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Dear Mr. Smith:

We are pleased to send you a copy of Environmental Regulations
and the Electric Utility Industry-—-An Integrated Overview. This
study, prepared by Temple, Barker, and Sloane, Inc. for EPA, assesses
the cumulative economic and financial impacts of EPA's regulations
on the electric utility industry.

Electric utilities and their customers have borne a major
burden for protecting and improving the quality of our national
environment. In 1980 utilities spent over $8.4 billion to comply

with EPA's air regulations as well
solid waste. This translated into
control on the average residential
These costs were incurred during a
fuel and construction expenses led
of electricity and, indirectly, to
utilities' financial condition, as

as those governing water and

a charge of $2.36 for pollution
customer's $35.94 monthly bill,
period when rapidly escalating
to major increases in the price
a marked decline in electric
evidenced by wholesale declines

in bond ratings and by stock prices well below their book values.

This study has four major components:

o A
expenditures for pollution

"national" analysis of total utility industry

control.

o A unit-by-unit exgmination, drawing on an extensive
data base, of environmental coempliance strategies,
costs, and plans as reported by utilities for over

1,600 generating units.
in "unit-category"

The findings are presented
and regional analyses.
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o A set of case studies intended to address the issue
of indirect costs and uncover some of the subtle

influences of environmental requirements on utility
decisionmaking.

o A description of the environmental regulations which

affect electric utilities.

Sincerely,

JQgeph A. Cannon
Associate Administrator
for Policy and Resource Management



PREFACE

The information in this document has been funded wholly
or in part by the United States Environmental Protection
Agency (EPA) under assistance agreements 68-01-5845 and 68-0l1-
5771 to Temple, Barker & Sloane, Inc. (TBS), 33 Hayden Avenue,
Lexington, Massachusetts 02173. It has been subject to the
Agency's peer and administrative review, and it has been
approved for publication as an EPA document. Mention of trade
names or commercial products does not constitute endorsement
or recommendation for use.

The report incorporates modifications--reflecting the
reviews and comments of EPA and others--to the draft report
issued by EPA under the same title in July 198l. The basic
findings presented in the draft report have not changed.

TRS wishes to'express its gratitude to the many
organizations and individuals who contributed to this study.

If you have any questions regarding this study, please
contact the EPA project officer, Rob Brenner, at (202) 382~

2772.
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TOPICAL GUIDE TO THE REPORT

This topical guide, a cross-referencing aid to the large
amount of data in the report, is organized by major topics.
Those topics are:

Acts and Regulations

Capacity Planning

Cost-Effectiveness Analysis

Effects of Pollution Control Strategies on Financial
Profile

Electric Utility Baseline Operations

Fuel Choices

Pollutants and Discharges

Pollution Control Strategies

Research Methodology Used

ACTS AND REGULATIONS

Act

Clean Air Act, and requlations and standards implementing the

Overview: I-8, II-2-12, Figure II-1l, V-30

Attainment policies

--General: 1II-5, Figure II-2, V=30

--Prevention of significant deterioration (PSD)
regulations: I-11, Figure II-l, II-6-7, II-10,
Figure I1I-2, III-3, III-32-~33, III-37-38, III-44,
V~-28-30

--Visibility standards: Figure II-1, II-7

Nonattainment policies

--General: II-8, Figure II-2, III-36-37, V-30

--0ffsets: Figure II-1, II-8, II-10, Figure II-2,
II1I-36-37, III-42-43 :

' ==Bubbles: III-42-43

Best available control technology (BacT): II-9,
III-32-35, III-45, Iv-17, VI-54

Lowest achievable emission rate (LAER): II-8-9,
III-33-35, III-45, Iv-17 -_
Reasonably available control technology (RACT):

Figure I1I-1, II-9, Figure II-2, IV-16

National Ambient Air Quality Standards (NAAQS):

I-8, II-3, Figure II-1, Figure II-2
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New source performance standards (NSPS)
--General: II-3, Figure II-1

~--NSPS I: 1I-5, Figure II-2, VI-50-52

--NsPS I1I: 1I-5, Figure II-2, IV-17, VI-53
State implementation plans (SIPs): Figure II-1,
Ir-5, 11-9-10, I111-18, III-33

Other provisions

--General: 1II-1l0

--Stack heights: II-10-11

-~-Section 125: II-11l-12

Clean Water Act, and regulations implementing the Act

Ooverview: I-8, II-12-20, Table II-1

National pollution discharge elimination system

(NPDES) and effluent limitation guidelines

--General: I-9, II-14-19, IV-24

--Best practicable control technology (BPT): II-14,
II-15, Table II-l1, Figure II-2, IV-24, VI=-52

--Best available technology economically achievable
(BAT): 1II-14, Table II-l, II-17, Figure II-2

--Best conventional technology (BCT): 1II-15

--New source performance standards (NSPS): II-15,
Table II-1, II-17

--Pretreatment standards for existing sources
(PSES): I1I-15

-~Pretreatment standards for new sources (PSNS):
II-15

Coollng water intake standards: II-19

Water quality effluent limitations: II-19-20,

III-18-19

Regulations regarding solid and hazardous waste disposal

Overview: I-9, II-20-23

Resource Conservation and Recovery Act (RCRA)

~-Overview: I-9, II-20-23, Figure II-2

--RCRA Section 3004--hazardous waste disposal
regulations: II-21

--RCRA Section 4004--nonhazardous waste disposal
guidelines: II-21-23, VI-53, VI-54

Polychlorinated biphenals (PCB) interim control

measures: II-23

Other Acts

Powerplant and Industrial Fuel Use Act (FUa):
III-10
Public Utility Regqulatory Policies Act (PURPA):
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Interactions among environmental regulations: I1I-23-28

Interactions between environmental and other regulatory

bodies:

III-7, III-8

CAPACITY

PLANNING

Planning

process within utility companies

National

Understanding the business environment of electric

utilities

--General: III-6-11

--Objectives, rate regulatory environment, and
financial condition of utilities: III-6~10

-~-Federal and state energy regulation: III-10-11

--Market uncertainties: III-11l-12

Environmental planning: III-24-26

capacity planning

Regional

Additions: 1I-6, Table-VI-10, Exhibit VvI-6, VI-17,

vi-37, VI-58

Reconversions: Table VI-10, VI-17, Figure VI-7

Retirements: Table VI-10, VI-17

Extending useful life: III-19-20

1979 capacity: 1Iv-1-3, Table IV-1, Table IV-2,

Figure VI-3, Tables VI-10-12, Exhibit VI-7, VI-17,

Vi-21

1985 capacity: Table V-13, V-22, Tables VI-9-12,

Table VI-24, Figure VI-3, VI-17, Exhibit Vi-7

1990 capacity: Table V-13, V-22, Table V-15, Tables

VI-9-12, Table VI-25, Figure VI-3, Exhibit VI-7,

vVI-17

Post-1990 capacity: VI-36, Table VI-10

Alternative scenarios

~--Overview: VI-39-42, VI-67

~--Lower-growth: III-1l-12, Figure VI-2, VI-39,
Vi-67 .

--No-nuclear: III-ll, Figure VI-2, VI-39, VI-41-42,
VI-67 T

capacity planning

Additions: Table V-14, V=-25-27

Reconversions: V-17-22, Table V-12, Table V-13
Retirements: V=17

1979 capacity: V-7-15

1985 capacity: Table V-9, Table V-10, V-23-25
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e 1990 capacity: Table V-9, Table V-11, v-25-27,
vVI-2, VI-4
e Siting difficulties
--Overview: I-11, I-27, III-2, III-19, III-36-40,
v-4, V-30
--Regional growth patterns: 1I-28, III-36, V-4,
vV-28 .
-~-Air-quality-related values: I-28, v-4, V-28
-~Prevention of significant deterioration (PsSD):
I-11, 1-28, Vv-36-37, V-4, V-28-29
-~Acid precipitation: V=29

COST~EFFECTIVENESS - ANALYSIS

Overview: III-40-41, IV-51-61

Quantities of pollutants removed

e Sulfur dioxide (S032): I-22, IV-1l0, Table IV-6,
IV-17, Tables IV-9-11, IV-60

e Total suspended particulates (TSP): I-22,
IV-10, Table IV-6, Table IV-12, IV-60"

Costs of pollutants removed

e SO,: 1I-22, Table I-8, II-2, Figure IV-2, Iv-10,
Table IV-7, IV~12, Table IV-21, Table IV-23, Tables
IV-25-27, 1V-56, IV-58, Table IV-28, IV-60, Table
IV-29, Exhibit VI-15, VI-2, VI-49

e NO,: II-2, VI-49

o TsP: TI-33, Table I-8, II-2, Figure IV-2, IV-10,
Table IV-10, IV-12, Table IV-2l, Table IV-23, Table
Iv-27, IV-56, IV-58, Table IV-28, IV-§0, Tabie IV-
29, ExnIbit VI-16, VI-3, VI-49

Existing units: 1III-13-22, IV-52-58, Table V-1, VI-36-37

NSPS I units: I-6, Table IV-23, IV-58, Table IVv-28,
Table IV-29, V-19

IvV-59, Table IV-28, Table IV-29, V-19, V-23-24, v-27

BACT units: III-4, IV-8, Table IV-23, IV-59, Table IV-28,
Table 1IV-29
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Uncontrolled emissions: Table IV-20, VI-35-42, Tables
VIi-20-22

EFFECTS OF POLLUTION CONTROL STRATEGIES ON FINANCIAL PROFILE

Unit category

® Overview: Table IV-23, VI-42-55
e Capital costs: Table IV-23, VI-16
® Operation and maintenance expenses: Table IV-23

Baseline projection

Overview: VI-36-39

Changes in plant in-service: VI-36, Table VI-20
External financing: VI-37-38, Table VI-20
Operating revenues: VI-38, Table vVIi-20
Operation and maintenance expenses: VI-38,
Table VI-20

Consumer charges: VI-39, Table VI-20
Alternative scenarios: VI-39-42, Table VI-20,
Table VI-22 S :

Base case scenario

® Overview: VI-56-59, Table VI-26
e Changes in plant in-service: Table I-10, Table
I-1l1, VIi-2, Table VI-1, Table VI-2, Table VI~20,
Table Vi~2l, Table VI-22, VI-58, VI-59, Vi-64, Table
vI-26, Figure VI-9, Figure VI- 12, Exhlblts Vi-9-20

e External financing: Table I-10, Table I-12, Table
vi-1l, Table VI-3, Tables VI—20-22, Table VI-26,
Exhibits vI-9-20, VI-~3, VI-58

e Operating revenues: Table I-10, I-30, I-32, Table
I-13, Table VI-1l, Table VI-4, Tables VI-20-22, Table
vVi- 26, Figure VI-10, Figure VI-13 Exhibits VI-9-20,
Vi-2, vi-48 ,

° Operation and maintenance expenses: Table I-10,
Table I-14, I-33, Figure IV-1l, Figure IV-2, Table
vi-l, Table VI-5, Table VI-1l5, Tables VI-20-22,
Table VI-26, Exhibits VI-9-20, VI-2, VI-4, VI-36,
vI-59

& Consumer charges: I -5, Table I-10, I-30, Table
I-15, II-12, Table VI-1l, Table VI-6, Table VI-8,
Tables VI-20-22, Table VI-26, Figure VI-1l, Figure
VI-14, Exhibits VI-9-20, vi-2, VI-5, VI-49, VI-61,
VI-65
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Low—-growth scenario: pollution controls

® General: Table VI-21, Figure VI-2, Figure VI-15,
Figure VI-16, VI-6, VI-67-70, Exhibit VI-1l9
--Changes in plant in-service: Figure VI-15, VI-70,

Exhibit VI-19
--External financing: Exhibit VI-19
--Operating revenues: Table VI-21, Figure VI-2,
Figure VI-16, IV-70, Exhibit VI-19
~-Operation and maintenance expenses: Exhibit VI-19
--Consumer charges: Exhibit VI-19

No-nuclear scenario: pollution controls

e General: Figure VI-2, Figure VI-1l5, Figure VI-16,
VI-6, VI-67-70, Exhibit VI-20

® Changes in plant in-service: Figure VI-15, vI-70,
Exhibit VI-20

e External financing: Exhibit VI-20

® Operating revenues: Figure VI-2, Figure VI-16, VI-
20, Exhibit VI-20

e Operation and maintenance expenses: Exhibit vI-20

e Consumer charges: Exhibit VI-20

ELECTRIC UTILITY BASELINE OPERATIONS

Baseline input assumptions: III-6, IV-34-36, Table IV-19,
Table IV-20, Table T§:5?T"Table v-4, V-5-6, V=17, VI-12-42,

Tables VI-7-20, Figures VI-5-6

Existing capacity

® Unit categories: Table VI-1l, Table IV-8
® Regional categories: V=7-15
e National categories: VI-16-22, Tables VI-10-12,
Figure VI-3, Figure VI-4
e Fuel type
--Coal: 1IV-1l, Table IV-1l, Table IV-8, IV-14, Table
Iv-19, Table IV-20, Table IV-22, Table IV-25,
Table IV~27, Tables V-1-6, V-12, V-13, Table VI-
--0il: 1IV-l1, Table IV-1l, Table IV-8, IV-14, Table
Iv-19, Table 1V-20, Table IV-22, Table IV-25,
Table IV-~27, Tables V-1-6, V-12, V=13, Table VI-
10, Figure VI-4, VI-16-22
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--Gas: Iv-1, Table IV-1l, Table IV-8, IV-14, Table
IVv-19, Table IV-20, Table IV~22, Table IV-25,
Table IV-27, Tables V-1-6, V-7, V-12, Table VI-10,
Figure VI-4, VI-1l6-20

Year in~service

--Pre-1972: 1I-13-14, IV-2, Figure IV-3, Table IV-8,
Iv-15, Table IV-19, Table IV~20, Table IV-22,
Table IV-25, Table IV-27, Table V-1, Table V-3,
Table V-5

--1972-1976: I~-14, IV-2, Figure IV-3, Table IV-8,
IvV-15, Table IV-19, Table IV-20, Table IV-22,
Table IV-25, Table IV-27, Table V-1, Table V-3,
Table V-5

-~-Post~1976: I-14, Figure IV-3, Table IV-8, IV-15,
Table IV-19, Table IV-20, Table 1IV-22, IV-44, IV-
45, Table IV-25, Table IV=27, Table V-3, Table
VIi-5, Table VI-10, Figure VI-3

Future capacity

Overview: V-15-27, VI-l6-22, Tables VI-10-12,

Figures VI-3-4

Fuel choices

--Coal: I-27, Table IV-24, V-17-27, Table V-10,
Table V-11, V=-23-27, Table V-~14, VI-19, Tables
VIi-10-12, Figures VI-3-4, Exhibits VI-4-6

--0il: VI-20, Tables VI-10-12, Figures VI-3-4,
Exhibits VI=-4-6

--Gas: VI-20, Tables VI-10-1l2, Figures VI-3-4,
Exhibits VI-4-6

--Gas/0il: Table VI-10

--Nuclear: I-27, V-17, Table V-10, Table V-ll,
Table VI-10, Exhibit VI-5, Exhibit VI-6, VI-28

~--Hydro: Table V-10, Table V-11l, Table VI-10,
Exhibit VI-5, Exhibit VI-6

--Pumped storage: Table VI-10, Exhibit VI-5,
Exhibit VI-6

Cost of technology

--General: III-46

--Unit: IV-37-51, V-24, VI-34-44

-=National: III-36, VI-44~53

--Capital: 1III-46, Figure IV-2, Table VI-10, VI-22-
24

--Nonfuel operating: III-46, Table VI-15, VI-27-28

--Fuel: 1III-46, Figure IV-2, Table V-1, Figure
VI-6, VI-24-27
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® Financial and accounting assumptions

--General: I-4-5, Table VI-18, VI-28-29

--Inflation rates: IV-12, Table VI-17, VI-30-32

--Construction schedules: VI-16, VI-34, Table VI-
10, Table VI-19

--Capital costs: 1III-8, Table VI-13, VI-22-~24

--Capital mix: Table VI-18

--Cost rates: VI-28-34, Table VI-18

--Long-term assets and liabilities: Table VI-16,
Exhibit VI-1

--Growth (decline) in peak demand: III-11-12, VI-
12-16, Tables VI-7-9

--Capacity utilization: Table VI-12

--Cash flow for capital projects: III-7, Table
vI-1l9, VI-27

--Tax rates: Table VI-18, VI-27-28

Baseline financial profile

e Overview: VI-35-39, Table VI-20
e Current financial status: III-7, VI~29-32, Table
vI-16
e Baseline projections
~--General: Table VI-1, Table VI~20, VI-2
~--Base case scenario: Tables VI~-1-6, Table VI-20,
Table VI~26, Figure VI-1, Figures VvI-g8-14,
Exhibits vI-9-18, VI-1, VI-56-67
~-Low-growth scenario: I-35, Figure I-5, VI-67-70,
Table VI-21, Figures VI-15-16, Exhibit VI~-1l9
-~-No-nuclear scenario: I-35, Figure I-5, III-25-26,
Vvi-67-70, Table VI-22, Figure VI-2, Figures VI-15-
16, Exhibit vI-20, VI-33-34

FUEL CHOICES

Coal

® Overview: 1I-11, III-31-40, IV-23, Vv-13, Vv-19-27,
Table VI-14, Figure VI~-3, Figure VI-5, VvI-16-22,
Figure VI-6, D-1-12

® Reconversions: V-17-22, Table V-12, Table V-13,
VI~-17, VI-43-50, Table VI-10, Figure vVI-7

e High-sulfur content: 1v-20, VI-42, C-1-12

e Low-sulfur content: II-11l, IV-18, IV-38, Figure IV-
4, VI-38, VI-~-42, VI-43, C-1-12

e Improved quality: I-5, I-10, I-17, C-1-12
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Noncoal alternatives

e Overview: III-26-31

e 0il: 1III-26, Table VI-10, Figure VI-3, Figure VI-4,
Figure VI-7

e Gas: III-26, Table VI-10, Table VI-1l5, Figure VI-3,
Figure VI-4

® Gas/oil: Table VI-10

e Nuclear: III-1ll1, III-26, Table VI-10, Figure VI-3,
Figure VI-4, VI-8-11, VI-39-42

e Hydro: Table VI-10, Figure VI-3, Figure VI-4,
vVIi-8-12 '

® Geothermal: III-27

e Internal combustion/gas turbine (IC/GT): Table
VvI-10, Figure VI-3, Figure VI-4

e Pumped storage: Table VI-10, Figure VI-3, Figure

vVi-4, VI-8-12

Unconventional: I-11, III-1l, III-21-22, III-27-28

Purchased power: I-11l, III-28-29

Synfuel: 1I-11, III-22, III-29

POLLUTANTS AND . DISCHARGES

Air pollutants

VI-2, VI-63-67

® NOy,: I-7, II-2, II-7, Table II-2, III-16-17, VI-63-
67

e TSp: 1II-7, Table II-2, III-17-18, VI-3, VI-63-67

Water pollutants

General: I1II-18-19 .

Chemical: II-13, Table II-1l, Table II-2
Thermal: II-13, Table II-1, II-17, Table II-2
Other: Table I1I-1l, Table I1I-2

Solid and hazardous wastes

® General: I1I-20, IV-25-26, VI-63-67
e PCBs: 1I-9, II-15, II-20, II-23, Table II-2
e Ash v

--General: Table II-2

--Fly ash: 1I-7, I1-2, II-13, II-21, VI-63-67
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--Bottom ash: II-21, VI-63-67
Sludge: II-20, II-21, Table II-2, II-27, IV-26

--Air pollution control equipment
® Flue gas desulfurization (FGD-~-scrubbers):
I-14, I1I-11, II-27, III-14-15, III-1l7, IV-3,
Table IV-3, IV-8, Table IV-9, Table IV-23, V-4,

--Electrostatic precipitators (ESP): 1I-15,
Ir1-17, 1iv-20, Table IV-20, V-2, V=26, VI-42-55

--Baghouses: III-17, IV-20, V=26, VI-42-55

--Catalytic reduction systems: III-1¢

Water pollution control equipment

 —-Thermal: Table I-6, I-16, II-13, II-17, II-25,

IIr-18, Iv-4, Table IV-5, IV-24, Table IV-16, IV-

Solid and hazardous waste control

--Overview: II-27-28, IV-25-26

--Ash handling: II-22-23, II-25, III-18, IV-25-26
~--Sludge handling: I1I-27, IV-25-26

--Sanitary landfills: II-23, VI-25-26

®
POLLUTION CONTROL STRATEGIES
Pollution control equipment
e Technology -
--Study methodology
e .Unit technology
e National coverage
v-24, V=25, VI-42
®
--Chemical additives: II-1l5
®
Cost of technology
® General: III-36, IV-5
e Study methodology

-~Unit costs: Table I-9, IV-37-51, IV-52, Tables
VI-23-25, Exhibit VI-8 -

-~-National costs: Table I-10, V~14, Table V-8,
Tables VI-1-6, Table VI-26, Figures VI-8-ls,
Exhibits vI-9-20

-~Capital costs: 1I-20, Figure I-1l, III-31, Figure
Iv-1l, Figure IVv-2, IV-8, Figure IV-3, IV-40, V-14,
Table V-8, V-27, Tables VI-23-25

--Nonfuel operating costs: Figure I-1, V=14,
Table V-8, Tables VI-23-25
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~-Fuel premiums: Figure I-1, Figure IV-2, Figure
Iv-3, V-14, Table V-8, Table V-5, Tables VI-23-25

Air pollution control eQuipment

--General: Table V-8, Tables VI-2-6, Tables VI-23-
25, Figures VI-8-14

--FGD (scrubbers): 1I-20, I-26, I-34, Figure IV-2,
Iv-8, Figure IV-3, IV-10, Figures IV-9-11l, Table
Iv-21, IVv-50, IV-60, Table IV-28, V-3, Table V-7,
V~14, Table V~13, Tables VI-23-25, Exhibits VI-8-
14

--TSP control: Figures VI-8-14, Exhibit VI-8,
Exhibit VvI-l6, VI-3, VI-5, VI-56-67

--ESP: III-18, IV-21, IV-49, VI-44

--Baghouses: 1IV-20, V-26, VI-42-55

--Catalytic reduction systems: III-16

Water pollution control equipment

--General: IV-43, Table V-8, Table VI-3, PFigures
Vi-8~14, Figure VI-13, Exhibit VI-18, VI-5,
VI-56~-67

--Thermal: Figure I-1, I-26, II-19, III-19-20,
Table IV-5, Table IV-1l6, Figures IV-1-3, V-3,
Table V-7, V-14, Tables VI-23-25, VI-50-~55

--Chemical additives: Figure I-1, II-15, III-19,
Figure IV-1-3, IV-32, Table IV-2l1l, V-3, Table V-1,
V-14, Tables VI-23-25 :

Solid and hazardous waste control egquipment

--General: 1IV-25-26, Table V-8, Tables VI-2-6,
Figures VI-8-14, Exhibit VI-8, Exhibit VI-17, VI-
4, VI-5, VI-42-67

--Ash handling: IV=-43, VI-42-55

-~Sludge handling: IV-43, VI-42-55

RESEARCH METHODOLOGY USED

Selection of case-study companies: I-2, III-5, III-40-46

Quantitative analysis

Energy Database: I-2, I-4, I-13, Iv-1l, IV-12-15, A-
1-3, Exhibits A-1-6 -
PTm(Electric Utilities): 1I-4, Exhibits VI-1-8, VI-
l, vi-8, B-1-7, Exhibits B-1-5

Accounting methodology: VI-28-35, C-1-4
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Unit category analysis

e Development of Energy Database: I-~3, IV-12, IV-26,
A~-1-3

e Definition of unit categories: IV-12

® Identification of strategies and costs: IV-12

Regional analysis

e Selection of regions: V-5, Figure V-1
® Development of baseline costs: V-5
e Development of pollution control costs: V-

~

|

National analysis

e Overview: VI-11-12, Appendix B

e Determination of applicable regulations: VI-42-55

® Development of financial assumptions: VI-28-34,
Appendices B and C

e Coverage of strategies and costs: VI-42-~55
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I. INTRODUCTION AND KEY FINDINGS

INTRODUCTION

This study by Temple, Barker & Sloane, Inc. (TBS), for
the Energy Policy Division of the U.S. Environmental Protec-
tion Agency (EPA), updates and, perhaps more important,
broadens and deepens the scope of a 1976 analysis of the cumu-
lative financial and economic effects of environmental regula-
tions on the U.S. electric utility industry.l

The 1976 report, also prepared by TBS for EPA, antici-
pated in part the fundamental shifts in the industry's fuel
sources, the changing patterns of demand, and the strained
financial conditions currently affecting the industry. None-
theless, a plethora of changes--in environmental and energy
regulations; in technology; in construction and fuel costs;
and in demand growth--led EPA to ask TBS to update that
report.

Guide to the Study

The current report is organized in six chapters. Follow~
ing Chapter I, and to provide a context for the analysis in
later chapters, Chapter II presents an overview of the envi-
ronmental regulations affecting electric utilities. This
overview is intended as a summary synthesis of regulations.
Its need stems from the complexity of the regulations, which
in turn stems from legislative and administrative attempts to
meet multiple environmental objectives in a manner that is
flexible and applicable to a host of specific situations. A
consequence of the complexity is that few people have an over-
view of the scope and impact of the regulations. This report
is intended to provide that perspective.

Chapter III explores the influences of environmental
regulations on management decision making within utilities by

ltemple, Barker & Sloane, Inc., Economic and Financial Impacts
of Federal Air and Water Pollution Controls on the Electric
Utility Industry, May 1976.
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reporting the findings of six case studies conducted by TBS
for this study. This exploration adds a first new dimension
to the scope of the 1976 analysis. As is highlighted in the
following paragraphs, two key issues are addressed 1n t@ls
chapter. The first is why companies have selected particular
compliance strategies in the past and whether their actions in
the future are likely to conform to the prospective endgineer-
ing assumptions used in this study's analysis. Actions by
requlatory commissions that lead to inadequate rates of return
and to financing constraints, for example, can influence
choices of compliance strategies in ways not captured in engi-
neering economic studies.

A second issue concerns costs that may not be reflected
adequately either in utilities' reports of historic and antic-
ipated costs or in engineering analyses. There is the ques-
tion, for example, whether environmental regulations cause
uncertainties and delays in planning, permitting, construct-
ion, and operating activities that have costs that are real
and significant, but that are often unrecognized and rarely
quantified. As another example, there is the question whether
environmental regulations will lead not only to the easily
identifiable use of expensive fuels and pollution control
equipment, but also to the less easily observed costs associ-
ated with the construction of smaller and less efficient
units, the location of units at sites remote from customers,
or the inability to expand capacity in parallel with demand at
any reasonable cost.

In an attempt to explore the issue of real but indirect
costs and to illuminate some of the subtle influences on util-
ity decision making, TBS conducted a series of interviews with
company executives and technical staff. These were supple-
mented by interviews with a variety of environmental and other
regulatory officials in various states and regions and by
discussions with other knowledgeable individuals in other
organizations. This research jdentified the qualitative con-
sequences of environmental regulations that are not easily
captured in quantitative terms. '

Another new dimension in the current study is a detailed
quantitative investigation into what actions the industry
actually has taken and is currently planning to take to meet
environmental requirements. This analysis draws on an exten-
sive database, developed by TBS for EPA, of compliance strat-
egies, costs, and plans as reported by utilities for 2,277
generating units, representing 96 percent of the industry's
total fossil-fuel generating capacity.  ThHis database provides



a solid empirical foundation for many of the assumptions con-
cerning the average costs and prevalence of alternative strat-
egies for complying with environmental regulations.

Perhaps even more important, the database supports a new
gind og anglys§s appearing in Chépters IV and V--ggme§§ an
investigation into the differences in total pollution control
costs among units. This analysis of the industry's unit-by-
unit Pollutlon control actions and plans has two major parts.
The first, called the "unit-category" analysis, focuses on the
differences in costs across units coming into service at dif-
ferent ;imes--and therefore subject to different environmental
rggulatlons——and burning different types of fuels--i.e., coal,
oil, gas, or nuclear. This discussion appears in Chapter IV.

The second analysis of the industry's reported actions
and plans, called the "regional" analysis, appears in Chap-
ter V and focuses on the differences in costs across geograph-
ic regions. This analysis illuminates the differences in
pollution control costs per kilowatt-~hour (kwh) that arise
from rgglonal variations in existing air and water gquality
pol;utlgn_contrcl regquirements, mix of generating capacity.
availability and cost of low-sulfur fuels, and other factors.
To the extent that utilities in a region are all affected by
and respond to environmental requirements similarly, this
analysis a}so indicates the differences among regiomns in the
increases in consumer bills associated with pollution control
strategies.

The earlier study focused essentially on the financial
and economic implications of engineering analyses concerning
the average construction and operating costs of various meth-
ods for controlling specific pollutants and concerning the
extent to which each method would be used to comply with regu-
latory requirements. The sixth and last chapter of the cur-
rent study, called the "national" analysis, again uses this
methodology. The analysis reflects new environmental require-
ments, updated engineering estimates, and the latest available
information concerning the industry's present condition and
future trends. A 25-year time span is evaluated using TBS'S
computerized financial model of the industry.

Bach chapter in this report is preceded by a table of
contents to aid the reader in sorting through the vast amount
of information covered in the study. In addition, Chap-
ters III through VI contain introductory sections summarizing
the key findings that are explored more fully in subseguent
sections.



Four appendices follow the chapters. Appendix A briefly
describes the Energy Database; Appendix B presents an overview
of PTm(Electric Utilities); Appendix C discusses financial
procedures used by the electric utility industry to account
for capital expenditures. Appendix D discusses determinants
of coal prices in the absence of environmental regulations and
within the context of environmental regulations.

Research Methodology
and Assumptions

The research methodology employed in this study is based
on two quantitative tools and one qualitative tool.

The Policy Testing model of the electric utility indus-
try, PTm(Electric Utilities), is one of a series of computer
models developed by TBS to project the economic and financial
implications of alternative policy options in the form of
growth rates, mix of generating capacity additions, financial
strategies, regulatory actions, taxation policies, economic
conditions, and other influences.

The second quantitative tool, the Energy Database, is a
computerized information system developed by TBS for EPA. The
information was obtained from 1979 Federal Energy Regulatory
Commission's Form 67s submitted by utilities to the Energy
Information Administration of the Department of Energy. In-
cluded in the database are all fossil-fueled steam-electric
units with a capacity of 25 megawatts (MW) or greater for
which Form 67 data were available. The database provides a
comprehensive foundation for the analysis of utlllty plant
operations.

Finally, qualitative case studies of utilities explore
the influences of environmental regulations on management
decision making within utilities.

Although this study focuses on federal environmental
regulations, the only actual cost data available reflect total
pollution control costs. To the extent, therefore, that state
or local requirements for air, water, or solid waste pollution
control exist in the absence of federal regulations or exceed
the minimum standards necessary for compliance with federal
regulations, the costs identified in this analysis are not
entirely attributable to federal requirements. To the extent
that utilities undertake certain expenditures for reasons
other than environmental &ompliance--for example, installing
cooling towers for economic reasons--the costs identified in
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this analysis may have joint attributes. Where possible, the
discussion identifies contributing components of costs, par-
ticularly at the unit-category level in Chapter IV.

KEY FINDINGS

During the 1970s, environmental regulations covering air,
water, and solid wastes were strengthened substantially.
During the same period, rapidly escalating fuel and construc-
tion costs have led to major increases in the price of elec-
tricity and, indirectly, to a marked decline in electric util-
ities' financial condition, as evidenced by wholesale declines
in bond ratings: and by stock prices well below their book
values. In these circumstances, the uncertainties and costs
associated with environmental regulations have come to be
increasingly important to utility plans and operations.

Electric utilities are major contributors to total pollu-
tant loadings in the environment. In 1979 pollution controls
at electric utility powerplants were responsible for removing
42 percent of total potential SO, emissions, or 12.2 million
tons, and 98 percent of total potential particulate emissions,
or 45 million tons. Environmental controls on coal units
contributed the dominant share of pollutants removed. Refer
to vage I-22 for a more detailed discussion of pollutant re-
movals by unit type.

Nationwide in 1980, consumer charges--the average cost of
electrical energy per kilowatt-hour--attributable to compli-
ance with pollution control requirements averaged 4.0 mills
per kWh (expressed in 1982 dollars¥. This represents an in-
crease of 9.3 percent over base consumer charges of 42.7 mills
per kWh that would be incurred in the absence of compliance
costs. In 1999, consumer charges for pollution control strat-
egies that respond to regulations in place during the period
1971-1999 are expected to average 5.0 mills per kWh, or

9.8 percent over base costs of 51.2 mills per kWh (expressed
in 1982 dollars).

The expense and difficulty of achieving compliance with
environmental regulations vary greatly across regions of the
country, electric utility companies, and individual generating
units. Some utilities have stated that environmental regula-
tions constitute a major obstacle, especially to meeting fu-
ture demand for electricity. Others have expressed no great
concern, The primary influencing factors appear to be ambient
air guality near powerplants, the types of fuels consumed, the



local availability of low-sulfur coal, and the stringency of
state implementation plans (SIPs).

To date, utilities have complied with the most costly
regulations--those related to sulfur dioxide (S02)--primarily
by increasing the quality of their fuels rather than install-
ing equipment. In 1979, the fuel premlum.accounted for nearly
65 percent of the national average annualized cogt of
3.88 mills per kWh for pollution control at §05511-fuelad
units (expressed in 1979 dollars). The premium for low-sulfur
0il accounted for nearly 90 percent of total pollution control
costs at oil-fired units.

Past and future strategies for compliance with SO and
total suspended particulate (TSP) regulations have reflected
and will reflect increasingly stringent standards and result
in rising capital costs- for pollution'control equilpment. For
example, for coal-fired units in service before 1972, the
capital portion of pollution control costs 1s 0.76 mills per
kWh; for units coming into service in the 1980~1984 period
that are subject to new source performance standards (NSPS I)
for air, the capital costs contribute an average of 5.12 mills
per kWh (expressed in 1979 dollars).

During the period 1980-1999, pollution control egquipment
will add $87.3 billion, or 8.4 percent, to the industry's
plant in-service base of $1,041.5 billion, and will add
$68.2 billion, or 7.9 percent, to the industry's baseline
external financing reguirements of $857.6 billion (expressed
in 1982 dollars). The magnitude of this financing need, com-
bined with the financial difficulties already confronting the
industry, could create significant problems for individual
utilities.

In 1979, the average cost of reducing S02 emissions was
$461 per ton. Among coal units, reduclng SO0 emissions was on
average nearly twice as expensive using scrubbers as it was
using low-sulfur coal. The national average cost of reducing
TSP emissions was $22 per ton. This average cost is dominated
by the low average cost of removing very large quantities of
TSP at coal-fired units. Removal costs for future, NSps II,
units are dominated by scrubbers and are Qrojected to be
significantly greater than costs at existing units. Refer to
page I-22 for more detailed information on removal costs by
unit type.

When future growth in demand requires new capacity to be
added, coal-fired powerplants will be the most likely choice.
However, the large capital requirements associated with build-
ing plants that meet the revised new source performance stand-
ards (NSPS II) and the possible siting constraints imposed by



a lgck of increments in attainment areas and the cost or un-
avallab}l}ty of.offsets in nonattainment areas will hamper
some utilities in their attempts to meet growth in the demand
for electricity.

. The following sections present a summary of key findings
in each area of analysis. They conform to the organization of
the full report, beginning with an overview of environmental
regulations affecting the electric utility industry and ending
with a discussion of national effects of those regulations.
The reader is cautioned that, as this is a summary, there is
no discussion of the methodological approach, assumptions, and
uncertalnties that are contained in each full chapter.

An Overview of Environmental Requlations
Affecting Electric Utilities o

Environmental regulations applicable to electric utili-
ties are exXtensive, complex, and evolving over time. The
regulations are extensive because the electric utility indus~
try is an lmportant source of air and water pollution and a
major generator of solid wastes. They are complex and evolv-
ing because a multiplicity of interests, objectives, and tech-
"nical and scientific developments have influenced and are
influencing their development.

Although the industry traditionally has had its own pro-
grams for contrelling air, water, and solid waste pollution,
further requirements pertaining to each type of pollutant have
evolved separately through legislative, regulatory, and legal
processes at the local, state, and federal levels. The speci-
fic requirements often vary from plant to plant, sometimes
even from unit to unit in a plant, depending on a variety of
considerations, including a generating unit's age, location,
fuel type, and technical configuration. In addition to the
air, water, and solid waste regulations that are assessed in
this report, the industry has to comply with other environ-
mentally related regulations, such as noise control and the
protection of endangered species and coastal zones.

In some geographic areas, it is arguable that regulations
affecting local utilities would be just as strict as they are
now even in the total absence of federal regulations. In some
other geographic areas, it is arguable that federal reguire-
ments are the sole driving force behind some existing regula-
tions. However, because of the complexity of the interactions
among regulations, the appropriateness of these arguments can-
not be determined readily. Further, responsibility for the
detailed specification and enforcement of particular



regulations is often delegated from one level of government to
another. Thus, this study does not attempt to partition envi-
ronmental requirements into those attributable to federal,
state, and local initiatives. ’

Electric utility air pollution has been a major focus of
regulation because of the large total quantity of pollutants
emitted by the industry as a whole and because of the large
amounts of certain pollutants emitted by some plants. The
regulated pollutants are all combustion by-prgducts. The com-
bustion of natural gas, coal, and oil forms nitrogen oxides
(NOg); sulfur and sulfur compounds contained as impurities
in coal and oil become SOj; and other solid lmpurities in coal
and oil emerge as particulate matter (£ly ash). Despite a
Shift to lower sulfur fuels, the installation of considerable
amounts of pollution control equipment, and changes in boiler
design and operation already accomplished by 1979, the indus-
try in that year still emitted about 17 milllon tons of S0j,
about 7 million tons of NO , and slightly less than 1l million
tons of TSP. 1In the case of SO3, the avérage electric utility
plant has uncontrolled emissions substantially larger than
other industrial sources.

During the late 1960s, Congress concluded that previous
state and Federal initiatives to address the problems of air
pollution, including the Clean Air Act of 1964, were inade-
quate and, in the 1970s, passed two major pieces of legisla-
tion. The Clean Air Act Amendments of 1370 (generally known
as the Clean Air Act or the Act) established a new legal
framework to protect and enhance air quality and to provide
oversight in the implementation of air gquality control pro-
grams. The Act stated that EPA should establish nationwide
national ambient air quality standards (NAAQS) and industry-
specific new source performance standards. Individual states
were given responsibility for the actual implementation of the
Clean Air Act's provisions.

In 1977, further amendments extended the deadline for
the attainment of all primary (health-related) standards.
States were to prepare and submit to EPA, by January 1979,
revised implementation plans for all nonattainment areas. The
plans were to provide for the implementation of all "reasona-
bly available control measures as expeditiously as practi-
cable" for existing sources and for "reasonable further pro-
gress," demonstrated on an annual basis, toward meeting stand-

ards. Currently, the Clean Air Act is again under review by
Congress.

Water regulations have affected electric utilities less
than air regulations. The industry uses water primarily for
cooling and, therefore, pollutants in most electric powerplant



waste streams tend to be similar and not highly concentrated.
However, the volumes of these streams can be great. The in-
dustry is the nation's largest industrial user of water, de-
spite the fact that water use by steam electric utilities has
decreased dramatically over the past decade. According to the
Bureau of the Census, in 1975 steam electric plants used

89 billion gallons of water per day; by the year 2000 it is
expected to decrease to 80 billion gallons. Even with contin-
uing declines in usage per plant, electric utilities will
account for more than one-third of the nation's total water
use over the next two decades and for more than twice as much
water use as all other industrial plants combined.

Current regulations to control water pollution were man-
dated by Congress in the Federal Water Pollution Control Act
of 1972 (the Clean Water Act) as amended in 1977. The ap-
proach taken by regulations implementing the Clean Water Act
differs in important respects from the approach taken by air
regulations. Whereas ambient air guality standards drive
regulations controlling air pollution, technology standards
dominate water pollution control. Consequently, while air
regulations have imposed different standards for attainment
and nonattainment areas, federal regulations to control water
pollution generally have not differentiated among regions of
the country. States, of course, can and do impose additional
water-quality-related requirements.

The basic mechanism for enforcing the requirements of the
Clean Water Act is the national pollution discharge elimina-
tion system (NPDES) permit required for all point source dis-
charges into the navigable waters of the United States. NPDES
permits incorporate specific pollution control requirements
based on effluent limitations guidelines that have been issued
periodically by EPA. In practice, the major standards apply-
ing to electric utilities have been best practicable control
technology (8PT), specifying standards to be met by July 1,
1977; best available technology economically achievable (BAT),
specifying standards for toxic pollutants to be met by July 1,
1984; and NSPS, setting requirements for plants commencing
construction after a given date (usually the date of proposal
of the regulations containing the NSPS).

Until recently, electric utility solid waste disposal .
practices have received little attention relative to utility
air and water pollution practices. Electric utility solid
wastes include: by-products of coal combustion and flue gas
cleaning such as ash and scrubber sludges; chemical wastes
from metal cleaning, from degreasing, and from wastewater and
makeup water cleaning; and hazardous substances (notably
polychlorinated biphenyls--PCBs) contained in electrical



equipment such as transformers. Three factors, however, have
focused increasing attention on utility solid wastes: (1) the
increasing stringency of air and water pollution regulations
that have led to control technigues that themselves generate
solid waste; (2) the possibility that some or all of these
wastes may be designated as "hazardous" under the Resource
Conservation and Recovery Act (RCRA) and therefore will re-
quire expensive disposal procedures; and (3) an increasing
awareness nationwide of solid waste disposal in the wake of
events at Love Canal and elsewhere.

The major federal regulations governling solid waste dis-
posal were mandated by the Resource Cogservatlon and Recovery
Act of 1976. Under RCRA, EPA was required to develop an inte-
grated program for managing hazardous and solid wastes. As
provided by RCRA, the hazardous waste management aspect of the
program would be developed initially by EPA, but authority for
implementing it would be delegated subsequently to states with
programs equivalent to the federal programs. Programs for
managing nonhazardous solid wastes were to.bg developed by
individual states, provided that general minimum guidelines

promulgated by EPA are met Or exceeded.

Though environmental programs for air, water, and solid
waste are distinct in a regulatory context, they come together
at individual plants. Air pollutants removed by wet systems
to comply with air regulations create waste streams controlled
by water regulations, which in turn generate sludges that must
be disposed in compliance with solid waste regulations. The
overlapping coverages of the regulations gor air, water, and
solid wastes dictate that electric utilities consider cross-
media compliance strategies within the context of unit and
plant operations. The quantitative assessment presented in

this study is consistent with that approach.

WW
on Otility Operations and Plans

Environmental regulations affect both the operation of
existing utility powerplants and the planning for future ca-
pacity additions. Interviews with the case study companies
uncovered four major conclusions regarding their compliance
activities associated with existing powerplants. First, the
expense and difficulty of achieving compliance at existing
powerplants varies greatly among utilities and appears to be a
function primarily of the ambient air guality near power-
plants, the types of fuel consumed, and the stringency of
SIPs. Second, as is corroborated by the quantitative unit-
level analysis discussed in Chapter IV, utilities have




complied with the most costly regulations-~-those related to
SO02~--primarily by increasing the quality of their fuels rather
thap by installing equipment. Third, utilities fully accept
their responsibility to monitor pollutant emissions and report
violations accurately to EPA or state environmental agencies.
Finally, to reduce capital and operating costs, utilities have
usually sought to reduce the stringency of regqulations they
have to meet through negotiation or litigation.

_ The TBS interviews also revealed a pervasive concern that
financial considerations will become more influential in util-
ity decision making and will hamper the ability and willing-
ness of utilities to meet the capital requirements associated
with capacity expansion and pollution control. The full im-
pact of the industry's current weak financial condition has
not yet been felt, ipn part because load growth since 1974 has
fallen.dramatically. Many utilities have continued the con-
struction of powerplants already under way before the falloff
in growth became apparent, but they have béen able to pare
back other construction programs and lower their long-run
financing requirements. However, when future growth in demand
requires new capacity to be added, the large capital require-
ments associated with building new coal-fired powerplants may
be an obstacle for financially weak utilities. Perhaps as
important, even utilities that have relatively high bond rat-
ings--e.g., those with A bond ratings--will be reluctant to
make investments that require the issuance of additional com-
mon stock if they expect future earnings to be inadequate. To
the extent that environmental regulations contribute to the
capital and operating costs of new capacity, both utilities
and consumers may attempt to modify environmental requirements
in an attempt to lower electricity costs and to avoid reduc-
tions in service reliability.

While some case study companies, principally those oper-
ating in areas with relatively good ambient air quality, are
not greatly concerned with prevention of significant deterior-
ation (PSD) regulations, other companies stated that, even in
the absence of financial constraints, existing air environmen-
tal regulations will all but eliminate their ability to site
coal-fired powerplants in the future. These companies are
convinced that existing PSD regulations are unworkable and are
actively working to secure passage of legislation to revise
them. These utilities believe that PSD increments yill be
exhausted over time and that utilities will be required to
obtain offsets--which may be costly or unavailable at any
price. These beliefs are a point of contention with various
environmental officials.



I-12

To avoid or to mitigate the financial and environmental
difficulties associated with siting, building, and operating
new coal-fired powerplants, the majority of the case study
utilities are actively pursuing other capacity alternatives.
For example, some companies are exploring the use of sSynthetic
fuels to supplement or displace oil and natural gas. Utili-
ties also are reconsidering historical standards of reliabil-
ity with an eye toward lowering such standards and thereby

slowing the rate at which new capacity needs to_be gdded.
Some of the companies studied are actively considering pur-
chasing power to meet future demand, attempting thereby to
export both some environmental and financial problems. Sev-
eral of the companies are actively exploring greater use of
unconventional sources of power such as the sun,'the wind, and
wood and are currently planning on them to contribute to fu-
ture electricity supply. However, reflecting the technolog-
ical uncertainty associated with these sources, these com-
panies have contingency plans that involve more traditional
sources of supply such as new coal-fired powerplants.

As an alternative to building new capacity, all the case
study companies are evaluating, and some are aggressively pur-
suing, direct load controls, conservation programs, and new
pricing structures such as time-of -day rates. The attractive-
ness of these alternatives depends on situational factors.
Companies that currently have ample c§paClty.tend to prefer
not to restrict demand. Other companies facing the prospect
of having to build new powerplants may v1gorou§ly try to hold
down demand, but be unable to find cost-effective ways for
doing so.

While environmental considerations may not have been the
major factor in shaping the plans of the case s;udy utilities,
environmental regulations have presented them with significant
challenges. Environmental regulations have increased the lead
time for new powerplants and have increased the uncertainty
associated with meeting all necessary permitting and licensing
regquirements.

Technology-forcing regulations also have increased the
technological risk perceived by utilities. Some of these
regulations require state-of-the-art pollution control equip-
ment that may not perform well enough to achieve compliance
and may adversely affect a plant's performance. The utilities
interviewed believe that the technology-forcing approach to
environmental control is -undesirable because it may preclude
the use of more certain and cost-effective ways to control
pollutants. Utilities strongly prefer to be given performance
standards, but be allowed to choose the best method for com-
plying with them. The case study companies also expressed



concern that, as new technologies are introduced, environment-
al standards will change, thereby creating additional uncer-
tainty and higher costs.

' Utilities have responded to the challenges presented by
environmental regulations in several ways. First, they have
’made the}r environmental affairs departments an important
element in the utility planning process. These departments
are typically responsible for gathering and assessing informa-
tion on regulatory requirements, costs, and risks and for
trying to anticipate changes in environmental regulations.

The departments attempt to reduce the potential adverse conse-
quences of uncertainty about regulations by identifying key
environmental issues, preparing contingency plans, and at-
tempting to maintain as much flexibility as possible in the
utilities' supply plans. Utilities also have supported lobby-
ing efforts to change requirements from a technology-forcing
orientation to an approach that focuses on meeting pollutant
loading goals. Finally, utilities have initiated research and
development activities that have contributed to their ability
to meet existing requirements in a cost-effective manner and
that develop technical expertise which can be used to support
negotiations and, when necessary, litigation.

The Effects of Environmental

.—m.—-. N
Regulations on Electric Utility Units

The analysis of the effects of environmental regulations
on steam-electric generating units is based on data compiled
in the Energy Database from 1979 Form 67 submittals by util-
ities. The 2,277 units represent approximately 96 percent of
the total capacity of fossil-fired steam~electric units re-
ported in DOE's 1979 Inventory of Powerplants.

Distribution of Units by
Fuel Type and Age

Coal-fired units account for nearly 60 percent of ‘the
capacity of units in the Energy Database (Table I-1). The
remaining 40 percent of capacity is relatively evenly distrib-
uted among units that burn oil, gas, and oil and gas com-
bined.

Electric utility units are subject to different regula-
tory requirements depending on their in-service dates. ‘
Eighty-six percent of the units in the Energy Database were in
service by 1972 (Table I-2). Environmental compliance for
these units has consisted of retrofitting pollution control
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Table I-1

DISTRIBUTION OF FOSSIL-FUEL
UNITS BY FUEL TYPE

Percent of Percent of
Fuel Type Units Capac ity
Coal 47 59
0il 17 15
GCas 17 13
Gas/0il 19 13
Total 100 100

Source: Energy Database.

equipment to comply with regulations for existing sources
promulgated under the Clean Air and Clean Water Acts. Units
that came into service in the 1972-1976' period, representing

9 percent of the units, have also been subject to existing
source air and water regulations, but in most cases compliance
for these units has consisted of installing original pollution
control equipment. Finally, units that have come into service
since 1976, representing 5 percent of the units, have as a

rule been subject to new source standards under the Clean aAir
and Clean Water Acts.

Table 1-2

DISTRIBUTION OF FOSSIL-FUEL
UNITS BY IN-SERVICE YEAR

In-Service Percent of Percent of-
Year Units Capacity
Pre-1972 86 64
1972-1976 9 25
- 1976-1979 5 u
Total 100 100

-

Sourcg: Energy Database.
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Environmental Compliance Strategies

Strategies for compliance with SO; and TSP requirements
among coal units reflect increasingly stringent standards.
Twenty-three percent of coal capacity that came into service
before 1977 either burns coal with less than 0.8 percent sul-~
fur or has flue gas desulfurization (FGD) systems (Table I-3).
The proportion of capacity in this category rises dramatically
to 73 percent of 1977-1979 capacity and to 98 percent of capa-~
city that is projected to come into service in 1980-1984.

This increase reflects primarily the increasing use of scrub-
bers (FGD systems) from 5 percent of pre-1977 capacity, to

35 percent of 1977-1979 capacity, and to 52 percent of 1980-
1984 capacity. .

Table I-3

DISTRIBUTION OF COAL CAPACITY
BY REPORTED SO, COMPLIANCE STRATEGY

(percent of age-cstegory capscity)

L S0, Compliance Strateéy ‘In-Service’ Year
<0.8% Sulfur Coal Pre~-1977 1977-1979 1980-1984
With FGD 2 22 14
Without FGD 18 38 46

20.8% Sulfur

With FGD 3 13 38
Without FGD 77 27 2
Total 100 100 100

Source: Energy Databass.

Over 96 percent of the capacity in coal-fired units has
TSP collection systems whose removal efficiencies are above
98 percent (Table I-4). Although all coal units attain high
levels of TSP removal, the types of equipment in place reflect
evolving regulatory requirements. Units that came into serv-
ice before 1972, for example, often have retrofitted electro-

static precipitators alongside older, less efficient mechan-
ical collectors.



Table 1-4

DISTRIBUTION OF COAL CAPACITY BY
REPORTED TSP COMPLIANCE STRATEGY

(percent of age-category capacity)

TSP Collection

Efficiency Pre-1977 1977-1979
>98 96 97
96-98 2 2
90-95 1 ]
<90 _1 1
Total 100 100

Source: Energy Datsbase.

Air pollution control strategies at oil and gas/oil units
coqs1§t primarily of the use of low-sulfur oil to control SO2
emissions. Over 60 percent of the capacity in oil-fired units
burns oil with less than 1 percent sulfur by weight. A
further 30 percent of this capacity burns oil with 1 to 2 per-
cent sulfur, and less than 10 percent uses oil with more than
2 percent sulfur (Table I-3). only 40 percent of oil and
oil/gas capacity has particulate control systems and less than
a fourth of these systems have removal efficiencies greater
than 98 percent.

