0.03%% - 0.7

$07 emission regulation
Entrainment at demister
Scrubber inlet temperature
Gross plant heat rate

0.01216/106 Btu  0.52
0.001%gaswt.  0.45
3.00F 04
30 Btu/KWH 0.1

pollutant and ash emissions per unit of net elec-
trical output.

Water Treatment System

Water treatment systems for conventional
steam-electrical power plants are designed to
achieve effluent standards for heat, suspended
solids, and other chemical constituents (see
Table 1). The principal component is a cooling
tower which transfers waste heat from the
water to the air. This system incurs an energy
penalty modeled principally in terms of the
water pumping head, cooling range, and in-
crease in turbine back-pressure imposed by the
tower. Schemes for the treatment of chemical
wastes are modeled in different forms depend-
ing on whether the cooling water treatment
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Figure 7. Water treatment for a controlled plant using a recirculating system.

system is of the recirculating or once-through
type. One example is shown in Figure 7. Note
that treatment of chemical waste transforms
potential wastewater effluents into sludges to
be disposed on land.

Coal Gasification/Combined
Cycle Systemn

A potential alternative for using coal to pro-
duce electricity is to first gasify it, then use the
low-Btu gas either as a boiler fuel in a conven-
tional Rankine cycle or in a combined cycle
system having the advantage 6f a higher ther-
modynarnic efficiency. Although commercial
low-Btu gasifiers are available the combined cy-
cle approach has yet to be successfully
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demonstrated. Nonetheless, electricity from
coal via low-Btu gas could become an attrac-
tive alternative to direct combustion if
theoretical efficiency advantages can be realiz-
ed economically,

A generic model of a low-Btu gasification
plant (Figure.8) has been developed from
published studies of various processes.'®'2?
Run-of-mine coal first enters a preparation
stage where it is crushed and sized. Pretreat-
ment (mild oxidation} may also occur at this
point when using agglomerating coals. Coal is
then introduced into the gasifier with additional
water (steamn) and air to generate crude product
gas. This gas is cooled in a quench stage to
remove heavy liquids, particles, and ather im-




Figure 8. Energy and mass flows for low-Btu coal gasification/combined cycle model.
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purities. The clezned gas then proceeds to the
acid gas remova! step where the sulfur concen-
tration is reduced to an acceptable leve! dic-
tated by environmental regulatory policy. The
gas can then be fired in a boiler or utilized in a
combined cvcle system to produce electric
power. Waste gases are exhausted to the at-
mosphere just in a conventional plant. The two
mzjor environmental control systems introduc-
ed by the low-Btu gasification process are the
wastewatsr treatment system and the sulfur
rermnoval/recovery system.

Wastewater Trestment. The characteristics .

of raw wastewsters from advanced coal

gasification plants are not yet well character-.

ized although some pilot plant dats are becom-
ing available."®'* Table 6 suggests that while
there is some simlarity among gasification
process effiuents there are also marked dif-
ferences from one process to another that can

significantly affect the level of type of .

wastewater tredtment technologies. In general,
treatment will include oil-water separation;
steam stripping to remove hydrogen sulfide

{which is sent to the sulfur recovery system);

ammonia {recovered as a by-product) and other
acid-producing dissolved gases; and removal of
organic compounds, particularly phenols, using
an absorption system (for wastewaters with
low organic content) and/or a biological oxida-

TABLEG

tion system (for wastewaters with high
organics). A polishing process may alsc follow.
It remains unclear, however, as to what level of
treatrment will apply to commercial gasification
plants. Presently, these are subject only to
State and local standards, which vary con-
siderably. Rubin and McMichas!'” showed that
Federal NSPS standards for by-product coking
and petroleum refinery—two processes
resembling coa! gasification plants—are similar
when compared on the basis of fossil fuel
energy input to the process {Table 7). It re-
mains speculative as to whether this might also
apply to coal gasification processes. Several
processes under development call for the com-
plete recycle of wastewaters to improve the
process design as well &s to comply with
potential zero discharge requirerments for liquid
waste. ‘

