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Executive Summary

Today, the price of electricity has a powerful influence on the competitiveness of
manufacturing because manufacturing industries are often electricity’s largest consumers.
Economic regulation of the electric utility business has changed very little over the last decade
while regional and national policy makers debate the volatility of energy markets. The
electricity industry, because of the large size of the units of its production, wholesale, and
distribution, draws major benefits from the economy of scale. Atthe same time, energy
efficiency has become the by-word of energy-intensive manufacturing businesses, which in the
Midwest accounted for 60% of industrial fuel and feedstock energy use in 2006.1 In 2010, Ohio
had the highest level of manufacturing activity among Midwestern states resulting in value
added mainly from the energy-intensive sectors such as primary metals, petroleum and coal
products, chemicals, food, nonmetallic minerals, paper, and wood products.2

The goa! of this report is to define electricity-intensive manufacturing export industries in Ohio
that are sensitive to electricity pricing and to illustrate the impact of electricity pricing on
manufacturing productivity through the industrial electricity pricing model. The first section of
the report identifies Ohio’s manufacturing industries that are electricity- intensive as part of
their production (high costs of electricity per unit of production) and Ohio manufacturing
industries that consume large quantities of electricity overall due to the large size of this
industry in the state {high total expenditures on electricity). Some of these industries have a
competitive advantage in the state and demonstrate a high Location Quotient (L) ? of Gross
State Product {GSP) and growth in GSP since the last recession. The second section of this
report explores the impact of electricity rates, together with states’ efforts to deregulate
electricity markets, on the competitiveness of manufacturing industries in Ohio and benchmark
states expressed through manufacturing productivity.

Twelve Ohio industries are a part of economic base of the state and manufacture a high
number of electricity-intensive products. These industries belong to four industrial sectors:
Primary Metal Manufacturing, Chemical Manufacturing, Food Manufacturing, and Nonmetallic
Mineral Product Manufacturing. Together, these 12 industries employed over 86,000 people in
Ohio in 2010.

According to our empirical modeling of industrial electricity pricing, the growth of
manufacturing employment is negatively related to manufacturing productivity. At the same

! J. Bradbury et al. “Midwest Manufacturing Snapshot; Energy Use and Efficiency Policies.” World Resource
Institute, Working Paper, February 2012. P.5
2
P.4
3| pcation Quotient measures the specialization of an industry in a reglon by comparing it to data in a larger region.
9
For our analysis: LQ = G%where g; = The Ohio Gross Product in industry i; g = Total Gross Product in Ohig; G;= US

G
Gross Product in industry i; G = Total US Gross Product. A location quotient > 1.0 indicates specialization in an
industry.
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time, the presence of large manufacturing establishments in the state is, as expected, positively
associated with manufacturing productivity. This analysis indicates that manufacturing
productivity might benefit from both economies of scaje and the ability of large electricity
consumers to negotiate individual contracts with suppliers at, most likely, lower than average
market prices. This finding allows us to consider whether enabling a lower market price across
the board for manufacturing users might further benefit the productivity of the manufacturing
sector in the state.

An increase in the industrial electricity price by 1 cent per kilowatt-hour (16.3%) is likely, in 99%
of cases, to decrease average manufacturing productivity in the five selected states,” on
average, by $2,527 of annual gross state product per employee (2.2%). The productivity change
associated with the industrial electricity price change has low elasticity: 2.2%/16.3%=0.13. The
measure of elasticity below 1 is known as inelastic response. This means that for 1% increase of
industrial electricity prices, manufacturing productivity drops by 0.13%.

Description of Ohio Electricity-Intensive Industries

In the first section of the report, a number of variables were analyzed to identify Ohio’s
economic base. These variables include the LQ of GSP, the growth of GSP, and industries’
productivity over three time periods, 2000-2010, 2007-2010, and 2009-2010. With a LQ of
greater than 1, fifty-two manufacturing industries (Table 7) potentially represented the
economic base of Ohio’s economy in 2010.° Ohio’s economic base was heavily represented by
manufacturing industries of Food {NAICS 311), Chemical (NAICS 325), Nonmetallic mineral
product (NAICS 327), Primary metal (NAICS 331), Fabricated metal product (NAICS 332),
Machinery (NAICS 333), Electrical equipment (NAICS 335), and Transportation equipment
(NAICS 336).

Twenty-eight manufacturing industries in Ohio experienced positive GSP growth (at least 1%)
between 2007 and 2010° . With a 51% increase, the Petroleum and Coal Products
Manufacturing industry (NAICS 3241) had the greatest GSP growth during the study period
followed by Electrical Equipment and Component Manufacturing (NAICS 3359) and
Pharmaceutical and Medicine Manufacturing (NAICS 3254) industries which grew by 31% in the
same time period.

The industries that were growing from 2007 to 2010 and were likely to have high productivity in
2010 were Petroleum and Coal Products Manufacturing (NAICS 3241); Pesticide, Fertilizer, and
other Agricultural Chemical Manufacturing (NAICS 3253); Household Appliance Manufacturing
(NAICS 3352); Pharmaceutical and Medicine Manufacturing (NAICS 3254); and Basic Chemical
Manufacturing (NAICS 3251).

L Ohio, Indiana, Kentucky, Michigan, and Pennsylvania
” The industries that represent economic base are also called basic industries.
¢ For more information see Table 8.

Center for Economic Development, Cleveland State University
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Basic manufacturing industries that use electricity intensively as a part of production (those
with electricity expenditures greater than 1% of total expenditures) were categorized as high,
moderate, or low electricity-intensive industries. Ten industries were classified as high
electricity-intensive industries, with average electricity expenditures greater than 2% of total
expenditures. The Alumina and Aluminum Production and Processing industry (NAICS 3313)
ranked highest, with electricity expenditures composing 5.7% of total expenditures (Table 1).