Table I-5

DISTRIBUTION OF OIL CAPACITY BY
REPORTED SO CONTROL STRATEGY

Fuel Percent Percent of

Sul fur Cagacitz
0.9 63
1-1.9 29
>2.0. 8

Tineludes gas/oil units.

Source: Enei-gy Database.
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Water pollution controls at steam-electric units are much
less elaborate and costly than air pollution controls. None-
theless, virtually all plants have central treatment facili-
ties to treat a number of relatively low-volume waste streams
simultaneously. In addition, some plants have installed ash
transport water recirculation systems which are no longer
required by federal regulations. Moreover, the use of cooling
towers or ponds to control thermal discharges is becoming
increasingly prevalent. The share of capacity with cooling
systems increases from less than one-third of pre-1972 capac-
ity to two-thirds of 1977-1979 capacity (Table I-6). This
shift reflects both environmental requirements and an increas-
ing proportion of units sited in water-constrained areas where
recirculating cooling systems are used primarily for economic
rather than environmental reasons.

Table I-6

DISTRIBUTION OF FOSSIL-FUEL CAPACITY
BY THERMAL CONTROL STRATEGYL

(percent of sge-category capacity)

Pre-1972 1972-1976 1977-1979

With cooling tower
or pond 26 63 66

Without cooling
tower or pond 74 37 33

ltotals may not add to 100% due to rounding.

Source: Energy Database.

Pollution Control Costs

The average annualized cost of pollution control at fos-
sil-fuel plants in 1979 was 3.88 mills per kWh of generation
(Figure I-l). The dominant contributor to this cost was con-
trol of S0, emissions, which accounted for 2.72 mills per kWh
or 70 percent of total pollution control expenditures. The
remaining pollution control expenditures were relatively even-
ly divided among controls for TSP emissions and chemical and
thermal discharges. By cost component, the largest single
component of pollution control cost was a premium paid by
utilities for low-sulfur fuels. This premium accounted for
nearly 65 percent of the average cost of pollution control,
and contributed more than three times as much as did capital
expenditures to pollution control costs.



Energy Penalty
Operations and Maintenance

Fuel Premium

‘Figure 1-1

COMPONENTS OF 1979 AVERAGE COST OF POLLUTION CONTROL
FOR FOSSIL FUEL UNITS
1979 DOLLARS

Thermal Control
Chemical Control
TSP Control

Capital

w200

National Average Cost: 3.88 mills per kWh 3.88 mills per kWh

Source: Energy Database.
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Consumption Sf oil for steam generation resulted in
greater pollution control expenditures in 1979 than did con-
sumption of coal or gas because of the premium paid by
utilities for low-sulfur oil (Figure I-2). The average 6.86
mills per kWh paid by utilities for low-sulfur oil was more
than 3.5 times as great as the low-sulfur coal premium and it
exceeded total poliution control expenditures by coal units.

. Aside from the low-sulfur fuel premium, in 1979 coal
units incurred greater pollution control expenditures than did
units burning oil or gas. Coal units incurred average expen-
ditures of 1.85 mills per kWh for pollution control in addi-
tion to the fuel premium; o0il, gas, and gas/oil units spent
0.5 to 1.0 mills per kWh for capital and nonfuel operating
costs. The major reasons for these greater costs incurred by

coal units were their expenditures for scrubhers and TSP con-
trol systems,. :

The major trend in pollution control costs is a continu-
ing rise in capital expenditures. Coal plants, which will
increasingly dominate fassil-steam capacity, exhibit dramatic
increases in pollution control capital costs over time (Fig-
ure I-3). Among pre-1972 coal units, capital costs accounted
for 1979 pollution control costs of 0.76 mills per kWh. This
cost increased by 270 percent to 2.8l mills per kWh for units
that were subject to NSPS 1I requlations. In the future, with
higher costs for scrubbers required for all new coal units
under NSPS II regulations, capital costs will continue to
increase. If eastern utilities choose to burn high-sulfur
coal with high-efficiency scrubbers, a decrease in the low-
sulfur coal premium may partially offset higher capital costs.

In the future, scrubber costs will increasingly domingte
pollution control costs. Approximately one-half the capacity
that will come into service in the United States from 1980
through 1984 will meet NSPS II requirements. In the West, _
80 percent of the NSPS II capacity will install scrubbers with
70 percent removal efficiencies. The remaining 20 percent of
western capacity will be located at sites where more stringent
emission limits will require scrubbers with 90 percent removal
efficiencies as well as low-sulfur coal. In the East, about
90 percent of the NSPS II capacity will install scrubbers with
greater than 90 percent removal efficiencies and burn high-
sulfur coal. Thus only the 10 percent of the eastern NSPS II
units that burn low-sulfur coal will incur a fuel premium.

Costs for future units meeting NSPS II requirements were
calculated using engineering cost assumptions supplied by EPA.
These costs will range from 9.4 mills per kWh for western low-
sulfur coal units to 13.4 mills per kWh for eastern low-sulfur
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Figure 1-2

COMPONENTS OF 1979 NATIONAL AVERAGE COST OF POLLUTION CONTROL
FOR FOSSIL FUEL UNITS BY FUEL TYPE

1979 DOLLARS

W o o e

1 Energy Penalty

Operations & Maintenance
2 Capital Cost
Fuel Premium

Total (Gas Units Only)

o OlL
3.68 mills per kWh 7.89 mills per kWh

GAS
0.55 milis per kWh

sl s b

GAS/OIL

4.72 mills per kWh

:i Thermal Control

I:] Chemical Control

% TSP Control
:5 SO, Control

Total (Gas Units Only)

COAL OlL
3.68 mills per kWh 7.89 mills per kWh

Source: Energy Database; TBS calculations.

GAS
0.55 mills per kWh

GAS/OIL

4,72 mills per kWh
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Figure 1-3

COMPONENTS OF 1979 NATIONAL AVERAGE COST OF POLLUTION
FOR COAL UNITS BY AGE CATEGORY
1979 DOLLARS

Pre—1972 Units  1972-19786 Units Post—1976 Units

3.42 mills per kWh - '3.47 milis per kWh 5.81 mills per kWh

Pre—1972 Units  1972—1975 Units Post—187C Urits
3.42 mills per KWh 3.47 mills per kWh 5.81 mills per kWh

Source: Energy Database.



I-22

coal units. Given existing wet scrubbing technologies for
eastern units, 90 percent removal scrubbing on eastern high-
sulfur coal is slightly less costly than 70 percent removal
scrubbing on more expensive low-sulfur coal. If less costly
dry scrubbing technologies become generally available for
eastern low-sulfur coal, 70 percent removal dry scrubbing will
become economically more attractive.

Pollutant Removal and Cost Effectiveness

Nationally, in 1979, electric utility air pollution con-
trol measures resulted in the removal from the atmosphere of
approximately 42 percent of potential SOy emissions of 29 mil-
lion tons and 98 percent of potential TSP emissions of 46 mil-
lion tons (Table I-7). Coal units contributed the dominant
share of both potential emissions and pollutant removals,
reducing emissions of TSP by 98 percent from over 45 million
tons to less than 1 million tons and SO5 by 37 percent from
24 million tons to 15 million tons. O0il units and gas/oil
units reduced potential emissions of SO by 70 percent from
5 million tons. 0il and gas/oil units had only minor TSP
emissions, and units that only burn gas do not emit SO; or
TSP. ) :

Table 1-7
TOTAL NATIONAL POTENTIAL AIR POLLUTANT
EMISSIONS AND REMOVALS
BY FUEL TYPE

(thousands of tons)

S0, TSP
Potential Total Percent Potential Total Percent
Fuel Type Emisgions Removed Removed Emissions Removed Removed
Coal 24,398 9,015 37 45,651 44,775 98
0il 2,695 1,783 68 170 143 84
Gas/0il 1,954 1,418 73 127 10 79
Total 29,047 12,216 42 45,948 45,018 98

Source: Energy Database and TBS czlculations.

As shown in Table I-8, the average cost of removing pol-
lutants varies significantly among unit categories and pollu-
tants. 1In 1979, the average cost of reducing SO, emissions
was $461 per ton. The cost of reducing these emissions was
nearly three times as great at oil-fired units as it was at
coal-fired units. BAmong coal units, reducing SO, emissions
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was on average nearly twice as expensive using scrubbers as it
was using low-sulfur coal. The national average cost of re-
ducing TSP emissions was $22 per ton. This average cost is
dominated by the low average cost of removing very large quan-
tities of TSP at coal-fired units. Removal costs for future,
NSPS II, units are dominated by scrubbers and are projected to
be significantly greater than costs at existing units. On a
weighted average basis, SO, and TSP removal costs will at
least double or triple compared to 1979 removal costs.

Table I-8
AVERAGE COST PER TON OF SOp AND TSP REMOVAL

(1979 dollars per ton)

50,
Removal Strategy
Fuel Type Low- Low-

Sulfur Sulfur 18P
1979 Generation Coal 0il Scrubbers Total Equipment
Coal - 229 41228 418 263 20
0il N/A 737 N/A 737 534
Gas/0il N/A 742 N/A 741 b
National Total 229 721 418 461 22

NSPS II Units

Eastern Low- 219 - 1,145 385 80
Sulfur Coal ‘
Eestern High-
Sulfur Coal ] - 417 417 47
Western Low=-
Sulfur Coal 0 - 1,347 1,347 67

N/A = Not epplicable.

8Some coal units burn both coal and 0il; these units attain reductions
in 502 from both fuels.

b = Insufficient observations.

Source: EPA; Energy Database; and TBS calculations.

The Regional Effects of

Environmental Requlations on
the Electric Utility Industry

Each of the ten EPA regions (Figure I-4) has a unigue
profile of existing capacity by age of unit and fuel type and,
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therefore, is affected differently by environmental regula-
tions. Generally, units in the eastern regions are older than
in the western regions. More than 30 percent of eastern ca-
pacity was installed before 1960; only 6 percent of western
capacity is of that vintage. Seventy-five percent of coal-

fired capacity and 45 percent of o0il- and gas-fired capacity
is in the East.

Each region's profile influences the most likely range of
pollution control strategies for the region. The strategies,
whether they involve equipment or fuels upgrading, are trans-

lated into costs that the average regional customer pays for
service. '

Regional variations in the average costs of compliance
for unit categories capture the effects of differing fuel
mixes, fuel guality, and preferred compliance strategies.
These are summarized in Table I-9. Although the national
average cost of pollution control across all units in 1979 was
3.88 mills per kWh, regional costs range from a high of
8.35 mills per kWh in Region I to a low of 1.07 mills per kWh
in Region VI. 1In every region except Regions VI and VIII
(which have relatively low average costs), low-sulfur fuel
premiums dominate the costs.

Existing Capacity:
Costs of Compliance

Oil~fired units relied exclusively on low-sulfur fuel to
achieve compliance with SO; standards in 1979. This is re-
flected in the national average fuel oil premium of 6.86 mills
per kWh, and substantially affects the eastern regional costs.
Region I, with 99 percent of its fossil-fuel capacity in oil
units, faced a low-sulfur oil premium of 7.56 mills per kWh,
more than 90 percent of Region I's average pollution control
costs. Without a change in capacity mix in the future, Region
I's utility customers will face an even greater differential
in costs if, as projected, the fuel oil premium escalates at a
more rapid rate than the cost of alternative compliance
methods.

The relatively high costs in Region II are driven.by S04
control strategies at both oil-fired and coal-fired unilts.
More than half of Region II's 1979 generation was prov;ded by
oil-fired units; one-quarter of its 1979 capacity was in
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Table 1-9

DETERMINANTS IN REGIONAL POLLUTION CONTROL CoSTS

Weighted Average
Unit-Category

EPA . Reasons for Costs Costs of Compliance
Region  Dominant Capacity Type (in order of relative magnitude) (mills/ kh)
I Pre-77 oil units Fuel (0il) premium 8.35
II Pre-77 coal and oil units Fuel (coal and oil) premium; FGD capital
and operating costs 6.18
111 Pre-77 coal and oil unite Fuel (coal and 0il) premium; pre-72 coal
’ FGD, TSP, and chemical control 4,36
Iv Coal units and pre-72 ail units Fuel (coal and oil) premium; coal pre-72
TSP and chemical control 4,51
v Coal units especislly pre-72 Fuel (coal) premium; TSP control;
chemicel control 3.73
VI Post-72 coal units, pre-72 gas unite Thermal and chemical control 1.07
VIL Coal units; pre-72-ges units fFuel (0il) premium for coal units that
also burn oil; TSP control 4.53
VIII Coal units, especially post-76 TSP control; FGD for post-76 units;
thermal and chemical control 2.94
IX Pre-72 oil and gas units; pre-77 Fuel (oil) premium; thgml and chemical
coal units control for coal snd oil units 4.53
X 72-76 coal units; pre-77 oil units Fuel (0il) premium; TSP control; thermal
and chemical control for coal units 2.35

Source: Energy Database and TBS calculstions.

service before 1972. The costs of S0z control at coal units
in Region II demonstrate the evolution of compliance strat-
egies over time. In 1979, units installed before 1972 de-
pended exclusively on improved fuel quality, while units
installed after 1972 reflect the influence of NSPS I require-
ments in environmental standards. These units combined lower
sulfur (but not compliance) coal with FGD equipment. Costs
for the 1972-1976 units were no greater than for the pre-1972
units, but units installed after 1976, in meeting the NSPS I
emissions limit of 1.2 pounds of SO per million Btu, faced a
tripling of costs for SO control.




As of 1979, coal-fired capacity in Region VIII accounted
for three-~fourths of its total fossil-fuel capacity, with
nearly one-third of the coal capacity in NSPS I units. Con-
trol costs for units with in-service dates after 1976 were
150 percent greater than the average costs for units of all
vintages. The components of the high pollution control costs
include TSP control systems, FGD equipment, thermal control
egquipment, and energy penalties and operating costs associated
with the capital strategies. These costs reflect, at a mini-
mum, the compliance requirements of the next two decades, as
new coal units are subject to NSPS I, NSPS II, and at times

even stricter best available control technology (BACT)
requirements.

Expansion plans for utilities during the 1980s are pro-
jected to favor nuclear and coal capacity. All regions will
participate in the growth of nuclear capacity, which will
nearly double by 1990 if units currently under construction
are completed as planned. Pollution control requirements for
nuclear units resemble gas units in their emphasis on thermal
and chemical control and in their low costs of compliance.
0il and gas conversions to coal will contribute to a substan-
tial increase in coal capacity in Regions I, II, III, and IV,

and new coal capacity will dominate total additions in all
regions except IX and X.

New Coal-Fired Capacity:
Costs of Compliance

The emphasis on new coal-fired capacity will present
significant environmental concerns during the 1980s. Althgugh
NSPS I standards can be met without installing scrubbers, it
is expected that eastern units generally will install FGD
equipment with removal efficiencies of 85 to 90 percent and
will burn high-sulfur coal. 1In the West, approximately one-
third of all new capacity in Regions VI and VII will be

scrubbed, and nearly all new capacity in Region VIII will be
scrubbed. .

The projected average cost of compliance for sozf TSP,
thermal and chemical control for new 1980-1984 coal-fired
capacity is 7.4 mills per kWh (in 1979 mills). The range 1s
broad, from a low of 5.3 mills per kWh in Regions IX and X
where the use of low-sulfur coal is the preferred strategy and
scrubbers are rare, to a high of 8.6 mills per kWh in Re-
gion VIII where scrubbers with removal efficiency of 90 per-

cent are combined with fuel that has less than 0.8 percent
sulfur content. ‘



Specific compliance strategies for NSPS II addition§ in
the latter half of 1980 and beyond are difficult to pred;ct,
although scrubbers will be required on all coal-firedlunlts.
individual units may choose a strategy of higher qual}ty coal
and 70 percent removal efficiency in the scrubber design or
lower quality coal and 90 percent design removal efficiency.
On the basis of the assumptions described in Chapter IV,
eastern NSPS II compliance strategies are projected po co§t
12.4 mills per kWh, while western compliance strategies will

cost 9.4 mills per kWh.

National Issues That
Affect Compliance

Several issues that are national in scope may have a
bearing on future regional compliance requirements and costs,
These include: regional growth patterns and their effects on
emissions; PSD and regional air-quality-related values; and
regional siting in attainment and nonattainment areas.

Changes in growth patterns can have a noticeable effect
on air guality and on the level of control necessary to.
achieve and maintain the NAAQS. The Clean Air Act reguires
that states incorporate in their SIPs the application of ap-
propriate controls based on growing or diminishing emissions.
If industrial growth occurs at a higher than predicted rate in
the Southeast or Southwest, or if conversions to coal increase
SO, emissions in the East, powerplants may be required to meet
more stringent emission limitations by installing complex and

costly equipment.

Visibility impairment, particularly in the West, and acid
precipitation, particularly in the East, are two air-quality-
related values that may be the focus of much attention over
the next few years. An important element of the PSD program
is the consideration of these values during review of a permit
application. To the extent that object%ves in these areas
change, and lead to changes in PSD requirements, compliance
strategies and costs will change over time.

The technology requirement for major sources in attain-
ment areas is less stringent than the requirement in nonat-
tainment areas. Further, the offset requirement exists only
in nonattainment areas. In the future, growth may be limited
in nonattainment areas if offsets are unavailable or extremely
costly, although interregional effects are difficult to quan-
tify at this time.



The National Effects of Environmental
Requlations on the Electric Utility Industry

] To assess the effects of environmental regulations na-
tionally over the next two decades, TBS examined £ive key
1nd1ca§ors of economic and financial impacts: additions to
plant in-service; external financing; operation and mainte-
nance expenses; operating revenues; and consumer charges.

Pollution control regulatory coverage is typically
related to the in-service or construction start date of a
particular plant or boiler. In this analysis, costs are
accounted for by unit in-service date. However, the year-end
1979 financial profile used for this study includes pollution
control e%pendltures made prior to January 1, 1980. In order
to determine a "baseline" projection excluding all environ-
mental costs, these pre-1980 environmental capital costs were
subtracted from the December 31, 1979, financial profile. Two
distinct categories of pollution control costs are then added
to the baseline projection--costs associated with pollution
control equipment installed prior to 1980; and pollution
control expenéltures for equipment installed after 1979 plus
any fuel premiums incurred after 1979.

The separation of the components of the total pollution
control costs, particularly costs associated with units in-
stalled before 1980, is important for assessing the effect of
specific pollution control regulations. The capital costs,
and to some extent the operation and maintenance costs, asso-
ciated with pre-1980 pollution control eguipment cannot be
altered and, therefore, can be considered "sunk." In con-
trast, the fuel premiums associated with pre-1980 requirements
and the fuel, other operation and maintenance, and capital
costs of post-1979 requirements can, to a considerable degree,
change depending on the shape of future regulations. The
focus of this discussion is on these "incremental pollution
control" costs.

Table I-10 provides a comparison of the baseline finan-
cial projections, pre-1980 pollution control eguipment costs,
and incremental pollution control costs, expressed in 198?
dollars. Incremental pollution control changes in plant in-
service amount to $87.3 billion over the forecast period, or
approximately 8 percent of projected industry changes to plant
in-service of $1,128.8 billion. Incremental external financ-
ing requirements are $70.5 bilTion. When pre-1980 pollut@on
control equipment costs are included, external financing in
the 1980-1999 period is reduced relative to the baseline pro-
jection by $2.3 billion because of the depreciation and _
retained earnings associated with the equipment already in
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Table 1-10

SUMMARY OF INDUSTRY CUMULATIVE EXPENDITURES
WITH AND WITHOUT POLLUTION CONTRQLS

(billions of 1982 dollars)

Changes in Plant In-Service 1980-1985 1980-1999
Baseline 199,17 1,041.49
Pre-1980 Pollution Control
Equipment 0 0
Incremental Pollution Controls 18.45 87.28
Total 217.82 1,128.77

External Financing

Baseline 151.78 857.63
Pre~1980 Pollution Control
Equipment 1 (1.31) (2.28)
Incremental Pollutionm Controls 18.17 70. 46
Total 168,64 925.81

Cperating Revenues

Baseline 594,05 2,688.23
Pre~1980 Paollution Control
Incremental Pallution Controls 44,31 218.26
Total §52.% 2,947.49
Operation and Meintenance Expenses
Baseline 404,28 1,671.88
Pre-1980 Pollution Control
Equipment 8.42 35.689
Incremental Pollution Controls 39.86 154.57
Total 452.56 1,882.14
Consumer g!;_a_rgesz (mills per kh)
Baseline 84,35 51.15
Pre-1980 Pallution Control
Equipment 0.91 0. 67
Incremental Pollution Controls 3.8 4,34
Total 48,91 56.16

Note: See Chapter VI, pages VI-36 to VI-39, for a definition of the
cost messures used gbove.

lyhile there are no plant sdditions for pre-1980 pollution controls in
the 1980-1999 period, sxternal financing requirements are reduced be-
cause of the grester amounts of plant in-service as of 1980 for the
pre-1980 equipment. This increases depreciation and retained ssrnings,
and reduces external financing requirements.

onsumer charge figures are not cumulative, but represent the annual
consumer charges for the lest year of the period indicated meesured in
milles per kilowstt.hour.

Source: PTm(Elsctric Utilities).
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fact on the industry's balance sheets. Cumulative pollution
control operatling revenues through 1999 are $263.3 billion, or
9 percent of the total of $2,947.5 billion, as shown in

Table I-10. Cumulative pollution control operation and main-
tenance expences are $190.3 billion, slightly more than

10 percent of the total of $1,862.1 billion. Consumer charges
in 1999 for pollution controls are 5.0l1 mills per kWh, or

9 percent of the total 56.16 mills.

Table I-1l provides a breakdown of plant additions by
pollutant and time period. SO, controls represent $43.3 bil-
lion or about half of all the major pollution control-related
expenditures over the 1980-1999 period. TSP controls account
for $21.9 billion or 25 percent of total pollution controcl-
related plant additions, while water pollution and solid waste
control costs represent the remaining $22.0 billion or 25 per-
cent. Of the total of $87.3 billion of pollution control

Table I-11

CHANGES IN PLANT IN-SERVICE ATTRIBUTABLE TO
POLLUTION CONTROL REGULATIONS

(billions of 1982 dollars)

1980-1985 1980-1999

Baseline Changes in Plant
In-Service 199.17 1,081.49

Pre-1980 Pollution Controls
Equipment 0 0

Incremental Pollution Controls

Fuel Premiuml: Pre-1980 Units

0 0

Fuel Premiuml: Post-1979 Units 0 0
50, 8.91 43.32
TSP 5.68 21,94
Salid Weste 1.85 10.98
Water 2.01 11.04
Total Pollution Controls 18. 45 87.28
Total 217.62 1,128.77

Iryel premiums and other pre-1980 pollution controls do
not have capital charges associsted with them in the
1980-1999 period. The post-1979 unit cstegory includes
any coal conversions,

Source: PTm(Electric Utilities).
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plant additions, 16 percent or $13.6 billion is attributable
to capacity penalties associated with new pollution control
equipment.

The external financing requirements associated with pol-
lution controls amount to $68.2 billion or about 7 percent of
the industry's projected total requirement (Table I-12). The
contribution to external financing requirements by pollutant
corresponds closely to their contribution to plant additions.
External financing requirements will be higher in the early
years of the period as the industry raises capital to finance
control equipment retrofits and pollution control equipment
for oil-to-coal reconversions. This fact, coupled with

Table I-12

EXTERNAL FINANCING EFFECTS OF
POLLUTION CONTROL REGULATIONS

(billions of 1982 dollars)

1980-1985  1980-1999
gseline External Financin 151.78 857.63
Pre-1980 Pollution Controls
Equipment (1.31) (2.28)
Incremental Pollution Controls
Fuel Premium?: Pre-1980 Units 0 0
Fuel Premium?: Post-1979 Units 0 0
S0 8.78 5.2
TS 5.41 17.24
Solid Waste 1.93 9.03
Water 2.05 8.98
Total Pollution Controls 16.86 68.18
Total 168. 64 925.81

lWhile there are no plant additions for pre-1980 pollution
controls in the 1980-1999 period, external financing is
reduced because of the greater amounts of plant in-service
as of 1980 for the pre-1980 equipment. This increases de-
preciastion and retained earnings, and reduces external
financing requirements.

uel premiums are operating costs and do not have capital
charges associated with them. The post-1979 unit category
includes any coal conversions.

Source: PTm(Electric Utilities).




capital constraints that currently exist in the industry,
could create difficulties for individual utilities.

Pollution control costs represent $263.3 billion, or
approximately 9 percent of the industry's total revenue re-
quirements during the 1980-1999 period (Table I-13). Post-
1979 SO, controls including all fuel premiums represent
62 percent of the total pollution control-related revenue
requirements. The price premium for low-sulfur fuels alone
represents the largest single component of the increase in
revenue requirements--almost 40 percent. The other pollution
control categories contribute less importantly to total cost
increases and therefore revenue requirements. Post-1979 soclid
waste disposal costs, however, do rise over the period and
become a significant fraction, 7 percent, of total cumulative
pollution control-related revenue requirements by 1999.

Table I-13

OPERATING REVENUE EFFECTS OF
POLLUTION CONTROL REGULATIONS

(billions of 1982 dollars)

1980-1985  1980-1999
Baseline Opersting Revenues 594.05 2,684.23
Pre-1980 Pollution Controls
Equipment 13.99 45,00
Incremental Pollution Controls
Fuel Premiuml: Pre-1980 Units 32.70 96. 45
Fuel Premiuml: Post-1979 Units 1.19 7.76
SO 5.31 59.30
TS 2.01 22.04
Solid Waste 2.15 19.40
Water : 0.95 13.31
Total Pollution Controls 58,30 263.26
Total 652.35 2,947.49

Iruel premiums are typically considered SO, costs but are
shown separately here because of their large effect on
total pollution control costs. The post-1979 unit cate-
gory includes any coal conversions.

Source: PTm(Electric Utilities).
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Operation and maintenance expenses associated with pollu-
tion control equipment are expected to be $190.3 billion, or
10 percent of the total operation and maintenance expenses
(Table I-14). The vast majority of pollution control-related
operation and maintenance expenses reflect the premium paid by
utilities for low-sulfur fuels. Costs associated with the
operation and maintenance of scrubbers (SO, controls) in-
stalled after 1979 also represent a significant portion of the
total, at 14 percent. Solid waste is the only other category
for which post-1979 operation and maintenance expenses are
significant, accounting for approximately 6 percent of total
pollution control-related operation and maintenance expenses.
Energy penalties resulting from scrubbers, TSP controls, waste
disposal controls, and thermal controls installed after 1979
represent 3.4 percent of total pollution control operation and
maintenance expenses, or $6.5 billion.

Table I-14

OPERATION AND MAINTENANCE EXPENSE EFFECTS
OF POLLUTION CONTROL REGULATIONS

(billions of 1982 dallars)

1980-1985 1980-1999
Baseline 0&M Expenses 404.28 1,671.88

Pre-1980 Pollution Controls
Equipment 8.42 35.69

Incremental Pollution Controls

Fuel Premiuml: Pre-1980 Units 34,09 100. 52
Fuel Premiuml: Post-1979 Units 1.24 8.10
S0 2.49 26.05
15 0.02 3.51
Solid Waste 1.67 11.48
Water 0.35 4.9
Total Pallution Controls 48,28 190,29
Total 452.56 1,862.17

lruel premiums are typically considered SO; costs but ere
shown separately here because of their large effect on
total pollution control costs. The post~1979 unit cate-
gary includes any coal conversions.

Source: PTm(Electric Utilities).




Consumer charges attributable to pollution control expen-
ditures are shown in Table I-15. The increased cost per kWh
is approximately 9 percent in 1999. As is the case with other
measures of the effects of pollution controls, post-1979 SOj3
controls including fuel premiums represent the single largest
cost category, accounting for 57 percent of the total increase
in consumer charges attributable to pollution control regula-
tions. The remaining 30 percent is split relatively evenly
between costs for controls installed as of 1979, TSP controls,
water pollution controls, and solid waste controls.

Table I-15

CONSUMER CHARGE EFFECTS OF
POLLUTION CONTROL REGULATIONS

(mills per kilowatt-hour in 1982 dollars)

1985 1999
Baseline Consumer Charges 44 .35 51.15
Pre-1980 Pollution Controls
Equipment ' 0.91 0. 67
Incremental Pollution Controls
Fuel Premiuml: Pre-1980 Units 2,12 1.00
Fuel Premiuml: Post-1979 Units 0.13 0.17
S0 0.71 1.70
TS 0.30 0.59
Solid Waste 0.26 8.49
Water 0.13 0.39
Total Pollution Controls 4.56. 5.01
Total 48.91 56.16

ifuel premiums are typically considered 502 costs but are .
shown separately here because of their effect on total
pollution control costs. The post-1979 unit category
includes any coal conversions.

Source: PTm(Electric Utilities).

TRBS examined two alternative scenarios in thg course of
this study. The summary results of that examination are
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presented in Figure I-5. The changes in assumptions used to
develop these scenarios are:

e Reduction in the growth rate during the 1980~
1999 period@ from 3.0 percent to 2.0 percent,
and

e Nuclear prohibition after 1989, with coal in
place of the nuclear additions assumed in the

base case.

A decrease in the industry's annual rate of growth re-
sults in lower baseline plant additions and consumer charges,
and lower pollution control expenditures. However, the per-
centage increase in consumer charges due to pollution controls
is essentially unchanged from the base case.

Baseline and total plant additions are slightly lower if
nuclear additions are assumed to terminate after }989. How-
ever, cumulative industry pollution control additions to plant
in-service through 1999 are .slightly higher than they would be
if nuclear additions were allowed to continue after 1989,
Total operating revenues are virtually the same under both
scenarios. Consumer charges in 1999 are also essentially
unchanged under either scenario.
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II. AN OVERVIEW OF ENVIRONMENTAL REGULATIONS
AFFECTING ELECTRIC UTILITIES

INTRODUCTION

Environmental regulations applicable to the electric
utility 1ndustry are extensive because the industry is a major
generator of air, water, and solid waste pollution. They are
also complex and evolving because a multiplicity of interests,
objectives, and technical and scientific developments have
influenced and are influencing their development..

Although the electric utility industry traditionally has
had its own programs for controlling air, water, and solid
waste pollution, further requirements pertaining to each type
of pollutant have evolved separately through legislative,
regulatory, and legal processes at the local, state, and fed-
eral levels. The specific requlrements often vary from plant
to plant, sometimes even from unit to unit in a plant, depend-
ing on a variety of considerations, including a generating
unit's age, location, fuel type, and technical configuration.
In addition to the air, water, and solid waste regulations,
the industry has to comply with other environmentally related
regulations, such as those that control and protect endangered
species and coastal zones.

In some geographic areas, it is arguable that regulations
affecting local utilities would be just as strict as they are
now even in the total absence of federal regulations. In some
other geographic areas, it is arguable that federal require-
ments are the sole driving force behind -some existing regula-
tions. However, beause of the complexity of the interactions
among regulations, the appropriateness of these arguments
cannot readily be determined. Further, responsibility for the
detailed specification and enforcement of particular regula-
tions is often delegated from one level of government to
another. Thus, this study does not attempt to partition envi-
ronmental regulations into those attributable to federal,
state and local initiatives.

A number of common themes apply to air, water, and solid
waste regulations. These themes are the involvement of num-
erous actors in the evolution of environmental regulations;
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the multiplicity of health, welfare, and economic considera-
tions to be met by the regulations; the paucity of conclusive
data on how well specific regulations meet these objectives;
and the tensions between flexibility in dealing with specific
situations, complexity, and predictability in their design.
So, in addition to discussing air, water, and solid waste
regulations separately, this chapter examines how they
interact.

THE CLEAN AIR ACT AND REGULATIONS
IMPLEMENTING THE ACT

The electric utility 'industry has been a major focus of
air regulation because of the large overall quantity of pollu-
tants it emits and because of the large amounts of certain
pollutants some plants emit. The regulated pollutants are all
combustion by-products. For example, through combustion,
natural gas, coal, and oil form nitrogen oxides (NQO,); sulfur
and sulfur compounds contained as impurities in coaf and oil
become sulfur dioxide (503); and other solid impurities in
coal and oil emerge as particulate matter (TSP and fly ash).

Despite a shift to lower-sulfur fuels, the installation
of considerable amounts of pollution control equipment, and
changes in boiler design and operation already accomplished by
1977, the electric utility industry that year still emitted
about 18 million tons of SO3, about 7 million tons of NOg-’
and abgut 3 million tons of total suspended particulates
(TSP). These amounts accounted for about 65, 31, and 25
percent, respectively, of total man-made emissions of each of
these pollutants. In the case of 50,, the average electric
utility plant had uncontrolled emissions substantially larger
than other industrial sources.

As reported in Chapter IV of this study (developed from
1979 utility submissions in the Energy Database), the industry
emitted about 17 million tons of S0;, about 7 ‘million tons of
NOyx, and slightly less than 1 million tons of TSP in 1979.

During the late 1960s, Congress concluded that previous
state and federal initiatives to address the problems of air

ly.s. Departmgnt.of Commerce, Bureau of the Census, "Air
Pollutant Emissions by Source, 1970 to 1979," Statistical
Abstract of the United States, 1979.




pollution, including the Clean Air Act of 1964, were inade-
quate. So in 1970, Congress passed the Clean Air Act Amend-
ments (generally known as the Clean Air Act), which amended
the preexisting law into the overall structure it retains
today. The amended act established a new legal framework to
protect and enhance air gquality and to oversee the implementa-
tion of air quality control programs.? It directed EPA to
establish, and give states the responsibility for implement-
ing, nationwide National Ambient Air Quality Standards (NAAQS)
for both new and existing sources of pollutants and industry-
specific new source performance standards (NSPS) (see

Figure II-1l). '

In 1977, further amendments extended the deadline for the
attainment of all primary (health-related) standards. States
were to prepare and submit to EPA, by January 1979, revised
implementation plans for all nonattainment areas. The plans
were to provide for the implementation of all "reasonably
available control measures as expeditiously as practicable”
for existing sources and for "reasonable further progress,"
demonstrated on an annual basis, toward meeting stgnd;r@s.
The amendments also established a "prevention of significant
deterioration” (PSD) program to protect air that was cleaner
than the NAAQS. The amendments codified and expanded regula-
tions issued by EPA in response to a court order, and they
also changed the statutory standards unde; whlcp N$PSs for
powerplants were issued. Congress is again reviewing the
Act.

The following section describes the major provisions of
the Act, along with the major decisions taken by EPA and the
courts to apply these provisions under changing conditions.

National Ambient Air Quality Standards

Promulgated by EPA in 1971, the NAAQS established amblegt
air gquality standards for seven pollutants during thg 1970s.
Electric powerplants emit significant amounts. of three of
these pollutants--S03, NOx, and TSP. Although.they also ’
emit another of these pollutants, carbon monox}de (CO), this
study does not discuss it because CO 1s predominantly asso-

ciated with motor vehicle emissions.

2Phe Clean Air Act (as amended), Public Law 91-604; Decem-

ber 31, 1970. ) )
3Techniéal amendments to the Clean Air Act, Public Law 32-157;

November 18, 1971.
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The NAAQS affect both new and existing plants. Primary
NAAQS were designed to protect human health, "allowing an
adequate margin of safety." Secondary NAAQS were established
to protect "public welfare," defined as protecting such valued
things as vegetation, property, and scenery. For primary and
secondary NAAQS, the Agency promulgated both short-term
standards to protect against acute effects of exposure to high
pollutant concentrations as well as long~term standards to
protect against the effects of chronic exposure to lower
concentrations.

New Source Performance Standards

To ensure continuing improvements in air gquality, the
Clean Air Act also required EPA's Administrator to set tech-
nology-based (or performance) standards for new plants. These
standards are based on the "best continuoug system of ade~
guately demonstrated technology,” considering cost, energy,
and nonair environmental effects. NSPS apply whether or not

an area meets the NAAQS.

: NSPS for the electric utilities industry were first
established in 1971 and revised in 1979. The 1971 NSPS set
plant emission limits that could be met either by using low-
sulfur fuels or by installing pollution control equipment.
However, after Congress passed the 1977 amendments to the
Clean Air Act--which were intended to preserve the market for
higher sulfur coals and to minimize emi§SLOns from new plants
burning lower sulfur coals, especiglly in the West--the 1979
NSPS required plants to use pollution control equipment to

reduce emissions regardless of the fuel burned.

State Implementation Plans

Under the Clean Air Act, all states must attain and mgin—
tain the NAAQS. The 1970 amendments dlreited them ti.sugmlt
state implementation plans (SIPs) to EPA for approva.l an
promulgagion before July 1972. Althoggh it intended gor these
plans to lead to attainment of the primary NAAQ$ by mid-1975,
the Act provided for a possible two-year extension to 1977.

To account for local circumstances,_the country was
divideg into 247 air quality control regions (AQCRs). 1In
essence the SIPs were intended to redgce_overall emissions to
a level that ensured that all AQCRs w;th;n each state met the
NAAQS. Overall emission reductions within an AQCR would be

allocated by the states among plants in the AQCR.
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Attainment Policies

It is the responsibility of the states, with EPA review
and approval, to determine whether areas within the state are
attaining the NAAQS. The designation of an area as attainment
means that controls to prevent deterioration of the air gqual-
ity will be reguired. This section discusses the applicable
attainment policies.

Prevention of Significant Deterioration

A major gap between the NAAQS and the NSPS concerned
areas of the country where air quality was already cleaner
than what the 1971 standards required. Under the NAAQS, air
guality in these areas, some of which were pristine, could
deteriorate to the level of the national standards. As a
consequence, industrial growth might tend to be directed
toward these regions because emission-related restrictions on
growth would be less extensive. Therefore, it was feared that
technology-based NSPS would not provide the framework for suf-
ficiently protecting areas with relatively pristine air
qguality while not discouraging growth.

As the result of a 1972 suit that the Sierra Club brought
against EPA, the U.S. Supreme Court upheld the opinions of
lower courts and required the Agency to develop regulations to
prevent the significant deterioration of pristine areas. In
December 1974, EPA issued its initial prevention of signif-
icant deterioration (PSD) regulations, which Congress later

modified and igcorporated into the 1977 amendments to the
Clean Air Act.

The PSD regulations directed the states to include in
their implementation plans limitations to building or modify-
ing sources of pollution in PSD areas. These areas were
divided into three categories:

e Class I--pristine areas with the tightest con-
trols;

® Class II--moderate-
tolerating some det
and

growth areas capable of
erloration in air quality;

4sierra Club v. Ruckelshaus, 4 ERC 1205

533 FR 42510, 40 CFR 33.2L. July 1, 1937 > %)



® C(Class III--areas designated for major indus-
trial growth where the deterioration in air
quality could be greater although still subject
to limits. :

The PSD requlations set allowable increments, or limits
for increases in pollutant concentrations from baseline levels
in these areas (with the provision that the NAAQS be main-
tained).® They also subjected new and modifying plants to a
requirement that "best available control technology" to con-
trol emissions be installed. BACT was to be determined on a
case-by-~case basis, but could not be less stringent than
NSPS.

In 1978, EPA revised its PSD reguirements to meet the new
requirements. Litigation followed and resulted in the invali-
dation of significant portions of these regulations. The
court decision resulted in major restruc;uring of the PSD
regulations in 1980, particularly regarding explicit defini-
tion of "major modification® and "stationary source," and
criteria for exclusion from full PSD review. Most important
from the standpoint of electric utilities was the exclusion
from full PSD review, under certain condit}ons, of a source
that voluntarily switched to a more polluting fuel (1:e.f goal
conversions). This exclusion has been particularly signifi-
cant in such areas as the Northeast where extens@ve fuel
switching has occurred or is planned. An exclusion of poten-
tial future significance is that of federally mandated coal

conversions and natural gas curtailments.

Visibility Standards

In the 1977 Clean Air Act Amendments, Congress made pro-
visions for the protection of visibility in large nathnal
parks and wilderness areas that, for the most part, enjoy the
benefits of very clean air. The Act states a policy against
visibility degradation caused by air pollution from human
activities and calls for controls on large stationary sources
of pollution--both new and existing--that impalr visibility in

these Class I areas.

6abstracting from many of the complgxities, existing levels
are basically defined from a baseline of August 7, 1977.
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Visibility is impaired by atmospheric gases and small
particles either absorbing or scattering light. Powerplants
produce three pollutants that cause these effects. Nitrogen
oxides (NOy) emitted from the stack turn into NOp gas and
absorb light at the blue end of the spectrum., This, in turn,
lends a brown or reddish color to the air. 8O3 emitted from
the stack turns into sulfates that, together with the fine-
particle component of TSP, scatter light and produce a dulling
or hazy effect. Both discoloration and haze have degraded
visibility in Class I areas, particularly in western areas,
where the air is naturally so pristine that only a very small
amount of pollution produces a perceptible effect.

In December 1980, EPA promulgated regulations to imple-~
ment the visibility protection program called for by Congress.
In its supporting analysis, the Agency found no existing
sources that would have to add controls to protect visibility.
This finding does not mean that no existing sources are im-
pairing visibility. Rather, it means that the environmental-
energy-cost-balancing approach that the Act requires in these
decisions could not justify the addition of controls to those
sources identified.

Nonattainment Policies

As the 1975 NAAQS compliance deadline passed and as the
allowed two-year extension was also exhausted, it became ap-
parent that the Agency would have to deal with areas that 4id
not.meet the NAAQS compliance schedule for particular pollu-
tants. Even the limited additional pollution allowed by the
NSPS would push these areas further out of compliance. The
Agiqcy responded to this problem by developing the offset
policy.

Offset Policy

_ Originally promulgated in December 1976 and revised in
1?79,7the offset policy applies to new and modified facili-
ties.’ Under the policy, EPA will grant a permit to build a
major new facility that will increase pollution in a non-

attainment area for a particular polluta i ;
three criteria are met: P nt if the following

7public Law 95-95, Section 129(a).
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First, the construction must result in a net reduction in
emissions in the area. The permit applicant must provide the
emissions offset internally or must arrange with local sources
of pollution to reduce their emissions to more than offset the
emissions from the new source. Such a reduction is unnecessary
in an attainment area. Thus, a new plant in an SO nonattain-
ment area would have to negotiate an overall reduction in SO;
emissions but would be subject only to PSD requirements for
TSP.

Second, the new facility must use technology to realize
the lowest achievable emission rate (LAER). Like the best
available control technology (BACT), which is applied to new
sources in attainment areas, LAER cannot be less stringent
than NSPS (either the 1971 or 1979 NSPS, depending on a
plant's commencement date). Permit writers are not, however,
instructed to account for energy and economic effects in mak-
ing LAER determinations, as they are in making BACT dgte;mina-
tions. 1In addition, they are required to set LAER emission
reduction requirements at the best level establlshed.for any
plant by any state's SIP. Consequently, whi}e BACT is often
but not always equivalent to NSPS, LAER may impose more
stringent requirements.

Finally, other plants in the state owned by.the'applicant
must be in compliance with the applicable SIP guidelines.

The 1977 Amendments

When Congress enacted the 1977 amendments to phe Clean
Air Act, it extended until December 1982 the deadline for
areas that had not yet attained the standards for the major
powerplant pollutants--particulates, NO,, and SO3. At the
same time, it regquired states to rewrite tpelr lmplemgntatlon
plans for these pollutants. States that did not submit a
satisfactory implementation plan by July 1, }979, were to be
forbidden to issue permits to new major stationary sources.

The new plans would have to contaip new source review
procedures patterned on the offset provisions d}scussed_above,
as well as a number of other provisions, 1nclud1ng"the 1n§ta1-
lation of "reasonably available control technology" on exist-

ing sources.
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SIP Revision Guidelines

Implementing the 1977 amendments, the SIP revision guide-
lines were promulgated in 1978 to ensure nationwide attainment
of the NAAQS by 1982.8 They incorporated the offset policy
for new plants in nonattainment areas, and also, in some
cases, required emission reductions at existing plants.

States were to issue revised SIPs conforming to the guidelines
by June 1979. Until then, the offset policy would remain in
effect for new plants, and the 1972 SIPs would apply to exist-
ing plants. States that 4id not revise their SIPs in a timely
manner were to be forbidden to issue permits for new or modi-
fied major sources of air pollution.

To accomplish the objective of the guidelines, the 1977
amendments established a tracking procedure called "reasonable
further progress," which had not existed in the original SIP
regulations.9 as defined by the 1977 amendments, reasonable
further progress reguires annual reductions in emissions of
nonattainment pollutants that are consistent with the attain-
ment of the NAAQS by 1982.

Applied to existing plants, reasonable further progress
is interpreted as reasonably available control technology
(RACT). This regquirement has been defined as "the lowest
emigsion limit that a particular source is capable of meeting
by the application of control technology that is reasonably
availible considering technological and economic feasibil-
ity."10 1In using this language, the Agency "has made it clear
that RACT calls for stringent or even 'technology forcing’
requireTents that go beyond off-the-shelf technological con-
trols."!l Por certain industries (primarily emitters of vola-
tile organic compounds), the Agency has issued RACT guidance
in the form of control techniques guidance (CTG) documents
describing state-of-the-art control technology. These docu-
ments, however, have not been developed for the electric util-
ity industry. Consequently, for electric utility plants
states make case-by-case judgments of what constitutes RACT.

Attainment and Nonattainment Interactions

The offset policy for nonattainment a
. \ reas and t
policy for attainment areas interact in two majordcaEZSfSD

cross-boundary effects and 5511Utant-specific violations.

8public Law 95-95, Section 129(a).
944 FR 3284.

10ciean air Act i
lllbid. » Section 172(b)(3) (44 FR 20375).
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Cross-boundary effects increase the stringency of pollu-
tion control requirements if a source in an attainment area is
subject to the requirements of a neighboring nonattainment
area. As an example, a proposed source in an attainment area
that contributes to an NAAQS violation in a neighboring area
either would have to provide sufficient offsets to cover its
contribution to the vioclation (but only for its contribution
to the violation and not for its full emissions), or would
have to control its emissions so as to prevent the contribu-
tion.

Attainment and nonattainment status are determined for
individual pollutants. Consequently it is possible that a
plant in a nonattainment area will be subject to PSD require-
ments for attainment pollutants and to offset requirements for
nonattainment pollutants. Since the procedures (and the
permit-issuing authority) for offset and PSD programs may
differ, the level of a plant's emissions can subject it to two
full sets of preconstruction reviews.

Other Clean Air Act Provisions

Several other important provisions are included in the
Clean Air Act amendments. Two that have bgen the fgcus of
considerable recent attention are stack height requirements

and Section 125 regional coal use.

Stack Heights

In the 1977 Clean Air Act amendments, Congress stated
that sources of pollution could not use smokestgcks tgller
than good engineering practice (GEP) or other dispersion tech-
niques in place of constant emission controls to meet air

quality standards.

Emission limitations are set on the basis of graund-leyel
ambient pollutant concentrations. A tall stack releases emis-
sions into the atmosphere at a high level so that they can
disperse and become less concentrated by the time they reach
the ground than if they were released from a shorter stack.

If the ground-level concentrations are.lower than the legal
limit, then the emission rate can be higher, and sources can
avoid putting on constant emission controls.

Section 125 Regional Coal Reguirements

Section 125 of the Clean Air Act grants the Presidegt the
authority to prohibit large stationary sources of pollution
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from burning fuels other than locally or regionally available

coal to meet SIP requirements. Such a prohibition can be made
if EPA's Administrator or the President determines that it is

necessary to prevent or minimize significant local or regional
economic disruption or unemployment.

In effect, this section of the Act could potentially
limit switching to lower-sulfur coal as a compliance strategy
for utilities. For meeting a given emission limitation, this
strategy is generally preferred by utilities to the alterna-
tive compliance option--installing sophisticated pollution
control equipment (e.g., scrubbers).

Although Ohio and Illinois submitted petitions for action
on Section 125, EPA determined that such action was unwar-
ranted. One of the major factors impeding the use of 125 is
the fact that it requires the Agency to make difficult distri-
butional decisions. The absence of precise definitions for
such important terms as "local," “regional," and "significant
economic disruptions” makes these decisions particularly com-
plicated. '

The inherent limitations of Section 125 can best be il-
-lustrated by briefly analyzing the two potential responses
that can be applied to requests for action. First, by allow-
ing the utility to shift to lower=-sulfur coal, the economic
disruption can simply be allowed to occur. Here, a large
portion of the costs would be borne (implicitly) by the dislo-
cated high-sulfur coal miners and other individuals whose
livelihoods depend upon the affected mines' operations.

The second alternative, whereby the utility would be
required to install pollution control equipment, would dis-
tribute the costs across the utility's customers. The conse-
quences of this choice, however, may prove to be more burden-
some than those associated with the first option: consumer
charges may increase considerably. In this instance, the
Agency imust first attempt to estimate the magnitude of the
increases and then, given the statutory requirement that the
final costs to consumers be taken into acount, judge their
reasonableness. In addition, its application is likely to
give one segment of the coal market an advantage over another
possibly resulting in miners in one state being employed at '
the expense of miners in another state.

Although the possibility exists that a 125 '

b . actio 1
be taken and that the utility involved would be req:i?eg°tod
continue to burn local coal and to install additional pollu-

tion control equipment, this section of
been invoked. ’ the Act has not yet
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THE CLEAN WATER ACT AND REGULATIONS
IMPLEMENTING THE ACT

Water regulations have affected electric utilities less
than air regulations.  Because the industry uses water prima-
rily for c¢ooling, pollutants in most waste streams from elec-
tric powerplants tend to be similar and not highly concen-
trated. However, the volume of these streams can be very
large.

The electric utility industry is the nation's largest
industrial user of water, despite the fact that water use by
steam electric utilities has decreased dramatically over the
past decade. According to the Bureau of the Census, in 1975
steam electric plants used 89 billion gallons of water per
day; by the year 2000, this figure is expected to decrease to
80 billion gallons.l2 Even with continuing declines in usage
per plant, electric utilities will account for more than one-
third of the nation's total water use over the next two
decades and for more than than twice as much water use as all
other industrial plants combined.

Plants with once-through cooling systems use the most
water. Once-through water is taken from a water bodyf used to
recondense spent steam that has passed through a turbine, and
discharged directly back into the water body after it has
passed through the condenser once. Pol;utants potentlally'
subject to control in once-through cooling water are chlorine
(used to control algae growth within the condenser) and heat.

Recently, for environmental and water'supply.reasons!
electric powerplants have moved toward recirculating cooling
systems. In such systems, water used to recondense spentl )
steam is passed through a cooling tower or (less frequent y~
cooling pond. The waste stream, or blowdown, from su;: sys-
tems is the periodic discharge from the system needed g,ret
move accumulated impurities. Pollutants potentially subjec
to control in recirculating systems are chlorine, chemical
additives used to control scaling and corrosion within the

system, and heat.

12y.5. pDepartment of Commerce, Bureau of the ansug, "Esti-
mated Dgily Water Use: 1940 to 1975 and Projections to
2000, " Statistical Abstract of the United States, 1979.
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Ash transport water wastes are emitted by plants that
have wet-ash-handling systems to sluice fly ash from a boil-
er's exhaust stack or ash from the bottom of a boiler. Pal-
lutants potentially present in ash-handling water include
total suspended solids, oil, grease, and trace elements from
ash.

Metal-cleaning and low-volume wastes are a third category
of powerplant waste streams. Metal-cleaning wastes result
from occasional operations tc remove scaling and corrosion
that can accumulate on boilers and condensers at all steam
electric plants. Low-volume wastes are a collection of small,
intermittent streams that also are present at all plants.
wastewater from flue gas desulfurization systems is considered
part of low-volume wastes. Pollutants potentially present in
these waste streams include copper, iron, oil, grease, and
total suspended solids, as well as chemical preparations used
to clean metals.

Runoff, the final waste category, is created when precip-
itation falls on various powerplant components, such as coal
storage, ash handling and disposal, construction, and chemical
handling equipment. Powerplants are required to have runoff
collection systems, and discharges from these systems are
subject to effluent limitations.