_In terms of the cross-rnedia problem, the im-
portant poini to emphasize is that control or
elimination of wastewater constituents ag-
gravates air and land problems indirectly via the
need to produce additional electricity and
steam, as well as directly through the produc-
tion of gaseous and solid waste discharges
{sludges) from various unit operations. Eiec-
trical energy penalties are incurred in purnping
wastewaters through the various treatment
steps, while steam is needed for stripping

VIASTEWATER CHARACTERISTICS OF THREE
. COAL CONVERSION PROCESSES

(Rs1. 18)
Synthane Prosess Hygas Protess By-Pradust Coke
POLLUTANT PDY, Pilot Plant Gomm’l Plant
{¥orth Bakot Lignits) {Montana Lignite) {Bituminous)

Ammonia 18.5+3.0 13.1£0.3 85
Fhignol 11.9=1.2 11424 08-180
Chemical Oxygen Demand 77.7+144 N/D AB-55
Tetal Droanic Cerbon 22.0+3.0 38.1+15.4 i.6-2.0
Cyanidz Negligible Negligible £.02-0.05
Thiocyanats 0.05 +0.08 " 25%0.2 03-04
Tar 74.1:27 - ~f 93
Light Gil N/A NA 33
Tutal Dissolved Solids N/A 12.4+0.08 N/A
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TABLE7

ADJUSTED NEW SOURCE PERFORMANCE
STANDARDS FOR BY-PRODUCT COKE MAKING
AND PETROLEUM REFINING
{30-Day Maximum) (Ref. 1)

(pounds of pollutant per 1012 Bty feedstock)

Petroleum By-Product

Pollutant Refineries Coke Making
BODS 210-2900 N/A
TSS 140-1920 600
coD 1050-20,000 N/A
Qil & Grease 70-890 240
Phenolics 1.5-19 12
Ammonia as N 40-1700 240
Sulfide 1.1-16 5.8
Tatal Chromium 3.5-47 N/A
Hexavalent Chromium 0.06-0.80 N/A
Cyanides amenable N/A 5.8

to Chiorination

* Assumes heating values of 6,5 million Btu/bbl for crude
oil and 12,000 Btu/ib for coal, with a coke vield of 0.69
b coke/lb coal,

N/A = not applicable.

operations. This steam may or may not repre-
sent an energy penalty, depending on details of
process design. This is illustrated quantitatively
later in this paper. In all cases, the magnitude of
the ancillary energy demand is proportional to
the quantity of wastewater treated.

Sulfur Removal and Recovery. Whereas high-
Btu gasification processes must remove virtual-
ly all gaseous sulfur to prevent poisoning of
catalysts and maintain gas quality, removal of
sulfur from low-Btu gas producing steam or
electricity is needed only to comply with en-
vironmental standards. As many as three unit
operations may be involved in controlling sulfur
emissions: acid gas removal, primary suifur
recovery, and tail gas cleanup system. Figure 9
shows how the energy penalty for increased
desulfurization increases nonlinearly for one
acid gas removal system in widespread use.!'S
Table 8 shows the overall energy requirement
incurred in product gas desulfurization using
several systems analyzed for the EPA. En-
vironmental impacts of desulfurization may oc-
cur as gaseous emissions notably sulfur com-
pounds from the tailgas treatment system and
solid waste generation in the form of sludges
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Figure 8. Thermal energy requirement for acid gas removal (Benfield Process) (Ref. 20).

346




TABLES

LGW-BTU GASIFICATIDN PLANT
4.5% Sulfur Fesdstock, 137 x 108 G4/day
ENERGBY REQUIREMENTS FOR SULFUR RERMIDVAL/RECOVERY*
(As a pereent of product gas output)

Hot Potassiim Hot Potessinm Iron Oxide
Procass +Glaus Plant + CGlaus Plant +Allied Plant
Component -+Beavon Tailgas +eliman-Lord TG +Beavon Tailgas
Sulfur Content = 0.7 KB/GJ 0.7 KG/GJ 3.0 KG/BJ

_ (0.316 805/105 Btu)

SULFUR RECOVERY

(0.3 1h $0/108 B1w) (1.2 1bs $0/108 Btu)