There were seventeen moderately electricity-intensive industries, spending at least 1% of their
total expenditures on electricity. The Sawmills and Wood Preservation (NAICS 3211) industry
ranked highest in this group, with electricity expenditures composing 1.9% of total
expenditures.

Twenty manufacturing industries were identified as large consumers of electricity by total
expenditures on electricity (Table 2). The top industry, Basic Chemical Manufacturing (NAICS
3251), spends over $357 millien on electricity per year, followed closely by Iron and Steel Miils
and Ferroalloy Manufacturing (NAICS 3311) at $305 million. The top eleven industries in this
category spend greater than $67 million per year on electricity expenditures per industry.

The other nine industries are considered moderate consumers (based on total expenditures)
and spend individually between $41 and $56 million on electricity per year. This group was led
by Other Fabricated Metal Product Manufacturing (NAICS 3329), at $59 million per year in
electricity expenditures.

Fourteen industries were identified as both (1) electricity-intensive in regards to the unit of
production and {2} high overall consumption of electricity. These manufacturing industries
create electricity-intensive products while purchasing large volumes of electricity relative to
their size in Ohio. This group consisted of primary metal, chemical, food, paper, glass, and
nonmetallic mineral industries.

Eleven nonmanufacturing industries and broader sectors were identified in Ohio as those that
have high per-unit electricity costs and high total expenditures on electricity. These industries
cover diverse activities — from farming to large institutions and accommodations — and can
occur on such a large scale that electricity needs are magnified, such as in museums, hospitals,
universities, and warehouses. Electricity costs as a percentage of total expenditures for non-
manufacturing industries exceed 1%. The Accommodation industry (NAICS 721) is atop of the
list of large non-manufacturing energy consumers, spending 2.9% of its total expenditures for
electricity. Total expenditures for electricity in this group of industries vary from over $103
million for Construction to over $15 million for Newspaper, Periodical, Book, and Directory
Publishers.

Empirical Model

The second part of the report explores the impact of electricity pricing on manufacturing
productivity through an industrial electricity price regression model. This model was conducted
on the data from five comparable states: Ohio, Indiana, Kentucky, Michigan, and Pennsylvania.

Center for Econamic Development, Cleveland State University I';age fii



The research team chose neighboring states with economic structures and electricity
consumers comparable to those of the state of Ohio as the geographic area for statistical
modeling. This analysis seeks to answer two research questions: (1) How does industrial
electricity pricing influence the productivity of the manufacturing sector? and (2) What are the
influences of eiectricity market deregutation on the industrial electricity market and
manufacturing productivity?

The manufacturing productivity and industrial electricity rates in Chio, indiana, Kentucky,
Michigan, and Pennsylvania were analyzed for the period between 1990 and 2010 - the latest
years for which industrial electricity pricing data were available. A statistical model was built to
test the effect of policy variables on manufacturing productivity (industrial electricity price and
deregulation variables), controlling for the demand on the electricity market (manufacturing
employment and presence of large manufacturing companies), the supply on the electricity
market {size of power generation industry), and overal! economic conditions {using a business
cycle variable to estimate the recession).

The resuits of this analysis indicate that electricity price had a statistically significant negative
effect on manufacturing productivity across the five targeted states between 1990 and 2010.
The higher the industrial electricity prices were in the five selected states, the lower
manufacturing productivity was in these states in 99% of cases. However, productivity change
from the movement of industrial electricity price was inelastic—indicating that electricity is only
one of the supply price factors influencing manufacturing productivity.

The deregulation of the electricity market was statistically significant (above the 99% critical
value) and positively associated with manufacturing productivity. To further assess the impact
of electricity market restructuring, an independent sample t-test’ was used to compare
industrial electricity prices and other economic indicators between the states that deregulated
their wholesale electricity markets and those that did not. Generally, deregulation had a
positive effect on the change of industrial electricity prices and some economic variables
characterizing the state of manufacturing industries in the five targeted states. The most
profound effect of deregulation was a significant drop in industrial electricity prices. However,
the model is based on a small sample of five states and did not control for the level of industrial
electricity pricing at the beginning of the study period.

The variables characterizing the demand side of the electricity market shows that the growth of
manufacturing employment is negatively related to manufacturing productivity with statistical
significance only above the 90% critical value, Also, it should be noted that the presence of a
considerable number of large manufacturing establishments in the state was positively
assoctated with manufacturing productivity at the 99% critical value, which might reflect the
benefits from the economy of scale where many large companies share the regional supply
chain,

7 The t-test illustrates whether the differences between the states were statistically significant.

I S — = —
———————______,_____________g——g——-———g___e___‘g—_____*___
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The control variable that represents the supply side of the electricity market, capacity of
electricity production and distribution, was also positively related to manufacturing productivity
and was statistically significant above the 99% critical value. The variable approximating the
national recession was negatively associated with manufacturing productivity, indicating that
during economic downturns manufacturing productivity was declining.

Based on the results of this analysis, we can conclude that higher industrial electricity rates in
Ohio will most likely be associated with lower manufacturing productivity. Moreover,
manufacturing productivity is likely to benefit from both economy of scale and the ability of
large electricity consumers to negotiate contracts with suppliers at a lower than average
market price. Finally, an increase in the state’s capacity to generate, transmit, and distribute
electricity will most likely support higher productivity in its manufacturing sector.

Sem———
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Introduction

This report is prepared for The Ohio Manufacturers’ Association by the Center for Economic
Development and the Center for Energy Policy and Applications at the Maxine Goodman Levin
College of Urban Affairs at Cleveland State University. The authors of the report would like to
acknowledge the research assistance of Ellen Cyran, a senior programmer analyst at the Center
for Economic Development for her database support, James Wyles, visiting instructor in GIS and
Urban Geography for his mapping, and Joe Andre and Serineh Baboomian, graduate assistants
at the Center for Economic Development for their editorial support. We appreciate thoughtful
comments by the OMA leaders and staff for their insights and continued support through the
duration of this project.