In 1972, Congress passed the Federal Water Pollution
Control Act. That act was amended by the Clean Water Act of
1977.13 The approach taken by regulations implementing the
Clean Water Act differs in important respects from that taken
by air regulations. Whereas ambient air quality standards
drive regulations controlling air pollution, technology
standards under section 301 of the Act dominate water
pollution control. Consequently, while air regulations have
imposed different standards for attainment and nonattainment
areas, federal regulations to control water pollution
generally have not differentiated among regions of the
country. States, of course, can and do impose additional
water-quality-related requirements.

The next section discusses the technol
governing the electric utility industr
where these standards are insufficient
mnt L ]

ogy-based standards
Y and other provisions
to protect the environ-

137he Federal Water Polluti
on Control Act (P.L. -
amended by the Clean Water Act of 1977 (P.L? 9232532) =
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NPDES and Effluent Limitation Guidelines

The basic mechanism for enforcing the requirements of the
Clean Water Act is the national pollution discharge elimina-
tion system (NPDES) permit required for all point-source dig-
charges into the navigable waters of the United States.l4
NPDES permits incorporate specific pollution control regquire-
ments based on effluent limitation guidelines that EPA has
periodically issued. These guidelines fall into the following
major categories:

@ Best practicable control technology (BPT),
specifying standards to be met by July 1, 1977;

e Best available technology economically achiev-
able (BAT), specifying standards for toxic
pollutants to be met by July 1, 1984;

® Best conventional technology (BCT), specifying
'~ conventional pollutant standards to be met by
July 1, 1984;

® New source performance ‘standards (NS?S), set-
ting requirements for plants commencing con-
struction after a given date (usually the date
of proposal of the regulations containing the

NSPS); and

® Pretreatment standards for existing sources
(PSES) and for new sources (PSNS) applying to
discharges to publicly owned treatment works -

(POTWs) .

In practice, the major standards applying to electric
utilities have been BPT, BAT, and NSPS (see Table II-l). Few
existing electric utility plants discharge to POTWs, and no
such discharges are expected in the future. Consequently,

l47he NPDES permits do not cover two types 9f water dis-
charges: nonpoint discharges from such diffuse sources
as agricultural irrigation and runoff, and d}sgharges tg
publicly owned treatment works. Both have limited appli-

cability to the electric utilities industry.
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PSES and PSNS have limited applicability. BCT standards have
not been established because BAT standards cover waste streams
which also contain conventional pollutants,

1974 Best Practicable Control
Technology Standards

EPA promulgated BPT standards for the electric utility
industry in 1974. These standards, which had a compliance
deadline of July 1, 1977, applied to all the major waste
streams-~cooling water, ash transport water, metal-cleaning
wastes, low-volume wastes, and boiler blowdown. In addition
to standards for specific waste streams, the 1974 BPT regula-
tiong required all discharges to control acidity (pH) levels
and prohibited any discharge of polychlorinated biphenyls
(PCBs).

The technologies required to meet BPT standards were
relatively straightforward, Management practices, such as
increased care in the application of chlorine, could meet the
limitations on chlorine discharges in cooling water; sedimen-
tation in settling ponds could satisfy the standards for total
suspended solids (TSS), oil and grease, and metals in the
remaining waste streams; management practices using non-pPCB
chemical additives could control PCBs; and adding chemicals
could enable plants to meet pH limits,

1975 Best Available Technology and
New Source Perrormance Standards

In 1975 the Agency promulgated BAT standards and NSPS for
plants beginning construction after 1974. The BAT standards

originally had a 1983 compliance deadline, but the 1977 amend-
ments extended it to 1984.

For most waste streams, the 1975 BAT and NSPS. limitations
reiterated BPT limits. There were some exceptions, however:
the BAT and NSPS5 requirements were considerably more stringent
for bottom-ash transport water; for fly-ash transport water
BAT was the same as BPT, but NSPS mandated zero discharge; and
the 1975 BAT limited and the 1975 NSPS prohibited discharges

of certain corrosion inhibitors from recirculating cooling
water.
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The fundamental change incorporated in the 1975 BAT and
NSPS concerned a pollutant that BPT had not regulated: heat.
The BAT regulations prohibited any discharge of water from
recirculating cooling systems at temperatures higher than that
of the intake water. Plants with other types of systems
(once~through cooling, cooling ponds, or lakes) could dis-
charge heat only if they could demonstrate that they had been
in service before the regulations were promulgated. The NSPS
standards included a thermal discharge prohibition for all
types of cooling systems.

Technologies to meet the additional BAT and NSPS limita-
tions are considerably more complex than those to meet BPT.
The more stringent limits on oil and grease in bottom-ash
transport water require complex recirculation systems, the
zero-discharge limit for fly-ash transport water at new plants
calls for dry fly-ash handling (which for a new plant is no
more expensive than wet handling), and thermal discharge
limits in most cases require highly effective recirculating
cooling systems.

1977 Pretreatment Standargds

In 1977 EPA promulgated pretreatment standards for the
few systems that discharge to publicly owned treatment works
(POTWs). The basic principle of pretreatment standards was
that pollutants that interfered with or passed through the
operations of a POTW were to be controlled. Applied to elec-
tric utility discharges, this principle meant that pretreat-
ment standards were equivalent to or less stringent than BAT
or N3PS. Chlorine and oil and grease were not controlled by
pretreatment standards because these pollutants could be re-
moved by POTWs, but limits for metals were the same as those
for BAT and NSPS. Pretreatment standards did not apply to
thermal discharges. PPLY

Recent Develo ments‘Affectin
the Effluent Guidelines

ngeral major developments since 1

pollution control regulations-for the ezzgtgigeuziiziediZEEZS
try. In July 1976, as a result of a suit brought b { ala-
chian Power Co., the U.S. Court of Appeals remandedytongA the
1975 BAT and NSPS standards governing thermal discharges

ﬁesi lgggzgigg‘ESPects oi the 1975 regulations also rgmaﬁdea

y Appalachian Power included the N -di i

for fly-ash transport water andg lim?iz ;irgugézghgigihiigéz




II-19

At approximately the time of the Appalachian Power deci-
sion, the Agency signed a consent decree settling another case
brought against it by the Natural Resources Defense Council
(NRDC). In essence, as applied to electric utility dis-
charges, the NRDC consent decree: (1) committed the Agency to
a schedule for promulgating effluent limitation guidelines for
point source categories (electric utilities were the second of
21 categories); and (2) specified 65 toxic pollutants, subse-
quently extended to 129 priority pollutants, that were ex-
pressly to be considered in the development of effluent limi-
tation guidelines.

In 1977 Congress amended the Clean Water Act, incorporat-
ing the major provisions of the consent decree. The Clean
Water Act amendments extended the BAT compliance date from
July 1983 to July 1984, but considerably increased the scope
of BAT and NSPS, reiterating the consent decree's directive
that standards be set for toxic pollutants.

1980 Proposed Effluent

Limitation Guidelines

In October 1980, the Agency proposed new effluent_limipa-
tion guidelines for the electric utility industry required by
the Clean Water Act, after the consent decree was ilncorporated
into the Act by the 1977 amendments. Major changes from BPT
standards in the proposed regulations were (1) an absolute
prohibition of discharges containing the 129 priority pollu-
tants, (2) a reduction in allowable chlorine discharges from
plant cooling systems, and (3) reinstitution for new plants
only of the standards for the zero discharge of gly—ash trans-
port water, which the Court of Appeals remanded in 1876. .
(Runoff standards also remanded by the court had been reinsti-
tuted earlier in 1980 by an agreement between industry and the

Agency.)

The 1980 proposed effluent limitation guidelinesvwere
perhaps more significant for what they did not propose than
for what they did propose (see Table II-1). No controls be-
yond those reguired by BPT were regulred ?or bottom-ash trans-
port water at existing plants. This rescinded the 1975 BAT
limitation of permissible discharges to levels below those
allowed under BPT. In addition although wash waters from
flue~gas desulfurization were included'under lqw-volgme waste,
the Agency asserted that it was reserving consideration of

specific standards for this waste stream.
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The 1980 proposed regulations also did not reinstitute
the thermal regulation that had been remanded in 1976. 1In the
absence of federal guidelines, individual permit writers apply
in each case "best engineering judgment" (BEJ) to implement
the Clean Water Act's restrictions on environmental damage
from thermal discharges. Of course, individual states may
impose further limitations.

Cooling Water Intake Standards

In addition to the specific technology-based effluent
limitations under Section 301 of the Clean Water Act, Section
316(b) requires that "the location, design, construction, and
capacity of cooling water .intake structures reflect the best
technology available for minimizing adverse environmental
impact.” In 1976 the Agency promulgated regulations imple-
menting this section which required case-by-case examinations
of the environmental effectiveness and economics of cooling-
water intake structures. This way EPA could determine the
best (i.e., most effective) structure whose cost was not
"wholly out of proportion to the magnitude of the reduction in
level of estimated damage.” These regulations were remanded
in 1977. So, as in the case of thermal discharges, individual
permit writers implement the Clean Water Act's provisions by
applying case-by-case "best engineering judgment."

water Quality Effluent Limitations

Section 302 of the Clean Water Act provides that where
technology-based standards are insufficient to "assure protec-
tion of public water supplies, agricultural and industrial
uses, and the protection and propagation of a balanced indige-~
nous population of shellfish, fish, and wildlife and allow
recreational activities, effluent limitation . . . ghall be
established which can reasonably be expected to contribute to
the attainment or maintenance of such water quality.® Under
this requirement applicants for discharge permits must obtain
state certification that a discharge will not violate state
water guality standards.

REGULATIONS CONTRQLLING THE
DISPO OF LID WASTES
Until recently, how electric utilities have disposed of

solid waste has received little attention relati
. . X ati
discharge pollution into air and water. Three fzztggs?ozosgey
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ever, have focused increasing attention on utilities: (1) the
increasing stringency of air and water pollution regulations
that have led to control techniques that themselves generate
solid waste; (2) the possibility that some or all of these
wastes may be designated as "hazardous" under the Resource
Conservation and Recovery Act (RCRA) and, therefore, will
require expensive disposal procedures; and (3) the increasing
awareness nationwide of solid waste disposal in the wake of
events at Love Canal and elsewhere.

Resource Conservation and Recover
Act and Regglations Imglementing the Act

The major federal regulations governing solid waste dis-
posal were mandated by the Resource Conservation and Recovery
Act of 1976. Under RCRA, EPA was required to develop an inte-
grated program for managing hazardous and solid wastes. As
provided by RCRA, the hazardous waste management aspect of the
program would be developed initially by EPA, but authority for
implementing it would be delegated subsequently to states with
programs equivalent to the federal programs. Programs for
managing nonhazardous solid wastes were to be developed by
individual states, providing that general minimum guidelines
promulgated by EPA were met or exceeded. Solid wastes from
electric utilities include: by-products of coal combustion
and flue gas cleaning, such as ash and scrubber sludges; chem-
ical wastes from metal cleaning, from degreasing, and from
wastewater and makeup water cleaning; and hazardous substances
(notably PCBs) contained in electrical equipment such as

transformers.15

RCRA Section 3004--Hazardous

Waste DIsgosai Regulaticns

Under RCRA, a waste can be designated as hgzgrdous if:
(1) it fails tests specified by EPA for ignztab;lzty, corro-
sivity, reactivity, or toxicity; or (2) it is listed specifi-
cally as hazardous. A number of wastes and residues from
powerplants--such as metal-cleaning wastes and sludges from
chemical waste treatment--may fail one or more of the four

15Nuclear plants generate low- and high-grade rgdigactive
wastes; however, the National Regulatory Commission (NRC),
rather than EPA, regulates these wastes.
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tests, and certain degreasing compounds containing halogenated
solvents and PCBs have been listed as hazardous wastes.

Given their relatively small volumes of hazardous waste
(assuming ash and scrubber sludge are considered nonhazard-
ous), electric utilities in most cases find it more economical
to dispose of their hazardous waste off-site. Requirements
for on-site disposers of hazardous wastes are extensive, and
economies of scale in meeting these requirements are available
only to operators of large facilities.

RCRA requires off-site disposers to determine whether a
waste is hazardous and, if so, maintain records concerning its
disposition. The major single requirement for off-site dis-
posers is the completion of a manifest, or list, specifying
who generated the waste, what kind and guantity of waste was
shipped under the manifest, who transported it, and what EPA-
approved disposal facility was to receive it. This manifest
is used (1) to transfer responsibility for a hazardous waste
from the transporter to the disposal facility's operator, and
(2) to track the waste through its ultimate disposition.
However, RCRA clearly states that the generator has ultimate
liability for the long-term integrity of the disposal facil~
ity's operations. ' ‘

RCRA Section 4004--Nonhazardous

Waste Disposal Guidelines

Large-volume waste from electric utilities, such as fly
and bottom ash and scrubber sludge, are currently treated as
nonhazardous wastes under section 4004 of RCRA. These wastes
are specifically excluded by statute from the hazardous waste
category pending an Agency study of the characteristics of and
disposal practices for ash. Though the Agency has not made
final decisions concerning disposal requirements for ash and

sludge, it is likely that these wastes will conti
treated as nonhazardous in virtually all areas? nue to be

Several important differences exis -
nents for hazardous and nonhazardous wa:tzeggzggsig?h ggguire
hazardous waste disposal, EPA develops regulations that the
states implement through EPA-approved programs. By contrast,
aside from incorporating 2PA's minimum criteria for solid

waste facilities, the states develop th
nonhazardous waste. p their own regulations for
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Since large-volume nonhazardous wastes are likely to be
disposed of on-site, electric utilities are directly affected
by requirements for the design and operation of nonhazardous
waste disposal facilities. The major requirements under EPA's
4004 guidelines for sanitary landfills are protection of:

e Environmentally sensitive areas--flood plains,
wetlands, and critical habitats for endangered

species;

e The quality of ground water drinking supplies
against contamination; and

e Surface waters.l6

State regulations meeting these guidelines vary, at times
significantly, across regions of the country. In some cases,
these regulations respond to regional variations in soil per-
meability, dependence on ground water, or coal-ash character-
istics and are necessary to meet EPA guidelines. In other
cases, they vary because state attitudes toward ash disposal

differ.

A TBS study of fourteen major current and future coal~
consuming states reveals two major sources of d1fference§
among state regulations governing ash dlspo§a1.17 The first
concerns the classification of coal ash: eight of the four-
teen states treat coal ash as any other nonhazardous solid
waste, four apply more stringent standards for coal ash than
for other solid wastes, and two consider ash an "inert nonde-~
compogible"” material requiring less careful treatment than
other solid wastes. The second difference relates to ground
water protection: five states require spgc:flc measures,
while the remaining states establish requirements case.by
case. The difference in regulations, coupled with regional
variations in ash characteristics and hyd;ologxcal gn@ geolgg-
ical factors, results in considerable regional specificity in

ash-disposal practices and costs.

160ther 4004 requirements--such as daily cover, disease and
vector control, and access control--are less relevant to
electric utility wastes or are already met by electric util-

ities. . i
177emple, Barker & Sloane, Inc., Analysis of Electric Utjilit

and Industrial Bojiler Solid Waste stgosgl Practices an ;

Costs (draft), for EPA's Energy Policy Division, Office o

Policy Analysis, June 1981.
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Polychlorinated Biphenyls (PCBs)

Interim Control Measures

PCBs pose a somewhat different problem from other solid
wastes in that concern exists about both the operation and the
disposal of electrical equipment containing or contaminated by
PCBs. Disposal of PCBs is difficult because of their extreme-
ly hazardous nature and because they do not readily decompose
into less hazardous substances. For these reasons PCB dispos-
al in landfills is considered environmentally unsound. Ef-
forts are under way to develop alternative methods of dispos~
ing of PCBs. For example, two firms have been authorized to
incinerate PCBs at very high temperatures.

While continuing to study the extent and the nature of
the PCB problem in cooperation with industry, EPA has estab-
lished a set of interim measures for inspecting and maintain-
ing electrical transformers containing PCBs.l8 These measures
establish strict requirements for operators of transformers
located near food and feed products, including conducting
weekly inspections, reporting and servicing leaking equipment,
and maintaining records of inspections and service. For
equipment not near food and feed products, quarterly inspec-
tions are required.

INT%BQETIONS AMONG ENVIRON-
MENTAL REGULATIO

Although environmental programs for air, water, and solid
waste are distinct in a regulatory context, they intertwine at
individual plants. Air pollutants removed by wet systems to
comply with air regulations create waste streams controlled by
water regulations, which in turn generate sludges that must be
disposed of in compliance with solid waste regulations. This
section points out the overlapping coverages of the regula~
tions for air, water, and solid waste described in the previ-

ous sections and discusses some of the major cross-media
effects.

18rransformers containin :
g PCBs 'are frequently n -
property, although the utility owns ghem. Y not on utility
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Overlapping Regulatory Coverages

Regulations affecting a specific plant depend on its fuel
type, location, technical configuration, and in-service date.

As shown in Table II-2, coal-burning plants are subject
to the full range of air, water, and solid waste regulations.
Oil-burning plants are somewhat less affected by air regula-
tions and as a rule do not have either the ash transport
streams that constitute a major water problem or the ash and
scrubber sludge that contribute to solid-waste disposal con-
cerns. Gas and nuclear plants are affected predominately by
water regulations for low-volume streams and cooling water,
but not by EPA's air and solid waste regulations. (Nuclear
plant emissions are also regulated by Nuclear.Regulatory Com=-
mission rules not discussed in this chapter.)

Table II-2

POWERPLANT POLLUTION SOURCES
AS A FUNCTION OF PLANT FUEL TYPE

Coal 0il Gas Nucleer
Air
—-5.02 M M 0 0
ISP M [ ] 3 g
M M
mx
Vater
Cooling M M M :
Ash Transport M " g 0
Low=Volume M M
Runoff M m m m
Solid Waste 0 o
Ash, Scrubber Sludge M n ’ 0
Chemical M M
PCB M M M M

M z Majar Source
m = Minor Source
0 z None

e applicability of par-
air regulations vary for
Within attainment areas,

Plant location also influences th
ticular regulations. As noted above,
attainment and nonattainment areas.
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the applicability of Class I and II area PSD limits depends on
location. Cross-boundary effects and differing attainment
conditions for SOz and TSP in the same location can result in
complex regulatory requirements for some plants. Location
also affects the applicability of water regulations, but only
indirectly. For example, in some areas of the country where
recirculating cooling systems are more prevalent, plants are
subject to standards for these systems. State solid waste
regulations implementing federal guidelines vary significantly
from state to state, depending on such local conditions as
hydrogeology and public attitudes. Consequently location can
greatly affect the standards applicable to ash and sludge
disposal.

Technical design factors strongly influence the portion
of water regulations that apply to particular plants. An
example is the distinction between once-through and recircu-
lating systems, which are subject to different chlorine stand-
ards under the 1980 proposed effluent limitation guidelines.
Another distinction exists between plants with dry-ash hand-
ling systems and plants with wet-ash handling systems and the
consequent ash transport waste streams. The applicability of
air regulations does not vary as a function of plant confiqu-
ration, but the 1971 and 1979 air NSPS have affected new plant
designs by making construction of new cyclone boilers virtual-
ly impossible because these boilers cannot be designed to meet
NOx limitations.

As more and more plants come intc service under regula-
tory programs established over the past decade, an increasing-
ly critical factor determining the applicability of environ-
mental regulations to an individual plant will be the date on
which the plant "commenced construction."l9 As ghown in
Figure II-2, whether a plant is subject to specific air emis-
sion limitations depends on when construction of the plant
began relative to the effective dates of the 1971 and 1579

19Because of the effect of a plant's commencemen
applicability of specific regulations, its def?n?iignogsthe
important. Generally, to claim that it should not be sub-
ject to regulation, a plant must demonstrate that before the
effective date of the regulation it had (1) received all
required permits and (2) either commenced on-site construc-

tion or established binding agreement
completion. 9 s for the plant's



Figure 112

APPLICABILITY OF ENVIRONMENTAL REGULATIONS TO EXISTING
AND NEW ELECTRIC UTILITY PLANTS
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TPlams in some aress may be subject to BART visibility requirements.

2pSD and Offset Policies wera revised in 1977 and 1978, respectively.

3Ptopoud regulations. '

41975 BAT and NSPS for bottom ssh transport water rescinded by 1980 NSPS, which are squivsient to 1974 BPT.
51975 Thermal Standards apply to recirculating cooling systems only; other systems exempt.

BRegulations on intake structures and thermal discharges remanded In 1978 and 1977, respectively. No new regulations
peomulgated; therefore, permit writers apply case by cass “hast engineering judgment.*
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NSPS air regulations. It also depends on the PSD and offset
regulations for attainment and nonattainment areas, respec-
tively, that were in force when it received its construction
permit. In general, because NSPS for water pollution control
have reiterated existing plant requirements, a plant'’'s
commencement date is a less important factor in determining
water regulations applicable to it. Two exceptions concern
fly-ash transport water, for which a zero-discharge standard
was proposed in 1980, and bottom-ash transport water, for
which the NSPS promulgated in 1975 were rescinded in 1980 in
favor of the 1974 BPT standards. Federal solid and hazardous
waste regulations do not differentiate between new and exist-
ing facilities; however, individual state solid waste regula-
tions may impose more stringent requirements or differentiate
between existing and new facilities.

Cross-Media Effects

The cross-media effects associated with environmental
regulations relate primarily to more stringent air regula-
tions, which in turn have resulted in greater water pollution
control and solid waste disposal burdens. State implementa-
tion plans to meet the NAAQS and the 1971 NSPS air regulations
required fly-ash collection systems with greatly increased
efficiencies. To the extent that wet-ash transport systems
have been used to sluice ash from these systems, utilities
have needed to comply with additional water pollution regula-
tions. In fact, concern over water pollution control require-
ments has fostered a trend toward dry-ash handling.

The 1971 NSPS air regulations effectively r i -
bers for plants not using low=-sulfur coal, ang t:gui;ggsgggg
require these systems at all new plants. In addition, SIPs
may in effect require scrubbers at existing plants. As has
been noted, the Agency has not determined how to handle waste-
water from wet scrubber systems. The solid-waste disposal
problems posed by scrubber sludges, however, are significant.
These sludges increase the quantity of wastes to be disposed

of and generally require some form of : :
chemical fixation before disposal. stabilization or

, Some water pollution control measures ma

relatively small volumes of s0lid waste that iggiggergggégsi?
as hazardous wastes. Public comments concerning the 1980 pro-
posed effluent limitation guidelines have argued that strin-
gent application of these guidelines to metal-cleaning and
low-volume wastes may result in sludges that qualify as
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hazardous wastes. Since low-volume waste streams are often
intermingled, utilities may face the problem of either insti-
tuting changes to segregate waste streams that do and do not
generate hazardous sludges or disposing of larger guantities
of sludge in facilities that meet the criteria for disposing
of hazardous waste.
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CHAPTER III

THE EFFECTS OF ENVIRONMENTAL REGULATIONS
ON THE OPERATIONS AND PLANS OF ELECTRIC UTILITIES
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III. THE EFFECTS OF ENVIRONMENTAL REGULATIONS ON
THE OPERATIONS AND PLANS OF ELECTRIC UTILITIES

INTRODUCTION AND
MAJOR FINDINGS

This chapter reviews the effects of environmental regu-
lations on the operations and plans of electric utilities and
sets environmental considerations into the context of the
industry's overall business environment. During the last
decade, a large number of changes have occurred in the overall
business environment of utilities. On balance, the changes
greatly increased the complexity, uncertainty, and financial
difficulties associated with utility operations and plans. An
important element in the changed business climate of utilities
has been the marked increase in the scope and complexity of
environmental regulations.

In response to heightened uncertainties and increased
costs, utilities have adopted strategies designed to reduce
their risk exposure and to alleviate their financial difficul-
ties. To forestall further financial deterioration, utilities
have sought frequent rate increases to recover as quickly as
possible increases in operating and capital costs. Because of
their financial constraints, many utilities have also placed
increased emphasis on less capital-intensive alternatives and
methods for reducing the need for new capacity. The prospect
of greater uncertainty without commensurate earnings in the
regulated electric utility sector has also prompted some com-
panies to diversify into nonrggulated business, and many
utilities are considering similar strategies.

i ental regulations emerging during the 1970s-~
coverfg;‘:??? water, gnd solid wastes--have introduced both
additional uncertainty and higher costs in the siting, plan-
ning, construction, and operation of utility powerplants.
Given the other difficulties gffectlgg electric utilities, the
uncertainties and costs assgc1ated with environmental rggula-
tions are having an increasingly important effect on utility
operations and plans. Perhaps not'surprzsingly, utilities
have developed plans and taken actions to reduce ghe costs and
uncertainty associated with environmental regulations.
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To understand how utilities have responded and are plan-
ning to respond to changes in their business environment, and
to determine the implications of these responses for compli-
ance with environmental regulations, TBS conducted case
studies of six electric utilities. Each case study involved a
series of interviews with company executives and technical
staff. These were supplemented with interviews with other
knowledgeable individuals in other utility companies and an
industry association.

The objective of the case studies was to identify both
the direct and the indirect effects and costs of environmental
regulations on utility operations and plans. The research was
intended first to describe obvious, direct effects such as the
installation of pollution control equipment or a switch to
low-sulfur fuels. TBS's research was also intended to identi-
fy and discuss any subtle, indirect costs of environmental
requlations~-such as additional technological uncertainty
or reduced plant reliability--that increase costs, but that
are not highlighted in the usual utility financial reports or
in the engineering cost estimates that form the basis for the
quantitative analysis in subsequent chapters. The case
studies also were intended to provide EPA with candid reac-
tions of utility executives and technical staff to environ-
mental regulations and to highlight differences of opinion
among utilities and between utilities and EPA.

Interviews with the case study companies uncovered four
major conclusions regarding their compliance activities asso-
ciated with existing powerplants. First, the expense and
difficulty of achieving compliance at existing powerplants
varies greatly among utilities and appears to be a function
primarily of the ambient air quality near powerplants, the
types of fuel consumed, and the stringency of state implemen-
tation plans. Second, as is corroborated by the quantitative
unit-level analysis discussed in Chapter IV, utilities have
complied with the most costly regulations--those related to
sulfur dioxide--primarily by increasing the quality of their
fuels rather than by installing equipment. Third, utilities
fglly accept their responsgibility to monitor pollutant emis-
sions and report violations accurately to EPA or state envi-
ronmental agencies. Finally, to reduce capital and operating
costs, utilities have usually sought to reduce the stringency

°§ ;egulations they must meet through negotiation or
litigation.

_ 09r interviews also revealed a pervasive concern that
financial considerations will become more influential in
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utility decision making and will hamper the ability and will-
ingness of utilities to meet the capital requirements associ-
ated with capacity expansion and pollution control. The full
impact of the industry's current weak financial condition has
not yet been felt, in part because load growth since 1974 has
fallen dramatically. Many utilities have continued the con-
struction of powerplants already under way before the falloff
in growth became apparent, but they have been able to pare
back other construction programs and lower their long-run
financing requirements. However, when future growth in demand
requires new capacity to be added, the large capital require-
ments associated with building new coal-fired powerplants may
be an obstacle for financially weak utilities. Perhaps as
important, even utilities that have relatively high bond rat-
ings will be reluctant to make investments that require the
issuance of additional common stock if they expect future
earnings to be inadequate. To the extent that environmental
regulations contribute to the capital and operating costs of
new capacity, both utilities and consumers may attempt to
modify environmental requirements in an attempt to lower elec-
tricity costs and to avoid reductions in service reliability.

. While some case study companies with relatively good
ambient air quality are not greatly concerned with prevention
of significant deterioration (PSD) regulations, other com-
panies stated that, even in the absence of financial con-
straints, existing air environmental regulations will all but
eliminate their ability to site coal-fired powerplants in the
future. These companies are convinced that existing PSD regu-
lations are unworkable and are actively working to secure
passage of legislation to revise them. These util;ties be-
lieve that PSD increments will be exhausted over time and that
the utilities will be required to obtain offseps--which may be
costly or unavailable at any price. These bgl;efs are a point
of contention with various environmental officials.

To avoid or to mitigate the.financ§a1_and environmen;al
difficulties associated with siting, building, and operating
new coal-fired powerplants, the majority of_the case stgdy
utilities are actively pursuing other capacity alternatives.
For example, some companles are exploring the use of syn;hgtlc
fuels to supplement or displace oi; and natural gas. Utili-
ties also are reconsidering historical standards of reliabil-
ity with an eye toward lowering such standards and thereby
slowing the rate at which new capacity needs to be. added.
Some of the companies studied are actively c9n51der1ng pur-
chasing power to meet future demand, attempting thereby to
export both some environmenta} and fznanc@al problems. Sez-
eral of the companies are actively exploring greater use -0
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unconventional sources of power, such as the sun, the wind,
and wood, and are currently planning on them to contribute to
future electricity supply. BHowever, reflecting the technolog-
ical uncertainty associated with these sources, these com-
panies have contingency plans that involve more traditional
sources of supply, such as new coal-fired powerplants.

As an alternative to building new capacity, all the case
study companies are evaluating, and some are aggressively pur-
suing, direct load controls, conservation programs, and new
pricing structures such as time~of-day rates. The attractive-
ness of these alternatives depends on situational factors.
Companies that currently have ample capacity tend to prefer
not to restrict demand. Other companies facing the prospect
of having to build new powerplants may vigorously try to hold
down demand but be unable to find cost-effective ways for
doing so.

While environmental considerations may not have been the
major factor in shaping the plans of the case study utilities,
environmental regulations have presented them with significant
challenges. BEnvironmental regulations have increased the lead
time for new powerplants and have increased the uncertainty
associated with meeting all necessary permitting and licensing
requirements. ' ' '

Technology-forcing regulations, such as best available
control technology (BACT) and lowest achievable emission rate
(LABR), also have increased the technological risk perceived
by utilities. Some of these regulations require state-of-the-
art pollution control equipment that may not perform well
enough to achieve compliance and may adversely affect a
plant's performance. The utilities interviewed believe that
the technology-forcing approach to environmental control is
undesirable because it may preclude the use of more certain
and cost-effective ways to control pollutants. Utilities
strongly prefer to be given performance standards, but to be
allowed to choose the best method for complying with them.
The case study companies also expressed concern that, as new
technologies are introduced, BACT and LABR standards will

chagge, thereby creating additional uncertainty angd higher
casts.

Utilities have responded to the chal
environmental regulations in several waysfengf§s§r°:§2§°ga5§
made their environmental affairs departments an iéportant
element'in the utility planning process. These departments
are typically responsible for gathering and assessing informa-
tion on regulatory requirements, costs, and risks and for
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trying to anticipate changes in environmental regulations.

The departments attempt to reduce the potential adverse conse-
quences of uncertainty about regulations by identifying key
environmental issues, preparing contingency plans, and at-
tempting to maintain as much flexibility as possible in the
utilities' supply plans. Utilities also have supported lobby-
ing efforts to change requirements from a technology-forcing
orientation to an approach that focuses on meeting pollutant-
loading goals. Finally, utilities have initiated research and
development activities that contribute significantly to their
ability to meet existing regquirements in a cost-effective
manner and that develop technical expertise that can be used
to support negotiations and, when necessary, litigation.

RESEARCH METHODOLOGY

Six case studies were conducted to gather in-depth infor-
mation on the effects of environmental regulations on utility
operations and plans. Each case study comprised on-site in-
terviews of a utility's management and staff in a number of
functional areas, including finance, capacity planning, power-
plant operations, engineering, and environmental affairs; a
review of public and internal company documents relating to
the company's business operations and environmental activi-
ties; and on-site interviews of state public utility commis-
sions (PUCs) and state environmental and siting agencies. The
case studies were supplemented with interviews with environ-
mental experts in an industry association, regional EPA staff
members, and other utility executives.

TBS informed the case study companies that their iden-
tities would be kept confidential to enable them to be com-
plete and candid in their responses. Therefore, to preserve
confidentiality, this chapter does not provide detailed
information that would associate responses with a particular

company.

The case studies were conducted in five regions og the
United States to reflect the broad range og business situa-
tions and environmental concerns characteristic of the elecT
tric utility industry. The companies were selected to provide
diversity along a number of dimensions, including: demand
growth, existing capacity fuel mix, financial condxtzog, and
existing air quality. This diversity ensured.that a wide
variety of the major topics of environmental }nterest were
faced by one or more of the case.study companies. These top-
ics include: compliance strategies for existing powerplants
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of all the major fuel types; oil-to-coal conversions; PSD,
nonattainment, and visibility regulations; and the siting of
new powerplants. Of course, despite the diversity of the case
study situations, six case studies cannot be viewed as cap-
turing the full range of responses to environmental regula-
tions in the electric utility industry.

THE BUSINESS ENVIRONMENT OF
ELECTRIC UTILITIES

To provide the background necessary for an understanding
of electric utility decision making and actions vis-a-vis
environmental regulations, this section reviews the most im-
portant influences on electric utilities and discusses how
changes in those factors have affected and will affect utility
decision making. The considerations influencing utility in-
vestment decisions and strategies for compliance with environ-
mental regulations include: the objectives, rate regulatory
environment, and financial condition of utilities; federal and
state energy regulation; and the market for electricity.

The Objectives, Rate Re ulato
Environment, and Financial
Condition of Utilities

A utility's objectives typically are to provide adequate
and reliable electric service at reasonable cost to its cus-
tomers, to provide a reasonable rate of return to its inves-
tors, and to comply with societal objectives and regulations.
Differences in the interests of consumers, investors, and
society can result in conflicts between utility objectives
and therefore can require utilities and their regulatory com-
missions to make tradeoffs between objectives. For example,
consumers’' rates can be reduced by allowing the reliability of
electric service to deteriorate or by lessening the stringency
of environmental controls. A balancing of objectives requires
a consideration of the effects of decisions not only on cur-
rent consumers, but also on future consumers. For example
decisions to lower returns to investors may result in iowe;

rates for consumerg in the short run, but
costs for future consumers. r but may lead to higher

Because utilities are monopolies, state (and
o
degree, federal) commissions have hiséorically bee: givi:s:::
regulatory authority to ensure that utilities do not exploit
their monopeolistic power. Regulatory commissions exercise
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their authority by regulating the level and structure of a
company's rates which, in turn, are key determinants of a
utility's revenues. The appropriate level of revenues is
commonly interpreted as the level that allows a company to
serve its customers and to provide its shareholders with an
opportunity to earn returns commensurate with those available
on investments of comparable risk.

A fundamental regulatory problem is that PUCs tend to
determine rates on the basis of procedures that do not accur-
ately reflect costs during the period in which the rates are
in effect. In an inflationary environment, these procedures
have generally resulted in electric rates that have been in-
adequate to cover costs and to provide an acceptable rate of
return. As a result, in the last decade, most major electric
utilities have persistently failed to earn rates of return
consistent with those required by investors in common stock.

There is also considerable debate about whether PUCs
adequately adjust allowed returns to correspond to the risks
of particular projects, a debate with obvious implications for
the willingness of utilities to invest in state-of-the-art
technologies. Utilities are concerned that PUCs will not
reward their stockholders for the successful undertaking of
risky projects, but will force them to bear most of the unfa-
vorable consequences of an unsuccessful outcome. If an eco-
nomically attractive but risky project proves successful, the
PUC can hold the utility's rate of return constant and pass on
the economic benefits to consumers in the form of rates lower
than they otherwise would have been. If the project proves to
be unsuccessful, the PUC can reject it as an allowable compo-
nent of the cost of service, thereby reducing the rates of

return realized by company investors.

Mainly because of inadequate returns, the financial o
health of the electric utility industry has declined precipi-
tously over the last decade and, as a result, many.util;tzes
have become unable or reluctant to undertake new financings.
Inadequate returns have contributed to a general decline in
electric utility bond ratings, an important determinant of a
company's cost of debt and ability to access the credit mar-
kets. FProm 1975 to 1979, Moody's Investor Service, a major
bond rating agency. lowered utility bond ratings 41 times
while only raising utility bond ratings 17 times. Insuffi-
cient returns have also resulted in common stock market price
to book value ratios {MBRs) of less than one for almost all
utilities. For example, in early May 1981, 97 of the 100
utilities included in Salomon Brothers'’ utility common stock
studies had MBRs of less than one. An MBR of less than one
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means that sales of new common shares dilute the common stock
book value per share and tend to depress earnings per share,
dividends per share, and the market price per share. Thus,
existing shareholders in companies with MBRs of less than one
tend to resist the issuance of common stock--and investments
necessitating such issues.

In response to inadequate rates of return and their
strained financial condition, utilities have aggressively been
seeking higher rates from their PUCs and some utilities have
diversified into unregulated businesses. Utilities are filing
for rate increases more frequently and are requesting higher
allowed rates of return. However, several of the utilities
studied are pessimistic about the chances of attaining ade-
quate rates of return and improving their financial health.
This lack of optimism stems from the intense pressure on PUCs
to insulate consumers from the enormous increases in fuel,
construction, and debt and equity financing costs during the
last decade. In an attempt to improve their profitability,
some utilities have also diversified into unregulated busi-
nesses and many utilities are considering doing so. However,
diversification into businesses other than the production and
transmission of electricity may be precluded for some utili-
ties by the Public Utility Holding Company Act. PUCs can also
influence utility diversification activities through the rate-
making process. Moreover, many utilities are concerned that
PUCs may use unregulated profits to subsidize electric rates,
thereby reducing the potential gains from diversification.

The prospect of continuing financial strains and inade-
quate returns has led most of the case study utilities to
place increased emphasis on the capital cost of a project.
This emphasis has led electric utility managements to explore
alternatives that reduce the need for additional capacity, to
select less capital-intensive methods for meeting particuiar
needs, and to resist environmental regulations that require
large capital outlays. Examples of alternatives that reduce
or defer the need for building new capacity include: purchas-
ing power‘znsteadvof building new capacity, extending the op-
erating lives of existing powerplants, adopting conservation
programs to reduce the need for new capacity, and relaxing
reliability criteria relative to historical levels.

The increased weight accorded to capital end i -
quirements may-result in the selection og .1te:§a22$2§ igat
have higher long-run costs for consumers than more capital-
intensive alternatives. Por example, a company may not be
willing or able to convert an existing oil-fired generating
unit to coal, even though the conversion would result in lower
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costs to consumers, if it cannot get adequate returns on the
required capital investment or if it cannot raise capital.
Similarly, purchases of power, while avoiding capital costs,
may be more expensive for consumers than the construction of
new powerplants. The ability of utilities to avoid capital
costs, while passing along fuel and purchased power costs to
consumers via automatic fuel adjustment clauses, is by no
means unconstrained. PUCs can identify opportunities for
utilities to lower future costs and can employ blandishments
or threats, or both, in rate cases to enable and motivate
utilities to undertake such investnments.

Although favorabkle financing, tax, and regulatory rules
for pollution control equipment can mitigate many of the ad-
verse effects of such equipment on a utility's financial con-
dition, they do not fully eliminate the bias against capital
investment when returns on investment are insufficient. For
example, some pollution control equipment can be financed
using tax-exempt debt financing (industrial revenue bonds)
issued by municipal authorities. However, because the pollu-
tion control bonds are backed by the credit of the utility
(and typically carry a lower bond quality rating than the
utility's other bonds because they have lower priority than
first mortgage debt), they cannot always be issued by util-
ities having a weak credit rating. Moreover, even if pollu-
tion control financing is available, the lower cost of such
debt, while improving a utility's interest coverage ratios,
produces interest savings that are passed on to consumers and
not retained by investors. As another example of an attempt
to alleviate finaricing problems, many PUCs and the Federal
Energy Regulatory Commission allow more favorable accounting
treatments for pollution control equipment than for other
utility expenditures, e.g., by including capital expenditures
for pollution control in the rate base during construction.
Many PUCs also permit normalization accounting for various tax
expenses associated with pollution cont;ol gquipment. even
when they do not generally allow normalization for gtber types
of expenditures. These approaches can improve a utility's
financial condition by increasing internal cash flow. The
improvement in financial condition tends to reduce the riski-
ness of earnings but does not increase.tpe level of earnings
and, consequently, may not entirely ellmlnate.apy existing
bias against capital-intensive investment decisions.

The rate requlatory environment and t@e finangial condi-
tion of electric utilities have important 1mp}icatlons for
utilities' responses to environmental regulat}ons. The rapid
rate of increase in environmental and_ngn-enylronqental costs
in the last decade has intensified utilities' resistance to
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more stringent environmental regulations. Reflecting their
objective of providing low=-cost service to their customers and
reasonable rates of return to their investors, utilities tend
to resist costly environmental requirements just as they try
to control other cost increases--such as increased fuel
prices, higher construction costs, and higher wage rates.
Moreover, given the public and political pressures on PUCs to
try to hold costs down, increases in cost may not be covered
by increases in rates, adding to the utilities' difficulties
in providing an adequate rate of return to investors. To help
alleviate these problems, utilities resist costly environmen-
tal regulations, especially those having large capital costs.

Federal and State Energy Requlation

In recent years the scope of federal and state energy
regulation has increased dramatically, further constraining
electric utilities in their choices as to the amounts, types,
and locations of powerplants. Reflecting the federal govern-
ment's desire to reduce reliance on foreign oil, the Power-
plant and Industrial Fuel Use Act (FUA) was passed in 1978,
FUA has effectively eliminated new oil- and gas-fired units as
‘an alternative for new baseload capacity, restricted the use
of gas prior to 1990, and prohibited the use of gas in exist-
ing baseload units after 1990. FUA also authorizes the De-
partment of Energy (DOE) to prohibit the use of oil and gas in
certain existing oil- and gas-fired units. Even without the
statutory limitations imposed by FUA on the use of o0il and gas
as boiler fuels, the current high cost of oil and.gas makes
them economically unattractive as fuels for new baseload pow-
erplants compared with, for example, coal-fired powerplants.

Federal action and inaction have also helped remove nu-
clear powerplants as an alternative for capacity expansion.
Increasing concern over the safety of nuclear powerplants and
the disposal of nuclear wastes over the last ten years intro-
duced uncertainties that are so great that few, if any, util-
ities believe new nuclear powerplants to be a viable capacity
expansion option before the 1990s. Regulatory requirements
have become increasingly stringent over the last decade and
are viewed by utilities as likely to become even more strin-
gent as a result of the accident at Three Mile Island. The
resultant tightening of regulatory requirements increases the
cost of complying with safety requirements, introduces the
possibility of unknown but potentially costly design modifica-
tions, and increases the possibility of costly delays in li-
censing and constructing new facilities. Perhaps even more
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important, obtaining public acceptance of sites for new nu-
clear powerplants, while difficult before, is likely to become
even more difficult. The lack of a federal program for dis-
posing of nuclear wastes introduces further uncertainty as to
the ultimate cost of nuclear power.

In addition to increased federal constraints on utility
actions, some state regulatory agencies have also introduced
further constraints by becoming more directly involved in
utility investment and operating decisions. 1In recent years,
a number of PUCs and state siting agencies have sought to
encourage investment in unconventional energy sources, the
conversion of oil- and gas-fired units to coal, and the insti-
tution of conservation programs. Some have also sought to
discourage the development of certain types of capacity such
as nuclear powerplants. PUCs often have the authority to
certify utility proposals for new powerplants and can influ-
ence utility investment plans by delaying or denying certifi-
cation of projects. PUCs can also influence utility decisions
through their ratemaking authority. For example, one PUC
explicitly ties utility rates to the achievement of conserva-
tion goals. Similarly, in a number of states, siting agencies
have the authority to approve powerplant sites and thereby can
affect a utility's investment plans. Criteria used by PUCs
and siting agencies to evaluate utility proposals generally
include the need for a new powerplant, environmental impact,
compliance with laws and regulations, and such social goals as
oil displacement and conservation.

Market Uncertainties

Utility investment decisions also have been importantly
influenced by uncertainties associated with forecasting the
demand for electricity, the cost of oil, and the rate of in-
flation. In attempting to provide adequate service at reason-
able costs to future consumers, utilities haye to project the
need for generating capacity 10 to 15 years in Fhe futu;e
because of the increasingly long lags 1nvolvgd in the site
selection, permitting, design, and construction of a new
powerplant. Unfortunately, coincident ylth the increase in
the length and uncertainty of construction lead times, in-
creased difficulties in forecasting demand have arisen. Since
the mid-1970s, the growth in demand for electricity has sharp-
ly declined in amount and has greatly increased in uncertain-
ty. Steep rises in oil and other operating agd gonstructhn
costs in the last decade have resulted in rapid increases in
the price of electricity. Customers have responded gy cutting
their usage and doubtless will continue to respond, but in
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ways that are still hard to predict. In addition to reducing
their energy usage, customers may increasingly turn to natural
gas or, especially in the case of larger customers, turn to
unconventional energy sources and cogeneration projects.

The recent declines in demand have led to an excess of
total industry capacity, although much of the apparent excess
capacity in many regions is oil-fired and has been rendered
economically obsolete by the spectacular increase in 'oil
prices since 1973. As a result of the decline in demand
growth, the financial difficulties of many utilities will be
reduced over time because the need for new capacity is re-
duced. However, in many instances it is more economical to
complete new capacity under construction than to cancel or
delay it, so that many companies will continue to face high
near-term external financing reQquirements.

The changing patterns of demand have also increased the
risks faced by some utilities. There have been several recent
instances where PUCs have questioned whether consumers should
bear the costs of facilities cancelled due to the drop in
demand. Moreover, utilities that delay the operational date
of powerplants already substantially completed may also face
significant financial strains btecause consumers usually do not
contribute to the financial carrying costs of construction
work in progress (CWIP).

In addition to the uncertainties in forecasting demand,
utilities' investment decisions are further complicated by
uncertainty in future energy prices and the general rate of
inflation. For example, the economics of converting existing
powerplants from o0il to coal are critically dependent on
future oil prices which, in turn, are extremely difficult to
predict. The general increase in price levels over the last
decade not only has contributed importantly to the deteriora-
tion of the electric utility industry's financial condition,
but also has introduced additional uncertainty in the plan-
ning, financing, building, and operating of new powerplants.

The increased uncertainties in forecasting demand, oil
prices, and inflation--and PUC response to some of the
gttendant.consequences--obviously exacerbate the difficulties
involved in complying with environmental regulations. In an
era where forecasting is particularly difficult, utilities
naturally do not welcome the time lags and uncertainties in

the lead times for.new powerplants introd ;
regulations. P uced by environmental
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EFFECTS OF ENVIRONMENTAL REGULATIONS
ON EXISTING POWERPLANTS

Environmental regulations affect existing powerplants
directly by requiring more pollution control equipment or
higher quality fuels than utilities would install or use in
the absence of regulations and indirectly by influencing the
economics of different operating lives of powerplants and of
conversions of oil- and gas-fired powerplants to coal. This
section first reviews the ways in which utilities have
achieved compliance at existing powerplants, the costs and
problems associated with compliance to date, and possible
future compliance problems. It then discusses the influence
of environmental regulations on utility decisions about the
operating lives of existing powerplants and the environmental
issues associated with different powerplant lives. Finally,
the section reviews the impact of environmental regulations on
the oil displacement activities of the case study companies.

Compliance at Existing Powerplants

Four general conclusions regarding compliance activities
for existing powerplants emerged from interviews with the case
study utilities. First, the expense and d}ffzculty of achiev-
ing compliance at existing powerplants varies greatly among
utilities and appears to be a function pr;marily of the am-
bient air quality near the powerplants, the stringency of
the applicable state implementation plans, the type 9f fuel
consumed by the powerplants, and the local cost premiums for
low-sulfur fuels. Second, as is corrobo;ated quantitatively
in Chapter IV, utilities have complied.w1§h the most costly
regulations~-those related to sulfur dioxide (SO2)--primarily
by increasing the quality of ‘their fuels rather than by in-
stalling equipment. Third, utilities gul}y accept their re-
sponsibilities to monitor pollutant emissions and report vio-
lations accurately to EPA or sta;e_envxronmgntal agencies.
Lastly, in order to minimize add;txonal.capltal and operating
costs, utilities seek to reduce the stringency of the regula-
tions they have to meet, especially when those regulations
require state-of-the-art equipment or when they are thpught to
be poorly formulated or costly relative to thex; benefits.
Some utilities that face nonattainment air quality problems
assert that the cost of complying with'stringent regula;ions
is sometimes so large that they effectively have no choice but
to resist the regulations to protect the interests of their

shareholders and customers.
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In comparison with the other utilities, one case study
utility has more willingly sought to comply with environmental
regulations and to operate units as cleanly as reasonably
possible. The company recognizes that its willingness to
comply leads to higher consumer costs, but adopted this ap-
proach primarily because it reflected the desires of citizens
and state regulators to protect scarce water supplies and
striking scenic vistas. The company was able to take this
approach in part because its rate regulatory environment al-
lowed it to meet its environmental objectives without seri-
ously compromising the interests of its investors or jeopard-
izing its capacity expansion plans. Company officials and
state regulators believe that the company's efforts to control
pollution and avoid conflicts with regulators is also a good
business policy. The company's willingness to comply has re-~
sulted in a good working relationship between the company and
its state environmental regulators and has prompted these reg-
ulators to permit emission variances or relax standards when
the company encountered significant design or operating prob-
lems with pollution control equipment.

A detailed discussion of the compliance approaches adop-
ted by the case study utilities, and the costs and problems
associated with these approaches, is presented below. The
discussion is organized by the four major pollutants subject
to emission limits: SO0, nitrogen oxides (NOy), particu-
lates, and water pollutants.

Sulfur Dioxide

Compliance with SO, regulations can be achieved through
using low-sulfur fuel oil and coals, by installing flue gas
desulfurization (FGD) systems (often called "scrubbers"), or
both. Either method can significantly increase generating
costs because low-sulfur fuels command a price premium and
scrubbers entail capital and operating costs. If both methods
are used, there is a tradeoff between the sulfur content of
the fuel and the percentage of SO, in the flue gas that must
be removed. For example, to meet a given SO, standard, low-
sulfur fuels require less effective, and therefore less
costly, scrubbing systems than high-sulfur fuels.

As noted above, the case study companies for th
part complied with 80y regiilations for existing powe:pngts by
switching to lower.sulfur fuels. They have generally regarded
scrubbers as a compliance method of last resort because the
incremental cost of lower sulfur fuels has been outweighed by
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the decreases in powerplant reliability and efficiency and by
increases in capital, fuel, other operations, maintenance, and
sludge disposal costs that are due to scrubbers.

In isolated instances, scrubbers are the only way or the
most economical way for existing plants to comply with Clel)
regulations. One case study company installed scrubbers be~
cause it had a favorable contract for high-sulfur coal that
made it more economic to install the scrubbers. This company
also noted that another company, one not included in the case
studies, may in the future be forced to install scrubbers on
some of its existing oil-fired powerplants because fuel oil
with a sulfur content low enough to meet stringent S0 stand-
ards being considered by a local environmental authority is
generally not available. Another case study company installed
scrubbers in its coal-fired units, mainly as original equip-
ment, to meet a state requirement for scrubbers.

The latter company's experience tends to confirm some of
the other companies' concerns about FGD systems. Although the
scrubbers were designed to achieve removal efficiencies in
excess of environmental requirements, the advanced design of
the scrubbers has led to operating and design problems and to
actual removal efficiencies below the original state stand-
ards. The company has successfully negotiated with environ-
mental regulators to resolve many of these problems. Because .
the company approach to environmental regulations is viewed as
positive, its regulators have agreed to significant delays in
the design and construction of scrubber modules. Moreover,
the company was allowed a relaxation of sulfur dioxide stand-
ards after its installed equipment could not continuously meet
the original standards. Largely because this company's regu-
lators have permitted variances and allowed the company to
operate units while repairing scrubbers, scrubber reliability
problems have not significantly affected the reliability of

the company's generating units.

ieving compliance with S0 regulations by switching to

highe?cgszzitg fuegs requires careful control of the fuel's
sulfur content. The variation in sulfur content, especially
for coal where sulfur content can vary substantially within a
mine, can create compliance problems because emission stand-
ards are based on time periods (averaging times) often as
short as one day, and sometimes less. If a quantity of fuel
with significantly above-average sulfur content is burned for
a large portion of the averaging time, an emission violation

can occur.
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Utilities usually try to deal with sulfur variability and
potential emission violations by specifying maximum sulfur
contents in their contracts with suppliers. To reduce the
risk of poor performance by coal suppliers, some companies
routinely inspect the suppliers' coal mines prior to signing a
contract, test coal samples before and after shipment, and
often use trial contracts to confirm the ability of a supplier
to meet contract specifications. To meet coal specifications,
suppliers--including those mines owned by the utilities--will
often blend high- and low-sulfur coals and in some cases will
physically clean high-sulfur coal. In deciding whether to
purchase low- or high-sulfur coal, the lower purchase cost of
high-sulfur coal must be weighed against the cost of cleaning.