Electricity 1.91 1.91 9.60
Steam 9.3 9.34 -
Sub-Total 11.25 11.25 a.60
TAILGAS CLEAMUP
Elsctricity 0.28 0.48 06.12
Stzam g.04 Q.17 0.02
Awxlizry Fugl 0.61 B.11 0.09
Sub-Totz! 0.93 5.76 G6.22
Tota) Gas Ensrgy 12.2% 17.0% 9.8%
GJ/193 K& S Removed 4.7 92.0 58.0
Hant Cost-#/GJ 20.2 24.3 324
{#108 Btu) 21.3 25.8 342

*Derived from Ref. 9 assuming efficiencies of 40% for electricity, 85% for steam and 1005 for auxiliary fuel.

and spent catalyst. Additional liquid waste may
be generated and sent to the wastewater con-
trol section. ’

APFLICATION OF ANALYTICAL MODELS

Impact of SO, Emnission Regulations

The models described above can be used to
systernatically compare the multimedia impacts
of different technologies generating electricity,

as well as the cross-media effects of alternative

regulatory strategies. To illustrate this, con-
sider the regulation of sulfur dioxide emissions
from a conventional power plant burning a high
sulfur eastern coa! (Pittsburgh seam, Figure 4).
Define 2 'base case’’ plant configuration as
one with no desulfurization technology and no
cooling tower or water treatment system pro-
ducing 1000 MW net output. Compare this to
an equivalent environmentally controlled plant
that meets Federal new source standards for
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water pollutants, and controls SO, emissions to
sormne specified value expressed as mass emis-
sion per unit heat input to the boiler. Figure 10
shows that water pollutants are now virtually
eliminated while the SO, mass emission is
reduced up to 90 percent depending on the
emission level that is specified.

Cross-media consequences of these emis-
sion reductions are shown in Figures 11-15, -
assuming use of cooling towers and limestone
FGD. -

Figure 11 shows an increase in the net cycle
heat rate of the power plant corresponding to a
decrease in overall therma! efficiency from
gbout 38 percent for the base case plant to

‘about 33 percent for a controlied plant meeting

NSPS levels for water and SO, emissions .
(Figure 12). If the coal is mechanically cleaned
before combustion the FGD energy penalty is
reduced but the overall cyclé heat rate (mine-
to-busbar) is still higher because approximately




PERCENT CHANGE FROH BASE CASE

| L | l | )
3.0 2.5 2.0 1.5 1.0 0.5 0.0
POVER PLAMY 302 EMISSINNS (LBS/lOb BTW)

-50— $0) MASS EMISSIONS
70 AIR
HEAT AND OTHER
. POLLUTANTS TO WATER
-10 \~
Figure 10. Effect of emission standards on base case SO, and water pollutant emissions.
{Pittsburgh seam coal)
ll,Um"‘
$
= -
£
~ FGD4CLEANING _
: D
10,000 s
7/
| s
= //
Ll
—d
=4 }\( FGD ONLY —
bt L~ /
— /
% /N/"
9,000 A~ 1 ] ] l | l 1
ROM 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.9
5.65

POHER PLANT SO, EMISSIP!  STANDARD (Lrs/10¢ BTY)

Figure 11. Effect of SO, emission standard on net cycle heat rate.
(Pittsburgh coal)

348




MASS EMISSION PATE (TONS/DAY)

I 7
o (a) ey
GASECHS EAISSIONS
jao |- FEGH & 1000 W PLAAY
FSETING KOH SOURCE
STANDARIS
{p3TTE20RCH SEAN £OAL)
100 L.
£
(=]
5 i i D FED OHLY
E FED ¥ CLEANING
B
€ e}
g
g
5wl
[ s
£
oL
1.9
4.9 )
¢ N Y S
PARTICULATE NITACGEN SULFLUR HYDRO- CAREON
KATTER oxInES DIOXIDE CARECHS HONOXIDE
(c)
1600 - SOLID WASTE FRCH A
: 1000 ¥ PLENT MEETIS HEW
153 SOURCE STANDARDS 37
14 ) {PITT520RGH SEAM COAL)
T £
(b)
i WASTEWATER EFFLUENTS £op on
. FFOH A 1060 H FLAAT 1209 - - S
IEEIIHG HEW SOUACE - FGD > CLEANIKS
STANDARBS E .
ol (RECIRCULATING CGOLING SYSTEH) >
= 100~
<
g
B - = sl
[
= il
w2
LB ]
€00}~
.053 ’§'
&
S
Aoy S ol
. 204
0z ol
@ o0 002 002
‘ et o ' T 1 8
CHLCRIDE SUSPENDED o1z anD COFPER 12034 . CLEANING £LYASH £
; REFUSE AsH suzes