Ohio today faces a considerable challenge in keeping its manufacturing base competitive.
Energy-intensive manufacturing, in particular, is threatened by rising electricity costs and the
potential need to reduce carbon emissions. One of the responses to mitigate rising electricity
prices is developing a model of distributed generation.®

In order to examine if electricity rates have a critical influence on Ohio’s manufacturing industry,
it is imperative to identify Ohio’s electricity-intensive manufacturing sector which has
comparative advantages across the United States. We present this in the first section of our
report, as well as the geographic concentration of electricity-intensive, economic-base
manufacturing industries in all Ohio counties. In Chio’s manufacturing base, there are 14
industries that are electricity-intensive industries® and industries that are large consumers of
electricity.” in particular; atop of this list are primary metal manufacturing; chemical
manufacturing; food manufacturing; and paper, glass, and nonmetaliic mineral product
manufacturing.

In the second part of this report, the researchers empirically estimate the impact of electricity
rates coupled with the deregulation of electricity markets, and how these impact Ohio’s
manufacturing competitiveness.

This study is intended to inform manufacturers about the structure of electricity-intense
industries of the manufacturing sector, regional distribution of electricity-intense industries,
and the largest consumers of electricity in Ohio. Moreover, this study aims to provide insights
on major factors influencing electricity pricing. The study empirically illustrates that industrial
electricity price is one of the major factors that negatively impacts manufacturing productivity.
The authors hope that the study of the state of electricity-intensive manufacturing industries’
help craft better electricity pricing public policies in Ohio.

® A. Thomas and . Lendel, “Distributed Generation as a Response to Rising Electricity Costs in Ohio.” February 2013.
’ Electricity-intensive are atop of the list of industries defined by the ratio of an industry's expenditure on

electricity to the industry’s totai expenditures in Ohio, measured as unit expense for electricity.

Large consumers of electricity are industries that pay large shares of their total expenditures for electricity,
measured in dollars.

Center for Economic Development, Cleveland State University Page 1



Part 1: Analysis of Ohio Electricity-Intensive Manufacturing Export

Industries

The goal of the project is to define a group of electricity-intensive manufacturing export
industries that could possibly be eligible for special electricity rates. The Center for Economic
Development defines and lists these electricity-intensive industries and then analyzes the
distribution and concentration of electricity-intensive industries across the state of Ohio. Steps
and methodologies of the analysis are as follows:

 ‘Dafming Electricity-

Intensive Industries

IMPLAN 5 mpu-oafu cosEcens of
detated s€t10s

Haken IMPLAK seciors vt NACS
mdustia:
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Defining Electricity-Intensive Industries

In order to identify electricity-intensive industries, IMPLAN's technical input-output coefficients
were used. IMPLAN is a proprietary input-output economic model that provides information on
supply relationships {backward linkages) between industries. Two indicators signify electricity-
intensive industries:

1. The ratio of an industry's expenditure on electricity to the industry’s total
expenditures in Ohio, measured as unit expense for electricity

2. Industry's total expenditure on electricity (electricity generation and
transmission industry), measured in dollars

The indicator unit expenses for electricity reflect the share of electricity cost in $1 of output of
IMPLAN industry Electric Power Generation, Transmission, and Distribution (industry code 31).
Ohio's manufacturing industries (at the 4-digit NAICS classification) were ranked separately by
each indicator: unit expense for electricity (Table 1) and industry's total expenditure for
electricity (Table 2).

Center for Economic Development, Cleveland State University Page 2



v' Per each $1 of expenses, the Alumina and Aluminum Production and Processing
industry spends 5.7cents on electric power generation, transmission, and
distribution (Table 1)

v" The same industry spent $144 million in 2009 buying their supply of electricity
from Ohio (Table 2}

Using the “natural break” method, Ohio's manufacturing industries were classified into three
groups of electricity users: high, moderate, and low electricity-intensive industries (Figures 1
and 2}. Our definition of High and Moderate Electricity-Intensive industries is consistent with
the Energy-intensive and Non-Energy-intensive Manufacturing groups defined for Industrial
Demand Module of the National Energy Modeling System®? (see Appendix Table 1).

Figure 1. lllustration of Break-Point Method Based on Ratio of Expenses for Electricity in $1 of
Total Expenditures

* The “natural break” method is based on identifying the significant change of a ranked dependent variable
between two observation points. The significant variation in a dependent variable points to the change of a
phenomenon, which this variable fliustrates.

* Office of Energy Analysls, U.5. Energy Information Administration, 2011.

3 Clevelad
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Table 1. Electricity-intensive Manufacturing industries by Unit Expenditures for Electricity

NAICS

3313
3221
3274
3311
3251
3272
3315
3279
3253

High
Electricity-
Intensive
Manufacturing

3271
3211
3117
3328
3112
3252

3131

3273

3132

Moderate 3212
electricity-

intensive 3312

Manufacturing 3115

3113

3114
3321
3262
3359

3314

Industry Name

Alumina and Aluminum Production and Processing
Pulp, Paper, and Iﬁ__aber'bc_iar_d Milis o )
Lime and Gypsum Product Manufacturing

Ir6;n and Steel Mills_ar{d_ Ferroalloy Manu'facturi}\fg
Basic Chemical Manufacturing

Glass and Glass Product Manufacturing

Foundries

Other Nopmét_al:lic:mMinerél_?réduct Manufacturing

Pesticide,'Feftilizer, and Other Agricultural Chemical
Manufacturing

Clay ‘P'roduct and Refractory M.anufaétuijing

Sawmills and Wood Preservation

Seafood Product Preparation and Packaging

Coating, Engraving, Heat Treating, and Allied Activities
Grain and Ollseed Milling - _- '
Resin, Synthetic Rubber, and Artificial Synthetic Fibers
and Filaments )

Fiber, Yarn, and Thread Mills

Cement and Concrete Product Manufacturing

Fabric Mills _ f . '
Veneer, Plywood, and Engineered Wood Product
Manufacturing . :