Nitrogen Oxides

The costs of controlling NOy emissions for existing
powerplants generally have been small because they can usually
be controlled by relatively inexpensive changes in burner and
boiler designs. One of the case study companies--even though
located in a state with numerous Class I PSD areas, excellent
air quality, and relatively stringent state standards--
achieved compliance through burner design changes and by cy-
cling combustion gases to the boiler. However, where NOy
emissions have caused relatively severe air problems, util-
ities have had to resort to dispatching powerplants on the
basis of NOy emissions during periods of high ambient air
NOyx concentrations. Dispatching to control NOy may in-
crease a utility's total annual energy costs if it increases
the loading of less efficient powerplants.

A possible future tightening of NOy emission standards
by some states is of significant concern to some utilities
because a further tightening of standards could require the
installation of expensive, and as yet not commercially proven,
catalytic reduction systems. At least one state faced with
poor ambient air quality has already attempted to require
powerplants in some localities to reduce NO, emissions below
reductions already achieved through changes in burner design
A numbeg of utilities have taken legal actions to preclude )
tightening NOx standards. Utilities have argued that the
need for further reductions in NOy emissions has not been
adequately demonstrated and the impact of further reductions
on the emission of other pollutants has not been studied.
Moreover, one utility indicated that some proposed visibility
regulations would require stringent control of NOy emissions
and gould, if promulgated, impose such costs that a number of
utilities would have little recourse other than to initiate
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legal challenges to the regulations. It was also noted that
many utilities may be more inclined to contest visibility
regulations than other regulations because visibility regula-
tions are based on aesthetics, rather than health effeets.

Other utilities do not anticipate a tightening of NO,
emission standards either because of new state initiatives or
because of existing federal visibility requirements in their
service territories. Although the cause of visibility prob-
lems is subject to considerable debate, one company stated
that it does not believe that NOy emissions from powerplants
contribute significantly to visibility problems in its state.
Furthermore, it believes that methods of NOy control, other
than burner and boiler design changes, simply are not avail-
able at any reasonable cost and, as a result,. will not be
required.

Particulates

Particulate emissions can be controlled by limiting the
ash content of the o0il or coal being burned or by ;nstalling
an electrostatic precipitator, baghouse, or @eghgnzcal collec-
tor. In designing compliance strategies,_ut;lztzes.cqnsider
the tradeoff between the costs of fuels with alternative ash
and sulfur contents and the removal efficiencies and costs of.
equipment. A number of case study companies noted.that the
performance of precipitators declings with decreasing amounts
of SO7 in effluent streams. According to these sources, the
use of low-sulfur fuels or scrubbing systems to control SO;
emissions necessitates the use of high~performance precip-
itators or baghouses or, where possible, the routing of efflu-
ent streams through precipitators before scrubbing. However,
one case study company Questioned the practical importance of
the interactions of total suspended-partlgulates gTSP) and FGD
systems. According to this company, thg interactions of
precipitators and scrubbers are not a significant problem for
most existing powerplants and should be no problem for new

powerplants. :

The case study companies expressgd no great concern over
the requirements fgr controlling particulates at oil-fired
powerplants. This attitude reflects the relatiyely low levgls
of cost and technological problems associated with gontrollxng
particulates from oil-fired powerplan;s,_compared with those
for SO, and for particulates from,coal-f;red powerplan;s. The
case study utilities' compliance strategies generally involve
switching to higher quality fuels.rglthough one companyvaISg
reduced the output range of one of 1ts,powerplants‘andvanot er
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company installed a precipitator on an oil-fired unit to
achieve compliance.

Particulate emissions represent a greater problem at
coal-fired powerplants because of the high percentage of ash
in most coals. One case study utility installed electrostatic
precipitators as original equipment at each of its coal-fired
units to meet state particulate regulations, which were some-
what more stringent than federal regulations. Another case
study utility had to retrofit precipitators at a numker of its
major coal-fired units to meet state implementation plans
(SIPs) promulgated pursuant to federal legislation. The com-
panies also noted that other utilities have been required to
add precipitators to oil-fired powerplants that have been
converted. to coal.

A number of utilities expressed particular concern about
the costs of a tightening of particulate emissions require-
ments over time. One utility described the experiences of a
neighboring utility to provide an example of how changes in
emission standards over time can contribute significantly to
capital costs. As a result of a SIP change initiated by the
state, the utility was forced to add higher efficiency pre-
cipitators at one of. its large coal-fired powerplants, at a
cost of well over $100 million, after only five years of oper-
ation with the powerplant's original precipitator. The case
study utility also cited the experience of another company
whose state environmental agency tried to increase the strin-
gency of its particulate emission standards by an order of
magnitude after a company demonstration test showed that the
more stringent standard could be achieved--at least in the
short run and so long as there were no further reductions in
allowed sulfur emissions that would affect the precipitator's
efficiency.

Water Pollutants

Water regulations place limits on thermal emissions,
water intake damage to marine organisms, and the emission of
pollutants contained in waste streams. Thermal emissions can
be reduced with cooling towers or offstream cooling systems
such as spray ponds. Water intake damage can be reduced
through improved design of water intake facilities. Effluent
wastes can be controlled with wastewater treatment facilities
or by reducing the use of water pollutants.

The costs of complYing with water regulation
, s have gen-
erally not been large relative to air costs, reflecting %he
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fact that controlling water pollutants typically requires less
sophisticated control systems than those used to control S0Os.
Some of the companies were able to avoid expensive retrofits
for water intake and discharge systems by demonstrating mini-
mal environmental impacts, as permitted under Sections 316a
and 316b of the Clean Water Act (involving effects of water
intake technology on marine organisms and involving thermal
discharge, respectively). One of the companies noted that,
because it had originally installed water pollution control
equipment in powerplants that exceeded the existing state
control requirements, it was able to avoid .costly retrofits
when more stringent federal requlations emerged. However, one
case study company noted that another utility has had to
install costly off-stream cooling systems and sophisticated
wastewater treatment facilities at its coal-fired units to
meet state and federal effluent regulations and to reduce
water consumption.

In addition to direct capital, fuel, other operations,
and maintenance costs, water permit requi;ements can lead to
higher power production costs by restricting the use of water
pollutants. For example, chlorine or other biocides are com-
monly used in noncirculating cooling systems to reduce organic
growth on condenser tubes. Restrictions on the use of.these
biocides tend to necessitate more frequent ;eductlons in a ,
powerplant's output to allow physical_cleanzng of the conden-
ser and to result in additional organic growth which reduces

powerplant efficiency.

E%Esgﬂigg_ggg;Operating Lives
of Existing Powerplants

Utilities concerned about siting problems or financial
constraints have considered and are considering extensions of
the remaining operating lives of existing powerplants, even_lf
such extensions could result in higher consumer.costs. Envi-
ronmental regulations have increased the economic attractive-
ness of such extensions by increasing the costs and risks
associated with building new cocal-fired powerplants and other
capacity expansion alternatives. Moreover, by continuin?tzo
operate an existing powerplant, a utility can postpone s ng
and other environmental difficulties and can reduce its cap-
ital outlays for new powerplants. The case study companigsth
did not provide any examples of actuql‘dec151ons to exten e
operating life of a powerplant. Howéver, one PUC staff nem€e§
believed that siting difficulties resultigg from,env1ronm:n}f
regulations and economic considetationsavill,nake_suchﬂex en-.
sions a necessity in his state--a state characterized by poor.

air quality.
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Extending the operating life of an existing powerplant
can necessitate additional environmental controls if equipment
modifications result in a net increase in pollutant emissions
of sufficient size to classify the changes as a major power-
plant modification. - In some circumstances, utilities may be
able to avoid a net increase in emissions by using higher
quality fuels. In other circumstances it may be necessary to
install pollution control equipment at the powerplant or,
alternatively, at other nearby generating units.

EPA is concerned that stringent new source requirements
will cause utilities to delay the retirement of existing
powerplants that do not meet the standards for new sources,
thereby increasing total pollutant loadings. However, with
respect to the case study companies, no consensus was apparent
concerning the environmental impact of extending the useful
life of an existing powerplant. The environmental effects, of
course, depend on the difference in pollutant emission rates
between -the existing powerplant and the new powerplant whose
construction is deferred. Despite the increasing stringency
of requirements applicable to new powerplants, the retirement
of old powerplants is not always environmentally advantageous.
According to utility managers, extending the life of an exist-
ing oil-fired powerplant rather than constructing a new coal-
fired powerplant can result in either a net increase or de-
crease in SO emissions, depending on the situation. '

0il Displacement

A national energy policy goal is to displace o0il consump-
tion to reduce the nation's dependence on foreign oil. Utili-
ties can displace oil by converting existing oil-fired units
to coal, by displacing generation from oil-fired units with
power from new coal-fired or nuclear units or from unconven-
tional sources of energy, and by substituting coal-oil mix-
tures for oil. This section reviews the factors influencing
utilities' decisions to reduce their consumption of o0il, in-

cluding the role that environmental requlati : .
those decisions. , g lons have played in

The decisions to take actions that displ i ‘
a number of economic, finapcial, and technigaicZogéidgiggggn:n
Many prospective conversions are uneconomical because the .
units were not originally designed to burn coal and would
require major or total boiler rebuilding to do so
conversions of coal-capable units have ¥
specific technical problems,
for fuel handling and storage

Some re-
been precluded by site-
such.as lgck of adequate space

. Financial constraints can also
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be a factor. Some utilities may decide not to undertake con-
versions or the construction of new coal-fired powerplants to
displace 0il because of the large capital investments in-
volved. Environmental regulations may also discourage conver-
sions and the construction of new coal-fired units for oil
displacement by adding to the capital costs and risks of such
projects and by increasing unit operating and maintenance
costs.

Despite all the factors inhibiting oil displacement,
flexibility in implementing environmental regulations has led
to some conversions from oil to coal. One case study company
described successful conversions undertaken by two other com-
Panies, not included in the case studies, where the companies
and various regulatory bodies acted in concert to reduce both
the cost and the uncertainty associated with environmeqtal
regulations. The first company was able to achieve major fuel
cost reductions without incurring the environmental cost in-
Creases associated with a full PSD review because the Depart-
ment of Energy issued a prohibition order that precluded thg
continued use of oil at this unit. As a result of the prohi-
bition order, the company could meet the applicable sulfur
dioxide regulations by using low-sulfur coalz rather than a
scrubber. However, the company did add precipitators to the
converted units.

The second company taking action on oil displacement con=
verted an oil-fired powerplant based.on projected cost savings
that were protected through negotiation. gefore the conver-
sion, the company negotiated with EPA and its state environ-
mental agency for assurances that env1ronmgnta1 requirements
for the powerplant would remain unchanged in the future. The
state agency agreed to exert its best efforts to place the
burden of any changes in pollution control requirements onto
new powerplants and EPA informally indlgated 1§s support of
this agreement. The company also negotxated with EPA for the
elimination of a requirement to install scrubbers. EPA
dropped its demand for scrubbers based on a company commltment
to maintain SOy emissions equal to or below those previously
emitted by the unit. The installation of a precipitator was
required, but its costs are much less than expected fuel cost

reductions.

f the case study companies are pursuing alternaf
tivesszgedgsplace oil other than converting boilers from oil
to coal. A number of companles are 1nvestlgat1ng U“C:EV§Q
tional sources of energy such as wind, solar, and synthetic
gas. One of the companies, located in an urban area, is
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studying the economics of constructing a synthetic gas nanu-
facturing facility to supply one of its oil-fired units,
rather than converting the unit to coal. The company believes
that displacing the oil with synthetic gas may be the most
economical alternative for three reasons. First, converting
the powerplant to burn coal would be much rore expensive than
making the minor modifications necessary to burn gas. Second,
there is inadequate space at the plant site for coal .handling
and storage and for a scrukbing system, making conversion very
costly if not impossible. Third, the company expects the
costs of controlling pollutants at the synthetic gas manufac-
turing stage to be substantially less than controlling pollu-
tants at the coal-burning stage, thereby making synthetic gas
more economical. 1In addition to economic considerations, the
company noted that the urban location of the powerplants being
studied would create substantial public opposition to convert-
ing the powerplant from oil to coal.

Some case study companies are also analyzing the use of
coal-0il and coal-water mixtures in powerplants that were not
originally designed for coal and that would be prohibitively
expensive to convert.' One company that hopes to convert some
of its oil-fired units to. coal-oil mixtures indicated that it
anticipates having to install precipitators, but expects that
it can avoid the need to install scrubbers by controlling the
sulfur content of its coal-oil mixtures. Other companies are
concerned that the use of cocal-oil and coal-water mixtures may
be precluded by technical problems related to boiler designs.
In addition, they may be precluded by insufficient space at
powerplant sites for the addition of scrubbers and precipi-
tators or baghouses that would be required by state regqula-
tions.

ELECTRIC UTILITY CAPACITY PLANNING AND
ENVIRONMENTAL REGULATIONS

Many factors, including environmental re i i -
ence capacity decigions. The discussion is og;iﬁzizgsgntgflu
four parts. The first part presents a general description of
the capacity planning process in the case study companies
The second part discusses the companies' efforts to antici ate
and manage the costs and risks associated with environnentgl
regulations. The third part reviews the case study coﬁpanies'

evaluation of non-coal capacity alternativ
dlscusses_the coal-fired powerplant altern::iveThe fourth part
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Background on the Capacity
Planning Process

Capacity planning is the process of determining a strat-
egy for expanding and modifying company facilities to meet
projected electricity demand. It includes the determination
of the amount, type, location, and timing of additions to a
company's generation (and related transmission) facilities, as
well as modifications to or retirement of such facilities.

The case study companies to some degree coordinate their
own generation capacity planning with that of other companies.
The degree of coordination depends first on the scale of a
company. If a company is itself large, it may by itself be
able to exploit the economies of scale and diversify opera-
tional and financial risks. The degree of coordinati9n de-
pends also on geographical factors and on the avajilability of
other companies for whom joint activities would be beneficial.
The degree of interaction may also depend on a welter of other
considerations, such as regulatory constraints or regional
attitudes concerning public and private power companies.

The benefits of coordinated planning apd opergtions, if
any, tend to be exploited because there typically is a con-
siderable exchange of information on demand forecasts and
capacity requirements between companies. This takes place
through regional electric reliability council activities,
industry association meetings (such as those organized by the
Edison Electric Institute or the Electrical Power Research
Institute), or a variety of informal gatherings (such as those

hosted by investment banking firms).

In addition, some companies have formed formal power
pools or coordinating groups. 1In New England and in the Penn-
sylvania-New Jersey-Maryland region, for example, central pool
staff dispatch the units owned and operated by the member
companies. In New England, the pool also determines the capa-
bility requirements (capacity or firm contracts for cggacity
owned by others) of each member and levies penaltzes if a
company falls short of meeting its demand with an adequ;te
reserve margin. In the Ohio area, on_the other ?and! t gb .
coordinating group does not dispatch its members' units, bu
rather serves as a vehicle for companies to plan, construct,

and operate jointly owned facilities.

dy sample
h some of the companies in the case stu

are mgigzg:gof relatively highly centraliged power pools, the
capacity planning processes of the companies studied are
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basically similar. A company starts the process by exanining
short- and long-term forecasts of demand. It then typically
formulates several different capacity expansion plans that
neet its forecast of average and peak electricity demands,
giving due consideration to the reliability of generation and
the uncertainty of demand. The company may consider joint
ownership of large powerplants to realize the econonies of
scale associated with such powerplants and to match the size
of capacity additions with its needs. Next, each potential
expansion plan is screened with respect to a set of criteria
that reflect the company's objectives and priorities. For the
plans that pass the screening tests, detailed capital and
operating costs are then calculated and evaluated in terms of
their financial requirements and effects on consumer prices.
Since the resultant electricity prices may change demand, a
company may have to revise its load forecast and capacity
expansion plans. Thus, the process is iterative, although
many elements of the analysis are prepared concurrently using
detailed computer simulation models. Reflecting the import-
ance of investment decisions, senior management at each com-
pany is heavily involved in each step of the process.

Environmental Planning

The case study utilities have modified and augmented
their capacity planning processes in an attempt to reduce the
costs and uncertainties associated with environmental regula-
tions. All the case study companies have environmental ge-
partments that help to develop feasible approaches to expand-
ing capacity and provide ongoing advice on the effects of
environmental requirements on the feasibility and costs of
each approach. Their activities include providing information
on specific environmental requirements, on the costs and risks
associated with compliance strategies, and on possible regul$~
tory changes, They also engage in detailed environmental
planning, including participating inh the search for acceptable
project sites, identifying critical environmental problens
that may force project cancellation, and planning various
permitting and licensing activities. These planning activi-
ties are ?ften initiated many years in advance of actual lant
construction in order to secure necessary environmental p-
provals and to protect against unexpected delays. ap

Despite gheir careful planning,
comp:nxesibelxeveiﬁhat delays related
als have increased their planning and construction ti
and, therefore, have increased their capacity :;ggnzigﬁ spa:s
However, none of the companies has performed the detailegos >

all of the case study
to environmental approv-
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analysis needed to establish the magnitude of the costs of
environmentally related delays.

Cne company confronted with a particularly complex set of
federal, state, and local requirements has developed a system-
atic program for strategic environmental forecasting and plan-
ning. Key elements of this program include summarizing the
company's current environmental difficulties, examining trends
in environmental regulations, and forecasting the company's
environmental setting. This information provides a basis for
designing action programs to address critical environmental
problems and influence the course of regulatory developments.

Environmental planning has played an important role in
shaping some companies' capacity plans. The type, siting, and
size of powerplants have all bteen affected by environmental
considerations. 1In at least one instance, the planned in-
service dates of powerplants have also been affected; one .
company has forecast a relaxation in the environmental re-
quirements it has to meet and, as a result, has delayed the
planned in-service dates of its conventional capacity expan-

sion alternatives.

Some companies have increased their spend@ng on environ-
mental research and development as part of their strategy for.
dealing with environmental regulations. They view these
efforts as extremely important, not only for developing cost-
effective ways to achieve compliance, but also for providing
technical information that can be used to support efforts to

change environmental regulations.

The case study companies plan for environmental contin-
gencies in a number of ways. Companies genera;ly prepare and
apply for multiple sites for an ind;vidual project. One com-
pany designed a powerplant's pollution c9ntrol facilities to
exceed the prevailing environmental gequlrements to protect
itself against future changes in environmental regulations and
to reduce the risk of compliance problems. While this strat-
egy resulted in initial costs higher than they needed to be, _
in the long run it resulted in considerable savings when requ
lations did become more stringent. However, this approach may

A i trin-
result in costs that are higher than necessary }f the s
i lations for a specific powerplqn;
S et e Tac ed even beyond the capabilities

remain unchanged or are increas y

of the powerp?ant's pollution control equipment. One c;ompanyl

has tried to hedge against regulatory c?igg:: byT;:cg:;Qgsgsgy
i oals of various qua .

o e oyt ce the potential adverse conse-

companies also t to redu - . :
quegces of regul:{ory delays by spreading their risks over
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more plants, for example, by making arrangements for purchased
power and by participating in the joint ownership of power-
plants. One company is seeking to increase its flexibility by
developing unconventional sources of energy because some of
them have shorter lead times and fewer environmental and sit-
ing problems than conventional capacity alternatives.

Non-Coal Power Supply Alternatives

This section reviews the major factors influencing the
case study utilities' selection of ways to meet future demand
other than by the construction of coal-fired plants. The
alternatives discussed include conventional baseload units
fueled by o0il, gas, and nuclear fuel, unconventional sources
of energy, and purchased power. In addition, the alternatives
of changing power system reliability criteria and conservation
and load management programs are discussed.

Because of the importance of coal as a capacity alterna-
tive and because of the substantial impact of environmental
regulations on coal-fired powerplants, the alternative of
building new coal-fired powerplants is discussed separately in
a later section.

Oil- and Gas~Fired Powerplants

FUA eliminates new oil- and gas-fired baseload units as
capacity expansion alternatives. Some of the case study com-
panies also indicated that they would not construct such base-
load units, even if this legislation were repealed, because
increasing oil and gas prices and supply uncertainties have
made new oil- and gas-fired units unattractive in comparison
with new coal-fired baseload units. Althoigh FUA also re-
stricts the use of gas in existing baseload units, severa)
companies expressed an interest in continuing to burn gas in
existing gas-fired units or in converting oil-fireq units t
gas because such actions would reduce or at least not incr a
their reliance on foreign oil and would avoid the capital ease
costs and environmental difficulties associated with coal

- Nuclear Powerplants

Ali of the case study companies have rede ;
of stagt@n? new nuclear powerplants before tgeciggozhe gptlon
the utilitles plan to complete nuclear unitg presenti *ongor?”
construction. New nuclear umnits have been rejected dZs;?SZr
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the fact that the companies believe that the cost of nuclear
power is competitive with coal-fired powerplants, especially
after factoring in the costs of dealing with the air and solid
waste pollution problems associated with coal-fired power-
plants. The companies have rejected nuclear power in large
part because of uncertainties stemming from political and
public opposition to nuclear power, which opposition can lead
to the denial or delay of necessary permits and costly con-
struction delays or cancellations. The utilities noted that
the long lead times associated with new nuclear units, esti-
mated to be 10 to 15 years, create unacceptably large finan-
cial risks. Furthermore, the absence of a federal policy for
the disposal of nuclear wastes creates uncertainty as to the
methods to be used for disposal of wastes, the location of
waste disposal sites, and, ultimately, the cost of waste dis~
posal. Utilities are also highly adverse to the risks asso-
ciated with NRC regulations. These risks include possible
shutdowns, additional capital costs for equipment changes,
operating license suspensions, and increased operating costs
stemming from regulatory changes.

Unconventional Capacity Alternatives

The prospect of a continuation of increas?ng energy costs
and a desire to reduce dependence on foreigg oil has motivated
many utilities, especially those with oil-fired powerplants,
to explore so~called "unconventional” teghnologies. These
include those that use wind, direct sunlight, wood, and geo-
thermal energy for generating power. They also inclgde well-
known power-producing technologies such as cogeneration and
low-head hydro. However, despite the new integest in these
technologies, unconventional capacity alternatives are ex-
pected to contribute only modestly to'total capagity require-
ments. Moreover, even the companies interested in suc@ tech-
nologies have contingency plans for conventional capacity
alternatives in the event that problems preclude the develop-
ment of unconventional alternatives at reasonable costs.

Some case study companies with a heavy dependence oh oil
generation are actively studying or pursuing selected uncon-
ventional alternatives, not only because they have potentiglly
attractive economics, but also because they have fewer envi-
ronmental problems. Unconventional alternatives typically
involve smaller amounts of capac%ty. thereby increasing plan-
ning flexibility; they are politically popular; and they might
reduce capital requirements per kilowatt relative tolgonven-
tional plants. Unfortunately, some unconventional alterna-
tives are expected to remain uneconomic in the near-term,
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and possibly for the long-term. In addition, some unconven-
tional alternatives also have their environmental difficul-
ties. One company noted that a neighboring company's geother-
mal project has been significantly delayed as a result of
public and regulatory concern about the project's site in a
pristine area.

Some companies are trying to improve the ecconomics of
unconventional capacity alternatives. One case study company
is actively encouraging vendors to develop new technologies by
providing a market for their products. It has also directly
committed funds to increase its own research and development.
Another company is tryipng to improve the economics of an un-
conventional project through DOE support.

Purchased Power

Purchased power can be an attractive way for a utility to
meet future demand because it typically does not require a
capital investment and because purchased power costs are usu-
ally passed through directly to consumers. Other reasons for
purchasing power include increased flexibility in capacity
planning, displacement of oil, and the avoidance of environ-
mental difficulties for the purchaser.

Sellers of power to other utilities are motivated by the
favorable economics of making better use of their capacity.
Sellers of power often enter into sales contracts for specific
time periods, after which they expect to use the powerplant to
meet increased demand in their own service territory. These
time periods may be for a number of years. In some instances
the contract may run for the life of a unit. '

Three major factors have caused most of the case study
companies to consider only moderate purchases of power.
First, opportunities to purchase power tend to be limited in
amount and may become more limited as the industry's reserve
margins and excess transmission capacity decline. Second
purchased power may become less available as individuals 5r
organizations in states that currently export power exert
efforts to inhibit the movement of power out of their states
to avoid increased levels of air and water pollution. Third
PUCs may disallow purchased power expenses if such power is '

more costly to a company's consumers th :
to the company's capacity. an power from additions

The net impact of purchases of power on th i
depends on situational factors. 1In addition toec§:§;§§§m§3§
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geographic logation of the emission of pollutants, purchases
of power may increase or decrease the total level of emissions
of various pollutants. The net effect depends on the charac-
teristics of the seller's powerplants and the generation al-
ternatives available to the buyer.

Synthetic Fuel for Powerplants

. The high cost of oil, the risks of a heavy dependence on
foreign oil, and the environmental problems associated with
coal have prompted two of the case study utilities to consider
the use of synthetic fuels. One of the companies is partici-
pating in a demonstration project involving the use of meth-
anol as a boiler fuel. It is also considering a multi-company
project to produce synthetic gas from coal, but is concerned
because synthetic gas transported over state lines might be
subject to the Federal Energy Regulatory Commissions's prior-
ity rules for gas use, and therefore might be an undependable
source. Another case study company believes that a combined-
cycle powerplant fueled with synthetic gas may be its most
economical long-term capacity expansion alternative, given the
relatively stringent environmental standards and the high
costs of low-sulfur coal in the company's service area. None-
theless, this company is concerned about the technological and
environmental risks associated with a commercial-size synfuels
plant, which would be an order of magnitude greater than cur-
rent demonstration plants. One alternative being considered
to help alleviate these problems is to build many small manu-

facturing units in place of one large unit.

e study utilities, while monitoring
have expressed little current interest
First, synthetic fuels are

The other four cas
synfuels developments,
in synfuels for several reasons. ‘
presently not cost-competitive relative to cogventzonal oil
and natural gas and may remain uncompetitive in the future.

Manufacturing and using synfuels in either existing or new
more likely to remain economi-

powerplants are viewed as even ly t :
cally unattractive when compared with building new'coal-flred
powerplants. Second, some of the companies interviewed were
concerned that their state regulatory commzssiogs would not
adequately reflect in their rate decisions the increased ;ech-
nological and environmental risks associated with developing
ies consider the pos-

and i ls. Third, the compan
NG oY ey in environmental regulations for synfuels

sibility of changes
manufac{uring, which have not yet been promulgated, to be a
significant source of uncertainty.
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Power System Reliability

Generally, the case study companies view reducing relia-
bility standards in order to postpone capacity additions as an
alternative of last resort because of the strong adverse pub-
lic reaction that would be likely to result from significant
reductions in the quality of service. Given the sensitivity
of consumers to service reliability, both utilities ‘and their
PUCs tend carefully to monitor the frequency and duration of
service outages. ‘

Even though a high level of reliability continues toc be a
primary objective of each of the companies, their histories
and expectations of inadequate returns have led some of the
case study companies to lower or to consider lowering their
historical reliability standards to postpone capacity addi-
tions. To reduce its capital spending, one company, despite a
relatively strong current financial position, is carefully
evaluating whether it can lower its current reliability cri-
teria without incurring strong adverse customer reaction.,
Another company's poor financial condition has already led it
to reduce its reliability criteria for its transmission and
distribution network. However, the company has not changed
its reliability criteria for generation capacity planning
because generation shortfalls affect much larger numbers of
customers and are less easily remedied than transmission and
distribution problems. Another company stated that it might
be unable to finance any capacity additions necessitated by
increases in demand beyond the modest growth it currently
forecasts. The company indicated that, if demand growth in-
creased and its regulators did not take steps to improve its
finagcial condition, it would be forced to let reliability
decline.

Conservation and Load Management

The increasing cost of producing electri i
new capacity has stimulated substantgal intergétyi:ngo::iiflng
vation and load management programs. A number of the case
study companies are implementing ambitious conservation pro-
grams to reduce their capital expenditure requirements, envi-
ronmental problems, oil consumption, and consumer costé
These programs include customer education programs cusiome
eneggy'audi?s, promotion of solar water and space ﬁeatin :
assistance in designing energy-efficient buildings, and Zé-
panded use of interruptible rate structures. One éon a 1
has a program to install insulation at custome IS S

r si . -
ever, some of the case study companies have undert:E:n oﬁgz
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minor conservation efforts because they have not been able to
identify cost-beneficial opportunities for major programs. In
addition, one of these companies, which currently has a large
reserve margin, is not interested in pursuing a major conser-
vation program because reductions in demand could lead to
short-term declines in profitability.

Two of the case study companies are planning, or have
partly implemented, load management programs. These prograns
are designed primarily to reduce peak demand (i.e., flatten
the pattern of demand), although they may also reduce energy
demand. Reduced peaking allows a company to meet a larger
portion of its demand with baseload units, which are more
efficient than peaking units, and reduce its total capacity
requirements. The two companies' load management programs
primarily focus on the use of alternative rate schedules, such
as time-of-use rates, and on experimental testing and develop-
ment of load management devices, such as energy'storage sys-
tems, the use of solar energy at the customer site, and the
remote ¢ycling of air conditioners, electric water heaters,

and other devices.

Other case study companies are also gxperimenting with
load management systems, but these companies have not been
able to justify significant programs on a cost-benefit basis
due to the shape of their demand pattern. For example, one of
these companies has a relatively even pattern of demand be-
cause its large and highly interconnected service territory
results in a diversification of weather-related demand and
because it has a relatively important industrial load.

Coal-Fired Powerplants

For two reasons, most of the case s;udy companies view
coal-fired units as the primary alternative for.baseload
capacity expansion--despite the s;gnlfxcant env1r9nmegta1
problems associated with coal. First, the.companzes avg
rejected the alternative of new nuclear units and FUA an fired
economic considerations have eliminated new 01}-.and gas-fire
powerplants as alternatives. Second, opportunities to meet

increases in baseload demand with the remaining alternatives

are limited; many of them, moreover, are in an early stage of

technological development and are presently uneconomical.

Coal-fired powerplants, even if economical}y g;grgstlve.
require large capital investmentg and present g;gnl ;gclude
environmental problems. The env1ronmental.PF§.temsf retrofit
problems in achieving compliance, the possibllity ©
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requirements, siting difficulties, the technological risks
associated with pollution control equipment, and problems in
securing high-quality coal. The requirements for pollution
control equipment also add substantially to the capital cost
of new coal-fired powerplants.

The range of choices made by the case study companies
regarding new coal-fired powerplants reflects their differing
economic, financial, and environmental circumstances: A num-
ber of the companies plan to meet increases in baseload demand
primarily with new coal-fired units because they result in the
lowest total customer costs. Although these companies are
concerned about the capital cost of new units, financial con-
cerns and environmental.regulations have not proven to be
critical constraints. Other companies are aggressively pursu-
ing unconventional sources of energy and have relegated new
coal-fired units to a contingency alternative for the long
term, despite the fact that new coal-fired units could poten-
tially be used as an economical means of displacing oil.

These latter companies have relegated new coal-fired power-
plants to a contingency role primarily because of the capital
expense of such units and secondarily because of difficulties
stemming from stringent environmental regulations. Lastly, as
previously discussed, one company believes that a combined
cycle plant fueled by synthetic gas may prove to be a more
economical alternative than new coal-fired powerplants largely
because of the pollution control costs associated with coal in
its service area.

The remainder of this section provides a more detailed
discussion of the environmental issues associated with coal.
The discussion covers pollution control requirements for new
coal-fired powerplants, utility concerns about technology-
forcing regg}atignsi ang siting difficulties. Utility con-
cerns regarding fuel prices and fuel quality ar
length in Appendix D. s y are discussed at

Environmental Requirements

New coal-fired units are subject to federal '
environmental regulations. As discussed in Chaptzgdlztagzder-
al regulationa include new source performance standard;
(NSPS), PSD, and nonattainment regulations. PSD regulations
apply to regions where th& air is cleaner than the National
Ambient Air Quality Standards (NAAQS) for at least one cri-
teria pollutant. Powerplants sited in PSD regions are re-

quired to employ best available control technology (BACT) for
emain within the PSD air

controlling of emissions and to r
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increments. Nonattainment regulations apply to areas that
violate NAAQS for at least one criteria pollutant. These
regulations require the utilities to use lowest achievable
emission rate (LAER) pollution control technology and to
secure enough emission offsets so that there is a net
reduction in total pollutant loadings. BACT and LAER are
determined on a case-by-case basis and must be at least as
stringent as NSPS. Since NSPS, BACT, and LAER requirements
often force a utility to employ an advanced level of pollution
control equipment, they are frequently referred to as technol-
ogy-forcing regulations.

For a number of the case study companies, state regula-
tions are somewhat more restrictive than federal requirements.
The stringency of a SIP is generally a function of the state's
ambient air quality and the environmental desires of the pub-
lic and the state's political leaders. The stringency of a
SIP for electric utilities also depends in part on the extent
to which a state has placed the burden of pollution control on
electric utilities, as opposed to other industries and activi-
ties (e.g., transportation by automobile). 1In designing §IPs,
states essentially take an inventory of sources of pollution
and then allocate the burden of controlling pollution, taking
into consideration the technical and financia; ability of
different industries to reduce pollutant loadings and the
effect of different control strategies on employment and other

socioceconomic variables.

One state's promulgation of standards more gtringent than
federal requirements reflects a number of specific concerns.
First, the regulations were designed to compensate ?or what
was viewed as reluctance on the part of EPA to require ad-
vanced levels of control technology under NSPS. Second, the
regulations were designed to be stringent to provide an
incentive for utilities to develop pollution control technolo-
gies. Third, this state's regulators were concerned that the
uniform national standards, promulgated in the early 1970s,
provided an impetus for industry to move from other states Eo
exploit the state's air resources. Finally, the water regula-
tions affecting the state's utility plants were §e51gned to
conserve scarce water resources to allow industrial growth.

Three case study companies currently building new coal-
fired powerplants haze sited these plants in P§D regions.
These companies do not view environmental requirements as -
critical obstacles, although they result in signifxcantrc;px
tal and operating costs. Two companies expect t@at.BAC iii
the control of sulfur dioxide and particulate emissions w 1
require relatively advanced scrubbers and pgeczpltators ag' .
coals of at least moderate quality. The third company, whic
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is subject to state environmental requirements which are some-
what more stringent than federal requirements, expects to
achieve compliance through the installation of state-of-the-
art pollution control eqguipment including a dry scrubber, bag-
house, cooling tower, and a zero discharge wastewater treat-
ment system. In addition, the company plans to meet NOx
requirements by contructing and installing boilers and burner
tips designed to control NOyx emissions.

Of the three case study companies with powerplants under
construction, two were able to avoid or reduce the impact of
BACT standards. One company successfully litigated for the
exemption of a powerplant under construction from PSD regula-
tions that would have required the installation of a scrubbing
system. Scrubbers would have increased the capital cost of
the powerplant by approximately 20 percent and the company
believed it could meet air quality standards at a lower cost
by using low=-sulfur coal. The other company reduced the im-
pact of BACT standards at one powerplarit by obtaining its PSD
permit before PSD regulations took full effect. The third
company, which has more willingly sought to comply with
environmental regulations, has successfully negotiated with
environmental agencies for the relaxation of environmental
standards on the basis of difficulties in designing and
operating its pollution control equipment.

Technological Concerns

EPA's adoption of technology-foreing regulations for new
powerplants reflects the idea that the most cost-effective way
to achieve a clean environment is to require stringent pollu-
tion controls for new sources. Although EPA is concerned that
stringent requirements for new sources may encourage utilities
to delay the retirement of relatively dirty, existing power-
plants, stringent new source requirements are intended to
ensure an increasingly clean environment as existing power-
plants are replaced by new plants. EPA's requirement of ad-
vanced technology for new powerplants also recogpizes that
installing pollution control equipment during the construction
of new plants is much less costly than the retrofitting of
existing plants and that this equipment can be used for a
relatively long period of time. '

The cage study utilities are generally concerned ab
the costs and risks of pollution control technologyefo: :g:
coal-fired powerplants. A number of the companies argue that
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the technology-forcing nature of BACT and LAER creates signi-
ficant technological risks and uncertainties and unnecessarily
increases costs. For example, LAER standards can be changed
by EPA or state environmental agencies even for plants already
under construction. Thus, as new pollution control technolo-
gies are developed, utilities can be forced to adopt equipment
close to or at the state-of-the-art, creating uncertainty as
to the cost and reliability of the equipment. 1In response to
this line of reasoning, one state environmental agency argues
that the long lead time for new coal-fired powerplants will
provide enough time to further develop pollution control tech-
nologies, thereby increasing their reliability. This agency
attempted to ensure that one utility meet its standards by
requiring the utility to leave sufficient space in a new unit
during its construction to allow the installation of any of a
number of technologies. The agency believed that the technol-
ogies would be sufficiently developed by the end of the con-
struction period to meet its standards with a high degree of
reliability.

Largely because of the costs and risks associated with
pollution control technologies, one case study company rele-
gated the alternative of a new coal-fired powerplgnt to a
contingency status. This company is subject to relatively
severe technological requirements imposed by state and federal
regulations. EPA requires pollution control techgology thap
will meet its LAER standards for new powerplants in nonattain-
ment areas and the company's state regulations require a }evel
of technology for all new powerplants that is usually equiva-
lent to LAER technology even in attainment areas. LAER re-
gquirements for new coal-fired powerplants in the company's
service territory include the use of stgte—of-the-art scrub-
bers, precipitators, and combustion eguipment to control
nitrogen oxide. According to the utility, the cost of these
systems, plus closed cycle cooling, could account for 50 per-
cent of the total capital cost of a new coa}-fz;ed powerplant.
The company is alsoc concerned that the combination of pollu-
tion control systems could significantly deg;ade a power-
plant's reliability. 1In fact, one state siting commission
pointed out that no powerplant in the world presently operates
with all three air pollution control systems at an advanced

level of technology.

The company that has more willingly sought to comply with
environme:taf ngulations is also concerned about the poten-‘
tial for significant operating problems with §tat9-o§;;he-ar;
pollution control equipment, but hopes to gvo%d significant )
decreases in unit reliabilities. The utility's state environ
mental regulators may assist the utility in its efforts to
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maintain unit reliabilities by continuing to allow it to oper-
ate a powerplant while repairing the plant's scrubbing systenm.
Even assuming that reliability problems do not necessitate

further investment in backup pollution control equipment or

generating capacity (or both), this company estimates that the
total capital cost of pollution control equipment will approx-
imate 30 percent of the total costs of a new coal-fired plant.

As is discussed further in Chapter VI, EPA also places
the total cost of pollution control equipment at about 30 per-
cent of total powerplant costs. EPA believes that scrubber
reliability problems will not be significant once a utility
gains experience with a new scrubber. However, EPA's projec-
tion of minimal reliability problems is based on expectations
of highly reliable scrubbing systems, while the company's hope
for minimal reliability problems is based in part on its regu-
lators' allowing emission variances.

Siting Difficulties

The process used by the case study utilities in selecting
potential sitee for new powerplants is generally the sane,
although the details of each company's specific procedures and
selection criteria vary somewhat. The first step in the proc-
ess typically involves a scanning of the company's region to
identify a relatively large number of potential sites with
sufficient space, vater, and transportation to support a
plant. One case study company initially identified 40 poten-
tial sites; another company identified 12 gsites. 1In the
second step, the potential sites are culled on the basis of

rough estimates of each site's economics and its possible-
environment problems,

In evaluating the relative economic¢s of sites, factors
such as distance from load centers, the need for new transnis-
sion facilities, adequacy of transportation links for fuel
and avajilability of water are considered. Sites in nonatt;in-
ment areas or with inadequate PSD increments are screened out.
In effect, the second step of the process attempts to identify
knockout factors. The third step in the process typically
involves detailed economic and environmental analyses of from
three to six sites, From these candidates, companies often
select not only the site that appears to have the lowest
expected costs and.risks, but also one or two backup sites.

. The case study utilities
coal-fired powerplant in an ar
ulations is nearly impossible"

generally agree that siting a
ea subjegt to nonattainment req-
due to difficulties in securing
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sufficient offsets. Although PSD regions are far more preva-
lent than nonattainment areas, a significant number of coun-
ties in some states are nonattainment areas. Moreover, off-
sets in rural nonattainment areas are often difficult to
secure because their poor air quality is caused by wind trans-
port of pollutants. Offsets in urban areas are considered
generally to be too expensive, too diffuse, or simply unavail-
able in amounts sufficient to support a new coal~fired base~
load unit. One company noted that industries with a potential
for offsets are likely to save offsets for their own use.

The difficulty in locating new powerplants in nonattain-
ment areas and the greater number of PSD areas have led util-
ities to focus their siting efforts on PSC areas. Although
PSD regulations have not yet prevented any of the case study
companies from constructing new coal-fired powerplants, these
regulations present significant obstacles and, in the view of
some companies, may in the future preclude the construction of
such plants in some regions. Required modeling of powerplant
emissions is becoming very complex because .of increased over-
lapping of emissions from different powerplants in some 1gdus-
trialized areas and the proximity of many sites to mountains
in nonindustrialized areas. Contests between utilities and
environmental agencies over the acceptability of models can
cause significant delays and possibly result in project can-
cellation. More importantly, inadequate PSD increments may
eliminate preferred sites or limit the size of a new power-
plant at a specific site, with a resultant loss of economies

of scale.

The case study companies are divided_on the issue of .
whether PSP increments will become a significant constralgt in
the future. About half of the companies stated that P§D in-
crements may become a significant constraint as electric util-
ity and other industrial growth exhausts many of the existing
PSD increments. Potential siting constraints stemming from
insufficient air increments appear to be caused mainly by
relatively poor ambient air quallty. Some companies be;leve
that they will be forced to deal with severe environmental
constraints as early as the mid-l980§ as they plan for power-
plants that will commence operation in the 1990s. For exam-
Ple, one case study company stated that there are no PSD in-
crements left in its service territory'large enough to support
a large coal-fired powerplant. In addition, an 1?dustry ob:
server has pointed out that, because of the staEe s poor am )
bient air quality, California may only have an env;rogme:tio
carrying capacity" of a few thousand megawatts--equivalen

about one large coal-fired powerplant. One case study company

predicted that the utility industry's resistance to environ-

mental regulations will be-much greater in the future as -a
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greater number of utilities encounter the siting and compli-
ance difficulties associated with new powerplants. The com-
pany believes that the present level of resistance has been
reduced by recent declines in demand growth that have resulted
in the cancellation or postponement of many utilities' con-
struction prograns.

The other case study companies do not view PSD increments
as a serious constraint to the siting of large, new coal-fired
units. This view is shared by some EPA officials who believe
that no acceptable evidence that PSD increments have prevented
or will prevent the siting of a powerplant has been presented.
The case study companies holding this view generally have
relatively good ambient air quality in and around their serv-
ice territories. One utility, in a state with relatively
pristine air quality and numerous Class I PSD areas, does not
view PSD increments as a serious siting constraint because the
large size of the state and the stringent control of emissions
from new powerplants contribute to a large number of poten-
tially acceptable sites. For this utility, water and coal
sources are more critical constraints to siting new coal
powerplants.

Another case study utility that does not view PSD incre-
ments as a serious constraint holds this view because of the
relatively good ambient air quality of its service territory.
This utility's state environmental agency observed that the
use of high=-sulfur fuel oil since the 1974 0il embargoc resul-
ted in emissions per megawatt greater than or equal to what is
expected from new coal-fired powerplants with precipitators
and scrubbers. Therefore, the eventual replacement of exist-
ing oil-fired poverplants with new coal-fired powerplants
could increase the air increments available to the operation
of new powerplants to meet increases in demand. This utility
also noted that another utility was able to use an offset
approach to enlarge a PSD increment so that it could site a
new coal-fired unit at an existing powerplant location. The
proximity of the location to a Class I PSD area and emissions
from the existing powerplant resulted in exhausting a PSD
increment, which precluded additional coal-fired units unless
offsets could be used. With the consent of EPA, the utility
enlarged the air increments to permit siting by taking steps
to reduce the sulfur dioxide and particulate emissions of the
existing powerplant. Particulate standards for the existing
un@ts were determined in conjunction with those of the new
units and plans were established for reducing the sulfur con-

tent of the ctoal supply for the existing units as the new
units were placed in service.
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The regulatory process for siting a new powerplant is
complex, typically involving a number of state and federal
agencies, and can introduce uncertainty as to whether and when
approval will be given for the necessary permits. Recognizing
these problems, many states and EPA have taken steps to
streamline the siting process. However, some states do not
have central siting authorities and some state regulators are
not convinced that they are effective. One executive in a
state without a central siting agency argues that they create
additional siting complexity and delays and dilute the author-
ity of other state regulatory agencies. In this state, agen-
cies can reject sites, but do not formally approve sites.
Therefore, utilities are responsible for selecting acceptable
sites. Nonetheless, a number of states have implemented “one-
stop" permitting procedures whereby their siting agency coor-
dinates all of the permitting and licensing activities neces-
sary for a new powerplant or major modification of an existing
powerplant.

The effectiveness of one-stop permitting procedures var-
ies by state. One company has found its state's procedures to
be very effective. It credits this effectiveness to its si-
ting agency's efficient implementation of a one-stop proce-
dure, a statutory permitting time limit, and the assignment of
one hearing officer who is responsible for a siting regquest
until it has been acted upon. Using this approach the company
was able to site a large coal~fired powerplant in less time
than the statutory permitting time limit. Another state that
established a one-stop permitting process tried to give its
siting agency the authority to make tradeoffs between environ-
mental concerns and other siting criteria in order to increase
both the speed and effectiveness of response. The §it1ng
agency has, however, encountered significant unwillingness on
the part of environmental agencies to agree to the tradeoffs
it considers necessary for the siting of coal-fired power-
plants in a state characterized by relatively poor air qual-
ity. The state environmental agency ta&es the position that
it cannot allow tradeoffs that violate its state implementa-

tion plan.

EPA is concerned about the efficiency and.effectlveness
of state permitting procedures and is encouraging and trying
to assist states in their efforts to improve their procedures.
Increased state permitting effectiveness is seen as improving
the ability of states to assume additional environmental res-
ponsibility and as leading to improved coordination between
EPA and state regulatory agencies. Improved procedures can

also reduce permitting time delays, complexity, and uncertain-

ty. EPA surveyed and summarized state efforts to revise
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procedures and distributed the results to the states in the
January 1982 report "Streamlining the Environmental Permitting
Process: A Survey of State Reforms" (by TBS for EPA's Office
Management, June 1982). Furthermore, EPA is developing con-
solidated regulations for streamlining applications for facil-
ities that require a permit under national pollution discharge
emission system (NPDES), PSD, Resource Conservation and Re-
covery Act (RCRA), and underground injection control’ (UIC)
programs. Although primarily for EPA's use in cases where EPA
is the permitting agency, the consolidated regulations are in-
tended to serve as a model for state procedures.

UTILITY RECOMMENDATIONS FOR. IMPROVING
ENVIRONMENTAL REGULATIONS

The case study utilities have offered a variety of recom-
mendations for improving environmental regulations. These
recommendations relate to formulating, administering, and
changing existing environmental regulations. A recommendation
common to all three areas is that greater emphasis should be
placed on the use of cost-benefit and cost-effectiveness ap-
proaches and analyses.

Formulating Environmental
RgguIations

All of the case study companies recommend that EPA and
state and local environmental agencies employ cost-benefit and
cost-effectiveness analyses more ‘extensively in their design
and administration of environmental regulations. Cost-benefit
analyses weigh the economic, health, and welfare benefits of
pollution control and the economic, energy, and social costs
of pollution control. Unfortunately, as the companies recog-
nize, it is sometimes extremely difficult to quantify bene~
fits, as well as some costs. Quantifying the benefits of a
cleaner environment is difficult not only because of data
unavailabilitg, but also because of conceptual difficulties in
defining the benefits associated with, for example, unspoiled
vistas. 1In fact, some decision makers argue that cost-benefit
analysis is in too primitive a state of development to qualify
for a central role in decision making. Cost-effectiveness
analyses avoid the problem of measuring the benefits of pollu-
tion’control'by focusing more narrowly on the costs and effi-
cigncies of'alternaéive pollution control strategies. For
this reason, many utility executives would place more reliance
on cost-effectiveness measures than on cost-benefit measures.



ITI-41

Some executives in one of the case study companies be-
lieve that public pressure for regulatory change will result
in greater use of cost-benefit approaches in the setting and
administering of environmental regulations and in less regula-
tory resistance to conventional baseload capacity expansion
alternatives. They believe that increases in electricity
Prices, in part due to environmental costs, and decreases in
reliability, due to siting and financing difficulties, will
focus public attention on regulatory costs and will result in
public pressure for less costly regulation.

Another unanimous recommendation for the formulation of
environmental regulations is that regulators not change the
environmental compliance requirements for a powerplant after
it is constructed. This recommendation emerges becagse retro-
fits are generally more expensive than the installation of
pollution control equipment during powerplant construction.

It also reflects utility concerns about changes in environmen-
tal requirements that could result in plant shutdowns or ex-
pensive changes in operations.

Lastly, a number of companies have recommended that EPA
strengthen the factual and scientific research usgd asvtbe
basis for designing new reqgulations. Many companies believe
that an inadequate understanding of the effects of pollu;ant
emissions has led EPA to adopt environmental.standards'thh an
overly wide margin of safety for the protection of human
health and welfare., 1In their view, more complete research on
the effects of powerplant emissions would allow EPA to more
properly balance costs and benefits in.lps formulation gf
regulations and standards, thereby avoiding costly margins of

safety not justified by their benefits.

Administerin
Environmental Regulations

The case study companies recommend a greater emphasis on
cost~benefit and cgst-egfectiveness approaches and analyses
also in the administration of regulations. _The companies
generally believe that an overly strict administration gf _
environmental regulations by EPA and state environmenta ;gen
cies results in unnecessarily high costs, although they also
noted some instances where regulators have been flexible. 25
an example of overly rigid administration, one CONP:“Y n:ten
that it was required to install a yatgr cogllng sys eT a ia-
ocean site despite the fact that, in 1its view, therma emts
sions resulted in minimal, if any, ham to the environnment.
On the other hand, the companies provided two exarples O
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cases where other companies had successfully negotiated for
compliance strategies at what they believe to be a higher
level of cost-effectiveness. In one example, a company
reached a compromise with EPA that permitted it to install a
"helper" cooling system, to be used at certain times of the
year, in place of more expensive cooling towers. In the other
example, a company was able to achieve what it saw as a rea-
sonable level of cost-effectiveness in its treatments of
wastewater by negotijating for the elimination of a propesed
third stage of a wastewater treatment facility. The third
stage, a polishing pond, would have slightly increased the
effectiveness of the facility, but at a cost of over 15 per-
cent of total facility costs. The company's state environmen-
tal agency supported elimination of the third stage on the
basis of cost-effectiveness and EPA agreed to the elimination,
but on the basis of site limitations. Unfortunately, despite
eliminating the complexity of a third stage, the utility has
had significant operating problems with the facility because
even the two-stage process was a state-of-the-art design; the
utility may be forced to replace it.

Some EPA officials believe that a greater emphasis on
cost-benefit and cost-effectiveness analyses in administering
environmental regulations may conflict with some industry
recommendations to reduce uncertainty in the determining of
environmental standards. These officials argue that, in a
broad sense, EPA can either establish and enforce rigid emis-
sion or technology standards, thereby reducing utility uncer-
tainty as to the specific standards they will be required to
meet, or it can be flexible in its determination of standards
in specific cases, thereby introducing greater uncertainty
into utility environmental planning.

A number of companies support the use of emission trade-
offs since it creates opportunities for less costly compliance
strategies. One company is lobbying for greater state regula-
tory support of emission tradeoffs since it believes that
future compliance problems may present opportunities to use
tradeoffs effectively.