Figure 12. Multimedia poliutant emissions for a plant mesting NSPS levsls at 1008 MW nsat output with

Pittsburgh ssam coal.

348




PERCENT CHAMGE FROM RASLC CASE

PERCENT CHANGE FROM BASE CASE

e
15 /// FGD ONLY
‘ // TONS OF COAL FGD + CLEANING
/ MINED T
>( MW GROSS
GENERATION -
5 - ,/ l - — o —— e -— —— =
‘.-z
w TONS OF COAL TO
POWER PLANT
~
0 \;1 ﬂ" 1 1 l...—..-.-!—-——-——l-———‘— L e ——t—" ]
Ror N\ 3,5 //’.‘CU 2.5 2.0 1.5 1.0 0.5 0.0
.65 AV
POYER PLANT 802 EMISSIONS (LES/106 RTw)
-5 |-
Figure 13. Effect of SO, emission standard on coal and power production.
{Pittsburgh seam coal)
1ni- ——
,/" TSP MASS
s EMISSIONS  \ - -
/s g e e e s -
5 X, < \Z FGD ONLY
s 7
v, o, NO, MASS — == FGD + CLEANING
A’.— X
Z= EMISSIONS
0 A1 l | | 1 | | |
EOES 3.5 3.0 2.5 2.0 1.5 1.n 0.5 0.9
POYER PLANT 302 EMISSIONS (Ll?S/lOE BT
-5

PERCENT. CHANGE FROM BASE CASE

Figure 14. Effect of SO, emission standard on TSP and NO, mass emissions.
{Pittsburgh seam coal)

230

100

) At ] | I - 1 ] L }
ROH L 3.0 - 2.5 2.0 1.% 1.0 5.5 0.9
o
o POYER PLAMT SO, EMISSIONS (LBS/105 BTU)
-100 L.

Figure 15. Effect of SO, emission standard on total solid waste generation.
‘ {Pittsburgh seam coal)

350




B percent of the coal energy is lost during the
clezning process. Figure 1 shows how this is
reflected in increased coal tonnage that must
be mined to maintain the same net power out-
put. Although more coal must be mined using
clezning, the mass of coal delivered to the
power plant decreases since washing concen-
trates the recovered energy in less mass. As
the SO, regulation becomes more stringent
more cogl must be fired to maintain the same
net power plant output because of the increas-
ing ancillary energy needed for FGD and clean-
ing plant equipment.

As a result of increased coal demand, par-
ticulate (TSP) and nitrogen oxide (NO,) mass
emissions also increase nonlinearly as the SO,
regulation is tightened (Figure 14). Both TSP
and NO, are assumed to mest the current NSPS
levels in all cases. Since these are given in
terms of boiler energy input, the absolute mass
ernission still increases as more coatl is fired to
the boiler. Figure 15 shows that solid waste
generation increases most dramatically as SO,
ernission levels are lowered. In this Figure, solid
waste is taken to include the sum of all cleaning
plant refuse plus all power plant wastes (prin-
cipally FGD sludge, flyash, and bottom ash). On
a dry basis, the quantity of solid waste in-
creases approximately 180 percent as sulfur
emissions are reduced from their uncontrolled
value to the NSPS value using this particular
cozl. This does not include the substantial loss
of water that also occurs since cleaning plant
and FGD sludge typically contain only 40-50
percent solids by weight.