Steel Product Manufacturing from Purchased Steel
Dairy Product Manufactu'ring' :

Sugar and Coinfecﬁipnery Product Manufacfukjrfg

Fruit and Vegetable Preserving and Specialty Food
Manufacturing -
Forging and Stamping

Rubber Product Manufacturing
Other Electrical Equipl:nent andmCorﬁpt"Jnént
Manufacturing

Nonferrous Metal (except Aluminum) Production and

Processing

High Electricity-intensive Manufacturing Industries

Electricity Expenditures
Per $1 of industry
Expenses
005721
0.03534
0.03280
0.03091
0.02702
0.02577
0.02311
0.02240
0.01975

0.01882
0.01500
0.01432
0.01429
10.01395
0.01343

10.01309
0.01307
0.01245
0.01156

001132
0.01111
0.01094
0.01086

0.01082
0.01052
0.01047

0.01022

Table 1 includes industries with relatively high unit expenditures on electric power generation,
transmission, and distribution. Ranked by this indicator, all manufacturing industries were
divided into three groups: High Electricity-Intensive Manufacturing, Moderate Electricity-
Intensive Manufacturing, and Low Electricity-Intensive Manufacturing. The High Electricity-
Intensive Manufacturing group inciudes ten manufacturing industries that annually spend 2% or
more of their total expenditures on electricity. The Alumina and Aluminum Production and
Processing Industry (NAICS 3313) alone spends 5.7% of all expenditures on electricity. This is

Center for Economic Development, Cleveland State University
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almost twice the next High Electricity-intensive Manufacturing industry, Pulp, Paper, and
Paperboard Mills (NAICS 3221), which spends 3.5% of al| expenses annually on electricity. The
top ten electricity-intensive manufacturing industries include three groups of industries: metal-
product manufacturing, chemical manufacturing, and paper-producing industries. Two out of
three groups historically have had a large presence in Ohio.

Moderate Electricity-Intensive Manufacturing Industries

The 17 industries that belong to the Moderate Electricity-Intensive Manufacturing group spend
at least 1% of their total expenditures for electricity. Sawmills and Wood Preservation {NAICS
3211) and Seafood Product Preparation and Packing (NAICS 3117), the two top industries in this
group, are not typicai for Ohio. The rest of this cohort represents industries related to metal
and equipment manufacturing, food manufacturing, resin and rubber industry, and cement and
concrete manufacturing. The 17 industries included in the High and Moderate Electricity-
Intensive Manufacturing groups are the subject of further investigation.

Figure 2. lllustration of Break-Point Method Based on Indicator of Total Industry Expenses for
Electricity

\\-\-‘H_..h —
S—— » = ——— e ——
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Table 2. Large Consumers of Electricity Identified by Indicator of Total Expenditures for
Electricity in Chio

NAICS 'Industry Name " Total Inclustry
Expenditures for
Electricity in OH
3251  Basic Chemical Manufacturing $357,569,572
3311  Iron and Steel Milrls and Ferroalloy Manufacturing  $305,430,664
3313 Alumina and Aluminum Production and Processing $144,121,601
3241 Petroleum and Coal Products Manufacturing ‘ $120,952,662
High 3261 Plastics Product Manufacturing $103,429,390
Electricity- 3363 Motor Vehicle Parts Manufacturing $102,961,395
Consuming 3221  Pulp, Paper, and Paperboard Mills o $96,450,783
Manufacturing 3252 Resin, Synthetic Rubber, and Artificial Synthetic Fibers and 588,811,888
) Filaments — = o
3253 Pesticide, Fertilizer, and Other Agricultural Chemical $77.580,568
Manufacturing 7 _
3115  Dairy Product Manufacturing $71,619,224
3315  Foundries ' $67,169,998
3329  Other Fabricated Metal Product Manufacturing $55,978,697
3114  Fruitand Vegetable Preserving and Speual'ty Food 454,834,373
Manufacturing I
3312  Steel Product Manufacturing from 'Pu:rchas-e't_i_fstéel $49,857,376
2{';‘::;?:’:_ 3222  Converted Paper Product Manufacturing 1$49,737,892
Consuming 3272  Glass and Glass Product Manufacturing $48,513,642
Manufacturing 3279  Other Nonmetallic Mineral Product Manufacturing $48,513,197
3112 Grain and Oilseed Milling $43,094,463
3314 Nonferrous Metal (eitcept Aluminum) Preduction and $42,555,602
Processing ) 7
3361 :Motbr' Vehicle Ma'nufacturing _$40,9b0,68'3

High Electricity-Consuming Manufacturing

Twenty (20) manufacturing industries were identified as the largest consumers of electricity in
Ohio. Each of these manufacturing industries spends at least $40 million per year on electricity
supplies. Of those 20 industries, 11 were considered high electricity-consuming manufacturing
industries. Each industry in high electricity-consuming manufacturing group spends over $67
million annually on electricity supplies. This group is led by the industry Basic Chemical
Manufacturing {NAICS 3251}, which spends over $358 million annually on electricity supplies,
followed by fron and Steel Mills and Ferroalioy Manufacturing (NAICS 3311), which spends over
$305 million annually. The other largest consumers of electricity in Ohio belong to industries
producing such products as aluminum, petroleum and coal, plastic products, motor vehicle

parts, paper, raisin, pesticide and fertilizer, dairy products, and foundries.
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Moderate Electricity-Consuming Manufacturing

The Moderate Electricity-Consuming Manufacturing group includes nine industries that spend
between $41 and $56 million annually on electricity supply. The largest electricity consumer in
this group was Other Fabricated Metal Product Manufacturing (NAICS 3329), which pays about
556 miliion per year for the supply of electricity in Ohio. Other industries in this group include
those that manufacture steel products, converted paper products, glass, nonmetallic minerals,
motor vehicles, and specialty food. We used both ranked indicators (high unit electricity-
intensive and large consumers of electricity) to identify 14 manufacturing industries in Ohio
(Table 3).