EPA officials are concerned that situations may arise
where emission reductions that would have occurred in the
absence of tradeoff policies will be used to offset require-
ments for controlling of emissions. However, EPA allows a
variety of offsets and is working to encourage their use.
First, under PSD regulations, utilities can effectively avoid
BACT regquiréments by "netting” pollution emission increases
and decreases within a powerplant. 1In addition, utilities can
"bubble®” . offsets external to a powerplant to preclude retrofit
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requirements, although the use of such offsets is limited by
ambient air quality standards and PSC and nonattainment regu-
lations. Third, EPA allows companies to "bank" (inventory)
offsets and awards credit for emission reductions beyond those
required. To encourage offsetting, EPA is promoting offset
markets and is conducting workshops for offset traders. EPA
also encourages states to formulate SIPs that facilitate
offsetting.

Many of the case study companies also commented on or
recommended changes in the administrative procedures and staf-
fing of environmental agencies. They suggested that EPA in-
crease its delegation of authority to the regional EPA offices
and staff these offices with more knowledgeable and experi-
enced people. These recommendations stem from the complaint
that the inability of regional EPA employees to §uppl¥ infor-
mation or make major decisions has resulted in significant
project delays. Many of the utilities have also observed that
members of EPA's staff tended to be inexperiepced and, as a
result, tended to be unrealistic in their desires and expecta-
tions. They noted that a high degree of turnover has contrib-

uted to the inexperience of the staff.

One case study company recommended that the.operating
procedures for EPA and state environmental agencies be changed
to increase the level of state decision making and decrease
EPA's "second guessing"” of a state agency's decisions. To
facilitate site permitting, this company also recommends_tpat
utilities be allowed to inventory sites and that state siting
agencies be given greater authority to make tgadeoffs between
environmental and other siting factors in their approval of
sites.

Changin
Environmental Regulations

Reflecting a variety of concerns about environmental
regulations, and their desire that regulators place greater
emphasis on cost-benefit and cost-effectiveness approaches,
the case study companies recommend a number of changes in
existing environmental regulationg. Many 9f the@ recom@end
longer averaging times in the national ambient air quality .
standards and a greater allowance for emissions 1n excess O
these standards. Increased averaging times would reduce the
costs associated with controlling the variances in fuel qual-
ity and allow relaxation of pollution control equipment de51gn
and fuel quality standards. One case study utility recommends
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that regulators not classify emissions in excess of air qual-
ity standards as violations if these events occur infregquent-
ly. Another case study utility pointed out that a greater
allowance for emissions greater than standards is almost man-
datory since a certain level of emissions peaking cannot be
avoided without incurring extreme capital and operating costs.
Some utilities also believe that existing scientific evidence
on the health effects of pollutant emissions does not justify
a regulatory system effectively based on peak emissions. EPA
is concerned, however, that longer averaging times may result
in increased pollutant loadings. Some companies may have
lowered their average rate of pollutant emissions to reduce or
compensate for emission rate peaks that otherwise would have
violated standards based on short averaging times. An in-
crease in averaging times may allow these companies to in-
crease substantially their average emission rates by allowing
more frequent or more numerous enission rate peaks.

Many of the case study utilities recommend that PSD regu-
lations immediately be rescinded or altered to reduce limita-
tions imposed by air increments, monitoring and modeling dif-
ficulties, lengthy preconstruction review times, and the sheer
complexity of the regulations. Specific suggestions €for im-
provement include enlarging PSD air increments and developing
state plans for allocating PSD increments, rather than having
them available on a first-come-first-serve basis. Many util-
ity executives also believe that PSD regulations are redundant
or illogical based on the argument that established primary
and secondary ambient air quality standards should be suffi-
cient to protect human health and welfare. However, according
to EPA staff, this view reflects a narrow interpretation of
the objectives of the PSD program. While the PSD prograr is
intended in part to protect human health and welfare, it is
also designed to protect air quality in areas of special na-
tional or regional interest and to preserve existing clean air
resources while allowing economic growth.

The utilities were almost unanimous in their belief that
PSD regulations will be revised, at least as they apply to
some regions, as a result of the difficulties and expense
associated with complying with such regulations. One industry
observer believes that exhaustion of PSD increments in some
areas in the late 1980s or.early 1990s will force either the

enlargement of PSD increments or the repeal of the increment
system. '

' Although none of the case study utilities had specific
recommendations regarding visibility regulations, they noted
that a number of western utilities recommend that existing
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visibility regulations be rescinded or made less stringent and
that new visibility regulations not be considered until fur-
ther research has been completed. The western utilities are
particularly concerned about the possibility that either
existing or proposed visibility regulations will require cost-
ly reductions in NOy emissions.

Some electric utility industry executives also advocate
the abandonment or modification of technology-forcing regula-
tions to counteract what they perceive to be two major prob-
lems. First, technological decisions and constraints imposed
by EPA may be based more on developments in control technolo-
gies than on cost-benefit and cost-effectiveness considera-
tions. Second, technology-forcing regulations may discourage
technological innovation and improvements. Utilities and
vendors of pollution control equipment may be reluctant to
invest in research and development for specific technologies
due to the risk that competing technologies will be chosen as
LAER or BACT technologies, thereby eliminating their market.
This risk is exacerbated by the fact that LAER does not have
to be chosen on the basis of cost-effectiveness. One utility
recommends that EPA not change BACT and LAER standards for
specified time periods to reduce the risk of technological
developments becoming obsolete as a result of regulatory
changes.

Some EPA officials and a number of uti}ities disagree
about the use of technology-forcing regulations. The EPA
officials believe that utilities have little incentive to
develop more advanced control technologies in the absence of
regulations that force such developments. In contrast, wp;le
accepting that there is some need for a continual tlght§n+ng
of standards, some utilities argue that a much more positive
and effective regulatory approach to encouraging technolog;cal
innovation and the installation of state-gf-thefart pollution
control equipment is to provide economic incentives for such

activities.

The changes to existing regulations recommended by g@e
case study utglities address many, but not all, of the major
concerns espoused by electric utility industry organizations.
For example, the Edison Electric Institute has advqcated'two
changes to the Clean Air Act that did not surgace in TBS's
interviews. First, BACT, LAER, and NSPS requirements should
be replaced with one set of NSPS requirements to §11m1na;e
uncertainty and reduce the time and efforts assoc;ateq with )
environmental regulation. Second, to encourage oil displace
ment, voluntary coal conversions should be exempted from new
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IV. EFFECTS OF ENVIRONMENTAL REGULATIONS ON
ELECTRIC UTILITY UNITS

INTRODUCTION AND MAJOR FINDINGS

This chapter examines strategies for and costs of compli-
ance with environmental regulations for individual electric
generating units. The objectives of the chapter are, first,
to determine average costs for pollution control incurred by
fossil steam units and, second, to compare compliance strate-
gies and costs among units. Such an analysis permits an iden-
tification of unit-level costs that would otherwise not be
apparent in an aggregate analysis that includes a large number
of minimally affected units.

The analysis in this chapter is based on data compiled in
the Energy Database concerning the characteristics, environ-
mental compliance strategies, and costs as of December 1979 of
Steam-electric generating units burning fossil fuels for which
a Form 67 was submitted to the Department of Energy (DOE) in
1979.1 These 2,277 units have a capacity of 395,868 MW, which
represents approximately 96 percent of total capacity of fos-
sil-fired steam-electric units reported in DOE's 1979 Inven-
tory of Powerp;ants.2 Units not included in the analysis are
primarily those in plants with capacities of less than 25 Mw

that do not submit Form 67s.

Distribution of Units by Fuel
Type and Age

Coal-fired units account for nearly 60 percent of the
capacity of units in the Energy Database (Table IV-1). 'The
remaining 40 percent of capacity is relatively evenly distrib-
uted among units that burn oil, gas, and oil and gas com-

bined.

lrorm 67s, "Steam-Electric Plant Air and Water Quality Control
Data," summarize unit-level pollution control data and are
submitted annually to DOE. For a description of the Energy

Database see Appendix A. .
2y, s, Department of Energy, Inventory of Powerplants in the

United States, December 1979.
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Table IV-1

DISTRIBUTION OF F0SSIL—FUEL
UNITS BY FUEL TYPEl

Percent of Percent of
Fuel Type Units Capacity
Cosl 47 59
0il 17 15
Gas 17 13
Gas/0il 19 13

lrgtals mey not add to 100 percent
due to rounding.

Source: Energy Database.

Eighty-six percent of the units in the Energy Database
were in service by 1972 and thus predate the 1971 Clean Air
Act and the 1972 Clean Water Acts (Table IV-2). Environmental
compliance for these units has consisted of retrofitting pol-
lution control equipment to comply with regulations for exist-
ing sources promulgated under the Clean Air and Clean Water
Acts. Units that came into service in 1972-1976 have also
peen subject to existing source air and water regulations, but
in most cases these units have not been required to retrofit
pollution control equipment as they generally were designed
taking air and water regulations into account. Finally, units

Teble IV-2

DISTRIBUTION OF FOSSIL-FUEL
UNITS BY IN-SERVICE YEAR!

In-Service Percent of Percent of
Year Units Capacity
Pre-1972 86 63

1972-1976 9 25

1976-1979 5 12

l1otale may not add to 100 percent due
to rounding.

Source: Energy Database.
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Environmental Compliance Strategies

Strategies for compliance with sulfur dioxide
to;al suspended particulates (TSP) reguirements amoégog;aind
units reflect increasingly stringent standards. Only 23 per-
cgnt of coal capacity that came into service before 1977
either burns coal with less than 0.8 percent sulfur and/or
has flug gas desulfurization (FGD) systems (Table IV-3). The
proportion of capacity in this category rises dramatically to
73 percent qf 1977-1979 capacity and to 98 percent of capacity
;hat is projected to come into service in 1980-1984. This
increase reflects primarily the increasing use of scrubbers
from 5§ pergent of pre-1977 capacity, to 35 percent of 1977~
1979 capacity, and to 52 percent of 1980-1984 capacity.

Table IV-3

DISTRIBUTION OF COAL CAPACITY
BY REPORTED SO, COMPLIANCE STRATEGY

(percent of age-categary capscity)

50, Compliance Strategy In-Service Year

<0.8% Sulfur Coal Pre-1977 1977-1979 1980-1984
With FGD 2 22 14
Without FGD 18 38 46

>0,8% Sulfur
With FGD 3 5] 38
Without FGD 77 27 _2

Total 100 100 100

Source: Energy Database.

Coal units of different vintages also reflect different
TSP requirements. Over 96 percent of the capacity in units in
all age categories has TSP collection systems whose removal
efficiencies are above 98 percent. Units that came into serv-
ice before 1972, however, have frequently retrofitted electro-
static precipitators alongside older, less efficient mechan-

ical collectors.
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Air pollution control strategies at oil and gas/oil units
consist primarily of the use of low-sulfur oil to control SO
emissions. Over 60 percent of the capacity in oil-fired units
burns oil with less than 1 percent sulfur by weight. 2
further 30 percent of this capacity burns oil with 1 to 2 per-
cent sulfur, and less than 10 percent uses oil with more than
2 percent sulfur (Table IV-4). Particulate emissions are
reduced both by burning low-sulfur oil (because it is a
higher-quality fuel with fewer impurities) and by installing
TSP control equipment. However, only 40 percent of oil and
oil/gas capacity has particulate control systems and less than
a fourth of these systems have removal efficiencies greater
than 98 percent.

Tabls IV-4

DISTRIBUTION OF OIL CAPACITY BY
REPORTED SO0, AND TSP CONTROL STRATEGYL

S0, Control TSP Control Equipment
F—L-wl Percent Parcant of E‘S Collection Percent of
Sulfur Capacity Efficiency (%)2 Capacity
<0.9 63 >98 8
1-1.9 29 90-98 17
>2.0 8 <90 14
No equipment 60

lincludes ges/oil unite.
One percent reported TSP equipment but did not specify
control efficiency.

Source: Energy Database.

Water pollution controls at steam-electric units are much
less extensive than air pollution controls. Virtually all
plants have central treatment facilities to treat a number of
relatively low-volume waste streams simultaneously. 1In addi-
tion, some plants have installed ash transport water recircu-
lation systems which are no longer required by federal regu-
lations.

The use of cooling towers or ponds to control thermal
discharges is becoming increasingly prevalent. The share of
capacity with cooling systems increases from less than one-
third of pre-1972 capacity to two-thirds of 1977-1979 capacity
(Table IV-5). This shift reflects both environmental require-
ments and an increasing proportion of units sited in water-
constrained areas where recirculating cooling systems are used
primarily for economic rather than environmental reasons.



Iv-5

Table IV-5

DISTRIBUTION OF FOSSIL-FUEL CAPACLTY
BY THERMAL CONTROL STRATEGY!

(percent of age-category capacity)

Pre-1972 1972-1976 1977-197%

With cooling tower
or pond 26 é3 66

Without cooling
tower or pond 74 by 33

1totals may not add to 100% due to rounding.

Source: Energy Database.

Pollution Control Costs

The average annualized cost of pollution cogtrol ;t fos-
sil-fuel plants is 3.88 mills per kWwh of generation (Fig-
ure IV-1), although differences in plant age, capacity, fuel
type, control strategies, control levels, gnd other important
variables lead to a range of less than 1 mill/kWh to nearly
8 mills/kWh. The dominant contributor to the average cost is
control of SO, emissions, which accounts for 2.72 mills per
kWh or 70 percent of total pollution control expenditures of
3.88 mills/kWh. The remaining pollution control expenditures
are relatively evenly divided among controls for TSP emissions
and chemical and thermal discharges. By cost component the
largest single component of pollution control cost is a pre-
mium paid by utilities for low-sulfur fuels. Thils premium
accounts for nearly 65 percent of the average cost of pollu-
tion control, and contributes more than three times as much as

do capital expenditures to pollution control costs.

oil for steam generation results in great-
1 expenditures than does consumption of
f the premium paid by utilities for low-
The average 6.86 mills per kWh

Consumption of
er pollution contro
coal or gas because O
sulfur oil (Figure IV-2).

3Phere are a number of ways of calculating ;he fgel premium.
i f the methodology used in ;hls report
Nonetheless, o tes 1 premium, this basic conclusion

at overstates the oil : '
ﬁngzhunder alternative methods of calculating the premium,



IV-6

Figure IV-1

COMPONENTS OF 1979 AVERAGE COST OF POLLUTION CONTROL
FOR FOSSIL FUEL UNITS
1879 DOLLARS N

Energy Penaity | Thermal Conwrol
Operations and Maintenance Chemical Control
Capital B0 2 TSP Control

wz Control

ﬁ

National Average Cost: 3.88 mills per kWh 3.88 mills per kWh
Source: Energy Database; TBS calculations.
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Figure IV-2

COMPONENTS OF 1979 NATIONAL AVERAGE COST OF POLLUTION CONTROL
FOR FOSSIL FUEL UNITS BY FUEL TYPE

1879 DOLLARS
A 5 ]
COAL oiL GAS GAS/OIL

3.68 mills per kWh 7.89 mills per kWh 0.55 mills per kWh 4.72 mills per kWh

COAL OlL GAS GAS/OIL

3.68 mills per kWh 7.89 mills per kWh 0.55 mills per kWh 4.72 mills per kWh

Source: Energy Database; TBS calculstions.
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paid by utilities for low-sulfur oil is more than 3.5 times as
great as the low-sulfur coal premium and it exceeds total
pollution control expenditures by coal units.

Aside from the low-sulfur fuel premium, coal units incur
greater pollution control expenditures than do units burning
0il or gas. Coal units incur average expenditures of 1.85
mills per kWh for pollution control in addition to the fuel
premium while oil, gas and gas/oil units spend 0.5 to 1.0
mills per kWh. The major reasons for these greater costs
incurred by coal units are their expenditures for scrubbers
and TSP control systems.

The major trend in pollution control costs is a continu-
ing rise in capital expenditures. Coal plants, which will
increasingly dominate fossil-steam capacity, exhibit dramatic
increases in pollution control capital costs over time (Fig-
ure IV-3). Among pre-1972 coal units, capital costs account
for pollution control costs of 0.76 mills per kWh. This cost
increases by 270 percent to 2.81 mills per kWh for units that
came into service after 1976. In the future, with higher
costs for scrubbers required for all new coal units after 1985
under new source performance standards (NSPS) II regulations,
capital costs will continue to increase. If eastern utilities
choose to burn high-sulfur coal with high-efficiency scrub-
bers, a decrease in the low-sulfur coal premium may partially
offset higher capital costs.

In the future scrubbers will increasingly dominate pollu-
tion control strategies and costs. Approximately one-half the
capacity that will come into service in the United States from
1980 through 1984 will meet NSPS II requirements. In the
West, 80 percent of this NSPS II capacity will install scrub-
bers with 70 percent removal efficiencies. The remaining
20 percent of western NSPS II capacity will be located at
sites where more stringent BACT limits will require scrubbers
with 90 percent removal efficiencies as well as low-sulfur
coal. 1In the East, about 90 percent of the NSPS II capacity
will install scrubbers with greater than 90 percent removal
efficiencies and burn high-sulfur coal. Thus only the 10 per-
cent of the eastern NSPS II units that burn low-sulfur coal
will incur a fuel premium..

Costs for future units meeting NSPS II requirements were
calculated using engineering cost assumptions supplied by Epa.
These costs will range from 9.4 mills per kWh for western low-
sulfur coal units to 13.4 mills per kWh for eastern low-sulfur
coal units. Given existing wet scrubbing technologies for
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Figure IV-3

COMPONENTS OF 1979 NATIONAL AVERAGE COST OF POLLUTION
FOR COAL UNITS BY AGE CATEGORY
1979 DOLLARS

Pre—~1972 Units 1972-1975 Units Post—1976 Units

3.42 mills per kWh 3.47 milis per kWh 5.81 mills per kWh

Pro—19'f2 Units 1972-1976 Units Post—1976 Units
.3.42 mills per kWh 3.47 milis per kWh 5.81 mills per kWh

Source: Energy Database; TBS calculations.
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eastern units, 90 percent removal scrubbing on eastern high-
sulfur coal is slightly less costly than 70 percent removal
scrubbing on low-sulfur coal. If less costly dry scrubbing
technologies become generally available for eastern low-sulfur
coal, 70 percent removal dry scrubbing will become economical-
ly more attractive,

Pollutant Removal and Cost Effectiveness

Nationally, electric utility air pollution control meas-
ures in place in 1979 resulted in the removal from the atmos-
phere of approximately 42 percent of uncontrolled SO, emis-
sions of 29 million tons and 98 percent of uncontrolled TSP
emissions of 46 million tons (Table 1IV-~-6). Coal units con-
tributed the dominant share of both uncontrolled emissions ang
pollutant removals, reducing emissions of TSP by 98 percent
from over 45 million tons to less than one million tons and
SO, by 37 percent from 24 million tons to 15 million tons.
0il units and gas/oil units reduced uncontrolled emissions of
805 by 70 percent from 5 million tons to 1.5 million tons.
0il and gas/oil units had only minor TSP emissions and unijts
that only burn gas do not emit SO; or TSP,

Table 1V-6
TOTAL NATIDNAL POTENTIAL AIR POLLUTANT
EMISSIONS AND REMOVALS
BY FUEL TYPE IN 1979

(thousands of tons)

50, TSP
Potential Total Percent Potential Total Percent
Fue]l Type Emissions  Removed  Removed Emissions Removed Removed
Coal 24,38 9,015 37 45,651 44,775 98
04l 2,695 1,783 68 170 143 84
Gea/0il 1,954 1,418 2 127 100 byl
Total 2, 047 12,217 a2 45,948 45,018 98

Source: Energy Dstabase and TBS calculations,

As shown in Table IV-7, the average cost of removing
pollutants in 1979 varied significantly among unit categories
and pollutants. Nationally, the average cost of reducing SO
emissions was $461 per ton. The cost of reducing these oY2
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Table IV-7

AVERAGE COST PER TON OF SO, AND TSP REMOVAL IN 1979
AND FOR FUTURE NSPS II UNITS

(1979 dollars per ton)

502

Fuel Type Removal Stretegy

Low- Low- :
1979 Sulfur Sulfur Weighted TSP
Generation Coal 0il Scrubbers Average Equipment
Coal 229 412 418 263 20
0il N/A 737 N/A 37 534
Gss/0il N/A 742 N/A 742 8
National Average 229 721 418 461 22
NSPS II Units
Eestern Low-Sulfur Coal 219 - 1,145 385 80
Eastern High-Sulfur Coal 0 - 417 417 47
Western Low-Sulfur Coal 0 - 1,347 1,347 67

Note: See Table VI-17 and Figure VI-6 for escalation rates for various components
of costs. An approximation to 1982 dollars can be mede using the GNP
escalation factor of 1.286.

N/A = Not applicable.

e = Insufficient observations,

lSt::»e coal units burn both coal and o0il; these units attain reductions in S0,

from both fusls.

Source: EPA, Energy Database, end TBS calculstiones.

emissions was more than three times as great at oil-fired
units as it was at coal-fired units. Among coal units, reduc-
ing SOz emissions was on average nearly twice as expensive
using scrubbers as it was using low-sulfur coal. The national
average cost of reducing TSP emissions was $22 per ton. This

41t should be emphasized that the costs described in this
chapter are average, not marginal costs. Marginal (incre-
mental) costs of moving to more stringent standards would be
significantly higher. To the extent, moreover, that utili-
ties would voluntarily control TSP emissions in the absence
of pollution control regulations, the cost per ton of TSP
removal would increase both because smaller quantities of TSP
would be removed in response solely to environmental regula-
tions and because costs would be based on the marginal costs
of control systems whose efficiency exceeds the levels that
would be adopted voluntarily.
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average cost was dominated by the low average cost of removing
very large quantities of TSP at coal-fired units. Removal
costs for future, NSPS II, units are dominated by scrubbers
and are projected to be significantly greater than costs at
existing units. On a total nationgl average removal cost
basis, SO and TSP removal costs will at least double or

triple.

The unit-level analysis is described below in three sec-
tions. The first section discusses the research approach and
data sources used in the analysis. The second section con-
tains a description of the unit categories selected for analy-
sis and highlights the strategies used by units in each cate-
gory to meet environmental regulations. The third section
contains the results of the cost analysis, comparing pollution
control costs both among unit categories and within these
categories. In this third section, unit-level costs that may
be incurred under future regulations are also discussed. The
final section of the chapter discusses quantities of pollu-
tants removed and the costs per ton of removal.

RESEARCE METHODOLOGY AND
DATA SOURCES

The unit-level analysis is based on actual compliance
strategies and costs for fossil-fired steam electric units.
These data are compiled in the Energy Database from Form 67
submittals to the Department of Energy for 1979 and were vali-
dated extensively prior to including them in this study. The
analysis was performed in four steps. First, units in the
Energy Database were categorized according to the two para-
meters that most significantly affect their environmental
compliance strategies and costs--fuel type and age. Next,
strategies used by units in each category to comply with envi-
ronmental regulations were examined. Third, 1979 compliance
costs at the individual unit level were determined on the
basis of reported environmental expenditures and, in a limited
number of instances, engineering cost estimates. Finally,
unit-level costs for units that will be coming into service in
the future were estimated from engineering cost estimates
provided by EPA.

The Energy Database contains 2,277 units with a capacity
of 395,868 MW, representing approximately 96 percent of the
total fossil-fuel-fired geénerating capacity in the United
States. The analysis of industry compliance strategies is
based on this full database. Data compiled in the Energy
Database were validated for reasonableness and consistency and
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compared with external sources such as DOE's Generating Unit
Reference File, for 1979, and Cost and Quality of Fuels, for
and the National Coal Associlation's Steam Plant Factors.
In most instances it was possible to correct anomalous entries
in the Database (generally unreasonable heat rates that indi-
cate incorrectly reported fuel consumption or generation of
electricity). Form 67s for units representing approximately
8 percent of fossil-fuel capacity, however, contained incom-
pPlete or anomalous data that could not be verified. Where
necessary, these units were eliminated from the analysis and,
consequently, the results presented in this chapter age based
on a sample of at least 88 percent of total capacity.

~ Environmental compliance strategies and costs vary with a
unit's age and the type of fuel it uses. For this reason the
units in the Energy Database were allocated among 12 unit
categories based on fuel type and plant age. Four fuel cate-
gories--coal, gas, oil, and gas/oil--and three age categories
--units in service before 1972, between 1972 and 1976, and
after 1976-~were selected. The distribution of units and
capacity among these categories is shown in Table IV-8.

Table IV-8

DISTRIBUTION OF UNITS BY 'UNIT CATEGORIES

Fuel Type
Coal 0i1 Ges Gas /041 Total Fosail Nuclear
In-Service
Year  Units MW Units MW its MM its MM  Unite MY Units MW
Pre-1972 898 141,377 312 29,212 330 36,800 417 45,200 1,957 252,%0 18 8,642
1972-1976 108 60,437 48 19,251 34 11,82 20 7,66 210 99,166 4 34,806
1977-1979 72 32,734 22 10,341 12 3,855 4 371 110 47,31 12 10,247
Total 1,078 234,548 382 58,804 376 52,517 44l 53,188 2,277 9,057 70 53,895

Source: Energy Database for fossil-fuel data and Generating Unit Reference File (GURF DCE) for
nuclear fuel data.

SThe analysis of compliance costs was performed on a smaller
sample representing approximately 69 percent of the total
capacity in the Database, of which 9 percent was eliminated
because of anomalous data. Subseguent to the completion of
the cost analysis described in this chapter, Form 67 data for
the remaining units were compiled in the Energy Database. An
analysis of cost data for these remaining units indicates
that there are no substantial differences between these units
and those on which this chapter's cost analysis is based.
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Units in the Energy Database do not fall neatly into fuel
categories: only one-third burn exclusively coal, oil, or
gas. Conseguently it was necessary to develop a number of
decision rules to allocate units among the four fuel cate-
gories.

All units that burned appreciable quantities of coal in
1979 were considered coal units. These units, as shown in
Table 1V-8, account for one-half of the units and nearly
60 percent of the capacity. Frequently these units burn some
0il or gas as starter fuel. Fewer than 2 percent of the coal-
fired units also burn oil or gas beyond that used for start-

up .

Coal-fired units that also burn oil or gas were not dif-
ferentiated in the analysis for two major reasons. First,
given the high cost of burning oil or gas as compared with
that of coal, units capable of burning coal can be expected to
use coal as their fuel source to the maximum extent possible.
Second, in terms of environmental compliance, these units are
more similar to other coal units than to oil or gas units.

Because of their distinct differences in environmental
compliance costs, units burning oil and gas are differenti-
ated. Oil-fired units, which account for 15 percent of the
total capacity, incur significant environmental compliance
costs as a result of burning low-sulfur oil. They also incur
some costs to operate TSP control systems. By contrast, gas-
fired units, which make up 13 percent of total capacity, have
low compliance costs because, unlike oil and gas units, they
are not affected by TSP, SO, and certain chemical standards.

A further 13 percent of the total capacity consists of
units that burn a combination of oil and gas, with neither
fuel accounting for more than 95 percent of the unit's total.
4s 0il units, these units bear significant environmental
compliance costs. To the extent that they burn gas, however,
their average costs per kilowatt-hour are diluted by the very

6units in the Energy Database fall into seven fuel categories
which were compressed into the four categories used in this
analysis: 270 units with 40,768 MW burn coal exclusively;
S28 units with 149,823 MW burn coal and o0il; 116 units with
18,882 MW burn coal, oil, and gas; 164 units with 25,075 Mw
burn coal and gas; 347 units with 51,763 MW burn oil exclu-
sively; 227 units with 20,443 MW burn gas exclusively; and
625 units with 88,766 MW burn oil and gas.
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minor compliance costs they incur when they burn gas. Because
there is no ready way to disentangle the cil and gas costs
that gas/oil units bear, this analysis considers them in a
single mixed category.

Nuclear units do not submit Form 67s and are regulated
primarily by the Nuclear Regulatory Commission. For these
reasons compliance strategies and costs for nuclear units are
not considered separately in the unit-level analysis. Both
strategies and costs, however, are similar to those for gas
units because nuclear units are not affected by EPA air regu-
lations, and nuclear unit waste streams affected by EPA water
regulations are similar to those for gas units.

The analysis divides the steam-electric units into the
following age categories:

® Units in service before 1972. These units
antedate regulations under the Clean Air and
Clean Water Acts and have complied with these
regulations by retrofitting pollution control
equipment.

® Units with in-service dates between 1972 and
1976. These units do not qualify as new units
for regulatory purposes, but generally were
designed taking air and water regulations into
account.

® Post-1976 units. These units are generally
considered new sources under both air and water
regulations. They do not fall, however, under
the revised new source performance standards
for air, which apply only to units beginning
construction after September 18, 1978.

On the average the in-service dates for pre-1972 units
are in the early 1960s and those for 1972-1976 and post-1976
units are in the midpoints for their age categories.

UNIT COMPLIANCE STRATEGIES

As noted in Chapter II federal environmental regulat%ons
affecting the electric utility industry have focused on air
pollution resulting from SO, and TSP emissions and on water
pollution caused by chemical and thermal discharges. Until
recently NOy emissions and electric utility solid wastes
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have not been the subject of major regulatory attention, al-
though EPA will most likely direct increasing attention to
both areas.’

A utility's financial condition, its fuel purchasing
arrangements, and its anticipation of future developments, as
well as a unit's age and fuel type, cdan affect its choice of
environmental compliance strategies. 1In the case of utilities
facing financial constraints, the compliance strategy selected
may not always minimize annualized costs. Such utilities may
have to adopt a strategy that minimizes capital reguirements,
rather than total annual revenue reguirements. For example, a
capital-constrained utility earning an inadeguate return on
its investments may be unable to finance an investment in
scrubbers and may have to burn low-sulfur coal instead.
Existing fuel contracts also affect compliance strategies.
Utilities with long-term arrangements for high-sulfur coal
supplies are more likely to pursue an equipment-intensive
strategy than utilities without such contracts. Utilities
anticipating more stringent future reguirements may incur
higher costs than required in the short run in order to avoid
future expenses for retrofitting pollution control equipment.

Air Pollution Control Strategies

Air pollution controls, implemented through state imple-
mentation plans, for existing units in nonattainment areas
must comply with reasonably available control technology
(RACT) for units that commenced construction prior to the 1971
NSPS I date. In this analysis, in-service dates of 1976 or
earlier are considered existing units with respect to NSPS I
requirements. Standards under RACT are determined on a case-
by-case basis and depend both on local environmental condi-
tions and on economic considerations. All units that com-
menced construction after 1971 have generally been required to
comply with technology-based performance standards established
by EPA in 1972. These standards specify emission limits for
air pollutants that may be met either by burning cleaner fuels

7Two trends apparent in the Energy Database are the decreasing
use of cyclone boilers, which are characterized by very high
NOy, emissions, and increasing use of lined solid waste
disposal facilities. Cyclone units were widely installed in
the 1960s and early 1970s, but have been virtually discon-
tinued in later units. The use of lined disposal facilities
is projected to increase by 50 percent for units reporting
future plans in their Form 67s.
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or by installing pollution control equipment. In this anal-
ysis, units with in-service dates of 1977 and later are con-
sidered new units subject to NSPS I requirements.

New source performance standards established in 1979 for
plants commencing construction after mid-1978 (NSPS II) spec-
ify both emission limits and emission reductions that require
pollution control equipment. New units in areas that meet
national ambient air quality standards are also subject to
best available control technology (BACT) requirements. New
units in areas that do not meet national standards are subject
to lowest achievable emission rate (LAER) requirements. Both
BACT and LAER incorporate NSPS as a minimum requirement; how-
ever, in specific instances they may be more restrictive than
NSPS.

Coal~Fired Unit Strategies

Coal units are potentially major sources of SOo and TSP
as well as of NOy emissions. Controls of these emissions
have involved the installation of pollution control eguipment
for S0, and TSP control as well as the use of coal with lower
sulfur contents for S0, control. To date major steps have not
been taken to control NOy, emissions, although trends in
boiler design reflect a need to reduce NOy emissions.

SO, Control. Approximately 23 percent of the capacity in
coal-fired units that came into service before 1977 meets the
NSPS I requirement of 1.2 pounds of SO; per million Btu. For
post-1976 capacity, this figure has risen dramatically to 82
percent, indicating that most units that have come into ser-
vice since 1976 have been affected by NSPS I. Coal-fired
units are relying increasingly on pollution control equipment
to control 507 emissions. While only about 4 percent of the
coal capacity in service before 1977 has flue gas desulfuriza-
tion (FGD) systems (scrubbers), approximately 36 percent of
the capacity that began operating in 1977-1979 has scrubbers,
and about 52 percent of the capacity that will. come into serv-
ice in 1980-1984 will use them (see Tables IV-9, IV-10,. and
Iv~11).
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Table IV-9

REPORTED S0, COMPLIANCE STRATEGIES
PRE-1977 COAL UNITS

Sulfur Content ®f Fuel (percent)

FGD Scrubber <0.8 0.8-2.0 >2.0 Total
Efficiency (%) Units (MW) Units (MW) Units (MW) Unite (MW)
96-100 2 (288) 3 (466) 0 (0) 5 (754)
90-95 0 (0) 2 (662) 3 (1,316) 5 (1,779)
70-89 9 (1,831) 0 (0) 20 (1,727) 29 (5,557)
< 70 _6 $2,433) 0 __ﬁg) 2 (147) 2 (2,590)
Total with FGD 17 (4,562) 5 (928) 24 (5,189) 4  (10,879)
Total without FGD 174  (35,693) 373 (74,559) 413 (80,883) 960 (191,135)
Total 191  (40,255) 378 (75,487) 437  (86,072) 1,006 (201,814)

Source: Energy Database.

Nearly three-guarters of the 1977-1979 capacity that does
not have scrubbers burns low-sulfur coal. These units, pri-
marily located in the West, meet the NSPS I standards which
specify emissions limits but not SO control equipment removal
efficiencies. The remaining units (approximately 18 percent
of post-1976 coal-fired capacity) do not comply with NSPS I
limitations. Some of these units were commenced before 1971
but did not come into service until after 1976 and are not
affected by NSPS I standards. Others are currently violating
the limits, but in most cases are on EPA-approved compliance
schedules.

Coal units coming into service in the future will meet
increasingly stringent standards. Forty-eight percent of the
capacity coming into service in 1980-1984 will meet the
NSPS II requirements and all remaining post-1979 units will
meet NSPS I standards.8 As shown in Table IV-11, future units
will increasingly rely on FGD systems to comply with SO0,

8NSpPS II standards apply to units commenced after 1978. Some
of these units will come into service in 1980-1984 while
other units coming into service in 1980-1984 will be subject
to NSPS I because construction on them commenced before
1979.
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Table I1v-10

REPORTED SO, COMPLIANCE STRATEGIES
1977-1979 COAL UNITS

Sulfur Content of Fuel (percent)

FGD Scrubber <0.8 0.8-2.0 >2.0 Total
Efficiency (%) Units  (MW) Units (MW) Units (MW) Units (M¥)
96-100 0 (0 0 () 0 (® 0 (0)
90-95 2 (1,059) 0 (0) 3 (2,109) 5 (3,168)
70-89 8 (2,705) 2 (510) 3 (1,208) 13 (4,423)
<70 2 (3,528) 1 (280) 1 (12.5) 9 (3,820)
Total with FGD 17 (7,292) 3 (790) 7 (3,329) 27 (11,411)
Total without FGD 30  (12,350) 9 (5,786) 6  (3,188) 45 (21,323)
Total 47 (19,642) 12 (6,576) 13 (6,517) 72 (32,734)
Source: Energy Database.
Table Iv-11
REPORTED 50, COMPLIANCE STRATEGIES
1980-1984 COAL UNITS
Sulfur Content of Fuel (percent)
FGD Scrubber <0.8 0.8-2.0 >2.0 Total
Efficiency (%) Units (MW) Units (MW) Units (MW) Units (MW)
96-100 0 (0) 0 (0) s (0) 0 (0)
90-95 3 (2,062) 0 (0) 10 (5,781) 13 (7,843)
70-89 3 (1,315) 4 (2,603) 2 (999) 9 (4,917)
<70 4 _(® 2 _@ 8 _0o 0o __(0
Total with FGD é (3,377) 4 (2,603) 12 (6,780) 22 (12,760)
Total without FGD 38  (11,315) 2 (510) 0 0 40 (11,825)
Total 4 (14,692) 6 (3,113) 12 (6,780) 62 (24,585)

Source: Energy Database.
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standards. Fifty-two percent of the coal~fired capacity com-
ing into service in the 1980-1984 period will have FGD sys-
tems. With the exception of a few western units that meet
stringent PSD limits, units with FGD systems that burn medium-
to low~sulfur coal will have scrubbers with removal efficien-
cies of 70 to 80 percent. Conversely, units that burn high-
sulfur coal will have scrubbers whose removal efficiency is 90
percent or greater. This split reflects the sliding scale
standard contained in the NSPS II regulations which allows
plants burning low-sulfur coal to install scrubbers with 70
percent removal efficiencies, but reguires 90 percent removal
efficiencies at units burning high-sulfur coal.

All but one of the eastern units coming into service from
1380 through 1984 and meeting the NSPS II limits will burn
high-sulfur coal. This fact indicates that, given current
scrubber technologies and costs, plants locating in the East
do not have an incentive to burn low-sulfur coal to avoid a 90
percent scrubbing requirement. For these eastern units the
fuel premium associated with low~-sulfur coal outweighs poten-
tial savings from the use of less costly FGD systems with 70
percent removal efficiencies.

TSP Control. Strategies for complying with TSP standards
reflect a tightening of standards similar to that observed in
SO, controls, although the shift from earlier to later compli-
ance strategies is less dramatic. In the mid-1970s, electro-
static precipitators with collection efficiences greater than
98 percent were retrofitted on units and operate in conjunc-
tion with older mechanical collection systems. Units that
have come into service since 1972 generally have been built
with high-efficiency electrostatic precipitators; the most
recent units have electrostatic precipitators or baghouses
with collection efficiencies of 99.6 percent. As a result,
about 96 percent of the capacity that came into service before
1977 now has TSP collection systems with removal efficiencies
greater than 98 percent and about 97 percent of the post-1976
capacity has such systems (see Table IV-12).

Future SO- and TSP Controls on Existing Units. Data in
the Energy Database concerning future compliance actions for
units that currently are in operation indicate that 76 percent
of coal-fired units are in compliance with current SO, stand-
ards and 87 percent with TSP standards. As shown in Table
IV-13, one-fourth of the units that are not in compliance with
S50 standards will meet the standards by changing fuels, while
slightly less than one~-fourth will retrofit scrubbers. More
than two-thirds of the units that do not comply with TSP
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Table IV-12

REPORTED COAL UNIT
TSP COMPL IANCE STRATEGIES

Pre-1977 Units Post-1976 Units
TSP Collection Number Number

Efficiency (%) of Units MW of Units MW
>98 797 182,542 59 26,936
95-98 49 3,660 1 650
90-95 42 2,705 o] 0
<90 _44 2,027 1 235
Totall 932 190,934 61 27,821

195 units with 15,793 MW of capacity did not report TSP
control efficiencies.

Source: Energy Database.

standards will retrofit more efficient TSP control equipment.
In addition, as also shown in Table IV-13, some units will be
derated or retired to comply with air regulations and a re}a_
tively small number of units will seek legal remedies--vari-

ances or litigation.

Qil-Fired Unit Strategies

Oil~fired units emit both S0 and TSP in lesser guanti-
ties than do coal-fired units. Control of SOz emissions at
oil-fired units is achieved exclusively through the use of
low-sulfur oil while particulate emissions are decreased both
by burning low-sulfur oil and by installing TSP control )
equipment. Although the use of low-sulfur oil also results in
decreased TSP emissions, it is a much more costly method of
TSP control than +installing electrostatic precipitators.
Consequently, oil-fired units burn low-sulfur oil primarily to
reduce S0; emissions and reductions in TSP emissions from low-
sulfur oil are incidental to SOy control.

Nearly 30 percent of oil-fired capacity burns oil that
contains less than 0.3 percent sulfur by weight and over
60 percent of the capacity burns oil with. less than 1.0 per~
cent sulfur. Units that burn very low sulfur oil are fre-
gquently older units located in heavily industrialized and
populated areas that have not met the National Ambient AlI

Quality Standards (Table IV-14).
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Table IV-13

FUTURE SO, AND TSP COMPLIANCE STRATEGIES
BY EXISTING COAL UNITS!

Strategies (gercentsg% unizs) (gercentTgi units)

Currently in Compliance 76 87
Will Change Fuel 6 0
Will Retrofit Pollution

Control Equipment 5 9
Derate or Retire Y3 2
Legal Remedy 4 1
Not Specified 7 1

Ian additional 2 percent of units will use lower sulfur fuels
and install scrubbers; these units are listed as installing
equipment .

Source: Energy Database.

Table IV-14
REPORTED SO, COMPLIANCE STRATEGIES
oIL UNITS!
Percent Sulfur
in Fuel Number of Units Capacity (Mw
<0.3 185 30,183
0.3-0.4 146 17,029
0.5-0.9 179 23,224
1.,0-1.4 135 17,349
1.5-1.9 110 15,550
2.0-2.5 60 6,917
>2.5 _8 1,740
Total 823 111,992
1Includea gas/o0il units that burn substantial
quantities of o0il.
Source: Energy Database.
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Particulate control systems, which are present at all
coal units, exist only on approximately 40 percent of oil-
fired capacity (see Table IV-15)., Since uncontrolled TSP
emissions from oil combustion are lower than those for coal
combustion, removal efficiencies for TSP control systems are
generally lower for oil-fired than for coal-fired units. Less
than 10 percent of ocil-fired capacity has systems with removal
efficiencies greater than 98 percent and nearly one-half have
efficiencies of less than 90 percent.

Table IV-15

REPORTED TSP COMPLIANCE STRATEGIES
EXISTING QIL UNITS

Tap Collection Number
Efficiency Q%Z of Units Capacity SMWZ
>98 34 9,128
96-98 51 7,886
90-95 77 11,688
<90 96 15,655
Total with TSP controll 274 45,526
Total without TSP control 549 66, 466
Total 823 111,992

Iincludes 16 units with 1,169 MW reporting TSP controls
but not reporting control efficiencies.

Source: Energy Datsbass.
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Water Pollution Control Strategies

The water discharges from electric utilities are regu-
lated by two general categories of environmental regulations--
chemical and thermal. The promulgation in late 1974 of efflu-
ent limitation guidelines required new and existing units to
control chemical pollution by using best practicable control
technology (BPT). Occasionally since then the Agency has
attempted to revise the 1974 guidelines. However, legal chal-
lenges and reevaluations of regulations by the Agency itself
have precluded all but a few substantive changes in the regu-
lations. 1In addition, since 1977 the courts have remanded
federal thermal discharge regulations, and consequently, the
implementation of Section 316(a) of the Clean Water Act, which
requires thermal pollution controls, has been up to individual
permit writers applying best engineering judgments on a case-
by-case basis.

More and more electric utilities are using cooling towers
or ponds to control thermal discharges. While less than 30
percent of the steam-~electric capacity that has been in ser-
vice since before 1972 has cooling towers or ponds, more than
60 percent of the post-1976 capacity uses these systems
(Table IV-16). This increasing use of thermal control systems
is not solely due to environmental requirements. Recent capa-
city additions have been heavily concentrated in the West
where water-supply constraints frequently require the use of
cooling towers. Siting for units located in the East has also
been determined increasingly by other considerations such as
air guality. Consequently, it has become more difficult to
locate sites that have plentiful cooling water and meet other
siting criteria.

Because the Form 67s offer no data concerning strategies
and costs of compliance with chemical discharge guidelines, it
was not possible to identify unit-level compliance strategies
by using the Energy Database. Instead, for purposes of the
cost analysis TBS assumed that all units meet the 1974 BPT
guidelines which require sedimentation of bottom- and fly-ash
transport water, removal of oil and grease from various low-
volume waste streams at a central treatment facility, and
minimization of cooling-water chlorine discharges through
management practices. This approach somewhat understates
costs because some units have complied with requirements for
recirculation of bottom-ash transport water established in
1975 but rescinded in 1980. The cost analysis is not sensi-
tive to the assumption that all units meet BPT limits because
the cost of these systems on a unit basis is approximately
one-fourth that of a recirculating cooling system and an even
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Table IV-16

TRENDS IN COOL ING TOWER USE

Pre-1972 1972-1976 1977-1979

Technology Units Capacity(MW) Units (Capacity(MW) Units Capacity(MW)
Coal-Fired Units
With cooling tower or pond 201 38,999 82 45,112 55 21,404
Without cooling tower or pond 660 101,063 21 11,119 12 11,329
0il-fired Units
With cooling tower or pond 14 925.8 17 5,917 13 6,927
Without cooling tower or pond 298 28,286 31 13,334 9 3,414
Gas-Fired Units
With cooling tower or pond 213 25,680 22 7,945 9 2,516
Without cooling tower or pond 117 11,120 12 3,917 3 1,339
Gas/0il Fired Units
With cooling tower or pond 107 7,833 8 1,788 4 3
Without cooling tower or pond 310 37,368 12 5,828 0 0
Nuclear Units
With cooling tower or pond 4 2,375 15 13,299 6 5,175
Without cooling tower or pond 14 6,268 25 21,507 6 5,071

Source: Energy Database (cosl, oil, and gas units) and GURF (nuclear units).

smaller fraction of the cost »f T3P or 303 control systems.
The cost of recirculation systems for ash transport water, on
the other hand, is substantial and to the extent that utili-
ties have complied with this requirement they have incurred
costs for water pollution control that are higher than those
imposed by current regulations.

Solid-Waste Control Strategies

The electric utility industry is expected to generate
greatly increased volumes of solid wastes over the next decade
for two reasons. First, new coal capacity, which generates
large amounts of solid waste, will displace oil and gas
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capacity. Second, since air regqulations are becoming in-
creasingly stringent, TSP and SO; removed from stack gases
will ultimately become fly ash and scrubber sludge requiring
disposal. However, to the extent that dry S0, scrubbing be-
comes a generally accepted technology, smaller quantities of
more easily handled dry residues will.reqguire disposal.

Compliance with solid waste regulations will vary as a
function of natural conditions and local regqulations. Cur-
rently, utility solid wastes are regulated by individual state
regulations. In the future utility solid wastes will in all
probability be considered nonhazardous. Federal regulations
governing nonhazardous solid waste disposal establish minimum
criteria for solid waste disposal facilities, but individual
states develop and implement solid waste disposal requlations.
Consequently, regulations in states that have impermeable
soils and do not depend on ground water are not likely to
require major changes from current practices. Conversely,
states with permeable soil, extensive ground water aquifers,
and floodplains may require major changes from current prac-
tices. Such changes could involve clay or synthetic liners
for disposal facilities, diking as protection against flood-
ing, or jincreased transport distances to environmentally
acceptable disposal sites.

1979 UNIT-LEVEL COSTS

Once the units in the Energy Database were categorized
according to their in-service dates and fuel types, and once
pollution control strategies were analyzed, it was possible to
develop unit-level costs. This section reviews first the
technical and financial assumptions necessary to translate the
costs reported in the Energy Database into annualized costs on
a per-kilowatt-~hour basis. Second, it reports the results of
the analysis of costs and cost-effectiveness for units repre-
sented in the Energy Database. Finally, it presents a model-
unit analysis of possible unit-level costs under future envij-
ronmental regulations. This model-unit analysis is based on
engineering cost estimates provided by EPA, rather than on
data from the Energy Database which are based on actually
incurred engineering costs.

Technical and Financial Assumptions

This section discusses the assumptions used in the unit-
level analysis to calculate (1) the costs to the electric
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utility industry of complying with pollution control regula-
tions and (2) the baseline costs of operating units without
such restrictions.

Pollution Control Assumptions

A number of assumptions were necessary to translate costs
reported in the Form 67s into annualized pollution control
costs per kWh of generations. These assumptions concerned
technical and financial issues such as capital charges for
pollution control equipment, low-sulfur fuel premiums, capa-
city and energy penalties, pollution control costs not report-
ed or reflected in the Form 67s, generation-related costs, and
compliance status.

Capital Charges. Capital charges for pollution control
equipment were annualized to obtain level pretax revenue re-
quirements over an investment life of 20 years. A capital
recovery factor of 19 percent was used, based on an amortiza-
tion of the investment over 20 years at the weighted-average
marginal cost of capital during the 1973-1979 period of
18.32 percent.

Plausible alternative assumptions concerning capital
recovery factors do not change total capital charges by more
than 5 percent (see Table IV-17). In some cases the lifetime
of pollution control equipment exceeds 20 years. Increasing

Table IV-17

SENSITIVITY OF CAPITAL COST AND
INVESTMENT LIFE ASSUMPTIONS
USED IN THE UNIT-CATEGORY ANALYSIS

Cepital
Cost of Investment Recovery Percent
Capital Life Factor Costl Chenge in
%) (years) (%) (mills/kWh) Cost per kWh
18.32 20 18.98 3.61
18.32 30 18.44 3.51 (2.93)
18.32 45 18.33 3.49 (3.55)
19.32 20 19.90 3.79 4,62
19.32 30 19.42 3.69 2.14
19.32 45 19.33 3.68 1.87

lCoat: of $100 per kilowatt investment at a 60 percent capacity
factor.

Source: TBS calculations.
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the investment lifetime to 30 years results in a 2.9 percent
(0.1 mill) decrease in the pollution control eguipment cost
per kWh. Conversely, raising the cost of capital by 1.0
percent to reflect higher interest rates that have existed
since 1979 would increase the cost of capital equipment by 4.6
percent (0.18 mills/kWh).

Low-Sulfur Fuel Premiums. Fuel premiums for low-sulfur
coal and oil were developed using data on costs of fuel deliv-
ered to steam-electric plants compiled by DOE from 1979 Form
423s. It was assumed that the differential between the cost
of coal or oil with less than 3 percent sulfur and that of
coal and oil with more than 3 percent sulfur is a premium
attributable to regulations limiting SO, emissions (see Figure
IV~-4). Potential emissions were also calculated assuming that
oil-fired units would burn 3 percent sulfur oil in the absence
of environmental regulations, that coal-fired units in the
East would use sulfur with 3 percent or more sulfur, and that
units in the West would use 1 percent sulfur coal. The low-
sulfur coal premium was based on a weighted average of the
East North Central, East South Central, and South Atlantic
regions. Western regions were not considered in developing
coal premiums since virtually all coal deliveries in these
regions have low sulfur contents. In the analysis a fuel
premium was not attributed to western units.

The use of the full differential between high- and low-
sulfur coal as the fuel premium probably overstates that pre-
mium because of uncertainty concerning the base cost of coal
in the absence of environmental regulations. The cost of
high-sulfur coal is lower than it would be in the absence of
environmental restrictions, which have diminished demand for
those fuels. Demand for coal from marginal high-sulfur coal
mines has decreased and production of high-sulfur coal has
been concentrated in more efficient mines. Conversely, demand
for coal from marginal and less efficient mines in areas that
produce low-sulfur coal has increased. If the base price of
coal were assumed to be the average price of 2 to 3 percent
sulfur coal reported in the Cost and Quality of Fuels, the
fuel premium for 1 percent sulfur coal would decrease by about

25 percent.

Similarly the price that utilities would pay for oil if
there were no environmental regulations is probably higher
than the price they currently pay for 3 percent sulfur oil. a
relatively small portion of oil consumed by steam-electric
utilities has a sulfur content greater than 3 percent, and it
could be argued that the avesrage cost of 2 to 3 percent sulfur
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Figure IV—4
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oil reported in the Cost and Quality of Fuels provides a more
realistic base price. Alternatively the cost of desulfuriza-
tion of high-sulfur oil may provide a measure of the magnitude
of the o0il premium. In either of the above cases, as dis-
cussed below, the magnitude of the low-sulfur oil premium
would decrease by approximately one-third for 1 percent sulfur
oil.

To the extent that environmental regulations will become
more stringent in the future, low-sulfur fuel premiums may
increase at a faster rate than the GNP deflator. Because
marginal low-sulfur coal mines will be increasingly used, the
costs of producing low-sulfur coal will rise. But new units,
unlike existing units, will have the option of locating closer
to sources of low-sulfur coal, thereby reducing the transpor-
tation cost component of the premium,.