Interpretstion of BACT

Another aspect of SO, regulatory pollcy hav-
ing cross-media |mpllcatlons concerns the re-
cent Congressional requirement that best
available contro! technology (BACT) be used to
reduce power plant sulfur emissions. Two com-
mon interpretations of BACT include a fixed
emission standard less than the present NSPS
(e.g., 0.6 pounds of SO, per million Btu), or a
constant . percent reduction in sulfur {e.g., an

80 percent FGD efficiency, reflecting 80 per- |

cent SO, remova! with 90 percent reliability).’”
Figures 16 and 17 show the impact on dry
solid waste and sulfur dioxide mass emissions
when these two interpretations of BACT are
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applied using three eastern coals (from Figure

4), and assuming limestone FGD with and’
without coal cleaning. Mass emissions are
displayed as a function of the fired coal sulfur
content expressed as eguivalent sulfur dioxide
per unit energy input.

One sees that as the input sulfur content
decreases, a standard calling for constant
removal efficiency resulis in less SO, emissions .
to the atmosphere as opposed to the fixed
emission standard. For the coals modeled here, -
the lowest sulfur levels are obtained only by
cleaning coal prior to combustion. For coals of
higher sulfur content the constant FGD removal
efficiency vyields greater SO, emissions- than
the fixed emission level. This suggests that if
an overriding objective of nationa! environmen-
tal policy is to minimize sulfur dioxide emis- -
sions, regulations should require the more str-. -
ingent of a constant removal efficiency and fix-
ed emission standard. In such a case, the prac- ~
tica! limitations of FGD technology may require
higher sulfur coal to be washed prior to com-
bustion. High sulfur coals with no appreciable :
pyrite content (hence, not subject to washing)
could become unusable. *

The cross-media impacts associated w1th
BACT were illustrated earlier for one particular
coal. Figure 1 shows ane effect (on tota! solid .
waste generation) for three eastern coals, with.
and without coal washing. Note that while the
combined solid waste of the cleaning and
power plants decreases when the high sulfur
(Pittsburgh seam) coal is washied before com- -
bustion, the reverse is true for the lowest sulfur
{indiana No. Vi) coal. Total waste using the.
median sulfur coal also increases slightly when__
both FGD and cleaning are used. In all cases
more tota/ solid waste is generated when
washing is used to achieve a given infet SO,
content. Details of solid waste impacts will
vary with the types and washability
characteristics of local coals and their
geographical relationships to mme and power
plant :

: Comparison of Conventional and

Gasification Combined Cycle Systems

Though the lack of data for opera‘ging:
gasification/combined cycle systems precludes
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rigorous comparisons with a conventional
steam-glectric plant it is illustrative to examine
the environmental consequences implied by
typical current designs. Table 9 shows the ef-
fect of component energy penslties on the net
cycle heat rates for two conventional systems
and two geasification system designs. For the
gasificetion system the ‘'best case'’ design
assumes that all steam and electrical re-

TABLES

EFFECT GF SYSTEN ENERGY PENALTIES OGN
NET CYCLE HEAT RATE FOR APLANT PRODUCING 100D MW MET OUTRUT
(Bt par KWYR)

(Assuming Pitisburgh Szam Coal and 0.6 Ihs S0/ 08 Btu Coal Input)

guirements needed for desulfurization and
wastewater treatment are supplied by recovery
or use of waste heat. The ''worst case’’ design
assumes that no waste heat can be
econormically utilized so that all steam and elec-
tricity requirements for environmenta! control
systems incur an energy penalty that requires
additional coal input to maintain the same net
plent output. The wide bounds suggest the

"Qurrent Basification/Comb. ﬁsjcie

Conv, Flant Conv. Plant

System or w/Limestona w/eleaning

Componznt FED &FGD Bast Case? Worst Case?

Elzetric Power 8980 8,980 7,795 8,363

Genzsration

Coz! Mining 55 60 1 75

Eguipment

Coal Preperation: ‘
Equigment @ B5 95 130
Coz! Refusz ] 715 0 ]

Frimary Coa) 25 15 - -

Fulyerizer :

Coa! Gasifizr® - - 2,448 3,175

Flyash Collection 20 20 10 20

Sulfur Removal & 345 360 165 1,515

Recovery Systemd

Watzr Cooling 185 198 10 785

and Treztment®

Ngt Cycle Heat Rates: .