Table 3. Ohio Manufacturing Industries: Electricity-Intensive and Large Consumers of
Electricity

NAICS Industry Name

3313 Alumina and Aluminum Production and Processing
3221 Puip, Paper, and Paperboard Mills

Hig.h. 3311  Iron and Stee| Mills and Ferroalioy Manufacturing
mf:?i::’z; q 3251  Basic Chemicai Manufacturing
Consuming 3272 Glass afxd Glass Product Manufacturing
Manufacturing 3315  Foundries
3279  Other Nonmetallic Mineral Product Manufacturing
3253 Pesticide, Fertilizer, and Qther Agricultural Chemical Manufacturing
3112 Grain and Oilseed Milling '
Moderate 3252 Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments
Electricity- 3312  Steel Product Manufacturing from Purchased Steel
Intensive and 3115 Dalry Product Manufacturing
Consuming 3114  Fruit and Vegetable Preserving and Specialty Food Manufacturing
Manufacturing 3314 Nonferrous Metal {except Aiun"{inum) Production and Processing

Industries that fit both criteria are large, electricity-intensive consumers. This group creates
electricity-intensive products and purchases iarge volumes of electricity due to their industry
size in Ohio. Fourteen {14) manufacturing industries are electricity-intensive and large
consumers of electricity due to their size in Ohio. These 14 industries include all industries in
primary metal manufacturing sector (NAICS 331: NAICS 3311, 3312, 3313, 3314, 3315); three
chemical manufacturing industries (NAICS 3251, 3252, 3253); three food manufacturing
industries (NAICS 3112, 3114, 3115); and paper, glass, and nonmetaliic mineral product
manufacturing (NAICS 3221, 3272, 3279).

i A =
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Table 4. Electricity-Intensive, Non-Manufacturing Industries Identified by Unit Expenses for

NAICS

721
2123

L

712
1112
1113
611
713
2121
722
531
493
112
623
8121
533
622

Electricity

induﬁtry Name

Accommodation

Nonmetallic Mineral Minihg ani_i Q_uarrying

Other Crop Far_nﬁing apaal
M_uséums;: _I-Iistbricai Sites, and Similar Institutions
Vegetable and Melon Farming

Fruit and Tree N'u«t Farming |

Edu_cationa'l Services _

Amusement, Gémbling,‘and Recreation Industries
Coal Mining

Food Services and Drinking Places

Real Estate .

Warehousing and Storage

Animal Production

Nursing and Residential Care Facilities

Personal Care Services

Lessors of Nonfinancial Intangible Assets (except Copyrighted Works)
Mospitals

Electricity
Expenditures Per $1
of Industry Expenses

0.029303
0.028517
0.022541
0.020142
0.018514
0.017923
0.017522
0.016856
0.016488
0.015693
0.015551
'0.015231
0.013455
0.012337
0.011442
0.010497
0.010485

To identify electricity-intensive, non-manufacturing industries in Ohlo, we applied the same two
criteria used for manufacturing industries: unit expenses for electricity and total industry
expenditures for electricity. Seventeen (17) 4-digit NAICS non-manufacturing industries and
broader industrial sectors spent at least one cent per each dollar of expenses on electricity
supply (1% of their total annual expenditures in Ohio). The largest sectors and industries
include farming, accommodations, and industries that utilize large commercial buildings, such
as museums, universities, hospitals, and warehouses. To identify the large consumers of
electricity among non-manufacturing industries, the total expenditures on the electricity
indicator was applied to three groups of industries classified by the level of NAICS: 2-digit

sectors, 3-digit sectors, and 4-digit non-manufacturing industries (Table 5).2

13 IMPLAN’s industry classification corresponds to a combination of 2-, 3-, and 4-digit NAICS industry classifications
for non-manufacturing industries.

Center for Economic Development, Cleveland State University
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Table 5. Non-Manufacturing Industries ldentified by Total Industry Expenditures for Electricity

NAICS

23
42
55
531
722
622
611
623
621
721
493
713
813

2-digit
NAICS

3-digit
NAICS

5415
1111
8121
4-digit 2123
NAICS 8111
5417
2121
5111

Industry Name Total industry
Expenditures for
Efectricity in OH
Construction $103,084,857
‘Wholesale Trade $165,244,919
Management of Companies and Enterprises $91,376,320
Real Estate | ' $385,969,940
Food Senvices and Drinking Places $3-42,473,541
Hospitals $304,688,721
Educational Services $124,426,390
Nursing and Residential Care Facilities $115,215,073
Ambulatory Heaith Care Services $90,999,878
Accommodation $71,800,729
Warehousing and Storage 550,096,107
Amusement, Gambling, and Recreation industries $44,469,5_57
Religious, Grant making, Civic, Professional, and Similar $43,985,471
Organizations
Computer Systems Destgn and Related Services 580,921,712
Oilseed and Grain Farming $26,859,565
Personat Care Services 7 $26,797,682
Nonmetaliic Minerai Mining and Quarrying $22,850,089
Automotive Repair and Maintenance 518,308,483
Scientific Research and Development Services $17,61_3,731
Coal Mining ] $15,592,757
Newspaper, Periodical, Baok, and Directory Publishers $15,106,413

Eleven (11) non-manufacturing industries and sectors were identified as large consumers of
electricity due both to their significant size in Ohio and the high electricity intensity of their
products and services (Table 6). Eight (8) 3-digit NAICS sectors and three 4-digit NAICS

industries were the largest electricity consumers and most electricity-intensive non-

manufacturing industries in Ohio.