Capacity and Enerqgy Penalties. Capacity and energy pen-
alties of 3 percent were attributed to both recirculating

cooling systems and flue gas desulfurization systems. Aas
these penalties are not reported by utilities in the Form 67
submittals, it was necessary to use other sources of informa-
tion in the analysis. The cooling tower capacity penalty
reflects a penalty of 2 percent from increased turbine back
pressure and 1 percent from system operating requirements.®
The capacity penalty for flue gas desulfurization systems is
based on the mean of capacity penalties reported by PEDCo in
its July-September 1980 EPA Utility FGD Survey.l

Capacity losses associated with capacity penalties for
pollution control equipment are generally made up by sizing
new units larger than they would otherwise be. 1In the cost
analysis it was assumed that this replacement capacity would

9This assumption is based on EPA, The Economic Analysis of
Effluent Guidelines, Steam Electric Powerplants, 1974. as
noted in Chapter II, the thermal portion of these guidelines
was remanded in 1977 and has not been reinstituted. Conse-
quently more recent technical or economic analyses of cool-
ing towers have not been performed for EPA.

10pEDCo Environmental, Utility FGD Survey, July-September
1980. The standard deviation of the capacity penalties
reported by PEDCo is 1.46 percent. Using a 1976 in-service
date and a 60 percent capacity factor approximately 71 per-
cent of the plants fall within this range and will have a
capacity penalty within 1 mill per kWh of that calculated
using a 3 percent capacity penalty.
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be of the same fuel type as the unit on which the pollution
control equipment was installed and would have the same in-
service year. Plant construction costs for replacement capa-
city were based on other analyses performed for EPA and are
shown in Table IV-18.

Table IV-18

PLANT CONSTRUCTION COSTS USED
IN THE UNIT-CATEGORY ANALYSIS

(current $/kW)

Type of Plant

In-Service
Year Coal  0il  Ges
1979 413 298 211
1978 389 280 199
1977 368 265 188
1976 341 254 174
1975 316 235 161
1974 270 201 138
1973 223 166 114
1972 210 156 107

Source: TBS estimates based on
data provided by ICF, Inc.

In addition to this capacity penalty, an energy penalty
reflects fuel and operating expenses to generate power needed
to operate the equipment and to compensate for losses in ef-
ficiency. Fuel expenses were determined by adding a base cost
of high-sulfur fuel and the individual unit's fuel premium.
National average nonfuel operation and maintenance expenses
were computed at 2.57 mills per kWh.

Costs Not Reported or Reflected in the Form 67s. Al-

though the focus of this study is on federal environmental
regulations, the only actual cost data available in the Form
67s reflect total pollution control costs. To the extent,
therefore, that state or local requirements would exist in the
absence of federal regulations or that utilities would gnderf
take certain expenditures for other reasons, the costs identi-
fied in this analysis are not entirely attributable to federal
regulations. Costs attributed to environmental compliance can
be incurred as a result of federal, state, or loc;l environ-
mental regulations or of measures taken by a utility for eco-
nomic reasons. In some cases, state air, water, and solid



IV-32

waste pollution control reguirements exceed the minimum stand-
ards necessary for compliance with federal regulations. 1In
other cases, pollution control eguipment--for example cooling
towers or TSP control systems--may have been installed in the
absence of environmental regulations.

Only total pollution control costs are identified in the
analysis and no attempt is made to differentiate federal and
state requirements. Data reported in the Form 67s do not
differentiate among costs incurred in complying with federal,
state, and local regulations, nor do they indicate whether
certain expenditures were undertaken for economic rather than
environmental reasons. To attribute costs in this way would
be difficult for individual plants to do, and the unit-level
analysis presented no reasonable principle for doing so.

Costs for meeting chemical effluent limitations guide-
lines are not reported in the Form 67s. Plants coming into
service before 1974 were assumed to retrofit equipment to meet
the chemical guidelines in 1976 at a cost of $2.75 per kW
(1976 dollars). Plants coming into service after 1974 were
assumed to meet the BPT guidelines in their in-service year
without a retrofit premium at an average cost of $2.28. These
costs are based on costs developed for the 1974 effluent
limitations guidelines. Operations and maintenance expendi-
tures for both categories of plants were assumed to be $.97
per kw.11

Finally, the Form 67s do not capture combustion modifica-
tions instituted to meet NOy limitations. Therefore, to
the extent that such modifications have been undertaken, this
analysis understates the costs of environmental regulation.

Generation-Related Costs. It was also assumed in the
unit-level analysis that quantities related to generation--
capacity factors, fuel consumption, and nonfuel operations and
maintenance expenses--were as reported in the Form 67s. Actu-
al 1979 fuel consumption and generation data were used because
these data are consistent with reported pollution control
operations and maintenance expenses. This approach meant,
however, that anomalous influences on generation and fuel
choices in 1979 (for example, weather patterns and oil
shortages) were incorporated into the analysis.

1lgpa, The Economic Analysis of Effluent Guidelines, Steam
Electric Powerplants, 1974. The 1973 data used in the 1974
economic analysis were updated to 1979 dollars using the GNP
deflator.
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The use of actual 1979 data may result in an understate-
ment of generation and fuel consumption by ocil-fired units.
Two factors resulted in low oil-fired generation in 1979:
rapidly increasing oil prices and excess coal-fired capacity.
During 1979 the price paid by utilities for oil increased by
75 percent and the quantities of oil consumed decreased by 15
percent.l2 That year it was more economical for eastern util-
ities to purchase power from the Midwest than to generate
their own power using high-cost oil. This alternative only
exists for oil-fired units so long as excess coal capacity is
available in the Midwest. Therefore, as growth in demand
diminishes excess coal capacity in the Midwest, oil-fired
generation in the East will increase despite the high cost of
oil.

The analysis also does not capture the effects of envi-
ronmental regulations that are manifested in changes in dis-
patch patterns rather than in increased costs of generating
electricity. Some plants are utilized less intensively be-
cause they are required to burn expensive low-sulfur fuels,
and others are dispatched on an environmental basis. The
decline in the economic value of these plants that results
from pollution controls is attributable to environmental resgu-
lations. 1In the analysis of unit-level compliance costs,
however, a cost for pollution control is only attributed to
plants that burn low-sulfur fuels and not to plants that are
idle because of the high cost of low-sulfur fuel.

Finally, it is difficult to establish an approach that
correctly captures environmentally related costs of fuel
choice decisions in constructing, converting, or reconverting
electric utility generating units. Many studies have adopted
a subjective approach to the attribution of costs that over-
looks the real economic pressures for originally building oil~-
fired units, for converting coal units to oil, or for not re-
converting to coal. On the other hand, the EPA approach use@
in this study certainly fails to capture all the costs associ-
ated with environmental compliance. Refer to pages IV-43
through VI-50 for a more detailed discussion of the reasons
for fuel choices and the determination of environmental costs.

Compliance Status. Inherent in the unit-category pollu-
tion control analysis is the assumption that existing units
are in compliance with applicable emission standards or are

moving toward compliance using approved strategies and sched-
ules as reported by utilities in their Form 67 submittals. An

12cost _and Quality of Fuels--1979, p. 14.
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additional assumption is that state air pollution control
agencies enforce emission standards with equivalent levels of
enforcement activities across states and regions.

Although the second assumption is difficult to test,
compliance status can be examined by comparing a unit's allow-
able emissions with reported or calculated emissions. Based
on data provided by EPA, the ratio of annual calculated emis-
sions to annual allowable emissions was reviewed for all fos-
sil-fuel units that submitted 1979 Form 67s.13 ©The arithmetic
mean of the ratios (0.82) was interpreted by ICF and EPA to
mean that, on average, units were in compliance with SIP limi-
tations and had allowed a small margin of safety for unpredic-
table variations in fuel gQuality or in equipment efficiency.

A closer examination, however, reveals significant devia-
tions from the mean. Those units with SOy ratios less tnan
0.8 generally reported higher actual emissions in their Form
67 submittals than were calculated by applying the standard
formulas.14 Units with ratios that exceeded l.O--implying
that they were out of compliance--fit into one of several
possible categories. Many units reported lower annual emig-
sions than were calculated. Other units were moving along
state-approved compliance schedules and had not achieved com-
pliance by the end of the year.

In other cases the 1979 fuel data are not consistent with
emission standards; some units had achieved compliance by
decreasing their fuel's sulfur content by year-end, even
though the average fuel quality reported for the entire year
implied noncompliance. For this reason, the analysis may
understate fuel premiums. Temporary exemptions or litigation
proceedings were a further reason for calculated emissions in
excess of allowable emissions. However, fewer than 4 percent
and 1 percent, respectively, of the units in the Energy Data-
base are not proceeding toward compliance with S02 and TSP
standards, and these units do not substantially affect the
results of the analysis.

131¢cF, Inc., Survey of Utility Power Plant Emissions and Fuel
Data; and Review of Calculated and Allowable Emissions for
Existing Utility Steam Power Plants, prepared for EPa,
October 1980.
4fPA9 Compilation of Air Pollutant Emission Factors, August
977.
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Baseline Assumptions

Pretax revenue requirements in the absence of pollution
controls were developed for each unit category to provide a

basis of comparison for pollution control costs. These costs
were based on average characteristics for units in each cate-
gory developed from the Energy Database (Table IV-19) and on

unit-level capital and operating costs.

Table Iv-19

UNIT CHARACTERISTICS USED IN DEVELOPING
BASELINE COSTS OF GENERATING ELECTRICITY

Fuel Type
In-Service
Year Coal 0il Gas Gas/0il
Average In-Service Year
Pre-1972 1961 1962 1963 1963
1972-197¢ 1973 1974 1974 1974
1977-197¢9 1978 1978 1977 1977
Average Nameplate Capacity (MW)

Pre-1972 168 92 119 133
197221976 498 447 308 326
1977-1979 411 559 290 259

Average Heat Rate (Btu/kWh)
Pre-1972 10, 380 10, 549 10,739 10,774
1972-197¢ 10, 324 9,771 9,617 10,602
1977-1979 10,856 11,072 10,282 10,524
Average 10,520 10, 464 10,213 10,633

Average Capacity Factors (percent)

Pre-1972 56.8 36.9 54.5 49.7
1972-197¢ 62.9 46.3 61.3 45.7
1977-1979 52.2 33.8 20.2 44.8

Average 57.3 3.0 45.3 46.7

Source: Energy Database.
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Costs considered in developing revenue requirements in-
cluded:

® Capital—related charges on the units' undepre-
ciated value. These were annualized on a pre-
tax basis using the capital recovery method.
This calculation assumed a total plant life of
30 years, an embedded cost of capital of 18.32
percent, and the same unit in-service dates
shown in Table IV-19. These charges were then
added to annual fuel, operations and mainte-
nance, and indirect expenses, along with state
and local taxes.

e Fuel expenses. Annual fuel expenses were based
on heat rates reported in the Energy Database
and average 1979 fuel costs. Heat rates used
in developing baseline costs are the average
heat rates for each unit-category shown in
Table IV-19. Fuel costs are the 1979 averages
reported by DOE in the Cost and Quality of
Fuels. Because a pollution control premium was
attributed to the use of low-sulfur fuels, the

fFuel cost used in developing baseline costs was
that for high-sulfur fuel.

e Nonfuel direct operations and maintenance ex-
penses; indirect expenses (transmission, dis-
tribution, and administration expenses); and
taxes other than income tax. These remaining
annual expenses were based on industry averages
reported by DOE in the 1979 gStatistics of Pri-
vately Owned Utilities. 1In 1979, the average
nonfuel operating expenses for the industry
were 2.57 mills per kWh, average indirect ex-
penses were 5 mills per kWh, and average taxes
other than income taxes amounted to 2.9 percent
of undepreciated plant value,.

The resulting baseline costs of generating electricity as
shown in Table IV-20 provide a reference point for pollution
control costs that will be described in the next section of
this chapter.
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Table IvV-20

BASELINE COSTS OF GENERATING ELECTRICITY
AT MODEL UNITS SELECTED FOR ANALYSIS

(1979 mills/kWh)

Fuel Type Average
All

In-Service Year Coal 0il Gas  Ges/0il  Fuels!
Pre-1972 2.4 3.9 28.1 3.1 25.4
1972-1976 24,9 37.3 29.2 3.6 27.9
1977-1984 3.9 50.2 38.0 43.1 38.1
Average all years! 24.2 37.6 28.5  31.3 27.2

Note: See Table VI-17 and Figure VI-6 for escalation rates
for various components of costs. An spproximetion
to 1982 dollars cen be made using the GNP escalation
factor of 1.286.

lAverages are across fuel types or in-service years
weighted by generation.

Source: Energy Database and TBS calculstions.

Results of the Unit-Level Analysis

This section discusses the results of the analysis of
pollution control costs at the unit level. It begins with a
discussion of the distribution of compliance costs among coal,
oil, gas, and gas/oil units. Then it examines the components
of pollutlon control costs by types of costs (capital, opera-
tions, and maintenance) and by pollutants controlled. The
discussion finally turns to an analysis of the costs incurred
by individual unit categories and to an examination of the
reasons for variations in costs within unit categories.

Distribution of Compliance Costs

As shown in Figure IV-5, pollution control costs incurred
by individual generating units range from less than 1 mill per
kWh to more than 12 mills per kWh. Most of the total genera-
tion--approximately 85 percent--incurs a cost of less than
6 mills per kWh while only 18 percent pays less than 1 mill
per kWh. While gas-fired units generally spend less than 1
mill per kWh for pollution control, 60 percent of oil-fired
generation bears a cost of between 3 and 7 mills per XWh and
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only 12 percent spends less than 3 mills per kWh. Gas/oil
units have similar characteristics to gas or oil units, de-
pending on which fuel they consume preponderantly.

Coal-fired units account for the preponderant share of
total generation and also display the greatest spread in pol-
lution control costs. Seventy-five percent of coal generation
incurs pollution control costs of less than 5 mills per kWwh.
The remaining coal generation is spread among units that spend
up to 13 mills per kiwh for pollution control. As will be
discussed below, the reasons for the spread in coal-fired unit
pollution control costs concern differences in pollution con-
trol standards and compliance strategies as well as dif-
ferences in the availability of low-sulfur coal.

Components of Compliance Costs

Control of SOp is the dominant contributor to average
national pollution control costs (Table IV-21). Out of a
national average cost of pollution control for all fossil-fuel
types and age categories of 3.88 mills per kWh, S0, control
accounts for 2.72 mills per kWh or 70 percent of the total.
The remaining 30 percent is distributed relatively evenly
among controls for TSP and water pollution with solid waste
disposal included in SO and TSP control.

SOy control costs consist primarily of a premium paid by
coal- and oil-fired units for low-sulfur fuels. Less than
one-tenth of the national cost of SO; control as of 1979 was
attributable to the use of scrubbers. Although scrubbers are
costly on a unit basis, they are less prevalent than other
pollution control systems. For this reason, they contribute
only 6 percent- to the average cost of pollution control, as
compared, for example, to 1l percent for TSP control. As will
be noted in subsequent chapters, however, the contribution of

scrubbers to national costs will increase substantially in the
future.

All units incur some costs to meet water pollution chem-
ical guidelines and about 20 percent of the capacity incurs
costs for control of thermal discharges. Thermal pollution
control costs are attributed only to units that have installed
cooling towers or ponds since 1972 because earlier units would
not have installed thermal discharge controls in response to
environmental regulations. The cost of meeting chemical
guidelines is approximately 0.44 mills per kWh and does not
vary significantly among unit categories. Although this cost
is slightly lower than the cost of meeting chemical guidelines
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Table IV-21
AVERAGE ANNUALIZED COSTS OF COMPLIANCE BY POLLUTANT
(1979 mills/kWh)
S0, Control
Fuel Type and = —=—seewe- — TSP
In-Service Year ggg} Fuel Controll! Thermal Chemical Total
Coal
Pre-1972 0.1 1.9 0.75 0.05 0.51 3.42
1972-1976 0.3 1.53 0.40 0.86 0.35 3.47
Post-1976 1.92 1.7 0.76 1.02 0.42 5.81
Average Cosl 0.38 1.8 0.67 0.3% 0.46 3.67
0il
Pre-1972 0 7.18 0.10 <0.01 0.64 7.93
1972-197¢6 6 6.20 0.18 0.29 0.44 7.17
Post-1976 0 8.03 0.09 1.45 0.45 10.03
Average 0il 0 6.8 0.14 0.37 0.53 7.89
Gas
Pre-1972 0 0.07 <0.01 0.05 0.28 0.40
1972-1976 6 0.1 €0.01 0.49 0.24 0.85
Post-19762 0 0.04 0.69 1.66 0.47 2.86
Average Gas 0 0.08 <0.01 0.19 0.27 0.55
Gas /01l
Pre-1972 0 4.47 <0.01 0.03 0.43 4.94
1972-1976 0 2.27 0 0.57 0.33 3.17
Post-1976 0 1.93 0 1.67 0.32 3,84
Average Gas/0il 0 4.19 0 0.10 0.42 4,72
National Average 0.24 2.48 0.43 0.30 0.44 3.88
Note: See Table VI-17 and Figure VI~6 for escalation rates for varicus
components of costs. An approximetion to 1982 dollars can be
made using the GNP escalation factor of 1.286.
lIncludes solid waste disposal.
2costs for poet-1976 gas unite are distorted by a very limited number
of observations.
Source: Energy Dstabase and TBS calculations.

on an average basis, it is significantly higher on a unit
basis for those units that are required to install cooling
towers or ponds.

The premium paid by utilities for low-sulfur fuels is
larggst component of compliance costs (Table IV-22). This
premium accounts for 64 percent of pollution control costs

the

and
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Table IV-22

AVERAGE ANNUALIZED COSTS OF COMPLIANCE B8Y COST
COMPONENT——TQTAL AIR, WATER, AND SOLID WASTE

(1979 mills/kWh)

Total as
Percent
Increase
Fuel Type and Capital Energy Fuel Over
In-Service Year Cost 0&M Penalty Premium JTotal Baseline?
Coal
Pre-1972 0.76 0.69 0.02 1.96 3.42 15
1972-1976 0.97 0.51 0.46 1.5 3.47 14
Post-197¢6 2,81 0.71 0.57 1.72 5.81 17
Average Coal 1.02 0.64 g.18 1.82 3.67 15
0il
Pre-1972 0.27 0.48 0 7.18 7.93 24
1972-197%¢ 0.44 0.33 0.20 6.20 7.17 19
Post-1976 0.99 0.30 0.71 8.03 10.03 21
Average 0il 0.45 0.39 0.1% 6.86 7.89 21
Gas
Pre-1972 0.05 0.26 0.02 0.07 0.40 2
1972-1976 0.14 0.2 0.38 0.1 0.85 3
Post-19761 2.12 0.35 0.36 0.06 2.86 8
Average Gas 0.10 0.25 0.12 0.08 0.55 2
Gaa/0il
Pre-1972 0.10 0.3 <0.01 4.487 4.9 16
1972-1976 0.42 a.27 0.21 2.27 3.17 10
Post-1976 0.80 0.37 0.78 1.92 3.84 9
Average Gaa/0il 0.14 0.35 0.03 4.19 4.72 15
Nstional Average 0.72 0.53 0.15 2.48 3.88 14

Note: See Table VI-17 and Figure VI-6 for escalation rates for various
components of costs. An approximation to 1982 dollars can be made
using the GNP escalation factor of 1.286.

lcosts for post-1976 gas units sre distorted by a very limited number
of observations.
aseline costs are shown in Table IV-21.

Source: Enerqgy Dstabase and TBS calculations.
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it is more than three times as large as capital costs (19 per-
cent) associated with pollution control equipment.

Capital costs are incurred primarily by coal-fired plants
that have TSP control systems and in some cases scrubbers as
well. Chemical and thermal pollution controls present at all
types of steam units also have capital cost components. Capi-
tal costs for chemical controls are lower on a unit basis than
for TSP and SO; control but are distributed over a greater
number of systems.

Energy penalties of 3 percent of total generation are
associated with the use of both scrubbers and cooling towers.
These penalties contribute approximately 4 percent to pollu-
tion control costs.

Variations in Compliance Costs
Among Unit Categories

Pollution control costs vary as a function of both unit
age and fuel type. The national cost of pollution control
described above is a weighted average of costs for coal, oil,
gas, and gas/oil units in three separate age categories. The
distribution of these costs by fuel type and unit age will be
discussed below.

Distribution of Costs by Fuel nge. The average cost of

pollution control for oil-fired units is two times as high as
for coal-fired units and more than ten times as high as it is
for gas-fired units. This is because a premium for low-sulfur
0il accounts for 6.86 mills per kWh or 87 percent of total
pollution control expenditures by oil-fired units as shown in
Table IV-22. Similarly, gas/oil units incur a premium to the
extent that they consume low-sulfur oil. This premium ac-
counts for nearly 90 percent of pollution control expenditures
by gas/oil units and results in high pollution-control costs
for units. Particulate, thermal, and chemical control costs
for 0oil and gas/oil units are generally lower than those for
coal~fired units, but these costs are dwarfed by the low-
sulfur oil premium. '

As noted above, the assumptions used in developing the
low-sulfur o0il premium may overstate it. To determine the
sensitivity of the results of the analysis, two alternative
assumptions were tested: (1) using the cost of 2.5 rather
than 3 percent sulfur oil as the base cost that utilities
would pay for oil in the absence of environmental regqulations
and (2) basing the oil premium on the cost of desulfurization
of high-sulfur oil. For units burning 1 percent sulfur oil,
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Ehe low-sulfur oil premium would be 33 percent lower in the
rirst case and in the second it would be 11 to 36 percent
lower depending on the cost of desulfurization and the Btu
content of the oil. Although these differences are substan-
tial, they do not alter the basic conclusions of this analysis
;hat the low-sulfur oil premium paid by oil-fired units dom-
inates all other environmental expenditures and that oil units
spend more than other categories of units for pollution con-
trol. For the 60 percent of oil-fired capacity that burns oil
with less than 1 percent sulfur, moreover, the percent de-

ggs::e in the fuel premium would be lower than that noted

Control of SO0, also accounts for the dominant share
(60 percent) of the cost of pollution control for coal units.
Eighty-three percent of the cost of SO, control among coal
unlts 1s a premium paid by utilities for low-sulfur coal. As
in the case of low-sulfur oil this premium could be overstated
because of the assumption that the price eastern utilities
VOUld pay for coal in the absence of environmental regulations
is the Price of coal with more than 3 percent sulfur. If the
bage price of coal were increased, instead, to the average
price of 2.5 percent sulfur coal, the premium paid by eastern
utilities would be approximately 37 percent lower. The aver-
age fuel premium incurred by coal-fired units nationally would
be approximately 26 percent lower. Again, this result would
not alte; the basic conclusion that the low-sulfur coal pre-
mlg? dominates other pollution expenditures for coal-fired
units.

Only coal and oil-fired units spend appreciable amounts
for TSP control. Because all coal units have TSP control
systems, coal units as a whole spend nearly two times as much
on TSP control systems as they do on scrubbers (although for
individual plants that have scrubbers the cost for scrubbers
is much higher than that of TSP controls). Oil-fired units
spend one-fifth as much as do coal-fired units for TSP control
per kWh of generation. This expenditure by oil units amounts
to 2 percent of their total pollution control expenditures.
TSP control for gas and gas/oil units amounts to less than
0.01 mills per kWh.

151t should be noted that the use of low-sulfur oil also re-
sults in a reduction in TSP loadings. Since a plant would
not ordinarily incur a low-sulfur oil premium solely for TSP
control, however, the full cost of burning low-sulfur oil
has been attributed to S50 control. Among gas and gas/oil
units the cost of TSP control is insignificant.
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Total costs for controlling water pollution are evenly
distributed among fuel types. 1In the case of gas units, how-
ever, water pollution accounts for nearly 85 percent of total
pollution control costs because overall costs for these units
are lower. Chemical control costs are the same for coal and
oil plants and only slightly lower for gas plants. Thermal
costs remain relatively constant across fuel types because
they depend more on a plant's location near a source of plen-
tiful cooling water rather than on its fuel type.

Although total pollution control expenditures for coal-
fired units are less than one-half those for oil-fired units,
their capital costs associated with pollution control equip-
ment are two and one-quarter times as great as they are for
o0il units and ten times as great as they are for gas units.
Coal units incur capital costs primarily from using TSP con-
trol devices and SOy scrubbers. Since very few 0il and gas
plants have extensive TSP control systems and none has
scrubbers, capital costs for oil and gas units are signifi-
cantly lower. The remaining capital costs for thermal and
chemical control are approximately equal for coal and oil
plants and only slightly lower for gas-fired plants.

The use of TSP control systems and scrubbers at coal
plants also results in higher operation and maintenance ex-.
penses and energy penalties. Particulate control systems and
scrubbers have operational expenses associated with ash and
sludge disposal as well as system operation and maintenance
expenses. In addition, wet scrubbers incur an energy penalty
of approximately 3 percent of total unit generation. 0il and
gas units, by contrast, incur only the operation and mainte-

nance expenses associated with the use of thermal and chemical
pollution control devices.

Distribution of Costs by Unit Age. Legislation governing
air, water, and solid waste pollution was passed in the early
and mid-1970s. Thus, plants that came into service before
1972 incur capital expenditures attributable to the Clean Air,
Clean Water, and Resource Conservation and Recovery Acts only
to the extent that they have retrofitted pollution control
equipment. Units that have come into service since the mid-
1970s have been subjected to the more extensive new source
requirements of the Clean Air and Clean Water Acts.

Expenditures by older units for pollution control can in
some cases be disproportionately high. One reason for higher
costs incurred by older units is that these tend to be located
in more heavily industrialized and populated areas where rela-
tively stringent pollution control measures have fregueéntly
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been required to attain compliance with the national ambient
air guality standards. In meeting these standards units have
had to retrofit pollution control equipment at a cost that can
be significantly higher than that of installing equipment in a
new plant, or they have had to burn cleaner fuels to compen-
sate for their location in heavily populated areas. Some
older oil and gas/oil units that are used only occasionally
also have high heat rates, and incur a higher fuel premium

because they consume more fuel per kilowatt-hour of genera-
tion.

Oil-fired units that have come into service after 1976
have the highest pollution control costs of any category of
units. As a rule, these units are subject to the NSPS for air
promulgated in 1972 but applying to plants commencing con-
struction after August 1971. To meet the 0.8 pound per mil-
lion Btu, these units burn very low-sulfur oil.

The major age-related variations in pollution control
costs occur among coal-fired units. These variations result
from changes in environmental standards and pollution control
strategies as well as from differences in equipment costs.
Pollution control costs for coal-fired units are about the
same for pre-1972 and 1972-1976 units but increase by 67 per-
cent for units coming into service after 1976. This increase
is attributable to an increase of 1.76 mills per kWh for S02
control due primarily to scrubber systems (1.58 mills per kWh)
but also to increasing use of lower sulfur fuels. Plants
coming into service after 1977, it should be noted, are gener-

ally subject to the 1972 NSPS air emission limit of 1.2 pounds
of S0 per million Btu.

Capital costs for pollution control triple for post-1976
coal units as compared to earlier units. Both the increasing
use and cost of scrubbers affect this increase in capital
costs for coal-fired plants. The use of scrubbers, for exam-
ple, has become more prevalent on newer units, increasing from
only 4 percent of the pre-1977 capacity to 36 percent of the
post-1976 capacity.

Despite the virtual absence of cooling towers and the.
limited use of scrubbers on pre~1972 coal units, the coptrlbu-
tion of capital costs to total pollution control costs 1s
relatively large for pre-1972 units, as compared to 1972-1976
units. This difference reflects retrofit premiums_incurred
for TSP, SOy, and chemical pollution controls required by
regulations under the Clean Air and Clean Water Acts.
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Variations in Compliance Costs
Within Unit Categories

The main reason costs vary within an individual unit
category is SOj control. Costs for thermal and chemical con-
trols are approximately the same for high- and low-cost units
in the same categories. Particulate control costs are higher
for high-cost coal units, but contribute less to total costs
than do SO; control costs for these units.

The fuel premium for oil-fired units exhibits much the
same variation as do total pollution control costs, indicating
that the variation in costs within oil-unit categories can be
attributed to SO control. Two factors affect SO, control
costs within d6il-fired unit categories--the sulfur content of
the oil burned and the plant's heat rate. Generally, the
fuel/sulfur content dominates S0, control costs. For example,
units with less than 1.5 percent sulfur fuel have fuel pre-
miums of less than 5 mills per kWh and units with less than
1l percent sulfur oil have fuel premiums greater than 7 mills
per kilh. Some anomalies in this pattern arise in the case of
older, low~capacity factor, high heat-rate units that consume
more fuel per kWh of electricity generated. For example, the
54 oil-fired units that incur a fuel premium of more than
12 mills per kWh operate at an average capacity factor of
14 percent. Of these 54 units, 45 came into service prior to
1950.

Control costs for S0, also account for the major vari-
ations within categories of coal units. Among units in ser-
vice before 1972, the highest costs are incurred by units with
SOy scrubbers. Thirteen of the 16 pre-1972 units with costs
higher than 10 mills per kWh have FGD systems. These units
also have fuel premiums and TSP control costs that are two
times as high as the average for pre-1972 coal units. 1In
contrast, pre-1972 units with slightly lower costs of 7 to
10 mills per kWh have fuel premiums and TSP control expenses
equivalent to those for higher-cost units, but only one of
these units has a scrubber.

Among 1972-1976 and post-1976 units, there is a greater
intermixing of control strategies than among pre-1972 units.
Scrubbers account for 62 percent of the total cost of pollu-
tion control for 1972-1976 coal units with pollution control
costs greater than 7 mills per kWh, while for 1972-1976 coal
units as a whole, scrubbers account for only 33 percent of
pollution control costs. These higher cost units, however,
incur a lower fuel premium than the category average, indicat-
ing the use of scrubbers rather than low-sulfur coal to meet
S0, standards. High-cost units that have come into service
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since 13976 have scrubber costs that are twice the category
average and fuel premiums that are 30 percent higher. This
1nd1cate§ that both low-sulfur fuels and scrubbers are used to
comply with 807 limits. Costs for controlling TSP among these
units are also 68 percent higher than the category average.

. Low-cost units also exhibit distinct characteristics.
Eighteen percent of pre-1972 coal units burn high=-sulfur coal
and do not hgve scrubbers. These units incur dramatically
lower pollution control costs than do units that either burn
low—splfur coa; or have scrubbers. Low-cost units that have
come 1nto service after 1972, by contrast, tend to be located

in the western states and have readily available supplies of
low-sulfur coal.

FUTURE UNIT-LEVEL COMPLIANCE
STRATEGIES AND COSTS

The results of the unit-level analysis thus far reflect
costs 1ncurred by units under regulations in effect in 1979.
Future plants and plants being reconverted from oil to coal
will incur certain additional expenditures resulting from more
stringent regulations that will affect units coming into serv-
ice after 1980. 1In this section these costs, which form the
basis for the national-level analysis presented in Chapter VI,
will be examined at the individual unit level.

Compliance Strategies

Units coming into service after 1980 will be built mostly
in PSD areas that meet the national ambient air guality stand-
ards and will meet BACT standards. Definitions of BACT,
however, will vary as a function of unit-specific factors.
Regulations applying to PSD areas specify that BACT will not
be less stringent than applicable NSPS requirements--usually
NSPS 1 for pre-1985 units and NSPS II for most post-1984
units. Beyond NSPS requirements, some units, generally. those
sited in the vicinity of Class I PSD areas or areas where
available increments are nearly exhausted, may be required to
install BACT pollution control technologies that exceed NSPS I
requirements.

Compliance strategies by future units will vary depending
on whether a unit is meeting BACT incorporating NSPS I, NSPS
II, or more stringent requirements. Since highly efficient
TSP control systems are increasingly being used, major differ-
ences will concern S0, control strategies.
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Information concerning future units compiled in the Ener-
gy Database indicates that 48 percent of units coming into
service in the 1980-1984 period will meet NSPS II standards.
Among these units, those locating in the East will tend to
install high-efficiency scrubbers apd those locating in the
West will burn low-sulfur fuels with lower efficiency scrub-
bers. Ninety percent of the NSPS II capacity coming into
service in the Bast between 1980 and 1984 will burn high-sul-
fur coal. This capacity will meet a standard of 1.2 pounds of
S0, per million Btu by installing high-efficiency scrubbers
with 90 percent or greater removal efficiencies. Only 10 per-
cent of the eastern capacity will meet a standard of 0.6 pound
of SO, per million Btu by burning lower sulfur coal and in-
stalling less efficient scrubbers. Eighty percent of capacity
locating in the West, by contrast, will burn low-sulfur coal
and meet the 0.6 pound standard by installing scrubbers with
70-80 percent removal efficiencies. The remaining 20 percent
of western capacity is located in areas where BACT standards
exceed the minimum requirements of NSPS II. These units will
burn low-sulfur coal and install scrubbers whose removal
efficiencies are 90 percent or greater.

Compliance Costs

Costs of compliance with alternative regulatory scenarios
shown in Table IV-23 are significantly different for units
burning eastern and western coals. These costs are primarily
based on engineering estimates provided by EPA and not on
costs listed in the Energy Database. Western units are as-
sumed not to require scrubbing to meet NSPS I standards, al-
though in practice BACT standards applying to western units
have in some cases required scrubbers. Eastern units burning
low=sulfur coals also do not require scrubbers; however, these
units incur a fuel premium of 4 mills per kWh for 0.8 percent
sulfur coal (1.2 pounds per million Btu). Eastern units burn-
ing high-sulfur coal are assumed to meet NSPS I standards by
burning coal containing 2.4 percent sulfur and installing wet
scrubbers with 70 percent removal efficiencies. Both western
and eastern low-sulfur coal units comply with NSPS II limits
by installing scrubbers with 70 percent removal efficiencies--
wet scrubbers in the case of eastern units and dry scrubbers
in the case of western units. Eastern high-sulfur coal units
comply with NSPS II by installing wet scrubbers with 90 per-
cent removal efficiencies. Finally, it is assumed that both
western and eastern low sulfur coal units will install wet
scrubbers with 90 percent removal efficiencies to meet more
gtr@ngent BACT standards that may apply on a case-by-case

asis.
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Table IV-25

FUTURE COSTS OF COMPLIANCE WITH ALTERNATIVE
REGULATIONS FOR A 500-MW COAL PLANT

(1979 dollars)

Mare
Stringent
Stsndprds NSPS 1  NSPS 11 Bact
02
Wastsrn Coal
FG Capital ($/kW) - 69.01 95.60
Weate Disposal Capital ($/kW) - 3.67 20.00
Operstion ard
Maintenance (nu-/kmzl - 1.8 1.47
Energy Penalty (percent) - 1.43 3.43
Capacity Penalty (porcont)l - 0.% 1.5
Esstern Coal?
FGD Capital ($/kW) 0/69.01 69.01/104.7 104.7
Wests Disposal Capital ($/kW) O/3.67 3.67/46.00 4 .00
Operation snd
Meintsnance (mills/kwh)l /1.2 1.28/1.7 1.1
Energy Penalty (perocent) 0/1.43 1.43/3.57 3.57
Cepacity Penalty (percent)l  0/0.5% 0.59/2.21 2,2
Fusl Preatus (milis/kin)l v &/0 2.3
=
Western Coal
Capital ($/kW) 5.3 5% .3 6.0
Opsration and
Maintsnance (mills/kWh) 0. 5% 0.5 0.28
Energy Penalty (percent) 0.95 0.95 0.2
Capecity Penalty (percent) 0.95 0.95 0.21
Esstem Coal?
Capital ($/kW) 35.36 5%6.34/35.% 35.36
Operation end Maintsnence 0.16 0.56/0.16 0.16
Energy Penalty (parcent) g.21  0.95/0.21 0.2
Capacity Penalty (parcent) 0.21 0.95/0.21 0.2
Thermal Standerds
Capital n.2 1.20 u.2
Operation snd Maintensnce
(mi1lls/iWn) 0.23 0.2 0.2
Energy Penalty (percent) 0.65 0.65 0.&5
Capecity Penslty (percent) 1.85 1.6 1.6
Chemical Standerd
Capital 6.6 6.16 6.16
Uperation snd Maintenance 0.m Q.07 o.o7
.8 .0 «0

Energy and Cepucity Penalty

Note: Energy penalty is expressed ss percent of generstion;
capacity penalty is expressed a8 percent of cepecity.
Ses Table VI-17 end Figure VI-6 for escelstion rates
for various components of costs. An spproxisstion
to 1982 dollsrs csn be made using the GNP escslation
factor of 1.286.

lincludes solid wests disposal costs for OMM snd capscity snd

energy penaltiss.
Losts presented ee low-aulfur cosl/high-sulfur coal. This

snalysis sssumes thet 10 percent of esstern capacity uses dry
scrubbing of low-mulfur coal.

Source: EPA (NSPS 11 engineering cost estimstes); Energy Deta-
bese (Therssl Standards snd NSPS [ FGD costs); end EEI

(Chemicel Standurds).
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Costs for meeting TSP, chemical, and thermal standards do
not vary across regulatory scenarios. In all cases western
units are assumed by EPA to install baghouses for TSP control:
eastern units install high-efficiency electrostatic precipita-
tors. Costs of meeting chemical standards are those required
to meet 1974 BPT regulations that are currently in effect for
the industry.16 In the analysis of unit costs, all units are
assumed to install cooling towers for thermal discharge con-
trol, although thermal controls may not be required in all
cases.

Particulate and SO, standards add 3.6 to 14.6 mills per
kWh to pollution control costs under alternative regulatory
scenarios. As shown in Table IV-24 compliance with NSPS I
limits is approximately 1.0 mills per kWh less costly for low-
sulfur coal eastern units than it is for high-sulfur coal
units. Although in specific instances advantageous coal pur-
chasing arrangements may make scrubbers more attractive, this
result is generally consistent with the results of both the
case study portion of this report and with the analysis of
compliance strategies based on the Energy Database presented
earlier in this chapter. Utilities contacted in the case
studies indicated that where possible they prefer a low-sulfur
strategy on the basis of costs. The analysis of costs com-
piled in the database indicated that eastern low-sulfur coal
units subject to NSPS I have costs that are 3 to 4 mills per
kWh lower than do high-sulfur coal units that are required to
install scrubbers to meet NSPS I. A full discussion of issues
relevant to future coal prices and quality appears in Appen-
dix D.

Given current scrubber technologies, costs of compliance
with NSPS II limits will be somewhat lower for eastern high-
sulfur coal units than for eastern low-sulfur coal units. The
difference in cost between wet scrubbers with 90 percent and
70 percent removal efficiencies fails to compensate for the
higher fgel premium incurred by low-sulfur coal units. The
comparative advantage of a high-sulfur coal 90 percent removal
strategy is reflected in the fact that 90 percent of 1980-1984
eastern units that meet NSPS II listed in the Energy Database
will select this strategy. Successful introduction of a less
costly dry scrubbing technology capable of 70 percent removal

l6érhe Agency is currently reconsidering chemical NSPS guide-

lines; however, considerable uncertaint ]
: ) X Yy concerning thes
guidelines continues. g these
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Table 1v-24

TOTAL UNIT-LEVEL COSTS PER Kwi
UNDER ALTERNATIVE FUTURE REGULATIONS

(1979 mills per kWh)

NSPS 1
Baseline Air Only (1985) NSPS I (1985) NSPS II (1990) BACT (1990)
Percent of Percent of Percent of Percent of

Coal Type 1985 1990 Total Baseline Total Baseline Total Baseline Total Beseline
Eestern Low- '

Sulfur 6l.6 60.9 6.2 10 7.6 12 13.4 22 14.¢ 24
Eastern High

Sulfur 61.6 60.9 6.9 11 8.6 14 12.3 20 N/A N/A
Western Low-

Sulfur 57.5 56.3 3.6 6 5.3 9 9.4 17 11,5 20

Note: See Table VI-17 and Figure VI-6 for escalation rates for vsrious components of costs. An
approximation to 1982 dollars can be made using the GNP escalation factor of 1.286.

N/A = Not applicable.

Source: EPA; TBS calculations.

efficiencies on eastern low-sulfur coal couldi however, shift
the comparative advantage to low-sulfur coal. 7

For the purpose of this analysis, EPA projected that
western units will meet NSPS II limits by burning low-sulfur
coal and installing dry scrubbers with 70 percent removal
efficiencies. Two factors contribute to the low cost incurred
by western units: the ready availability of low-sulfur coal
and the applicability of dry scrubbing technologies to western

coal.

Costs under more stringent BACT standards involve 90
percent wet scrubbing on low-sulfur coal for both western and
eastern units. These standards are not expected to be gen-
erally applicable, but for affected units more stringent BACT

17rhe base pollution control scenario in the national analysis
incorporates the assumption that the use of dry scrubbing
technologies in the East will not become widespread in the

near term.
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standards would raise pollution control costs by 11.5 to

14.6 mills per kWh or more than 20 percent of baseline costs.
Information compiled in the Energy Database concerning 1980-
1984 units that meet or exceed NSPS Il standards indicates
that none of these units located in the East will meet BACT
standards that are more stringent than NSPS II, but that

20 percent of these units locating in the West will meet BACT
l1imits that are more stringent than NSPS 1II.

COST-EFFECTIVENESS ANALYSIS

TBS also calculated quantities of SO; and TSP removed and
the cost-effectiveness orf removals for units in the Energy
Database and for future units. The figures given in this
section concerning quantities of pollutants removed and the
costs of removing those pollutants give a rough approximation
of the cost-effectiveness of pollution control costs. They do
not address the more complex issue of benefits associated with
these costs. An analysis of the latter issue would require an
examination of where emissions take place and what populations
are affected. It may be, for example, that the higher costs
of pollution control at oil units are justified given the
location of these units in urban areas. The analysis does
indicate that with a shift from oil to coal units, the cost-
effectiveness of environmental regulations will increase
dramatically, particularly for TSP control. It does not
indicate whether environmental quality will benefit or deteri-
orate as a result of this shift.

Existing Units

Uncontrolled unit-level emissions of both SO- and TSP
were calculated assuming that no pollution controi equipment
existed and that coal units in the East would burn 3 percent
sulfur coal and all oil units would burn 3 percent sulfur oil
in the absence of environmental regulations. To determine
quantities of pollutants removed, calculated unit-level emis-
sions based on actual sulfur and ash contents and pollution
control equipment in place were subtracted from uncontrolled
unit emissions. Calculations of emissions were based on meth-
odologies developed by EpPA.l8 '

18y.s. EPA, Compilation of Air Pollutant Emi

q s 1
AP-42 Part A, Third Editlion, August 1977, sion Factors,
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Both fuel and eguipment pollution control Strategies were
evaluated on the basis of the cost of removing one ton of
pollutant. Most coal units burn coal exclusively or only a
very small proportion of oil. Conseguently, for coal units,
fuel-related SO, removals generally consist of emission reduc-
tions obtained by burning coal with less than 3 percent sul-
fur. Since S0O; emissions are also reduced by using scrubbers,
the cost-effectiveness of using scrubbers was also calculated.
Particulate removal at coal units was attributed entirely to
equipment on the assumption the ash content of coal for reduc-
ing TSP emissions is not a determining factor in coal pur-
chases. Since all coal units have highly efficient TSP con-
trol systems, incremental removals from burning lower-ash-
content coal are insufficient to affect coal purchases.

Although oil units burn low=-sulfur oil primarily to re-
duce SO, emissions, this also decreases TSP emissions. Conse-
quently, for o0il and gas/oil units, reductions in TSP emis-
sions were calculated as a function of both the sulfur content
of the fuel and the efficiency of TSP collection devices.
Since o0il and oil/gas units do not have scrubbers, reductions
in S0, emissions at these units depend solely on the fuel

sulfur content.

Quantities of Pollutants Removed

Nationally, as shown in Table IV-25, in 1979 steam-
electric pollution controls reduced 507 emissions by 12 mil-
lion tons and TSP emissions by 45 million tons. These reduc-
tions in emissions represented approximately 42 percent of
potential SO, emissions and 98 percent of potential TSP emis-
sions.19 Coal-fired units accounted for 85 percent of poten-
tial SO, emissions but for only 75 percent of the reductions
in SO, emissions. Coal units also accounted for more than
99 percent of potential emissions and reductions in emissions
of TSP, Oil and gas/oil units reduced S0, emissions by
70 percent to 3.2 million tons from total potential emissions
of 4.6 million tons for both categories of units,

191+ should be noted that to the extent that utilities would
install TSP control systems to protect plant equipment even
in the absence of environmental regulations, the full extent
of reductions in TSP emissions should not be attributed to
environmental regulations. It has been suggested, for ex-
ample, that utilities would.ipsta}l TSP control equipment
with 80 percent removal efficiencies to protect preheaters.
1f this is the case, only about 20 percent of TSP. removals
can be attributed to environmental regglatlons, and the
cost-effectiveness of TSP removal declines comensurately.
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Table IV-25
TOTAL 1979 NATIONAL POTENTIAL AIR POLLUTANT
EMISSIONS AND REMOVALS
BY UNIT CATEGORY
(thousands of tons)
S0, TSP
Total Potential Percent Total Potential Percent
Unit Category Removed Emissions Removed Removed Emissions Removed
Coal
Pre-1972 6,106 16,961 36 29,958 30,59 98
1972-1976 1,882 5,535 34 11,231 11,460 98
Post-1976 1,027 1,902 54 3,586 3,622 99
Total Coal 9,015 24,398 37 44,775 45,651 98
i)
Pre-1972 776 1,078 72 58 67 86
1972-1976 706 1,197 59 65 77 84
Post-1976 320 421 76 20 2 7%
Total 0il 1,783 2,695 68 143 170 84
Gas/0il
Pre-1972 1,258 1,700 74 89 108 82
1972-197¢6 160 254 63 1 19 59
Post-1976 a a a a 8 a
Total Gas/Dil 1,418 1,954 73 100 127 79
Naetional Total 12,217 29,047 42 45,018 45,948 98
@ = Insufficient obssrvationa.
Source: Energy Database and TBS calculations.

As shown in Table IV~26 substantial differences exist
among unit categories in quantities of pollutants removed. As
a group, coal units reduced potential SOz emissions by 37 per-
cent. More recent coal units, however, removed a significant-
ly greater proportion than earlier units of potential SO
emissions (54 percent as opposed to 34 and 36 percent).

Two factors contribute to the higher percent of total
emissions removed by recent coal units. First, potential



Table IV-26

AVERAGE UNIT-CATEGORY
POTENTIAL AIR POLLUTANT €MISSIONS AND REMOVALS

(tons per million kWh)

S0, TSP
Removal Strategy Removal Strategy
Low- L ow- Low-
Sulfur Sulfur Potential Percent Sulfur Potential Percent

Unit Category Coal g;;l Scrubbers Total Emissions Removed 0il Equipment Total Emissions Removed
Coal
Pre-1972 7.92 0.19 0.33 8.48 23.25 36 0.01 41.69 41,70 42.53 98
1972-1976 5.95 0.08 1.04 7.07 20.62 3 <0.01 42,22 42.22 42.95 98
Post-1976 4.22 0.10 4.9 9.28 17.03 54 0.01 40. 40 40.40 40,81 99

Total Coal 6.65 0.14 1.35 8.14 21.93 3 <0.01 41.11 41.11 41.88 98
011
Pre-1972 0 9.74 0 9.74 13.53 72 0.5 .18 0.74 0.86 86
1972-1976 0 8.20 0 8.20 13.92 59 0.52 .23 0.75 0.89 84
Post-1976 0 1.61 ] 11.61 15.33 76 0.74 a 0.74 0.97 76

Total D1l 0 9.46 0 9.46 13.96 66 0.57 .17 0.74 0.88 84
Gas/0il
Pre-1972 0 5.76 0 5.76 7.81 74 0.37 0.04 0.4l 0.50 82
1972-.197¢ 0 5.20 0 5.20 8.32 63 0.33 0 0.3 0.5% 59
Post-1976 0 a 0 a a a a a a a

Total Ges/0il 0 5.70 0 5.70 7.87 12 0.3 0.03 0.39 0.51 79
? Insufficient observations.

Coal units that also burn oil can attain S0, reduction by burning both fuels.

Source: Energy Database and TBS calculations.

g5-Al
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emissions are lower because a larger share of units are lo-
cated in the West where their potential emissions are based on
1 percent rather than 3 percent sulfur coal because they would
burn low-sulfur coal even in the absence of environmental
regulations. This means that reductions in emissions at west-
ern units are a higher percent of potential emissions. Sec-
ond, scrubbers are much more prevalent among post-1976 coal
units. On average, reductions in SO; emissions attributed to
scrubbers are nearly five times greater among post-1976 units
than among 1972-1976 units. In turn S0; reductions due to
scrubbers are more than three times greater among 1972-197§
units than among pre-1972 units.

While the use of scrubbers to attain reductions in S0,
emissions has been increasing, the relative importance of low-
sulfur coal in achieving emission reductions has decreased.
Ninety-four percent of S0, reductions among pre-1972 units
resulted from the use of low-sulfur coal. This proportion
decreases to 84 percent for 1972-1976 units and 45 percent for
post-1976 units. The decline in the use of low-sulfur coal
reflects the fact that utilities with units in the East have
relied increasingly on scrubbers rather than on low-sulfur
coal to meet S0, standards.

At oil-fired units, the use of low-sulfur coal results in
reductions of 66 percent in potential SO, emissions. Post-
1976 oil-fired units have both potential emissions and emis-
sions reductions that are higher than earlier units. These
quantities indicate that a substantial number of the most
recent oil units are still in a "shakedown" period where their
high heat rates account for both their high potential emis-
sions and their high emissions reductions per million kWh.

As would be expected from the high efficiencies of TSP
control systems among coal-fired units noted in the discussion
of compliance strategies, reductions in TSP emissions at these
units amount to 98 percent of potential emissions. Recent
coal-fired units exhibit smaller reductions in TSP emissions
than do earlier coal units. The fact that potential emissions
from these more recent units are also lower, however, indi-
cates that a substantial portion of these units burns coal
with lower ash contents than do earlier units. (Particulate
emissions depend on coal ash content and the quantity of coal
burned).

0il and gas/oil units attain reduction
emissions of 84 and 79 percent respectively
reductions (77 percent for oil units and 92
oil units) result from the burning of low-
relatively small reductions are attributed

S in potential TSP
. Most of these
percent for gas/
sulfur oil, and only
to TSP control
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systems, which are not generally utilized at oil and gas/oil
units. In most cases reductions in TSP emissions from burning
low-sulfur oil are incidental to the primary objective of
reducing SO emissions.

Cost of Removal

The cost of removing the quantities of pollutants dis-
cussed above varies significantly among unit categories. As
shown in Table IV-27, for coal units as a whole the average
cost of removing SO) was nearly two times as high using scrub-
bers as using low-sulfur fuels ($S418 per ton as compared to
$229 per ton). For individual units, however, the relation~
ship between equipment and fuel-based removals may be guite
different, depending on their access to low-sulfur fuels.
(These results do not include western coal-burning units, as
no sulfur premium is incurred by these units.)

Sulfur dioxide removal at coal units, whether using a
fuel or equipment strategy, is less costly than it is at oil
units. Reducing emissions by one ton of SO; at coal units
costs an average of $229; an equivalent reduction at an oil
unit costs $737. Even equipment-based S0, removal by using
scrubbers at coal units costs slightly less than 60 percent as
much as SOz removal at oil units.

Although the difference in TSP removal costs appears to
be especially dramatic between coal and oil plants, these data
must be compared cautiously. Because of the relatively large
guantities of TSP removed by the fuel choice and attributed to
SO, removal strategies, and the small quantities of TSP re-
moved by the equipment choice at oil units, the cost of par-
ticulate removal at these units averages $534 per ton. This
is compared to $20 per ton to remove TSP at a coal plant. The
simultaneous reductions in TSP and SO, attributable to the use
of low-sulfur, high-quality (e.g., with fewer impurities) oil
may make it difficult to properly allocate control costs to
the removal of the individual pollutants.

Future Units

As with the analysis of existing units, uncontrolled
unit-level emissions of both SO; and TSP were calculated
assuming that no pollution control equipment would be
installed and that coal units in the East would burn high-
sulfur coal containing 5 pounds SO; per million Btu in the
absence of environmental regulations. (The analysis excluded
oil-fired units, as it was assumed that only coal would be
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AVERAGE COST PER TON OF SQo AND TSP REMOVAL

Coal
Pre-1972
1972-1976
Post-1976
Total Coal
oil
Pre-1972
1972-1976
Post-1976
Total 0il
Gas/0il
Pre-1972

1972-1976
Post-1976

Total Gas/0il

National Total

Note:

Table 1V-27

w

(1979 dollars per ton)

S0, TSP
Removal Strategy
Low=- Low-
Sulfur Sulfur

Coal ggl Scrubbers Total Equipment
228 3711 455 240 2
236 576 330 254 12
22 g 333 8 38
229 412 418 263 20
N/A 738 N/A 738 495
N/A 756 N/A 756 561
NA 62 NA g: .
N/A 737 N/A 737 534
N/A 780 N/A 780 a
N/A 436 N/A 436 a
NA -2 -2 — a
N/A 742 N/A 741 8
229 721 418 461 22

See Table VI-17 and Figure VI-6 for escalation rates

for various companents of costs., An approximation

to 1982 dollars can be made using the GNP escalation
factor of 1.286.