Basad on coal 8,620 10,220 10,630 14078 ,
energy mined -

Bzszd on coal 9,585 9,605 10,575 14,000
input to plant

Ba:zd on fusl gas nfa nfa 8,190 11,315
fram gastfier ‘

8Azsumes all eneray for desuifurization and wastewater systems is supplied using waste heat.
bAssumss all energy for desulfurization and wastewater systems incurs a penalty requiring additional coal input.
CMedzlzd after Bureau of Mines air<lown stirred bed gasifier. ’

9Eor conventional plant, includes limestone FGD system and its auxiliaries, For gasification plant, includes Benfield acid gas
rermova), Claus racovery plant and Wellman-Lord tailgss plant.

€includes cooling tower penalty for all Rankine powsr cycles, plus ammonia recovery, HgS stripping and biolagical oxidation

for gasification plant.
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sizable impact that environmental control
system design and performance could have on
the viability and environmental impact of
gasification-based technologies. If efficient
designs can indeed be implemented the overall
efficiency of current gasification/combined cy-
cle technologies comes quite close to that of
conventional systems (based on coal energy in-
put to the plant). If current designs cannot be
realized, gasification is far less efficient than
conventional practice. Table 9 suggests that
other perspectives of the cycle thermal efficien-
cy are also possible depending on how one
chooses to define the ‘'system.”’

In terms of environmental impact, com-
parisons between gasification and conven-
tional technologies will depend significantly on
future regulatory policy. If coal gasification
cycles are subject to the same standards now
applicable to direct coal-fired plants the SO,
mass emissions will depend on the net cycle
heat rate {thermal efficiency) based on coal
energy input. Figure 18 shows that the current
NSPS would result in higher SO, emissions us-
ing present gasification technology, which is
less efficient than conventional technology.
Lower emissions would result with future,
more efficient designs. On the other hand, if
best available contro! technology must be
used, even current gasification processes
would achieve lower SO, emissions than con-
ventional plants using FGD. TSP emissions
would also be virtually eliminated, as it must be
to prevent turbine blade erosion. NO_ levels
would be less than half current NSPS limits for
coal-fired boilers if gas-fired standards could be
achieved. However, there is considerable
uncertainty about NO, emissions; they may
well be as large or larger than from present
coal-fired plants.”® Finally, less efficient proc-
esses will also incur increased coal mining and
associated solid waste generation impacts
described earlier.

ANALYSIS OF CROSS-MEDIA TRADEOFFS

Given an ability to characterize environmen-
tal effluents from different regulatory
strategies, the key issue becomes one of defin-
ing the levels that are acceptable in light of the
tradeoffs that are known to occur. To do this
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rigorously (Figure 1) requires considerably
more knowledge than we have today concern-
ing the transport and transformation of
pollutants in the environment and their
resulting effects on human health and the
ecology. Clearly, more scientific research is
needed to provide a stronger basis for policy
decisions.

Development of regulations and standards,
however, has seldom been hampered by a lack
of scientific knowledge. Where data are lack-
ing, personal and societal vaiue judgments play
an increasingly important part in public policy.
These reflect people’s concerns and percep-
tions regarding levels of environmental risk,
economic costs, aesthetic values, political
judgments and other concerns that are not
often articulated in the development of en-
vironmenta! policy. One aspect of the CMU
research on cross-media impacts and tradeoffs
concerns the development of methodologies
that incorporate both scientific and nonscien-
tific criteria. Two approaches are currently be-
ing explored.