Table 6. Electricity-intensive, Large Non-Manufacturing Consumers

NAICS
721
2123
611
713
2121
722
531
493
623
8121
622

Industry Name
Accommadation 7
Nonrﬁetailic Mireral anihg and QUarrying
Educational Services
Amusement, Gambling, and Recreation Industries
Coal Mening _
Food Services and 7Drinking Places
Real Estate
Warehousing and Storage
Nursing and Residential Care Facilities
Personal Care Services
Hospitals

Note: Ranked by unit expenses on electricity

e —

%
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Defining Ohio’s Economic Base Industries

To identify Ohio’s economic base, we researched the Location Quotient {LQ) of Gross State
Product (GSP), the growth of GSP, and industries’ productivity over three time periods: 2000-
2010, 2007-2010 and 2009-2010. According to GSP LQ, 52 4-digit NAICS manufacturing
industries represented the economic base of Ohio’s economy in 2010.%* The manufacturing
industries presented in Table 7 are ranked by 2010 GSP LQ.

NAICS

3352
3363
3321

3255

3324
3271
3361
3312
3322
3328
3335
3262
3279
3369
3329
3256
3272
3114
3315
3311
3327
3261
3351
3339
3115
3353
3332
3251

Table 7. Ohio’s Manufacturing Industries
Deséripﬁon
Household Appliance Manufacturing
Motor Vehicie Parts Manufacturing
Forging and Stamping '
Paint, Coating, and Adhesive Manufacturing
Boiler, Tank, and Shipping Container Manufacturing
Clay I“>roduﬂct7and 'Refractoryf Manufacturing
Motor Vehicle Manufacturing
Steel Product Manufa"ctur_ing from Purchased Steel
Cutlery and Handtool Manufacturing '
Coating, Engraving, Heat Treating, and Allied Activities
Me__taiworldng Machinery Manufacturing
Rubbemr Proquct'Mranufacturing:
Other Nonmetallic Mineral Product Manufacturing
Other Transp'ortation Equipment Manufacturing
Other Fabricated Metal Product Manufacturing
Soap; Cleaniné Compound, and Toilet Prepérafion Manufacturing
Glass and Glass Product Manufacturing

Fruit and Vegetable Preserving andVSpéciaItv Food Manufacturingf__

Foundries

Iron and Steel Mills and Ferroalloy Manufacturing ]
Machine Shops; Turned Product; and Screw, Nut, and Bolt Manufacturing
Plastics Product Manufacturing '

Electric Lighting Equipment Manufacturing

--Other Géneral Purpose Machinery Manufacturing

Dairy Product Manufacturing
Electrical Equipment Manufacturing

_Industrial Machinery Manufacturing

Basic Chemical Manufacturing

GSP LQ, 2010

4.954
3.722
3.703
3.601

3351
3.233
3.200
3.198
3.186
3.069
3.017
2.985
2931
2.829
2.802
2.617
2.518
2.490
2.449
2.441
2.349
2.278
2.276
[ELT
2.085
2.001
1.968
1.941

14| acation Quotient measures the specialization of an industry in a region by comparing it to data in a larger

region. For our an

1}

alysis: L@ = %where g; = The Ohio Gross Product in industry i; g = Total Gross Product in Ohio;

[
G,= US Gross Product in industry i; G = Total US Gross Product. A GSP LQ above 1.00 indicates that the share of an
industry’s gross state product in the total regional gross product exceeds the share of this industry’s GDP in the
total U.S. GDP. This disproportionally large production of G5P denoctes an industry as a potential part of the
regional economic base.

Center for Economic Development, Cleveland State University
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Table 7. Ohio’s Manufacturing industries {cont.)

NAICS Description GSP LQ, 2010
3253  Pesticide, Fertilizer, and Other Agricult__ural Chemical Manufat_:turing 1.825
3111  Animal Food Manufacturing 1.815
3326  Spring and Wire Product Manufacturing 1.809
3252 Resin, Synthetic Rubber, and Artificial Synthetic Fibers and Filaments 1.775
3359 Other Electrical Equipment and Component Manufacturing 1.726
3259  Other Chemicai Product and Preparation Manufacturing 1.692
3314 Nonferrous Metal (except Aluminum} Production and Processing 1.671
3371 Househoid and Institutiona! Furniture and Kitchen Cabinet Manufacturing 1.518
3362  Motor Vehicle Body and Tra'ier Manufacturing 1.496
3323  Architectura! and Structural Metais Manufacturing 1_.4_52
3118 Bakeries and Tortilla Manufacturing - 1.480
3231  Printing and Reiated Support Activities 1.466
3274 Lime and Gypsum Product Manufacturing 1.438
3325 Hardware Manufacturing 1.398
3313 Alumina and Aluminum Production and Processing 1.397
3119  Other Food Manufacturing ' 1.389
3334  Ventilation, Heating, Air-Conditioning, and Commercial Refrigeration E 1.374
3222  Converted Paper Product Manufacturing 1343
3219  Other Wood Product Manufacturing 1.309
3169 Other Leather and Allied Product Manufacturing 1.242
312%1 Beverage Manufacturing 1.226
3241  Petroleum and Coai Products Manufacturing 1.167
3113 Sugar and Confectionery Product Manufacturing 1.054
3149  Other Textle Product Mills 1.026

Source: Moody's Economy.com

As shown in Table 7, Ohio’s economic base is heavily represented by the following
manufacturing industries:

Food manufacturing (NAICS 311)

Chemical manufacturing (NAICS 325)

Nonmetallic mineral product manufacturing {NAICS 327)

Primary metal manufacturing (NAICS 331)

Fabricated metal product manufacturing (NAICS 332)

Machinery manufacturing (NAICS 333)

Electrical equipment, appliance, and component manufacturing (NAICS 335)
Transportation equipment manufacturing (NAICS 336)

ANANENE N NE SR NN

Twenty-eight manufacturing industries in Ohio (26 of these industries are displayed in Table 8)
experienced positive GSP growth (at least 1%) between 2007 and 2010.% GSP of the Petroleum
and Coal Products Manufacturing industry {NAICS 3241) increased by 51% over the last 3 years
(2007-2010); by 136% from 2000 to 2010. The Other Electrical Equipment and Component
Manufacturing (NAICS 3359) and Pharmaceutical and Medicine Manufacturing (NAICS 3254)

“Two very smali industries, the Leather and Hide Tanning and Finishing (NAICS 3161) and the Tobacco
Manufacturing (NAICS 3122) are removed from the analysis due to data confidentiality.