1Coal units that also burn oil sttain S0, reductions using

both fuels.

a = Insufficient observations.

N/A = Not sppliceble.

Source:

Energy Dstabase and TBS calculations.
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burned in fossil-fuel boilers installed in the future.) To
determine quantities of pollutants removed, calculated unit-
level emissions based on anticipated compliance strategies
(combination of fuel guality and pollution control equipment
choices) were subtracted from uncontrolled unit emissions.
Calculations of emissions were based on methodologies
developed by EPA.

Quantities of Pollutants Removed

Table IV-28 shows potential emissions and calculated
removals for SO, and TSP among eastern and western units for
various standards. The underlying assumptions are that:

Table IV-28

AVERAGE UNIT-CATEGORY
POTENTIAL AIR POLLUTANT EMISSIONS AND REMOVALS

(tons per million kWh)

50, TSP
Removal Remaval
Strategy Strategy
Potential Percent Potential Percent
Coel Type Fuel Equipment Total Emissions Removed Equipment Emissions Removed
Fastern Low-
Sulfur
NSPS 1 18.3 0 18.3 24,0 76 40.1 40.5 99.0
NSPS II 18.3 4.0 22.3 24.0 93 40.4 40.5 99.6
BACT 10.1 12.5 22.6 24,0 9 40.4 40.5 99.6
Eastern High-
Sulfur
NSPS I 0 19.2 19.2 24.0 80 40.1 40.5 99.0
NSPS 11 0 21.6 21.6 24.0 90 40.4 40.5 93;:
BACT N/A N/A N/A N/A N/A N/A N/A
Western Low-
Sulfur .
NSPS 1 0 0 0 4.9 0 48.1 48.2 ;3.2
NSPS 1I 0 3.4 3.4 4.9 70 48.4 AB.S 99.6
BACT 0 4.4 4.4 4.9 90 48.4 48. .

N/A = Not applicable.

Source:

EPA.
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e NSPS I apply to units whose boilers were
ordered before September 1979. (For purposes
of this analysis, in-service date is prior to
1985.) These units will meet a standard of 1.2
pounds SO per million Btu,

e NSPS II apply to units whose boilers were
ordered after September 1979. (In this
analysis, in-service date is 1985 or later.)
These units must comply with the standard by
scrubbing high-sulfur coal with 90 percent
removal efficiency (for SO3) or by scrubbing
low-sulfur coal with 70 percent removal effi-
ciency.

e More stringent BACT requirements dictate that,
on a case-by-case basis, removals will exceed
NSPS II reguirements. Generally, this is
accomplished through full scrubbing (90 percent
removal) of low-sulfur coals.

Three types of model facilities are presented in
Table IV-28. The first uses a control strategy that combines
eastern low-sulfur coal and scrubbers. The guality of coal
varies from 1.2 pounds SO per million Btu for NSPS I and II
compliance to 2.9 pounds SO; per million Btu for BACT com-
pliance, while equipment choices vary from no scrubbing to
partial or full scrubbing. The eastern high-sulfur coal
strategy combines local bituminous coal containing 5.0 pounds
SO, per million Btu with scrubbers that remove 80 to 90 per-
cent of the SO3. The western low-sulfur coal facility uses a
lignite/sub-bituminous coal that is representative of western
coal regions. It contains 1 pound SO; per million Btu and, to
meet standards that exceed NSPS I, it is combined with dry:
scrubbing equipment choices that range from 70 percent to
90 percent removal.

Potential, uncontrolled, emissions are based on the
emissions factors described above for eastern high-sulfur and
western low-sulfur coals, and heat rates of 9,600 and 9,800
Btu per kWh, respectively. As shown in Table IV-28, these
specifications lead to substantial differences amoné model
facilities and standards in uncontrolled and controlled
quantities of S0j.

Potential emissions of TSP are based on ash <
12 percent for eastern coals and 9.2 percent for :2gt§§§= of
coals. The highly efficient TSP control systems remove at
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least 99 percent of potential emissions, whether the eguipment:
is a baghouse for western low-sulfur coals or an ESP system
for eastern coals.

Cost of Removal

Table IV-29 presents the average costs of removing a ton
of 505 and TSP for the strategies described above. The costs
are not for incremental controls, that is, moving from NSPS I
to NSPS II to BACT. Rather, they are the costs of alternative
levels of stringency from uncontrolled emission levels.

Table IV-29
AVERAGE COST PER TON OF SO, AND TSP REMOVAL

(1979 dollars per ton)

Removal Strategy

S0, TSP
Low-
Sulfur
Coal Type Fuel  Equipment Total Equipment
Eastern Low~
Sulfur
NSPS 1 219 0 219 47
NSPS 11 219 1,145 385 80
BACT 236 721 S04 42
Eastern High-
Sulfur
NSPS 1 a 261 261 47
NSPS I1 0] 417 417 47
BACT N/A N/A N/A N/A
Western Low-
Sulfur
NSPS I 0 0 0 68
NSPS 11 0 1, 347 1,347 67
BACT 0 1,663 1,663 58

Note: See Table VI-17 and Figure VI-é for escalation
_rates for verious components of costs. An
approximation to 1982 dollars cen be made using
the GNP escalation factor of 1.284.

N/A = Not applicabile.

Source: EPA and TBS calculations.
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Removal costs for future units are dominated by scrub-
bers. This is particularly apparent in the NSPS II and BACT
strategies for low-sulfur coal. However, these data must be
considered with caution; while the cost-effectiveness analysis
for existing units was based on actual utility submissions in
the Energy Database, this projected analysis is based on engi-
neering estimates, and it is estimated that engineering con-
trol costs are only accurate within plus or minus 30 to
40 percent.
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V. REGIONAL EFFPECTS OF ENVIRONMENTAL
REGULATIONS ON THE ELECTRIC UTILITY INDUSTRY

INTRODUCTION AND
-
JAJOR FINDINGS

auildigg on the un@t-category analyses of the previous
chapter, this chapter highlights the effects environmeatal
sequlations are likely to have on EPA's ten regions and the
jifferences among regions. It presents methodology and as-
sumptions used in this regional analysis, the regional distri-
pution of current and future capacity, and compliance costs
among units. It shows the components of costs by pollutant
controlled and by types of costs. The chapter closes with a

alitative discussion of pollution control requirements under
the attainment and nonattainment programs.

Bach of the ten EPA regions has a unique profile of
existing capacity by age of unit and fuel type and, therefore,
is affected differently by environmental regulations. Each
region's profile, and the changes in the mix due to growth
within a region over time, influences the most likely range of

ollution control strategies for the region. The strategies,
whether they involve equipment or fuels upgrading, are trans-
1ated into costs that the average regional customer pays for

its service.

Generally, units in the eastern regions are older than in
rhe western regions. More than 30 percent of eastern capacity
was installed before 1960; only 6 percent of western capacity
is of that vintage. Seventy-five percent of coal-fired capac-
ity and 45 percent of oil- and gas-fired capacity is in the

zast.

Regional variations in the average costs of compliance
sor unit categories capture the effects of differing fuel
nixes, fuel quality, and preferred compliance strategies.
These are summarized in Table V-l. Although the natiocnal
average cCost of pollution control acress all units is
3.88 mills per kWh, regional costs range from a high of.
8.35 mills per kWwh in Region I to a low of 1.07 mills per kiWh
in Region VI. In every region except Regions VI and VIII
(wnich have relatively low average costs), low-sulfur fuel
premiums dominate the costs.

Existing Capacity:
Costs of Compliance

oil-fired units rely exclusively on low-sulfur fuel to
achieve compliance with sulfur dioxide (S02) standards. This
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i - Tedle V=1
f
; DETERMINANTS 1N REGIONAL POLLUTION COMIROL COSTS
weighted Aversge
Unit-Category
2 2) Reasons for Costa Costs of Compllance
fegion  Quajnant Capecity Tvpe n_ocder of v {sillp/k)
t Pre-77 oll vaits Fuel (011) premive .3
n Pro=77 asel et ail uniis Fuyl (cowl and oil) premius; FGD capital
e opereting costs 6.18
1234 Pre=77 csal ana oil units Fuel (coul end oil) presiuss pre-72 coal .
@, ISP, snd chemicsl cantral 4.36
Iv Cosl wnits, and pre=72 ¢il unita fusl (cosl ews ail) premium) coal pre=72
TSrP and chemicsl control 4.8]
v Coal units empasislly pées72 Ffusl (conl) premiuag ISP control;
creatcal contrel 3.
v Past-72 ceal uaits, pre=T2 gas unilsa Thersal end chesicsl contral 1.07
Vil Casl wnitss pre=77 jae uaits fusl (ail) premius for cosl units thet
also butn oil; TSP gontral .33
vi1r Coal units, sspecislly pesd-Y6 ISP cantrol: FGD far paet-76 unitsy
thetesl end chemicsl control 1.9¢
x Pre=72 ail ev ges unitss pre=77 fusl (ail) presiue; theraal and chesiosl .
cosl uaits contzul for cosl and 0il unita 4.33
1 7276 aaal units; pre-77 ail units fuel (ail) premives TSP cantrol: thermel
and chesical comtral for ceal unita .2
Seurea: Energy Jatsbene end MS caloulations.

is reflected in the national average fuel oil premium of 6.8¢g
mills per kWh, and substantially affects the eastern regiona)
costs. Region I, with 99 percent of its fossil-fuel capacity
in oil units, faces a low-sulfur oil premium of 7.356 mills pe,
kWh, more than 90 percent of Region I's average pollution
control costs. Without a change in capacity mix in the fy-
ture, Region I's utility customers will face an even greaterp
differential in costs if, as projected, the fuel oil premiyp
escalates at a more rapid rate than the cost of alternative
compliance methods.

The relatively high costs in Region II are driven by SC,
contrcl strategies at both oil-fired and coal-fired units,
More than half of Region II's generation is provided by ' oi]lw
fired units; one-quarter of that capacity was in service be-
fore 1972. The costs of SO contrcl at coal units in Regigp
Il demonstrate the evolution of compliance strategies over
time. Units installed before 1972 depend exclusively on im-
croved fuel quality, while units installed after 1972 reflece
zhe influence of new source performance standards (NSPS I)
requirements in environmental standards. These units combipe
lower sulfur (but not compliance) cocal with flue gas desul £y,
ization (FGD) equipment. <Costs for the 1972-1976 units are no



greazer thanbﬁor the pre-1972 units, but units installed after
1976, 1n meéeting the NSPS I emissions limit of 1.2 pounds of
s09 per million Btu, face a tripling of costs for S0, control.

Coal-fired capacity in Region VIII accounts for three-
fourths of its total fessil-fuel capacity, with neagly gne-
eaizd of the coal capacity in NSPS I units. Control costs for
units with ln-service dates after 1976 are 150 percent greater
chan the average costs for units of all vintages. The compo-
neants of the high pollytion coantrol costs include total sus-
pended particulate (TSP) control systems, FGD equipment, ther-
mal control'equlpment, and energy penalties and operating
costs assoclated with the capital strategies. These costs
reflect, at a minimum, the compliance requirements of the next
~wo decades, as new coal units are subject to NSPS I, NSPS II,

and at timeg even stricter best achievable control technology
(BACT) requirements.

Expansion plans for utilities during the 1980s are pro-
jected to favor nuclear and coal capacity. All regions will
participate in the growth of nuclear capacity, which will
nearly double by 1990 if units currently under construction
are completed as planned. Pollution control requirements for
suclear units resemble gas units in their emphasis on thermal
and chemical control and in their low costs of compliance.
0il and gas coqversions o coal will contribute to a substan-
rial increase in coal capacity in Regions I, II, III, and IV,
and new coal capacity will dominate total additions in all
regions except IX and X.

New Coal-Fired Capacity:
Costs of Compliance

The emphasis on new coal-fired capacity will present
significant environmental concerns during the 1980s. Although
ySPS I standards can be met without installing scrubbers, it
is expectad that eastern units generally will install FGD
equipment with removal efficiencies of 85 to 90 percent and
will burn high-sulfur coal. In the West, approximately-one-
third of all new capacity in Regions VI and VII will be
scruboed, and nearly all new capacity in Region VIII will be
scrubbed.

The national average cost of compliance for SOz, TSP,
-nhermal and chemical control for new 1980-1984 coal-fired
capacity is 7.4 mills per kWh. The range is broad, from a low



of 5.3 mills per kwh in Regions IX and X where using low-
sulfur coal is the preferred strategy and scrubbers are infre-
quently installed, to a high of 8.6 mills dper kWh in Re-

gion VIII where scrubbers with removal efficiency of 90 per-
cent are combined with fuel that has less than 0.8 percent
sulfur content,

Specific compliance strategies for NSPS II additions in
che latter half of 1980 and beyond are more difficult to pre~
dict, although scrubbers will be required on all coal-fired
units. Individual units may choose a strategy of higher qual-
ity coal and 70 percent removal efficiency in the scrubber
design or lower quality cocal and 90 percent design removal
efficiency. On the basis of the assumptions described in
Chapter IV, eastern NSPS II compliance strategies are pro-
jected to cost 12.4 mills per kWh, while western compliance
strategies will cost 9.4 mills per kWh.

National Issues That
Affect Compliance

Several issues that are national in scope may have a
bearing on future regional compliance requirements and costs.
These include regional growth patterns and their effects on
emissions, PSD and regional air-quality-related values, and
regional siting in attainment and nonattainment areas.

Changes in growth patterns can have a noticeable effect
on air quality and on the level of control necessary to
achieve and maintain the National Ambient Air Quality Stand-
ards (NAAQS). The Clean Air Act requires that states incor-
porate in their state implementation plans (SIPs) the applica-
tion of appropriate controls based on growing or diminishing
emissions. If industrial growth occurs at a higher than pre-
dicted rate in the Southeast or Southwest, or if conversions
2o c¢oal increase SOy emissions in the East, powerplants may be
required to meet more stringent emission limitations by in-
stalling complex and costly equipment.

Visibility impairment, particularly in the West, and acig
precipitation, particularly in the East, are two air-quality-
related values that may be the focus of much attention over
the next fey years. An important element of the PSD program
is the consideration of these values during review of a permit
application. To the extent that objectives in these araas
cnange, and lead to changes in PSD requirements, compliance
strategies and costs will change over time.



pment areas is less Stringent than the re

calament areas. Further, the offset requirement exists only

in nonattainment areas. In practice, technology determina-
rions have been simjilar in the two areas ang offsets have been
available. Therefore, to date siting

in PSD areas has not
occurred at the eXpense of nonattainment Areas. In the fu-
gure, Growth may be linmj ] ]

are uaavailab.}.e or extr
affects are difficult o quantify at this time.

quirement in nonat-

RESEARCE METHODOLOGY
et gy,

selection of Regional Boundaries

_ EPA's ten regions, as shown in Figure V-1, were selected
rather than National Electrie Reliability Council (NERC) re-
gions because the Epa regions are coterminouys with state boun-
daries. In addition, ICF's Coal and Electric Utilities Model
(CEUM), from which TBS derived regional capacity data, gen-
erates data that are consistent with state boundaries. Epa
regions were preferable to Census regions, which also follow
state boundaries; whila Energy Database information and data
provided by the utility industry can be aggregated for either
set of regions, the primary users of these research findings
will be EPA and its regional offices. Although all 48 con-
tinental states are rapresented in this analysis, Alaska (part
of Region X) and Hawaii (part of Region IX) are not included
pecause Form 67 data and CEUM data wera unavailable.

Develcoroment of Baseline costs

To facilitate a comparison of pollution control costs
with the costs of operating in the absence of environmental
regulations, TBS developed baseline unit-category pretax reve-
nue reaguirements. Pretax ravenue requirements are an appro-
priate measure because they include capital and operating

(Zuel and nonfuel) costs that are ultimately paid by the rate-
payers.



Figure V-1

EPA REGIONS




The methodology described in Chapter IV for the unit-
category analysis was applied to the regional analysis with
cne modification: the baseline fuel price for high-sulfur
coal in the Zast is greater than the baseline price for low-
sulfur cocal available in the West. That differential, amount-
ing to 1.2 mills per kWh, is incorporated in the eastern and
western unit-category costs of generation at coal-fired units.

Develooment of Pollution
Control Costs

The approach used to develop the regional pollution con-
trol costs for coal-, oil-, and gas-fired units parallels that
used for the unit-category analysis. Each region's costs of
compliance were derived from the Energy Database using the
same computational logic and types of assumptions as those
described in the previous chapter. Wherever possible, data
were incorporated that reflected differences among regions;
examples include the use of location-specific fuel premiums
and the distributions of capacity additions to appropriate
ragions by fuel type. Some data, such as capital charge
rates, were available only at the national level. These were
applied uniformly to all regions.

REGIONAL DISTRIBUTION OF CURRENT
CAPACITY AND COSTS

The following paragraphs discuss the distribution of
current capacity, and the bagseline revenue raquirements and
pollution control compliance costs among the EPA regioas.

Current Capacitv by Regiocn

Table V-2 shows the distribution of regional capacity by
orime mover. Included in these data are fossil-fuel, nuclear,
and hydro (including pumped storage) units. Omitted f£rom the
table are the megawatts of internal combustion/gas turbine
(IC/GT) power, which account for approximately 8.6 percent of
total U.S. electric utility capacity. These data were not
available on a regional level in a form consistant with data
for other fuel tyves.

~ An examination of the distribution of capacity among
regions shows that all regions differ markedly f£rom the na-
tional distribution of 44.6 percent coal, 3l.4 percent gas and



ail, 3.5 percent nuclear, and l14.35 percent hydro. The great-
est deviations from the national average occur in Region I,
where 82.3 percent of the capacity is provided by oil-fired
and nuclear units; Region VIII, where 98.5 percent of capacity
is provided by cocal~-fired and hydro upits; Region IX, where
384.5 perceant of capacity is provided by ocil-fired, gas-fired,
and hydro units; and fipally Region X, where 91 percent of
capacity is hydro.

Table V=2
1979 REGIONAL CAPACITY 8Y FUEL Tveel

(MY and percent of total)

Fuel Typtz
o Conl Qi1 end Gas Nuclear Hydro Total
A
Region w3z L N w3 ooz w3
13 486 2.7 10,684 55.1 4,199 23.2 2,708 15.0 13,077 100
II¢ 4,286 1.0 20,830 53.0 7,537 19.4 4,487 16.§ 38,940 100
111 33,611 63.0 N,941 22.4 5,948 11.2 1,818 3.4 $3,318 100
v £2,3643 S57.8 20,158 18.7 12,831 1.9 12,478 1ll.s 107,827 100
v 72,498 75.0 8,602 8.9 12,425 12.9 .3,07%5 3.2 96,600 100
¥l 14,941 19.2 9,592 76.5 856 L.l 2,528 3.2 77,907 100
VIl 20,278 75.5 3,620 13.5 1,713 6.6 1,181 4.4 26,832 100
vIII 12,025 48.8 262 1.5 0 4.0 5,196 29.7 17,483 100
Ix 5,231 12.2 24,259 56.4 1,411 3.3 1,89 29.1 42,990 100
X 1,300 4.5 0.2 1,130 3.9 26,299 9l.4 28,773 100
Total 227,019 44,8 159,792 31.4 48,106 9.5 T3.B352 WM.5 508,765 100

1(:anc.'u:y as of end of 1979.

xcludes combined cycle and geothermal.
}Includcs eastern Psnnsylvania.

xcludes ecastern Pennsylvania.

Source: ICF, Inc., Altermative Strategies for Reducing Utility SO, end NO

Emissions, June 1981; and Energy Oatabass.

Zach of the ten EPA regions has a unique profile of
existing fossil-fuel capacity by age of units and fuel type.
This profile, as shown in Table V-3, and the changes in the
mix due %o growth within a region over time, influence the
most likely range of pollution control strategies for the
tegion. The strategies, whether they ars capital-intensive or
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22l cholices, are translated into costs that the average re-
ional customer pays for its service. Nationally, current
coal-ZIired and noncoal-fired units contribute approximately

38 percent and 42 percent, respectively, to all fossil-fuel
capacity. Coal is the predominant fossil fuel in Regions III,
v, v, VII, VIII, and X; gas is dominant only in Region VI;

and oil is dominant only in Region I but is important in Re~-
gion II as well.

Gy oy

As shown in Table V-3, in more than half the regions (II,
Iz, v, v, vi, VII, and IX) at least 55 percent of the units
were installed prior to 1972. The Energy Database further
reveals that, based on in-service year, Region V has the larg-
est share of units that would be candidates for replacement
during the 1980s, followed closely by Regions III and 1IV.
Regions VII and VIII have added the largest percentage of NSPS
I coal-fired units to their inventories since 1976; these
units and units planned for start-up in the early 1980s con-

tribute substantially to the fossil-fuel capaciity in their
regions.

Baseline Costs

Based on the Energy Database, generatioan in the East .
(Regions I-V) is deominated by oil- and coal~fired units while
generation in the West (Regions VI-X) is spread more evenly
across coal-, gas-, and gas/oil-fired units. This results in
a slightly higher baseline cost of generation for western
units than for eastern units, as shown in Table Vv-4. Speci-
£ically, the weighted average baseline costs for eastern and

westarn regions are 26.7 mills per kWh and 27.7 mills per kWh,
respectively.

Compnliance Costs

The previous chapter discussed the components of the
average costs within unit catagories of controlling pollution.
The national average cost of 3.88 mills per kWh is composed of
air, water, and waste pollution control costs. These costs
ars the aggregation of capital, operating, energy penalty, and
fuel premium costs, and incorporate strategies adopted by
operating units throughout the country. This section discus-
ses regional variations in the average costs of compliance
within unit categories to capture the range of effects caused
5y differing plant ages, fuel mixes, fuel quality, and pre-
Zarred compliance strategies.



labla V-3

FUOSSIL STEAN UNITS
TYPE OF CAPACRTY BY IN-SERVICE VEAR

(percent of total fossell capecity in reglon in 1979)

Unit Cetegoriea

o e e et o e o o i e e e T > S v e e T S e > - A e = P e A o = e o e e e o A 4 W A s .~ e e e = = - —

Coal Unite 011 Unite Gus Unitse Gas/01] Unite
In-Service Yeer In-Searvice Yoer In-Service Yesr In-Sesvice Yeer Al} Foueil-Fuel Unite
L T Mgy R oy g U U
Reqion Pre-72 712-16 171-19 Pre-12 12-76 711-719 Pre-712 72-76 11-19 Pre-712 72-16 11-19 Cosl 01l Ges Gua/041)
1 0 0 (1} 48.1 50.9 0 0 ) 0 5.0 0 q 0 99.0 0 1.0
11 14.5 4.1 A.1 23.6 19.6 1.9 4.5 0 (1] 24.8 3.0 1] 22.6 45.1 4.5 7.4
111 59.3 17.9 3.0 8.3 8.2 2.4 (1] 0 (7] (1] 0 0 8l.} 184.9 0 (1]
11} 49.7 17.8 5.5 3.5 5.8 2.6 1.2 0.1 0 12.5 0.8 0.5 73.0 11.9 1.3 1.8
v 66.9 1.7 8.4 3.2 1.2 6.1 0.2 0 0 2.3 0 0 a81.0 10.5 0.2 2.}
vi 5.7 3.3 4.7 0.3 0.3 0 48.9 16.0 2.0 10.1 7.9 0 13.7 0.6 61.7 18.0
vil 41.5 9.8 32.2 0 0 0 2.2 0.5 0 13.) 0.6 i] 83.4 q 2.7 1}.9
VIl 18.5 34.6 23.) 0 0 0 11.3 4.) 5.0 3.1 0 0 76.3 0 20.6 3.1
Ix 7.6 10.2 2.6 6.1 1.0 1.5 4.6 2.1 Q ét.1 3.2 0 20.4 8.6 6.7 64.3
X (1] 69.7 (] 15.1 15.1 0 0 0 0 0 0 0 69.7 0.2 0 0
National
Average 38.2 12.7 6.1 6.3 5.6 2.5 9.2 3.0 0.5 13.3 2.0 0.1 57.6 14.4 12.¢ 15.4

Source: Enaryy Datubase. _
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Table V-4
BASELINE COSTS OF GEMERATING
ELECTRICITY IN 1979 AT UNIT CATEGORIES
SELECTED FOR ANALYSIS

(1979 mills/kwh)

Fuel Type
Average
EPA Regions  Coal i Gas Gas/01l All Fuels!
1.V
(Eastern) 28.2 37.4 28.5 31.3 2.7
VIX
(Western) 2.0 3.4 28.5 31.3 27.7

Note: Ses Table VI-17 and Figure VI-6 for escalation rates for
various components of costs. An approximation to 1982
dollars can be made using the GNP escalation factor of 1.286.

l\'leightod aversge based on generation in esch fuel catsgoery.

Saurcs: Energy Databsse and TBS calculations.

Table V-5 arrays the determinants of regional pollution
control costs. The major causes of compliance costs across
all regions are the fuel oil and coal premiums that are paid
%0 upgrade the quality of the fuel by reducing the sulfur
content, Oil-fired units rely exclusively on low-sulfur fuel
to achieve compliance with 503 standards. At coal-fired
units, a fuel-switching strategy is used more frequently than
an equipment strategy, although sometimes a switch to moder-
ately improved fuel gquality will be combined with FGD equip-
Tent that removes less sulfur from the fuel (see Tables IV-9

and IV-10 in the previous chapter).



Table V-5

CETERAMINANTS IN 1979 REGIONAL POLLUTION CONTROL COSTS

EPA Reasons far Costs
Region  Oominsnt Fossil-fuel Strat {in order of relstive magnitude)
)¢ Pre~77 oil units Fuel (cil) premium
) §4 Pre-77 coal and oil units Fusl (coal and 0il) premiums FGO cspital
and opersting costs
1§94 Pre=77 coal and ail units Fuel (coal and 0il) premiums pre<72 coal
FGD, TSP, and cheaical control
v Cosl units and pre-72 oil units Fual (coal and qil) premiums coal pre-72
TSP and chemical control
] Cosl units especially pre-72 Fusl (coal) premium; TSP control;
chemicsl control
vl Post-72 coal units, pre-72 gas units Thermal and chemical control
Vil Cosl units; pre-72 gas units Fuel (oil) premium for coal units that
also burn oil; TSP control
vIIl Coal units, sspecially post-7§ TSP contral; FGD for post-76 units;
thermal and chemical control
X Pre<72 oil and gas units; pre~77 Fusl (oil) premium; thermal and chemical
coal units eontral for cosl and oil units
X 72-76 coal units; pre-77 oil units Fuel (0il) premiums TSP control; thermal

end chemical control for coel units

Source: Energy Dastabase and TBS calculations.

As shown in Table V-6, pollution control costs incurred
by each region range from a low of 1.07 mills per kWh in Re-
gion VI to a high of 8.35 mills per kWh in Region I. The
associated percent increase over avaerage baseline costs at
each end of the range is 4 percent and 31 percent, respective-
ly. Gas-fired units incur the smallest incremental costs;
generally they are at or below 1 mill per kWh and represent an
increase of no more than 4 mills per kWh across all regions.
Gas/oil units would show low costs but for the fuel oil pre-
mium associated with lower sulfur oil. Although more than 50
parcent of the generation from gas/oil units is gas-fired, the
oil premium carries a disproportionately large share of total




tacra2mental costs and yields effects as high as 26 percent
over baseline in Region I and 22 percent over baseline in
Region II.

Table V-6
ITSIONAL AVERAGE ANNUALIZED COSTS OF COMPLYING YITH AIR, WATER, AND SOLID WASTE REGULATIONS IN 1979

(1979 mills/kWh and percent incresase
over baseline costs)

Fusl Type
Coal oil Gas Cas/04il All Fuals

B Jec:icn mills/kwh ~ mi k¥h = @ills/kih % mills/kih % mills/kwh s

: | g 8.3% 22 1] Q 8.04 28 8.35 31

I 5.24 22 6.0 17 0.02 o 6.80 22 6.18 3

1964 3.80 18 8.73 3 Q Q g 0 4,36 15

v §.10 17 7.71 21 .84 3 4.1 o 4.41 17

¥ 3.86 14 8.7 3 g.7a 3 5.00 16 3.73 14

Vi 2.3 9 4.98 B 0.5 2 2.0 8 1.7 4

V12 5.02 2 0 0 1.08 4 . ] 4,53 15

il 3.28 14 Q 0 0.50 2 2.49 8 2.9 11

X 1.76 8 9.93 27 0.33 1 5.48 18 4.53 18

X 1.31 é 12.14 2 0 0 0 0 2.35 8
ratlanal

ivarage 3.563 15 7.89 21 0.55 2 4,72 15 3.88 18

Hole: See Taple VI-17 and Figure YI-6 for escalation rates for various components of costs. An spproximstion
=5 1982 dollars can be mede using the GNP escalation factor of 1.286.

Bource: Znergy Database and TBS calculations.
——

Oil-fired units in all regions experience increases of at
least 13 percent over baseline and reach a high of 32 percent
in Region.x, where there is very little gil-fired capacity but
where the fuel premium is more than 10 mills per kWh on .a base
of 3.74 mills per kWh., The effects of the fuel premium on
average costs of generating electricity in Rggxon X wcgld be
even more dramatic than they are, but cocal-fired capacity,
which is relatively less expensive in terms of meeting envi-
ronmental compliance requirements due to_tne_absence o§ a fuel
oremium, is used more extensively than oil-fired capacity.
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Coal-fired unit compliance costs range from a low of 1.31
mills per kxWh to a high of 5.24 milly per kWh, or 6 percent to
22 percent, raspectively, over baseline operating costs. The
differences are a function of the compliance strategies cho-
sen, availability of low-sulfur coal (which carries a premium
in the East but not in the West), and the extent to which low-
sulfur oil (which carries a premium in every region) is burned
in units that also burn cocal. For example, at coal-fired
units in Region VII, the high costs relative to baseline are
caused primarily by oil premiums, not by the use of low-sulfur
coal, for those units that have multifuel capabilities.

Table V-7 shows the range of costs associated with S03,
TSP, thermal, and chemical pollution control strategies across
the regions. Region I, with 99 percent of its fossil-fuel
capacity in oil units, pays an unusually high fuel premium
associated with SO; compliance. In fact, its fuel premium
exceeds the national average by more than 200 percent.

Teble V=7

AVERAGE ANNUALIZED COSTS OF COMPLIANCE 8Y POLLUTANT
FOR TYPICALLY AFFECTED FOSSIL STEAM UNITS IN 1979

(1979 mills/kwh)

Pollution Control Strategy Costs

S0 Control

EPA TSP Thermal Chemical
Region F50 fusl Control Control Contzol Totsl
1 0 7.% 0.24 a.: 0.53 8.35
11 0.9 4.% 0.30 0.1$ 0.48 §.18
111 0.3 2.93 0.4l g.28 0.40 4.36
v 0.3 3.01 .42 g.38 0.48 4.41
v 0.28 1.8% g.80 0.28 0.53 3.73
vl 0.07 0.38 0.0S 0.27 0.30 1.07
VIl 0.36 2.65 0.88 c.l19 0.45 4.53
vIII 0.4 0.05 1.2 0.7 0.47 2.9
IX 0.11 3.72 6.10 Q.21 0.40 6:53
X 0 1.00 0.51 0.48 0.9 2.73

National

Avarage 0.22 2.48 0.43 3.3 g0.44 3.88

Note: Sew Table VI-17 and Figure VI-§ for escalation tates for
various comon_onts of costs. An spproximation to 1982 dollars
can be made using the GVP escalation factaor of 1.286.

Source: Energy Databese and T3S calculations.
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Compared to the fuel premium component of SO contreol,
FGD strategies account for a lesser portion of the total costs
of control. Regions II and VIII have relatively high costs
for similar FGD strategies but for different reasons: Re-
gion II's units are older and located in more densely popu-~
lated areas with poorer air quality, and Region VIII's units
are newer--alaost one-third of the coal capacity is in NSPS I
units-—and current control costs are 150 percent greater than
the avarage costs for units of all vintages. Region IX's
costs for SOy control are much lower than average because the
coal-fired generation is not scrubbed and the coal that meets
the emission standards carries no fuel premium, as low=-sulfur
coal is generally available in the West at prices equal to
those of eastern high-sulfur coal.

TSP control accounts for a relatively large share of
total costs in regions with a dependence on coal-fired units,
as all cocal capacity is subject to TSP control. Region VIII
is a particularly good example, where the fossil-fuel capacity
is split between coal and gas (and gas/oil)=--76 percent and
24 percent, respactively, with no oil-fired units. While the
national average contribution of TSP control costs to total
control costs is about ll percent, TSP costs in Region VIII
account for 40 percent of the total. -

As a percentage of total costs, thermal and chemical
control costs in Region X exceed the national average by 100
percent. This is because these environmental requlations
affect all coal and oil units, and Region X's fossil capacity
is exclusively coal and oil.

An examination of the data in Table V-8 indicates that
there is wide regional variation from the national average
discribution of capital, operating, energy penalty, and fuel
premium component costs. Nationally, capital costs account
for 19 percent, operations and maintenance for 13 percent,
energy penalties for 4 percent, and low-sulfur fuel premiums
for 64 percent (see Table IV-22 in Chapter IV). Regionally,
nonfuel costs of control contribute 98 percent to Re-
gion VIII's total costs (2.89 mills/kWh out of a total of
2.94 mills/kWh), due to the lack of a fuel premium on low-
sulfur coal. Alternatively, nonfuel cost contribute 10 per-
cent to Region I's total costs, as oil-burning units dominate

the generation.



Table V=3

"

1979 UNIT-CATEGORY COSTS OF
COMPLIANCE BY COST COMPONENT
TOTAL AIR, WATER, AND SOLID WASTE

(1979 amills/kwn)

Cost Components

EPA Energy Fuel

Reqion Capital D&M Penalt Premium Total
I 0.37 0.4l 0.12 7.5% 8.3%
I g.s0 a.73 0.08 4.5 6.18
111 0.46 0.43 0.15 2.93 4.36
v 0.76 0.47 0.17 3.01 4.41
¥ 1.1 8.71 0.14 1.85 3.73
V1 0.2 0.29 g.i8 0.38 1.
Vil l.28 0.45 g.15 2.63 4.5
YIil 1.8 0.70 0.36 0.05 2.94
1X 0.32 0.38 0.12 3.7 4.53
X 0.6 0.44 e.27 1.00 2.35

National A
Average .72 g.53 0.15 2.48 3.88

Note: Ses Table VI-17 and Figure VI-§ for escalation tates
for verigus components of costs. An approximetion to
1982 dollars can be made using the GNP escalation factor
of 1.286.

Source: Energy Datsbase and TBS calaulstions.

REGIONAL DISTRIBUTION OF FUTURE
CAPACITY AND COMPLIANCE COSTS:
1980-1990

Current compliance strategies and costs present an incom-
plete picture of the effects of environmental regulations on
the electric utility industry. Measuring the full effects
also requires assessing the costs associated with future
requirements of those regulations on both existing and new
capacity.
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Xav Assumotions

This analysis depends on estimates of changes in energy
damand growth-—the year-to-year change in the total kilowatt-
nours of generation; peak demand--the maximum rate of demand
during a time period, usually a year--and reserve margin--the
diffarance between the system's capacity and the anticipated
annual peak demand. A reserve margin is maintained so that
power can still be provided at the time of peak demand, even
though the system’'s capacity may be temporarily reduced be-
cause of the failure of one or more generating units.

In a related study, EPA developed estimates of electri-
city demand growth and other key capacity assumptions.
According to EPA, aggregate demand will grow 3.0 percent per
vear during 1979-2005. (That reflects a change from earlier
forecasts of 3.4 percent per year during the period 1979-
1990.) ICP, Inc., allocated the near-term growth to regions,
based on responses of representative utility companies and
state utility commissions, to a survey of projected 1979-1985
plans. TBS then revised the regional growth forecasts to
reflect the lower aggregate demand growth estimates.

Growth rates in regional demand for the periods 197%-1985
and 1985-1990 are shown in Table V-9. The particularly high
projection in Region VIII is driven by EPA/DCE assumptions re-
garding the completion of major energy projects. The rela-
tively low estimate in Region I assumes adequate existing
capacity in 1979 and little growth in the industrial, commer-
cial, and residential sectors in the Northeast. Growth in
peax demand is assumed to be the same as growth in energy
demand throughout the forecast period. Underlying assumptions
ara that transmission and distribution losses remain at
10 percent of total generation, and that the reserve margin
varies from 36 to 20 percent nationally and within regions.

These key assumptions, in concert with the industry's ____
plans for reconversions, additions, and retirsments, provide
the basis for EPA's projections of 1979 capacity estimates to
£uture periods. As shown in Tables V=10 and V-1ll, nuclear
capacity should nearly double by 1990 if units currently uander
construction are completed as planned, and all regions will
sarticipate in that growth. The strategies for gradually
decreasing oil and gas use will lead to a substantial increase
in cocal capacity in Regions I through V, and new cocal capacity
will be the dominant strategy in Region VI.



Table V-9
PROJECTED GROWTH OF REGIONAL
DEMAND FOR ELECTRICITY

1979 10 1990
(percent)
Annual Growth Rate
EPA
Region 1979-1985 1985-1990
I 1.80 1.80
11 1.99 1.99
111 .01 2.02
1y .U 3.2
¥ 3.26 3.26
vl 3.88 3.85
VIl 2.9 2.98
YIII 5.21 4.19
X 1.5 1.9%
X 3.73 3.72
Aversge
All Regions 3.00 3.00

Source: EPA—aggregats forecast;
snd ICF, Inc., Altsrns.
tive Strategies for Re-
gducing Utility SO, and
!1";‘ Enissions, June

l.

Retired Capacity

Retirements will play a minor role in capaci i
plans during the 1980s. Although EPA and DOEpestEiazzgaggton
the purpose of their earlier study that about 3,500 MW of
coal-fired capacity would be retired during that period, ICF's
regional distribution of capacity changes did not rerflect that
change. The Energy Database sheds scme light on the question
of tha expected turnover of coal-fired units. Assuming, as
EPA and DOE did, that the average life of a unit is 4S5 §ears
units in service before 1945 would be retired by 1990, Less’
tpan 1l percent of the capacity--about 1,200 MW--would be can-
dfdates for retirement. Virtually all capacity older than
45 years is small (less than 50 MW each), in the eastern re-
gions, and concentrated in Region V. Since other capacity
changes occurring simultaneously would have far more impact on
Ehe cost.og gene;ation, no attempt has been made to account
for specific regional changes resulting from retirements.
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Tedls V=10

1985 REGIONAL CAPACITY 8Y FUEL TYPE

{M¥ and percent of total M)

Fuel Type+
Conl 0il and Gas Nuclear Hydro Total
£
Region . A 1 w3 L. R 1 . .1 M 1
! 2,288 12,5 8,912 49.3 4,199 23.2 2,708 15.0 18,077 100
19 6,018 18.5 18,842 48,4 7,577 19.4 6,487 16.7 38,940 10O
14984 39,086 43.7 8,957 15.7 1,048 12,4 1,818 3.2  %,389 .00
v 8,72 9.9 1s,701 13,7 15,966 13.9 1a,378 2.5 114,767 100
v 78,179 74.0 3,02 8.1 15,816 IS.0 3,075 2.9 105,672 100
vi 25,930 28.2 9,59 .7 4,077 4.4 2,526 2.7 92,060 100
VIl 23,870 75.2 3,620 .6 2,923 9.4 1,181 3.8 31,194 100
vIIZ 16,405 74,5 282 1.2 0 0 5,350 28.3 22,017 100
Ix 6,431 12.9 24,259 48,7 4,011 8.1 15,105 30.3 49,806 100
X 1,830 S.S s 0.1 2,22 6.7 29,105 @€7.7 33,202 100
Total 243,385 45.7 148,708 26.0 43,800 4.0 41,731 1l4.3 562,624 100

. expludes combined cycle and geothernel.

2includes ssstatn Pennsylvenia.
Jtxcludes ssstsrm Pemsylvenia.

Source: [CF, Inc., Altsrnstive Strategies f
Emissions, Jume 1981, end EPA revised capacity expanaion plen.

4
Radsy Upility SozmdNﬂ‘

(MW and percent af total M)

Tebls V=11

1990 REGIOMNAL CAPACITY 8Y FUEL TYPE

Fusl Typel
Coal 01l and Gas Nuclsar Hydro Total

EPA
Regica .. S 1 L. A 1 L A 4 . A 1 w2
! 8,831 22.9 6,79 34.9 5,349 7.7 2,803 14.5 19,322 100
112 135,713 3.2 18,311 32.5 9,205 20.9 4,767 5.4 43,996 100
1113 42,236 70.2 5,787 9.6 9,037 15.0 3,134 5.2 40,158 100
v 77,672 41.8 9,860 7.8 23,785 18.9 14,378 1l.8 125,495 100
y 86,209 T3.S 6,775 S.8 2,234 18.1 3,073 2.6 117,293 100
vi 38,839 3.1 59,592 S5.4 6,577 6.1 2,52 2.4 107,532 100
VIl 26,363 74.7 3,20 10.3 2,923 8.3 2,803 6.3 35,309 100
VIt 19,479 T7.6 262 1.0 o a 5,3% 2.3 25,091 100
IX 10,308 17.4 25,259 4l.4 8,861 1S.1 15,105 25,8  S8,533 100
X 2,178 6.0 4 0.1 &,713 13.1 29,105 80.8 36,052 100
Total 321,420 45.9 131,249 2.6 91,684 17.4 84,644 14.1 628,997 140

Lexcludes combined cycle and geothermal.
21neludes sastsrn Pennsylvania.
‘CSxcludes ssstarn Pennsylvania.

Source: ICF, Inc., Altarnetive Strategies for Reducing Utility SOp end NO

Enissions, June 1981, and EPA revised cepecity sxpansion plan,




Reconvertad and New Coal-

—

\req Capaclity

(23]

Coal-fired units will be the primary alternative for
adding baseload capacity during the 1980s and beyond. Regula-
tory requirements will vary for new coal-fired units, depend-
ing on the boiler order date and whether the unit is recon-
verted or new. Reconversions will be required to meet SIP
amissions limits. New capacity coming into service will con-
form to NSPS I if the units commenced construction after 1971
and before September 12, 1979. For the purposes of this anal-
ysis, it is assumed that the in-service year for NSPS I units
will be prior to 198S. Units with in-service datas of 1985
and beyond will mest NSPS II requirements, including the use
of scrubbers on all capacity. Again, due to construction
lead-~time, it is assumed that this is consistent with the EPA
cutoff date for NSPS boiler orders of September 12, 1979,

Reconversions to Coal

DOE's programs to phase out oil and gas capacity are
intended to carry out the National Energy Plan without sacri-
ficing the nation's air quality. Reconversions to coal capac-
ity from oil and gas capacity resulting from federal mandates
or voluntary actions are projected to account for slightly
less than 19,000 MW of coal-fired capacity during the 1980s.
Though coaversion entails major modifications to existing
boilers, EPA and DOE have agreed that under mandatory conver-
sion orders sources of pollution will not be required to apply
for a PSD permit in attainment areas. Rather, t¢ protect the
air resource, units will be subject to the same requirements
as existing plants, that is, SIP emission limits and PSD in-
crements. Voluntary conversions may enjoy the same exemption
if they were capable of burning coal before January 6, 1975.

The economic attractiveness of converting to coa
than continuing to burn oil at any existing ugit is alfgigtign
of the anticipated rate of increase in the price of oil, the
age of the unit, the region of the country in which it is
located, the stringency of the SIP, the compliance strategy
selected for the coal unit, the availability and quality of
coal, the cost of necessary modifications for coal handling
and the financial condition of the utility. Prior studies ’
demonstrated that coal-capable units with at least 10 to 15
years of remaining life aras economically attractive candidates



for coaversion.l ALl units included in this current analysis
nave in-service dates in the 1950s through 1970s. Assuming
that a fossil-fuel unit has a useful life of 45 years, and
that at least half the conversions would be completed by 1985,
units with in-service years of 1960 to 13975 would be particu-
larly attractive candidates.

Table V-12 shows the distribution of anticipated conver-
3ions across EPA's regions. All conversions are located in
the East, with the northern, mid-Atlantic and south-Atlantic
states heavily represented. Regions II and IV account for
about two-thirds of the capacity. EPA identified the current
SO0, emission standards for coal for these plants. For the
purpose of this analysis, the standards are grouped in "low-
SIP" and "high-SIP" categories, where low-SIP is below
1.66 pounds per million Btu and high-SIP is at or above that
level. Specifically, low-SIP ranges from 0.4 pounds per mil-
lion Btu (pounds/mmBtu) for a plant in Region II to a high of "
1.2 pounds/mmBtu in Regions I and II.  High-SIP ranges from a
low of 1.66 pounds/mmBtu in all regions to a high of 3.34
pounds/mmBtu in Regions I and IV.

Table V-12

ESTIMATED 1980-199Q RECONVERSIONS TO COAL

Capscity Affected (MW)2

Low SIP High SIP
EPA Regjon® (<1.66 pounds/mmBtu) (>1.66 pounds/meBtu) Total
! 1,372 2,573 3,945
11 897 4,181 5,078
111 0 3,339 3,339
v 0 6,098 §,098
v 0 500 500
Total 2,269 16,691 18,960

lThere are no snticipated conversions from oil or gas to cosal in Regions VI-X..
Zynit capabilities after conversion.

Source: ICF, Ime., Altsrnative Strategies for Reducing Utility SO, a 0

Emissions, June 1981; and EPA revised capacity expansion plan.

1G. Martin Wagner, "Substituting Coal Power Plants for 0il
Plants," U.S. EPA, Energy Economics Sranch, November 21,
1980. £Edison Electric Institute has provided an alternative
analysis of the economics of reconversion. That discussion

appears in Chapter VI in this report.



Pollution control strategies for coaverted units are
designed to respond to changes in SO and TSP emissions as a
resulc of a shift in fuels. Thermdl and chemical guidelines
that were part of the oil-burning environment are unchanged.
Therefore, the costs of compliance to be included in a compar-
ative analysis are air program costs--S0; and TSP reduction
and collection costs. Two strategies are likely. A utility
may choose to burn low-sulfur coal if the SIP limit allows .and
i theras is a dependable source of fuel of appropriate gqual-
ity either run-of-mine or after preparation. Alternatively, a
utility may choose to install a scrubber and burn higher sul-
fur coal, a fuel that is cheaper and more readily available to
some eastern plants.

This study analyzed the comparative air pollution control
costs (including waste disposal) of reconverted and oil-fired
units. It did not repeat the pravious analysis of the ovarall
economics of conversion. Table V=13 presents the results of
this study. For comparative purposes, compliance costs for
existing oil-fired units are shown. For the oil-fired units,
the costs of compliance with air program requirements are
based on those developed in the unit-category analysis for oil
capacity in service before 1972,

Table V=13
1980-1990 RECONVERSIONS
AVERAGE ANNUALIZED UNIT-CATEGORY COSTS OF COMPLIANCE
AND REGIONAL EFFECTS

(1979 ailla/kih)

Units Reconverted to Coal

Low=Sulfur Cosl Stratsgy Scrubber Strateqy

EPA Region  Qil Units! mille/WWh % difference  mills/kwh % difference
t 12.63 5.58 -5 8.95 =29
11 9.37 5.49 -45 8.78 -1l
1991 10.% 5.40 -49 8.60 -19
Iv 10.45 5.40 -a8 8.60 a8
V uo” 5.40 'w 8.w -}7

Averags

Regions l-v 10.56 5.48 -49 8.76 -18

Ngte: Ses Table VI-17 and Figurs V1-6 for escalation rates for various components

of costs. An approximation to 1982 dollars can b i S
RPN an be made using the GNP escala-

lincludes air pollution control costs for pre-1972 of

: l i . ) -
ferential between baseline (high-sulfur) gil olfor coay oy Premiuafor dif

and high-sulfur coal prices.

Source: Energy Database and TBS calculations.




Assuming that all units choose a low-sulfur coal strat-
the capacity located in low~SIP areas will require coal

2qY,
with less than 1 percent sulfur and will face an average fuel
oremium of 4 mills per kWh. Capacity located in high=-SIP

areas will be able to burn coal with a sulfur content above

1 percent and will pay an average premium of 3.5 mills per
xWh. 1In the aggregate, a low-sulfur coal strategy would cost
5.43 mills per kWn for air pollution control, However, that
represents a decrzase of about 50 percent when compared with
the cost of the fuel differential between baseline o0il and
coal and of air pollution control requirements at oil-burning

units.

Region II shows the smallest savings in pollution control
costs for reconverted units at 45 percent, while Region V
shows the largest savings at 60 percent. Region LI's calcu-
lated fuel premium for pre-1972 oil-fired units is 6.05 mills
per kWh, while comparable figures in Regions I and III are
8.96 and 6.83, respectively. Although all counties. are in
attainment for primary SO; and TSP, allowable emission limits
in Region II SIPs range from being as stringent as surroundiag
regions to being markedly higher. Operating units are report-
ing emissions within the allowable rates, but Region II's fuel
oil has a higher sulfur content on average than that burned in
other regions. In contrast, Region V pays an estimated aver-
age fuel premium of 9.6 mills per kWh to meet its SO limita-

tions.

If all units choose a scrubber strategy, pollution con-
trol costs still decrease, although the savings are not as
large. Overall, the pollution control cost of 8.76 mills per
XWh represents a savings of 18 percent over the cost of con-
trolling pollution from oil-fired units. Embedded in this
analysis is the assumption that units located in low=SIP areas
would need a scrubber with an efficiency rate of 70 percent
and would pay a premium of 1 mill per kWh for better quality
coal, while units in high-SIP areas would install the same
scrubber but would pay no fuel premium for high-sulfur coal.

The fuel and scrubber strategies described above exclude
the effects of certain costs that would, in fact, be part of
the utility company's responsibility during the reconversion
project. Not included are conversion costs, such as boiler
modification, the purchase of replacement power during conver-
sion, and delays in recovering the investment because of rate-
setting policies. These reasons contribute to utilities' ra-
luctance to convert their facilities. A fuller discussion of
the implications of excluding certain conversion costs from
the national assessment appears in Chapter VI,



New Coal-Fired Capacitv: 1580-198S5

In additioa to the reconversions from oil to coal, an
estimatad 34,888 MW of coal-fired capacity will come inteo
service during 1980-1985. The distribution of that capacity
is shown in Table V-14 and is based on a survey of utility
company managers conducted by ICF, Inc., for EPA. Regions I
and II will increase their coal-fired capacity during the
early 1980s, but only by reconverting ocil-fired units that
originally burned coal. Region VI will contribute approxi-
mately ona-third of all new additions, with most of the growth
located in Texas.

Teble V-14

ESTIMATED 1980-1985 NSPS I COAL-FIRED
CAPACITY ADDITIONS AND
AVERAGE UNIT-CATEGORY COSTS OF COMPLIANCE

New Cosl-Fired Capacity Aversge Cost of Compliance
EPA Region (MW) (1979 mills/icwh)
133 0 0
1! 0 0
111 2,557 8.1
v 6,359 7.8
v 5,681 8.1
vI 10,989 6.5
vII 3,192 6.4
VIII " 4,380 8.6
Ix 1,200 5.3
X $30 5.3
All Regiona? 34,888 7.4

Nots: See Teble YI-17 and Figure VI-§ for sscalation rates for the various
components of costs. An spproximation to 1982 dallars can be mads
ysing the GNP escalation factor of 1,286,

1a11 Region I and II coal-fired capscity additions are accountsd For by
tsconversions.

No reqgional data wers available for retiresents; new capacity may be
understated if retirements sctually occur.,

Source: Capacity data: ICF, Inc., Alternstive Strategies for Reducin

UtilitZ. 50, and NO‘ Emissions, June 1981; and EPA revised capacity
expansion plen. Cost data: Energy Database and TBS caloulations.