Weighted Emissions Inventory _

One approach being pursued involves the use
of subjective and objective weighting factors
for pollutant species and environmental media.
This approach was devised by Reiquam, et al.,
at Battelle Memorial Institute''® and yields a
numerical parameter called the Environmental
Degradation Index (EDI). This weighted inven-
tory technique was refined by Dunilap and
McMichael at CMU to explicitly display the con-
sequences of alternative values and scientific
judgments."”” The result is a ‘‘strategy
preference plot,”" illustrated in Figure 19 for an
industrial wastewater control problem. Foliow-
ing the Battelle methodology, the EDI varies
with judgments as to the relative importance of
air, land, and water as a depository for wastes
(refilected by an allocation of 1,000 points).
Assumptions regarding the relative damage of
pollutant emissions are also incorporated into
this methodology. The important point is that
when sensitivity analyses are used to explore a
wide range of uncertainty in the value of key
parameters, the conclusion repeatedly reached
for this particular problem is that an in-
termediate rather than a high level of control is
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the optimal strategy for minimizing en-
vironmental degradation. This is in contrast to
current regulatory policy which requiries the
highest level of control for wastewater constit-
uents, but ignores the substantial negative im-
pacts on other enviornmental media that are in-
troduced. Articulation of such tradeoffs and
their relationship to value judgments is an im-
portant step in developing regulatory policies
that are in the best interests of overall en-
vironmental quality.

Multi-Attribute Utility Theory

Recently we have also begun to examine the
applicability of multi-attribute utility theory
{(MAUT} to the cross-media problem. This
refers to a quantitative body of theory
developed during the past decade that ad-
dresses the problem of making decisions to
complex problems when there are multiple
desirable objectives, all of which are not
simultaneously obtainabie. Practical applica-
tions of this theory have been relatively limited
but have proved useful in the identification of
policy tradeoffs into other types of
problems."®2% The application of MAUT to
cross-media analysis is in the explicit
preference characterization for different levels
of selected pollutants reaching different en-
vironmental media. To date, such preferences
have either been mandated by law (e.g., new
source standards and ambient quality stand-
ards) or have been decided on a case-by-case
basis. Disagreement over preferences have
usually revolved around the relative importance
of multiple specific goals. In power plant siting
issues, for example, there is little disagreement
that reduction of adverse environmental im-
pacts is a worthwhile goal; rather, there is
disagreement as to how much reduction is ap-
propriate in light of expected adverse impacts
and other nonenvironmental considerations.

Multi-attribute utility theory provides a
framework which can explicitly describe the
values or preferences of different groups or in-
dividuals, indicating where and by how much
they differ. From this clearer understanding the
magnitude of differences can frequently be
reduced during further discussions to arrive at
optimal decisions. implementation of MAUT in-
volves a structured interview/questionnaire
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with ‘‘decision-makers’’ from various parties as
interest. At CMU, preliminary research has
been conducted with representatives of electric
utility companies, state environmental control
agencies, and local citizen groups treating the
cross-media problem in the context of siting a
new coal-fired power plant. Focusing on
tradeoffs among SO,, heat and particulates to
air, ash and FGD sludge to land, and heat to
water, this preliminary work showed that the
‘"utility functions’’ (quantitative value system)
of these groups could indeed be characterized
using the interview format that was devised.
This work remains in progress and will be
reported on at a future time.

CONCLUSION

The environmental impact of coal utilization
technologies is a complex function of process
design, coal properties, and environmental con-
trol technology. Regulatory policy for en-
vironmental control is a key element in this
equation, Historically, regulations and stand-
ards limiting the emission of pollutants to air,
land, and water have been promulgated
without rigorous analysis of the secondary im-
pacts and cross-media effects that adversely
influence environmental quality. This paper has
described an approach being developed at
Carnegie-Mellon University to systematically
address such issues as they apply to conven-
tional and advanced technologies producing
electricity from coal. lllustrations showed the
effect of different SO, constraints on the
secondary production of pollutants that offset
the improvements due to SO, reduction alone.
Preliminary comparisons of conventional plants
and gasification/combined cycle systems were
also given. The continuing focus is on careful
assessment of the system residuals emitted to
various environmental media as a function of
process design, coal characteristics, en-
vironmental control technology, and en-
vironmental regulatory policy. Future efforts
will couple this with a cross-media analysis in-
corporating value judgments and economics to
provide greater insight as to the nature of op-
timal environmental regulatory policy for coal
utilization technologies.
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