_"'___'—"——.——-——um—-_.:__.__._______'__--_“__
Center for Economic Development, Cleveland State University Page 11



industries grew by 31% b
Manufacturing (NAICS 3253) industry showed a large gro

etween 2007 and 2010. The Pesticide and Other Chemical
wth in GSP from 2009 to 2010.

However, the size of the industry is too small to influence the overall economy in Ohio.

3241
3253
3359
3254

3116
3114

3115
3346

3352
3324

3369
3256

3119
3353
3279

3111
3118
3255
3274
3251
3121
3113

3391
3252

3112
3272

Table 8. GSP Growth of Ohio’s Manufacturing Industries

beécriptlnri

Petroleurn and Coal Products
Manufacturing

Pesticide, Fertilizer; and Other Agrichltural
Chemical Manufacturing )
Other Electrical Equipment and Component
Manufacturing

Pharmaceuticai and Medlcine
Manufacturing o

Animal Slaughtering and Processing

Fruit and Vegetable Preserving and
Specialty Food Manufacturing

Dairy Product Manufacturing
Manufacturing and Re;;foducihg-ihagnefic
and Optical Media .

Household Appliance Manufacturing

Boﬂer, Tarik, and Shipping Container
Manufacturing .

Other Transportation Equipment
Manufacturing

Sbap, Cléaning Compound, and Toilet
Preparation Manufacturing

Other Food Manufacturing

_‘ Electrical Equipment Ma_mufacturiné

Other Nonmetallic Mineral Product
Manufacturing 7

Animal Food Manufacturing

Bakeries and Tortilla Manufacturing
Paint, Coating, and Adhesive Manufacturing
Lime and Gypsum Product Manufacturing
Basic Chemical Manufacturing

Beverage Manufacturing !

Sugar and Confectionery Product
Manufacturing

Medical Equipment and Supplies
Manufacturing

Resih, Synthetic Rubber, and Artificial
Synthetic Fibers and Filaments

Grain and Oilseed Milling

Glass and Glass Product Manufacturing

Source: Moody’s Economy.com

-Elﬁpiovment,
2010

3,964

966

6,280
5,793
8,768

11,684

8,179
1,180

4,533
8,045

1,386
10,231

6,196
7,091
6,171

2,333
9,856
6,305

592
8,737
6,870
1,488

9,034
5,307

2,029
7,685

— F‘
Center for Economic Development, Cleveland State University

2010 GSP

{in 2010
dollars}

54,063,152

'$585,050

$1,019,356
$1,883,134

$1,061,118
$1,834,442

$1,409,510
$27,903

41,515,133
$1,102,876

$332,151

$1,761,906
$1,217,421
$1,423,332

$708,435

$502,929

$1,570,680

$1,363,263
~ $83,441
$2,832,472
$1,126,952

$321,315

$1,107,998
$1,286,891

$335,240
$750,979

% GSP

change,
2000-
2010
136%
66%
7%
131%

21%
33%
20%

-66%

i3%

30%

59%

21%

54%

21%
-43%

% GSP
change,
2007-
12010
51%
46%
31%
31%

25%
20%

19%

18%

18%
18%

18%
17%
17%

16%
16%

12%

12%
11%
10%
10%
8%
4%

4%

3%

2%
1%

% GSP
change,
2009-
2010
9%
17%
9%
11%

8%
11%

9%
19%

9%
4%

0%
10%
12%
11%

8%
7%
10%
10%
8%
6%
7%

6%
6%

7%
6%
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Industries that were growing from 2007 to 2010 w

{Table 9):

NAICS

3241
3253

3352
3254
3251
3252

3369
3255
3113
3111
3353
3119
3259
3361
3115
3256

3112
3351

Household appliance manufacturing

LSRN NR NS

Basic chemical manufacturing

Petroleum and coal products manufacturing
Pesticide, fertilizer, and other agricultural chemical manufacturing

Pharmaceutical and medicine manufacturing

Table 9. Ohio Manufacturing Industries with High Productivity, 2010

Description

Petroleum and Coal Products Manufacturing

'Pesficide, Fertilizer, and Other Agﬁcultural Chemical

Manufacturing
Household Appiiance Manufacturing

Pharmaceuticai and Medicine ManUfactufring
Basic Chemical Manufacturing

Resin, Synthetic Rubber,& Artificlal Synthetic Fibers &
Filaments
Other Transportation Equipment Manufacturing

Paint, Coating, and Adhesive Manufacturing

Sugar and Confectionery Product Manufacturing
Animal Food Manufacturing

Electrical Equipment Manufacturing

Other Food Manufacturing

Other Chemicai Product and Preparation Manufacturing
Motor Vehicle Man ufacturing

Dairy Product Manufacturing

Soap, Cieaning Corhpound, and Toilet Prebaration
Manufacturing
Grain and Ofiseed Milling

' Electric-Lighting Equipment Mandfacturing

S Manufacturing industries’ productivity is calculated as indust

empioyment for the same time period.

m———— .
Center for Economic Development, Cleveland State University

[ Employment,
2010

3,964
966

4,533
5,793
8,737
5,307

1,386
6,305
1,488
2,333
7,091
6,196
5,482
16,968
8,179
10,231

2,029
2,768

2010 GSP
{in 2010
dollars)

$4,963,152
$585,050

$1,515,133
$1,883,134
$2,832,472
$1,286,891

$332,151
$1,363,263

$321,315

$502,929
$1,423,332
$1,217,421
$1,004,093
$3,027,235
$1,409,510
$1,761,906

$335,240
$456,119

ere likely to have high productivity'® in 2010

Productivity,
2010 (5 per
employee)