Since the majority of areas are meeting the primary SO,
and TSP standards, pollution control strategies at these new
units will be designed primarily to meet applicable NSPS I
ra2quirsments. Some units may be required to install pollution
control equipment that exceeds NSPS I requirements if they are
sited near Class I PSD areas or in areas with limited avail-
able increments. NSPS I requirements specify that a unit must
not exceed an emission rate of 1.2 pounds of S0 per millicn
3t1 and mus: meet a TSP limit of 0.l pounds per million Btu,
which is usually achieved through installation of high-effi-
ciency TSP control systems. Eastern coal-burning units can
meet the SQ; raquiraments by installing scrubbers and burning
high-sulfur coal or by burning low-sulfur coal. Western units
have a ready supply of low-sulfur coal that allows them to
meet the standard without installing scrubbers.

Although NSPS I standards can be met without installing
°GD equipment, nationwide approximately 52 percent of 1980-
1985 new capacity will be scrubbed. According to the Energy
Database, eastern units generally will install PGD equipment
with design removal efficiency of 85 to 90 percent and will
burn coal as high as 3.8 percent of sulfur. In addition,
approximately one-third of the new capacity in western Regions
VI and VII will use scrubbers with removal efficiencies of 70
to 80 percent and will burn coal with a sulfur content of 0.5
to 0.9 percent. Nearly all new capacity in Region VIII will
be scrubbed with equipment designed to remove 80 to 95 percent
of the flue gases, while burning c¢oal with less than 0.8 per-
cent of sulfur. (Refer to Appendix E for conversion factors
to obtain sulfur contents in pounds of sulfur per ton.)

Average annualized unit-category costs of meeting envi-
ronmental compliance requirements on new capacity between 1980
and 1985 include the costs of SO and TSP control strategies
for meeting NSPS I, as well as thermal, chemical, and solid
waste control programs. As developed in Chapter IV (see Table
IV~-24), and based to a large extent on EPA estimates, the
anit-category costs of compliance are 7.6 mills per kWh for
the eastern low-sulfur coal approach, 8.6 mills per kWh for
the eastarn and western scrubber approach, and 5.3 mills per
XAn for the western low=-sulfur coal approach. (These are
stated in 1979 mills for comparison with other unit-category
analyses in this study.) The new capacity in each region
pursues a mix of scrubbar and coal quality strategies that
yields a weighted-avarage cost of compliance, as shown in
Table V~-l4. For example, it is assumed that all capacity in
Region VIII will be scrubbed; therefore, the average cost of a
scrubber strategy, at 8.6 mills per kWh, appears in the table
as Region VIII's NSPS I unit-category cost. In contrast, all
capacity in Regions IX and X will follow a low-sulfur coal



stratagy priced at 5.3 mills per kWh. In Region III, the
capacity split for scrubber and eastern low-sulfur coal strat-
egies is approximately 50-50, and«the weighted-average cost of
8.1 mills per kWh reflects that mix.

A comparison of costs across regions echoes statements
made by industry sources during the case study interviews that
scrubbers are at least as costly as a low-sulfur fuel strat-
agy. If the choice were based exclusively on economics, oper-
ators of nearly half the projected additions in the early
1980s would not install scrubbers. However, other factors at
times dominate, includiang uncertainty of long-term low-sulfur
coal supplies, attractive long-tarm high-sulfur cocal con-
cracts, or the inability tc meet a particularly stringent
local emission standard with readily available high-quality
coal.

New Coal-Fired Capacity: 1985-1990

Although the lead time required to bring a new fossil-
fueled generating unit into service may be as long as eight
years, it is difficult at this time to predict the mix of
fuels across all capacity and the distribution of capacity
across regions for the post~1984 paried. Toals that were
available for 1980-1985 are not applicable here. ICF's survey
for EPA included expansion plans for the near term. The Bner-
gy Database has ample data for NSPS I units, but the Form 67
did not specify submission of data beyond the 1984 planning
horizon. NERC/ERA publishes a ten-year capacity exéansion
forecast, but the aggrsgate estimates may aot be consisteat
with ICF's data. These data limitations dictate that the
analysis of NSPS II compliance strategies and costs bhe less
thorough than previous analyses.

Table V-15 shows the distribution of estimated 1985-1990
capacity additions. Trends begun in 1980 ars projected to
continue. Regions IV, V, and VI will continue to increase
their reliance on coal~fired and nuclear capacity. 1In Region
VI, Texas will add large coal-fired units, while Region Vv will
retire old, small units and add large units to carry out re-
placement and addition strategies.

All coal-fired additions will be regquired
scrubbers.for SO control but will have 3 choiczooénzzziiber
technologies. EPA assumes that eastern units can meat NSPS II
requirsments with scrubbers designed for 90 percent ;emoval
efficiency (wet scrubbers) and the use of eastarn high-sulfur
cqal, or with scrubbers designed for 70 percent removal efgi-
ciency (dry scrubbers) and the use of lower-sulfur coal. The



Table V=15

ESTIMATED 1985-1990 NSPS [1 COAL-FIRED
CAPACITY ADOITIONS AND
AVERAGE UNIT-CATEGORY COSTS OF COMPLIANCE

New Cosl-fired Average Cost of
Capacity Compliance

EPA Region () (1973 mills/ikiwh)
I 0 0
I 4,349 12,4
1984 2,729 12.4
Iy 2,852 12.4
v 7,530 12.4
VI 12,909 9.4
VIl 2,893 9.4
VIII 3,074 9.4
X 3,877 9.4
X 340 Y
All Regions? a0, 553 1.5

Note: See Table VI-17 and Figure VI-6 fuor escalation
rates for the various components of costs. An
spproximstion to 1982 dollars can be made using
the GNP escalation factor of 1.284.

1411 Region ! coal-fired capecity additions are sccounted

for by rsconversions.
No regionsl data were available for retirements; new
capecity may be understatad if retirements actually

occur.

Source: Capacity data: IFC, Inc., Alternative Strat-
egies for Reducing Utility SO, snd NO

Emissions, June 1981; and EPA rwisad‘capacity
expansion plan, Cost data: Energy Dstabase and

™S calculations.

Znergy Database contains utility submittals of planned scrub-
ber strategies for units coming into service during 1980-198S.
Of the several units that will meet the NSPS II requirements,
90 percent will use wet scrubbers and high-sulfur coal. EPA
assumes that western units will use dry scrubbers because of
their access to low-sulfur coal and the compatibility of that
¢2al with dry scrubbing technology.



The compliance costs for meeting NSPS II reguirements
accompany the regional capacity data in Table V-l3. Incor-
oorated in these costs are the assumptions that 90 percent of
eastarn units will scrub high-sulfur coal and 10 percent will
scrub low-sulfur coal and that all western units will scrub
low-sulZur coal. It is also assumed that TSP coantrol ia the
East will be accomplished with electrostatic precipitators,
whila westarn units will install baghouses. Thermal and chem-
ical standards will be met with traditional control technigues
in both eastarn and western units. Based on these assump-
tions, the average cost of NSPS Il compliance in the East is
anticipated to be approximately 12.4 mills per kWh (in 1979
dollars), while western strategies carry a lower cost of
9.4 mills per kWh. Capital costs associated directly with
FGD, TSP, -and thermal equipment and indirectly with replace-~
ment capacity account for about 75 percent of total costs.
Operation and maintenance activities carry a relatively small
burden, and only in the eastern dry scrubbing approcach is a
fuel premium of 4 mills per kWh applied to account for higher

priced fuel.

Several potential changes in the next few years would
affect the approaches utilities would select for complying
wich NSPS II. Currently, EPA's engineering estimates of the
costs of dry and wet scrubbers show that dry scrubbers with 70
percent removal efficiency are about 20 percent less expensive
than wet scrubbers with 90 percent removal efficiency. BHow-
evar, the addition of a fuel premium causes dry scrubbers to
be mora expensive for controlling S0 emissions. Ory scrub-
bers have not been used successfully on eastern units burning
eastern coal, although the technology has been effactive when
applied to western coal. That difficulty explains the treand
raported in the utility Form 67 data. If and when engineering
advances respond to the demand for dry scrubbers in the East,
the corders for dry scrubbers may exceed those for wet scrub-
bSers.

EPA had previously estimated that the dominant share of
2astern NSPS II capacity would use dry scrubbers and would
burn eastern coal containing 1.7 percent sulfur. That esti-
mata2 has been revised due to technical problems, although EPA
anticipates that dry scrubbing technology will be compatible
with eastern low-sulfur coals in the near future. In that
case, the use of dry scrubbers introduces an associated issue
~-the availability of eastern low-sulfur coal in gQuantities
sufficient to meat demand created simultaneously by NSPS IT
requirsments and rapidly expanding cocal-burning capacity. The
diversity of choices in compliance stratagies may be con-
strained by coal supplies for eastern units. The longer term
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Z.2l pricing 2fIects are difficult to predict at this time but
daeserve careful observation as NSP?S II becomes increasingly
important in the operating environment of utilities.

CTSZR REGIONAL ISSUES

During the next 20 years, electric utilities will face
new environmental influences that will affect their capacity
expansion plans, capital costs, needs for external financing,
and ultimately the amount their customers pay for the services
provided. Unlike the compliance requirements of the 1970s,
many of the future requirements are difficult to predict and
even more difficult to gquantify. However, saveral national
issues including regional growth patterns and their effects on
emissions, PSD and regional air-quality-related values, and
regional siting, may have a bearing on regional compliance
requirements and costs.

Regional Growth Patterns
and Their Effect on Emissions

Changes in growth patterns can have a noticeable effect
or air quality and on the level of control necessary to
achieve and maintain the NAAQS. Yet local regulatory agen-
cias, in the interest of attracting new growth, may be reluc-
tant to require the ultimate in controls for proposed facili-
ties. The Clean Air Act requires that states project growth
and development in their areas and estimate the emission and
air quality impacts of that growth. SIPs must then demon-
strate that the NAAQS will be met or maintained by applying
appropriate control measures based on growing or diminishing
emissions. If industrial growth occurs at a higher than pre-

icted rate in the Southeast or Southwest, for example, or if
conversions to coal increase SO emissions in the East, main-
tenance of NAAQS may require powerplants to meet stringent
emission limitations by installing complex and costly equip-
ment.

Other patterns of change might lead to reduced emissions.
Zven with increased coal-fired generation, energy conservation
could limit the growth in emissions. A study of the New York
metropolitan area showed that under a high-conservation ap-
proach the existing TSP exceedance would be mitigated.? In

2GCA Tachnology Division and Temple, Barker & Sloane, Inc.,
Zvaluation of Alternative Development Scenarios, New York-New
Jersey-Connecticut Regional Study for the National Commission
on Air Quality (NCAQ), (July 1980).




CaliZfornia, one of the largest utilities in the state an-
nounced plans to expand its use~of renewable resources and
energy conservation programs to improve the quality of the air
and suppert natiocnal energy initiatives. '

PSD and Regional Air-
Qualitv-Related Values

An important element of the prevention of. significant
deterioration (PSD) program is the consideration, during
evaluation of a permit application, of air-quality-related
values such as visibility, odor, vitality of flora and fauna,
and acidity of precipitation.

Visibility impairment takas the form of regional haze-~-a
uniform reduction in visibility in all diractions; plume
blight--a clearly distinguished plume from a source; and
layered discoloration--bands of discoloration observable above
the surrounding land. While the relationship between SO, and
TSP emissions and visibility is only indirect, it is known
that some of the SO, emissions may be transformed into fine
sulfate particulate matter that might degrade visibility. It
is thought that emissions from cocal-fired powerplants and
smelters contribute more to regional haze than do any other
sources of pollution, although other sources may contributa
considerably.

Some evidence suggests that certain regions are harmed by
acid precipitation and that emissions of 503 and NOyx from
powerplants may be contributors. Acid precipitation is of
less concern in the West than in the East. Nitric acid pre-
dominates over sulfuric acid in western precipitation; alka-~
line dust particles that are found in western air neutralize
the acidity. In addition, western soils are relatively alka-
line, creating a natural buffer in western lands and lakes to
counteract the effects of acid precipitation. Finally, the
large, sparsely populated westarn regions can absorb a large
quantity of emissions and still maintain a low rate of emig-
sions per unit area. ,

The East is not as fortunate. Eastern acid precipitation
is two-thirds sulfuric acid and one-~third nitric acid. Eag-
tern soils and rock have high levels of acidity and poor buf-
fering capability. The levels of acidity in the scils and
lakes seem to be rising in many parts of the East and may
continue to increase. The main contributors to electric util-
ity iadustry SO emissions in the 1990s will be powerplants
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=ha: were already in service by 1976. Therefore, to the ex-
tent that utility emissions contribute to an acid problem in
the Zast, stringent control strategies for new sources may not
mitigate the problem.

The current PSD program may be largely ineffective in
raversing regiocnal air quality problems, such as visibility
and acid precipitation, that are caused by pollutants that
travel long distances and are the combination of emissions
from several sources. Modeling cannot identify individual
influences of sources of peollution hundreds of miles away, and
institutional arrangements do not exist to deal with multi-
state problems.

Recional Siting

Selecting a site for a new facility is complex and in-
volves consideration of many variables, including the availa-
bilicy of land, access to water, proximity to transportation
systems and raw materials, supply of a trained labor force,
favorable economic and tax climates, acceptance by the local
population, environmental climate, and attractiveness of local

hydrology and geology.

During the development of the Clean air Act amendments of
1977, many states expressed concern that the existing air
quality of an area not unnecessarily affect the traditionmal
competition for growth. In response to this concern, the PSD
increment program was designed with equal air quality degrada-
ticn allowed in all areas that met the NAAQS and BACT technol-
ogy review for all siting permit applications.

To date, PSD's influence has been less significant in
interregional siting decisions than more traditional factors
such as fuel and water supplies, transportation, taxes, wages,
and unicn posture.

In the future, the PSD increment program may create in-
terregional inequities, particularly in arsas wheras fuel con-
versions from relatively clean oil or natural gas to dirtier
coal consume the available increments, and in areas dominated
by hilly terrain where the need for complex modeling may cause
a site to be unattractive. EPA is cognizant cf the potential
problems in achieving national uniformity and is conducting
modeling workshops as well as developing guidance documents in
an efforc to promote consistency in carrying out the . intent of
the PSD program.
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Related to the issue of competition among clean air re-~
gions is the relationship between attainment and nonattainment
areas and its effect on economic development. 1In theory,
review of a major source in nonattainment areas is more strin-
gent than in PSD areas. 1In practice, however, technology
determinations have been similar in the two areas, especially
where EPA has issued guidance documents or has promulgated
NSPS. Therefore, to date PSD siting has not occurred at the
expense of nonattainment areas. In the future, growth may be

imited in nonattainment areas if offsets are unavailable or
extremely costly, although it is difficult to gquantify the
potential effects on interregional growth.



CHAPTER VI
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REGULATIONS ON THE ELECTRIC
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VI. NATIONAL EFFECTS OF ENVIRONMENTAL REGULATIONS
ON THE ELECTRIC UTILITY INDUSTRY

INTRODOCTION AND MAJOR FINDINGS

This chapter describes the financial effects of pollution
control regulations on the U.S. electric utility industry as a
whole. The U.S. electric utility industry is defined here to
include both investor and publicly owned segments of the
;ndustry. Because of the greater availability of data on
investor-owned utilities, projections for that portion of the
industry are used as the basis for extrapolating to the indus-
try level. Previous chapters have described the effects of
environmental regulations at the levels of individual units,
individual companies, and geographic subregions of the coun-
try. The national-level analysis of this chapter focuses
primaglly on the period 1980-1999. The "base case™ scenario,
described in detail in this chapter, reflects EPA's assump-
tions concerning the pollution control capital and operation
and maintenance costs required to satisfy current and expected
environmental regulations.

The national financial effects of pollution control regu-
lations are estimated using TBS's Policy Testing Model of the
electric utility industry, PTm(Electric Utilities). The model
draws on projections of demand, capacity expansion plans,
capacity utilization, and unit costs as inputs. The model
then develops detailed financial and fuel use projections.
PTm's financial and other results are sensitive to the input
assumptions about demand growth and capacity expansion plans.
To evaluate the effect of these assumptions on the estimate of
total pollution control costs, alternative scenarios of demand
growth and capacity expansion plans are considered. The re-
sults of the analyses of the base case and alternative scenar-
ios are described briefly in the following pages and in more
detail in the "Results of the National Analysis" section.

Pollution control regulatory requirements are typically
related to the in-service or construction start date of a par-
ticular plant or boiler. In this analysis, costs are account-
ed for by unit in-service date. The year-end 1979 financial
profile of the industry used for this study includes pollution
control expenditures made prior to January 1, 1980. 1In order
to determine a "baseline” projection excluding all environ-
mental costs, these pre-1980 environmental capital costs-~



which for the investor-owned portion of the industry accounted
for $6.55 billion of plant in-service and $5.95 billion of
construction work in progress (CWIP)--were subtracted from the
December 31, 1979, financial profile. Two distinct categories
of pollution control costs are then added to the baseline
projection--costs associated with pollution control equipment
installed prior to 1980; and pollution control expenditures
for equipment installed after 1979 plus any fuel premiums
incurred after 1979.

Figure VI-1l shows the mapping of unit in-service dates
onto pollution control cost categories. The separation of the
components of the total pollution control costs, particularly
costs associated with units installed before 1980, is impor-
tant for assessing the effect of specific pollution control
regulations. The capital costs, and to some extent the opera-
tion and maintenance costs, associated with pre-1980 pollution
control equipment cannot be altered and therefore can be con-
sidered "sunk."” These historical costs are the costs analyzed

Figure VI-l
POLLUTION CONTROL COST CATEGORIES AND UNIT IN-SERVICE DATES
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in detail in Chapters IV and V. 1In contrast, the fuel pre-
miums associated with pre-1980 requirements and the fuel,
other operation and maintenance, and capital costs of post-
1979 reguirements can, to a considerable degree, change
depending on the shape of future regulations. The focus of
this chapter is on these "incremental pollution control"
costs.

- Table VI-1 provides a comparison of the baseline finan-
cial projections, pre-1980 pollution control equipment costs,
and incremental pollution control costs, expressed in 1982
dollars. Incremental pollution control changes in plant in-
service amount to $87.3 billion over the forecast period, or
approximately 8 percent of projected industry changes to plant
in-service of $1,128.8 billion. Incremental external financ-
ing requirements are §70.5 billion. When pre-1980 pollution
control equipment costs are included, external financing in
the 1980-1999 period is reduced relative to the baseline pro-
jection by $2.3 billion. Credits for depreciation and re-
tained earnings associated with the equipment already on the
industry's balance sheets are responsible for the decline.
Cumulative pollution control operating revenue requirements
through 1999 are $263.3 billion, or 9 percent of the total of
$2,947.5 billion, as shown in Table VI-I. Cumulative pollu-
tion control operation and maintenance expenses are
$190.3 billion, slightly more than 10 percent of the total of
$1,862.2 billion. Consumer charges in 1999 for pollution
controls are 5.0l mills per kilowatt-hour (kWh), or 9 percent
of the total of 56,16 mills.

Table VI-2 provides a breakdown of plant additions by
pollutant and time period. Sulfur dioxide (SO2) controls
represent -$43.3 billion or about half of all the major pol-
lution control-related expenditures over the 1980-1999 period.
Total suspended particulate (TSP) controls account for
$21.9 billion or 25 percent of total pollution control-related
plant additions, while water pollution and solid waste control
costs represent the remaining $22.0 billion or 25 percent. Of
the total of $87.3 billion of pollution control plant addi-
tions, 16 percent or $13.6 billion is attributable to capacity
penalties associated with new pollution control equipment.
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Table VI-1

SUMMARY OF INDUSTRY CUMULATIVE EXPENDITURES
WITH AND WITHOUT POLLUTION CONTROLS

(billions of 1982 dollars)

Changes in Plant In-Service 1980.1985 . 1980-1999
Baseline 199,17 1,041.49
Pre=1980 Pallution Control
Cquipment 0 0
Incremental Pallution Controls 18.45 87.28
Total 217.62 1,128.77
External Finencing
Baseline 151.78 857.63
Pre-1980 Pollution Control
Equipment {1.31) (2.28)
Incrementa]l Pollution Controls 18,17 70.46
Tqtal 168.64 925.81

Ogntim Revenues

Baseline $94.0% 2,684, 23
Pre~1980 Pgollution Control
Equipment 13.99 45.00
Ircrementsl Pollution Controls 44.31 218.26
Total 652.35 2,%47.49

Operstion and Maintenance Expenses

Baseline 404.28 1,671.88
Pre-1980 Pollution Control
Equipment 8.42 35.69
Incremental Pollution Controls 39.86 154, 57
Total 452.56 1,862.17
Consumer thrgesz (mills per kiwh)
Baseline a4.3% S1.1%
Pre-1980 Pollution Control
Equipment .91 0.67
Incremental Pollution Controls 3.65 4.34
Total 48.91 3%.16

lunile there are no plant additions for pre-1980 pollution contrals in
the 1980-1999 period, extsrnal finsncing requirements are reduced de-
csuse of the grester amounts of plant in-service ss of 1980 for the
pre~1980 equipment. This increases deprsciation and retained earnings,
and reduces external financing requirements.

onsumer charge figures are not cumulative, but represent the snnual
consumer charges for the lest yesr of the period indicated messured in
mills per kilowatt-rour.

Source: PTm(Electric Utilities).
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Table VI=2

CHANGES IN PLANT IN-SERVICE ATTRIBUTABLE 10
POLLUTION CONTROL REGULATIONS

(billions of 1982 dollars)

1980-1985 1980-1999

Ssseline Chsnges in Plant
In-Service 199,17 1,041.49

Pre~1980 Pollution Control
Equipment

Incremental Pollution Controls

[=]
(=]

Fuel Premiumi: Pre-1980 Units 0 0
Fuel Premiumi: Post-1979 Units 0 0
S0, 8.91 43.32
TSP 5.68 21.9
Solid Waste 1.85 10. 98
Water 2.01 11.06
Total Pollution Controls M 87.28
Total 2a7.62 1,128.77

lfuel premiums and other pre-1980 pollutien controls do
not heve capital charges sssocisted with thes in the
1980-1999 period. The post-1979 unit category includss
any coal conversions,

Source: PTm(Electric Utilities).

The 1980-1999 external financing requirements associated
with pollution controls amount to $68.2 billion or about
7 percent of the industry's projected total requirements
(Table VI-3)., The contributions to external financing re-
quirements by pollutant correspond closely to their contribu-
tion to plant additions.
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Teble VI-3

EXTERNAL FINANCING EFFECTS OF
POLLUTION CONTROL REGULATIONS

(billions of 1982 dollsrs)

1980-1985 19801999
Baseline External Finencing 151.78 857.63
Pre-1980 Pg%;utign Control
£ nt (1.3 (2.28)
Incremental Poliution Controls
Fuel Premium~: Pre-l1980 Units o} 0
Fuel Premiuml: Post-1979 Units 0 0
S0, 8.78 5.2
T 5.4l 17.24
Soclid Waste 1.93 9.3
Wetar 2.05 8.98
Total Pollution Controls 16.86 68.18

!l
[

Total

5
'S
0
]

Fuel presiums ars operating costs and do not have capital
charges sssociated with them. The post-1979 unit category
includes sny coal conversions.

2while thare are no plant sdditions for pre-1980 pollution
controls in the 1980-1999 period, sxternal finsncing is
teguced becauss of the grsstar amounts of plant in-service
as of 1980 for the pre-1980 equipment. This increases de-
preciation and retained esrninga, and reduces external
financing requirsements.

Source: PTm(Elsctric Utilities).

Pollution control costs represent $263.3 billion, or
approximately 9 percent of the industry'’'s total revenue re-
quirements during the 1980-1999 period (Table VI-4). Post-
1579 S0; controls including all fuel premiums represent 62
percent of the total pollution control-related revenue
requirements. The price premium for low-sulfur fuels alone
represents the largest single component of the increase in
revenue requirements--almost 40 percent. The other pollution
control categories contribute less importantly to total cost
increases and therefore revenue requirements. Post-1979 solid
waste disposal costs, however, do rise over the period and
pecome a significant fraction. 7 percent, of total cumulative
pollution control-related revenue requirements by 1999, wWate:
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pollution control-related revenue requirements also rise over

the period, representing 5 percent of cumulative pollution
control reguirements by 1999,

Teble VI-4

OPERATING REVENUE EFFECTS OF
POLLUTION CONTROL REGULATIONS

{billions of 1982 dollars)

1980-1985 1980-1999
Baseline Opersting Revenues 594.05 2,684.23
Pre-1980 Pollution Control
Equipment 13.99 45,00
lncrementsl Pollution Controls
Fusl Premjum<: Pre~1980 Units 32.0 9% .45
Fuel Premjuml: Post-1979 Units 1.19 7.76
S0, 5.31 59.30
TSP 2.01 22.04
Solid Waste 2.15 19.40
Water 0.9% 13.31
Total Pollution Controls g %
Total 652.35 2,947, 49

lfuel premiume sre typically considersd SO, costs but are
shown separately here becsuse of their large effect on
total pollution control costs. The post-1979 unit category
includes any coal coaversiom.

Source: PTm(Electric Utilitiss).

Operation and maintenance expenses associated with pollu-
tion control egquipment are expected to be $190.3 billion, or
10 percent of the total operation and maintenance expenses
(Table VI~5). The vast majority of pollution control-related
operation and maintenance expenses reflect the premium paid by
utilities for low-sulfur fuels. Costs associated wzth.the
operation and maintenance of scrubbers (SO controls) in-
stalled after 1979 also represent a significant portion of the
total, at 14 percent. Solid waste is the only other category
for which post-1979 operation and maintenance expenses are
significant, accounting for approximately 6 percent of total
pollution control-related operation and maintenance expenses.
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Energy penalties resulting from scrubbers, TSP controls, waste
disposal controls, and thermal controls installed after 1979
represent 3.4 percent of total pollution control operation and
maintenance expenses, or $6.5 billion.

Table VI-5

OPERATION AND MAINTENANCE EXPENSE EFFECTS
OF POLLUTION CONTROL REGULATIONS

(billions of 1982 dollsrs)

19801985 1980-1999
Baseline D&M Expenses 404,28 1,671.88
Pre-1980 Pollution Control
Eguipment 8.42 35.69
Incrementgl Pollution Controls
fuel Premiym*: Pre-1980 Units 34.09 105. 52
Fuel Premiuml: Post-1979 Units 1.28 8.10
SO9 2.49 25.05
TSP 0.02 3.81
Solid u.‘t. 1.67 uo“
Wster 0.35 4.98
Total Pollution Controls 48.28 190,29
Total 432.56 1,862.17

lruel premiums are typically considersd S0, costs but are
shown separataly here because of their large effect on
total pollution control costs. The post-1979 unit category
includes any coal conversions.

Source: PTm(Electric Utilitiss).

Consumer charges attributable to pollution control expen-
ditures are shown in Table VI-6. The increased cost per kWh
is approximately 9 percent in 1999. As is the case with other
measures of the effects of pollution control, post-1979 SO5
controls including fuel premiums represent the single largest
cost category, accounting for 57 percent of the total increase
in consumer charges attributable to pollution control regula-
tions. The remaining 30 percent is split relatively evenly
between costs for controls installed as of 1979%, TSP controls,
water pollution controls, and solid waste controls.
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CONSUMER CHARGE EFFECTS OF
POLLUTION CONTROL REGULATIONS

(mills per kilowatt-hour in 1982 dollars)

1985 1999
8sssline Consumer Charges 44,35 51.1%
Pre.1980 Pollution Control
Egquipment 0.91 0.67
Incremental Pollution Controls
fuel Premium*: Pre-1980 Units 2.12 1,00
Fusl Premiuml; Post-1979 Units 0.13 0.17
0, 0.71 1.70
TSP 0.30 0.59
Salid Waste 0.26 0.49
Water 0.13 0.3%
Total Pollution Controls 4,56 5.01

Total

3
2
¥
&

1ruel premiume are typically considersd SO; costs but are
shown separately hers because of their effect on total
pollution control costs. The post-1979 unit cetegory in-
cludes sny coal conversions.

Source: PTm(Electric Utilities).

As previously discussed, TBS examined two alternative
scenarios in the course of this study. The summary results of
that examination are presented in Figure VI-2. The changes in
assumptions used to develop these scenarios are:

e Reduction in the growth rate during the 1980-
1999 period from 3.0 percent to 2.0 percent,
and

® Nuclear prohibition after 1989, with coal
replacing the nuclear additions assumed in the
base case.

A decrease in the industry's annual rate of growth re-
sults in lower baseline plant additions and consumer charges,



Figure VI—-2

COMPARISON OF CUMULATIVE PLANT ADDITIONS
AND OPERATING REVENUES
UNDER ALTERNATIVE SCENARIOS
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and lower pollution coatrol plant additions. However, the
percentage increase in consumer charges due to pollution con-
trols is essentially unchanged from the base case.

Baseline and total plant additions are slightly lower if
nuclear additions are assumed to terminate after 1989. How-
ever, cumulative industry pollution control additions to plant
in-service through 1999 are slightly higher ($13.81 billion)
than they would be if nuclear additions were allowed to con-
tinue after 1989. Total operating revenues are virtually the
same under both scenariocs. Consumer charges in 1999 are also
essentially unchanged under either scenario.

RESEARCH METHODOLOGY

The general approach used in the study has been first to
project conditions in the industry in the absence of pollution
controls (baseline case), then to project conditions with the
controls and, finally, to measure the effects by contrasting
one set of projecticns with the other. The projections are
based whenever possible on published data. TBS used, to the
maximtim extent possible, actual operating data through 1979
and announced industry plans. Where announced plans were
unavailable, which is generally the case beyond 1989, TBS
reviewed various projections by industry observers and deter-
mined reasonable estimates for items such as future capacity
and fuel costs. In addition, an attempt was made to use fore-~
casts which are consistent with other receat EPA studies. In
the area of pollution control costs and rates of implementa-
tion, a significant amount of original research was conducted
based on data presented in FERC Form 67. The pollution con-
trol cost estimates and coverage assumptions developed from
those data reflect actual experience and plans of the

industry.

TBS used the model PTm(Electric Utilities) to project the
financial implications of the load growth, cost, coverage, and
other assumptions used in this study. PTm develops detailed
year-by-year financial forecasts for the industry in both
constant and current dollars. The level of detail within PTm
enables a comprehensive financial analysis that includes ac-
counting, tax, regulatory, and financial considerations. The
approach, however, does not provide the capability to address
supply or demand changes due to changes in costs. ?PTm is
described in detail in Appendix B.



Five summary statistics descriptive of the detailed fi-
nancial and operating projections are usgd to capture the
major financial implications of alternative sets of assump~

tions. The summary statistics are:
e Changes in plant in-service,
e External financing,
e Operation and maintenance costs,
e Operating revenues, and
e Average consumer charges.

The indicators are more fully explained later in this chapter
in the discussion of the baseline projections.

HISTORICAL PERSPECTIVE AND
BASELINE INPUT ASSUMPTIONS

As discussed in Chapter III, until the mid-1960s the
electrical utility industry enjoyed a record of steady and
predictable growth accompanied by declining unit costs, rela-
tively assured profitability, and easy access to capital.
Since that time, however, the industry has witnessed a pro-
found change in its. operating, financial, and regulatory envi=-
ronment. The changes have encompassed almost every aspect of
the utility business, including sharp changes in demand pat-
terns, radically .different relative power supply costs and
options, an increasingly strained financial condition, and
escalating regulatory scrutiny and requirements. These
changes have markedly increased the uncertainty confronting
utility decision makers and have led to a widespread concern
over the most appropriate way to meet the demands and chal~
lenges now facing the industry.

The specifics of the changing utility business and requ-
latory environment are further discussed in the course of
presenting the major input assumptions. That presentation is
separated into four sections:

L) Electricity demand,

e Capacity and generation profiles,



e Cost factors, and

Electricitv Demangd

Future electricity demang Tepresents, to a large extent,
the starting point of the electric utility Planning process.
Established goals of system reliability ang estimates of fu-

ture demand dictate the amount of capacity additions necessary
to maintain targeted feliability levels,

Two measures of electricity demand are used to describe
system load characterxstics——peak demand and tota] energy
demand. Peak demand refers to the highest instantaneous rate
of consumption of e}ectricity within a Specified period of
time, measured in kilowatts (xw). Energy demand refers to the
total amount of electrzcity consumed dquring a given time peri-
od, expressed in kWh. The levels and variability of peak and

Table VI-7 provides historical ang forecisﬁ saies and
neak demand. Sales are Simply total energy demand minus
system losses, which are assumeqd equal to 9 percent. The

to a lower and more volatile Towth pattern in the period
since the 1973-1974 arab oi) embargo.

These shifts in the patterns of growth have been brought
about by dramatic changes in the underlying structure of de-

average consumption per customer over the 1960-197? time
period. This reduction represents the effect of significant
conservation efforts including: reductions in thermostat .
settings; more energy-efficient homes, offices, and factories;
and more energy-efficient appliances.
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Table VI-7

HISTORICAL AND FORECAST ANNUAL GROWTH
IN PEAK DEMAND AND ENERGY SALES

Total Electric Utility lndustry

1960-2005
Annual
Annual Growth in
Growth in Psek Demand Kilowatt-Hour
in Kilowstts Sales
Year (percent (percent)
1961-1965
Growth Rste 7.0 4.7
1965-1966 9.2 6.9
1966-1967 s.0 9.0
1967-1968 11.5 6.5
1968-196%9 8.3 B.§
1969-1970 6.6 8.7
1970-1%71 6.4 6.4
1971=1972 9.3 S.4
1972-1973 7.8 7.6
1966-1973
_Growth Rate 8.1 7.1
1973-1974 1.6 0.6
1974-197% 2.2 1.5
1976-1977 6.9 S.1
1977-1978 3.0 3.5
1978-1979 0.9 2.9
1973-1979
Growth Rate 3.4 3
1979-19901
Growth Rate 3.0 3.0
1990-1995
Growth Rate 3.0 3.0
1995-200%
Growth Rate 3.0 3.0

'Based on 1979 pesk demand of 409,000 megswatts and
sales of 2,070.3 billion kilowstt-hours.

Source: Fforecasts provided by EPA; Edison Electriz
lnstitute, Statistical Yearbook of the

Electrac Utalatv Industry, 1979,
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Table VI-8
NUMBER OF CUSTOMERS AND AVERAGE KILOWATT~HOUR
USAGE PER CUSTOMER
Total Electric Utility Industry
1960-1979
Total Number Aversge kwh
Ysar of Customersl per Customer
1960-1965
Growth Rate +2.2% +«4.,7%
1966 66,910,000 15,678
1967 68,168,000 16,384
1968 69,716,000 17,645
1969 70, 929, 000 18,563
1970 72,485,000 19,380
1966-1970
Growth Rats +2.0% +5.4%
1971 74,265,000 19,956
1972 76,150,000 20,964
1973 78, 461,000 21,955
1974 80,102,000 21,448
1975 81,845,000 21,417
1971-1975
Growth Rate +2.5% +1.8%
197¢ 83,613,000 22,361
1977 ~ 85,5%0,000 23,052
1978 87,668,000 23,315
1979 89,514,000 3,454
1976-1979
1Includes all customer categories (e.g., residential,
commercial, and industcial).
Source: Edison Elsctric Institute, Statistical
JYsarbook of the Electric Utility
Industry, 1979.

Since 1974, many industry observers have consistently
overestimated future demand, and the EPA forecast used in this
study could also represent a high-side projection. However,
the projection of growth of 3.0 percent per year to 1990.co;-
responds closely to many other industry projections; as inéi-
cated in Table VI-9, other widely circulated forecasts range
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from 2.8 to 4.3 percent per year. If actual demand is lower
than expected, then the total baseline and pollution control
costs will be below the projections of this study. The base-
line and pollution control cost estimates, therefore, might be
viewed as conservatively high to the extent that the forecast
growth rate is at the upper end of the range of growth expec-
tations. Of course, the cost estimates presented in this
study could prove to be less than actual if growth outstrips
the EPA projections.

Table VI-9
COMPARISON OF FORECAST ANNUAL
GROWTH IN ELECTRICITY DEMAND
1979-1990
(percent)
1979-1990 Average Annual
Source Growth in Ejectricity Demand

epal 3.0

Dets Resources, Ime. 2.8

Emsrgy Information Administrstion 3.2

Elsctric Power Research Instituts 3.5

Edison Elsctric Instituts 3.2-4.3

Elsctrical World 4.2

lProjocuon used in this study.

Source: EPA; Data Resources, Inc., Energy Review, Winter 1980;
DOE, 1979 Annus] Report to Congress, Volume III (prelimi-
nery); EPRI Planning Director, reportsd in Electcical
Yook, April 20, 1981; Edison €lectric Instituts,

rowth in the Future, May 19680; Electrics]
Norld, Septsmber 15, 1980.

Sensitivity analyses showing the effect of a change in
the growth rate are presented later in this chapter. The
modeling approach used assumes that growth in demand is not
sensitive to changing pricing conditions. The base forecast
is founded on an underlying set of assumptions with respect to
future electricity prices, demographic shifts, etc. This
study does not attempt to model the extent to which changes in
electricity prices (including those caused by pollution con-
trol expenditures) will affect consumer demands.
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Ccapacitv and Generation Profiles

The capacity and generation projections used in this
study are based on the requirements implicit in the electric-
ity demand estimates. Capacity represents the instantaneous
generation capability, measured in kW, of all plants in
service at a given point in time. Generation is the number of
xWh produced during a given peried of time.. This section
presents forecast changes in capacity by fuel type and the
generation by fuel type required to satisfy future demand. as
was the case with the demand forecasts, these data are derived
primarily from information provided by EPA.

The mix of capacity by fuel type is important in estimat-
ing both future power costs and pollution control require-
ments. Pigure VI-3 depicts that mix over the period 1980-
2010, Coal's contribution to total capacity is projected to
increase from 41 to 61 percent, while oil and gas units are
expected to decline from 29 to 6 percent of total capacity.
Nuclear power is expected to contribute significantly to new
generation capacity, moving from 9 percent of total capacity
in 1979 to 15 percent in 2010. Many of the additions to
nuclear capacity occur in the post-1990 period, reflecting the
EPA assumption that many of the curreant regulatory and finan-
cial barriers to new nuclear plant construction will be over-
come. One of the sensitivity analyses presented later in this
chapter evaluates the effect of a complete moratorium on new
nuclear plants after 1989. Hydro and pumped storage capacity
additions are also expected to occur; however, their contribu-
rion to total capacity is expected to decline over the period
from 13 percent in 1980 to 9 percent in 2010. This reflects
the depletion of readily available sites for the construction
of such facilities., Coal and nuclear account for approxi-
mately 88 percent of all projected capacity additions over the

study period. -

The specifics of the projected industry capacity expan-
sion plan are provided in Table VI-1l0. Additions and retire-
ments by fuel type and conversions from oil to coal contribute
to the changing capacity mix over time. Total capacity is
expected to increase at an average of 2.72 percent per year,
which is lower than the rate of growth in demand. However,
the rate of growth in new, non-oil and gas capacity is
3.68 percent, which is substantially above the average demand
growth rate over the 25-year period of 3.00 percent. The
implication is that utilities are expected to move rapidly to
reduce their dependence on oil and natural gas.
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Table VI-10

U.S. ELECTRIC UTILITY CAPACITY,d ADOITIONS, RECONVERSIONS,
AND RETIREMENTS BY FUEL TYPE

1980-2010
(megawetts)
Pumped
oal 0il Gas Nuclesr  Hydro Storsge IC/GT Total
Capacity 1980 227,019 105,463 54,329 48,104 59,080 14,770 47,800 556,565
Additions 37,315 - - 15,696 6,305 1,57 11,928 72,820
Reconversions 6,478 (6,851) - - - - - (373)
Retirements (2,827)  (2,787)  (1,446) - - - - (6,660)
Capecity 1985 268, 385 95,825 52,883 83,800 65,385 16,346 39,728 622,352
Addit ions 41,429 - - 27,884 2,330 583 3,882 76,108
Reconversions 12,482 (14,248) - - - - - (1,766)
Ret irsments (876) (2,19) (1,092) - - - - (4,087)
Capacity 1990 321,420 79,458 51,91 91,634 67,M5 16,129 63,60 692,607
Additione 61,015 - - B, 8,68 2,16 . 95, 208
Ret irements (1,326) (1,492) (768) - - - - (3,586)
Capacity 1995 1,09 77,9%6 51,023 115,055 7,373 19,093 63,610 784,229
Additions 114,72 - - 2,688 6,8 1,700 4,607 150, 525
Ret irements (1,393) (8,282) (4,287) - - - - (23,942)
Capecity 2000 484,645 69,688 46,75 137,73 83,178 20,793 68,27 910,812
Additions 357, 020 - - 50,29% 6,27 1,570 39,452 454,617
Ret irements (7s,807) (30,472) (15,698) - - - - (120,977)
Capacity 2010 766, 658 39,212 31,08 188,057 89,852 22,63 107,669 1,264,449

Source: All forscast data provided by EPA; o0t

United States—-1979; DOZ, Statistics of Publicly Owned Utilities in the United States—-1979.
M

lclpacitiu are for beginning of year.

, Statistics of Privately Owned Utilities in the

e ———

e historical and forecast reserve

- depicts th
Table VI-1l dep and load factors. The reserve mar-

margins, capacity factors, . .
gin? a éeasare o¥ the relationship between total capacity and
peak demand, is currentl ner & . .

jected leveis. Typically, utilities attempt to malntain re-
serve margins of roughly 20 percent to ensure system reliabil-
ity in the face of demand ancertainty and generator "downtime
for maintenance oOr The current excess reserve

y higher than both historical and pro-

forced outages.
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margin situation is due to the industry's inability to fore-~
cast the recent falloff in demand and the shifting of oil
prices. Because of ten-year (or more) construction lead
times, many units were and are being completed because comple-
tion is economically preferable to stopping construction al-
ready under way. Also, the rise in oil and gas prices has re-
sulted in many units that are technically operational and are
therefore included in the industry's capacity figures, but
that are economically obsolete. Therefore, reserve margins
are expected to decline as oil and gas units are retired and
as demand catches up with existing capacity.

Teble VI-1
SELECTED DEMAND, ENERGY, AND CAPACITY STATISTICS
Total Elsctric Utility Industry
1960~ 1999
1960-1979
Capscity st Nencoincident
Time of Summer Sumser Pesk Qutput Reserve Capacity Losd
Pesk Losd Losd (kWh in Margin feactor Factor
Yeas FC) L) millions) (percent) (percent) (pervent)
1966 240, 700 203, 350 1,152,900 18.4 54,7 64,7
1967 257,950 213,450 1,221,500 20.8 4.1 65.3
1968 278, 950 238, 000 1,327,200 17.2 8.2 63.5
1969 300, 300 257,650 1,446,000 16.6 5.0 6.1
1970 325, 900 278, 6% 1,536, 400 19.9 5.7 §3.9
1971 353,250 292,100 1,617,100 20,9 52,3 6.2
1972 381, 700 319, 150 1,752,200 19.6 52.3 2.5
1973 415,500 343,900 1,868 ,800 20.8 51.3 €.0
1978 44, 400 349,280 1,871,700 27.2 a8.1 6.2
1975 479 300 356,800 1,919 500 3.3 45.7 6.4
1976 498,750 370, 900 2,039, 500 3.8 4.7 62.6
1977 516000 396 350 2,137 . 300 3.2 8.2 6.4
1978 545, 700 408,050 2,218,700 3.7 4.4 6.1
1979 560,200 411,550 2,256, 500 %.1 4.2 €2.9
1985" 804,600 488,400 2,716,500 3.8 51,3 . £3.5
1990 675,400 566,200 3,189,200 9.3 53.2 63.5
1995 76%,100 656,300 3,650,700 17.2 5.2 63.5
1999 865,300 738,700 4,108,900 17.1 54,2 63.5
1Noncoincidcnt wmmer pesk
i indi M
demands do not have t.:p; occj:‘:uri'n;h:h:‘ :a:a: ;::‘J.;;dt{::‘:tiiity e, e ’
instead the tatsl r ve ¢-9.. pask day), but
ot atal m:::rsunu the sum of peak demsnds occurring et different days
Source: Edison CLlectric Instituts Statisti
s tuts, St cal Y - P14
Ingustry, 1979; m(nacmwmwwﬁ
]
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Capacity factors are a measure of the percentage of time
a unit is used. For many of the same reasons cited above,
capacity factors are expected to reverse their downward trend
and eventually reach levels approximating those that existed
prior to the 1973-1974 oil embargo. The data in Table VI-l2
clearly indicate the increasing reliance on coal and nuclear
for the bulk of the country's generation needs. The relative-
ly low 1979 nuclear utilization factor reflects in part the
effects on the operations of numerous plants across the coun-
try of the nuclear plant mishap at Three Mile Island. 0il and
gas capacity utilization is expected to decline dramatically
because of continually rising fuel costs.

Teble VI-12

PROJECTED CAPACITY UTILIZATION
FACTORS BY FLEL TYPE

1979-2005
{percent)
4 Internal
Pumped C ombust ion/
Cosl 0i1 Gas  Nuclear Hydro Storage ' Gas Turbine
1979 58.0 47.0 57.0 59.8 52.0 52.0 6.9
1985 6l.6 4.3 42.3 70.8 48,2 48,2 6.6
1990 6.5 al.s 4l.4 7.2 48.0 48.0 7.5
1995 8l1.5 36.7 38.7 7.3 47.8 47.8 7.6
2000 60.9 8.6 8.6 71.6 48,3 46,3 5.0
2008 59.9 24.0 24.0 Nn.é 4a5.6 45.6 5.0

' pA; DOE, Gas Turbine E ectric Plant Construction Cost
Sources inm’ul P; uction Expenses—1978; OCE, Update-Nuclesr Power
Program Informstion snd te, July/August, 1980; OOE,
Hydroelectric Plant Con truction Cost snd Annual Production

Exgenau-lﬂB; T8S/SPA Energy Dstabase.

sis and PTm model déspipguish between pubT
liclyriidTgiisgii{y owned electric utilities because of their
different financial and regulatory treatment. Tgergfoie,
Figure VI-4 provides the 1979 split of ga9a91ty gh ue _type
between publicly and ‘privately owged utilities. t-f magoé
difference is the much higher reliance-~48 percent-—on dy ro
and pumped storage by publicly owned utilities, compared to

i 4 systems. Privately owned
6 percent for przvately ownels %or B ercent of their total |

fossil fue . .
zz;i:?:yd38§§§e°2he same figure for publicly owned systems is
’

39 percent.
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Figurs Vi—4

1979 GENERATING CAPACITY
BY FUEL TYPE AND OWNERSHIP CATEGORY
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Cost Factors

This section outlines the estimates used by TBS of the
capital costs of new plant, fuel costs, and nonfuel operatiocn
and maintenance costs. These costs, combined with projected
changes in the amount of utility plant, provide the informa-~

tion necessary to estimate changes in the industry's financial
profile over time.

Unit construction costs of the electric utility industry
have increased significantly in the last decade and are pro-
jected to continue to escalate more rapidly than the genercal
rate of inflation. The causes of racent and projected con-
struction cost increases include inflation in the cost of
labor and materials, increases in the complexity of generating
units, licensing delays, slippage in construction schedules,
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and the cost and difficulty of financing. The unit costs by
plant type assumed in this study are provided in Table VI-l3,
both including and excluding allowances for funds used during
construction (AFDC) and pollution control costs. Both are
typically included in industry data. The costs reflect an in-
service date of 1979 and are based primarily on data from the
Technical Assessment Guide published by the Electric Power
Research Institute.

Table V1-13

NEW PLANT CONSTRUCTION COSTS!
BY FUEL TYPE

(1982 dollars psr kilowatt)

Capital Cost Capital Cost
Including AFDC2 and Excluding AFDC and
Fuel Type - Pollution Contrel Capital Cost ‘Pollution Control Capital Cost

Coal’ 1,283 903
0il1? 8al &3
Cas’ 533 a7y
Nuclear’ 1,375 1,124
Hydro® 1,996 1,7%
Pumped Storsge” ; 947 806
Internal Combustion

Gas Turbine 5 290 281
Transmission snd Distribution 4§; 3;?

F

Nuclesr Fusl 17 %6

Cosl Converaion

i ceported for 8 1979 in-service yesr expressed in 1982 dollars.
ZA:::':c:r:ho :glaunco for funds used during construction (AFDC) rate of 8 percent far
dats derived from EPRI, otherwise the AFDC rate is bssed on the weighted cost of

capital.
3El“RI, Technical Assessment Guide, July 1979.

' Handy Whitman Index.)
‘go%";.::::g ;::n Sc::te Hvdre Power: Economic snd Financisl Analysis, BSLES-ASCE
. . [

H Series for 1980. )
%g:tost:ﬁ:r:ca.of privately Owned Utilities in the United States--1979.
e e ver Progras Infornation and Data, July/August 1380,

7 ; ed U Teview of utility cosl conversion plans for units identified
:E,’SDE;“: Z:n:;.tnmr required teconversions snd information provided by EPA.

Source: EPRI, Technical Assessment Guide, July 1979.

(Costs wers inflated from 1978 to 1979
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The cost of new coal capacity has been estimated by vari-
ous sources at $1,025 to $1,385 per kxW,1 a range that captures
the §1,283 per kW estimate used in this study. The cost of
nuclear capacity has been estimated by other sources at be-
cween S1,385 and $1,449 per kW, a narrow range slightly above
the cost of $1,375 per kW used in this gnalysls. It i§ prob-
ably the case that future nuclear capacity costs will increase
more rapidly than those for new coal capacity.

Fuel costs represent the largest component of total oper-
ation and maintenance costs. Figure vi-5 depicts the rapigd
rise of fuel costs over the period 1960-1980. The impact of
the 1973-1974 Arab oil embargo is clearly evident. However,

" the data also reflect the ongoing efforts of electric utili-
ties to shift from oil to lower-priced fuels, primarily coal.

Current expectations are that the growth in energy prices
will slow (or even decline in real terms) in the sport run.
However, over the entire forecast period energy prices are
expected to continue to escalate. Figure VI-6 shows price
projections for the major fossil fuels that are based on as-
sumptions provided by EPA. The EPA projection assumes that
the price of natural gas will rapidly converge on that of
high-sulfur residual oil since they are close substitutes; in
fact, in many applications natural gas is considered the su-
perior fuel. However, because of limitations on the use of
natural gas, the existence of price controls, and the current
surplus situation, the price of natural gas 1is expected to be
roughly equivalent to that of high-sulfur residual oil during
the latter part of the forecast period (1985 and beyond). The
price of fossil fuels includes any premiums paid for lower-
sulfur-content fuel. Finally, as is evident from the figure,
the price advantage of coal over other fuels is expected to
grow over time. As discussed in Chapter I1I, the price advan-
tage of coal--coupled with the regulatory inhibitions or pro-
hibitions to nuclear, oil, and gas capacity--is the primary

lplectrical World, September 15, 1979, reports the costs. of
coal capacity in 1979 dollars at $766 per kit and nuclear at
$1,035 per kW in 1979 dollars, which translate in 1982 Qol-
lars to $1,025 and $1,385, respectively. ICF, Inc., Alterna-
tive Strategies for Reducing Utility SO7 and NOy Emissions,
June 1981, reports capital costs (in 1979 dollars) of coa. at
approximately $800 per kW, which excludes the cost of a
scrubber estimated at $165 per kW and nuclear at $1,083 per
kKW and which translates to §$1,272 per kW for coal plants and
$1,449 per ki for nuclear plants in 1982 dollars. Costs,
however, may reflect different in-service date, pollution
control, inflation rate, and AFDC rate assumptions.
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Figure VI-5

AVERAGE INDUSTRY FUEL COST PE »
R NET KILOW .
TOTAL ELECTRIC UTILITY INDUSTRY i
18601980

2.03

T B T T o Vo e Bl S B e e PRI S e B T

3 Bt B ool s B 9 10111213 141516 1.7 18 1920 2
CENTS PER KILOWATT-HOUR

Source: Edison Electric Institute, Statistical Yserbook of the Electric Utility Industry (sslected yeers).
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Figure VI—-6

PROJECTED FUEL PRICES
1678-2005
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NOTE: Pricss inciude average suifur premiums.
Source: DOE/EIA Cost 