$1,252,056
$605,642

$334,245
$325,071
$324,293
$242,489

$239,647
$216,219
$215,938
$215,572
$200,724
$196,485
$183,162
$178,408
$172,333
$172,213

$165,224
$164,783

ry manufacturing GSP divided by ind ustry’s

E’ﬁ_?_—_

Page 13



Ohio's Electricity-Intensive Base Manufacturing Industries

Twelve (12) of the 14 manufacturing industries that produce electricity-intensive products and
are large consumers of electricity in Ohio are part of the state’s economic base (Table 10).
These industries have a location quotient (LQ) of gross state product (GSP) above 1. Seven (7) of
these industries’ LQs exceed 2. The largest electricity consumer in this group is NAICS 3329,
Other Fabricated Metal Product Manufacturing (LQ 1.4), which spends about $56 million per
year on the supply of electricity. Other industries in this group include those that manufacture
steel products, converted paper products, glass, nonmetallic minerals, motor vehicles, and
specialty food.

Table 10. Economic Base Industries: Electricity-intensive and Large Consumers of Electricity in

Ohio
NAICS Definition ‘Electricity GSP LQ,
Intensity 2010
{per $, total $)
3313 Alumina and Aluminum Production and Processing H,H 1.397
3311 Iron and Steel Mills and Ferroalloy Manufacturing H,H 2.441
3251 Basic Chemical Manufacturing H, H 1941
3272 Glass and Glass Product Manufacturing H,M 2.518
3315 Foundries H,H 2.449
3279 Other Nonmetalfic Mineral Product Manufacturing H, M 2.931
3253 Pesticide, Fertilizer, and Other Agricultural Chemical Manuf H,H 1.825
3252 Resin, Synthetic Rubber,&. Artificial Synthetic Fibers & Filaments ‘M, H 1.775
3312 Steel Product Man_ufacturi'ng from Purchased Steel M, M 3:198
3115 Dairy Product Manufacturing M, H 2.085
3114 Fruit and Vegetable Preserving and Specialty Food Manufacturing M, M 2.490
3314 Nonferro_ué Metal (except Aluminum) Production and Procesgsing M, M 1.671

Note: Ranked by per_dbllar expense on electricity.

The first ietter in the Electricity Intensity column indicates the group of the electricity-intense industries (High (H)
or Moderate {M)); the second letter indicates the group of the high (H) or Moderate (M) consumer of electricity in
Ohio.

Data Centers

Data Centers are defined as “Industries [...] that provide the infrastructure for hosting and/or
data processing services” by U.S. Census Bureau. Those industries are classified under 2007
NAICS 518/5182: Data Processing, Hosting, and Related Services.”” There are seven types of
data centers classified by Brown, et al. (2001)*® as followed:

17 Data Centers classified under 1997 NAICS {Darrow & Hedman, 2009):

v NAICS 514191: Online Information Services

v NAICS 5142: Dato Processing Services
18 o "EEE: Overview of Data Centers and Their Implications for Energy Demand, Elizabeth Brown, R. Neal Elliott, and
Anna Shipley, American Council for an Energy-Efficient Economy, Washington, DC, Sep. 2001.

Center for Economic Development, Cleveland State University Page 14



Telecoms

internet Service Providers (ISP’s)
Co-located Server Hosting Facilities {ColLos)
Server Farms

Internet Hotels

Corporate Data Centers

University, National Laboratory

AR N N

The site selection of data centers are affected by several factors. Places which have the regional
characteristics and economic environment described below are favorable to attract data
centers to the location.

v" Less Natural Disasters
v’ Favorable Business Climate
o Workforce — computer science, information technology, and facility
management
Union rules — a “right to work” state
Financial Considerations
* Tax breaks, incentives, costs of doing business
* Insurance costs in the area
e Cost of land
Easy access to a fiber network
Lower power costs

6]

Q

o o

In Ohio, however, no establishments exist in the Data Processing, Hosting, and Related Services
industry {(NAICS 5182), according to data of the Quarterly Census of Employment and Wages
(QCEW). The broader industry where the data centers fit has very low unit electricity intensity
in Ohio. Per dollar expenses of electricity for NAICS 518 industry was 0.00044 in 2009 data for
the IMPLAN model; the average per dollar expense of electricity for a manufacturing industry
was 0.00971. Tota! expenditure of electricity for the NAICS 518 industry was $473,337. The
average total expenditure of electricity for a manufacturing industry was $32,559,567. The data
centers industry in Ohio does not belong to the state’s economic base. The GSP LQ for NAICS
518 was 0.291 in 2010.

There are three Lexis-Nexis establishments in Ohio. LexisNexis' world headquarters is located in
Dayton, Ohio.*

v" NAICS 5179 - All Other Telecommunications — Cleveland (Cuyahoga County)
v" NAICS 5411 - Offices of Lawyers — Miamisburg (Montgomery County)
v" Unclassified — Springboro (Warren County)

** Source: Reference USA

g o —
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Summary

Twelve Ohio industries manufacture highly electricity-intensive products and, at the same time,
are a significant part of the state’s economic base.
These industries belong to four broader sectors:

v NAICS 311: Two industries in Food Manufacturing had a total employment over

20,000 and were growing since 2000.%° Average GSP growth of these industries
in 2009-2010 was 10%.

NAICS 325: Three industries in Chemical Manufacturing experienced GSP growth
since 2000. Two of these three industries (NAICS 3251 & 3252) were also among
the industries with high productivity in Ohio. Together, these three industries
employed almost 15,000 people in Ohio in 2010.

NAICS 327: Two industries in Nonmetallic Mineral Product Manufacturing
experienced GSP growth since 2007.” These two industries employed almost
14,000 people in Ohio in 2010.

NAICS 331: Five industries in Primary Metal Manufacturing sector were not
among those with GSP growth or high productivity. However, this industry sector
employed 37,297 people in Ohio in 2010.%

2 1hjs statement implies that the industry was growing from 2000 to 2010, from 2007 to 2010, and from 2009 to

2010.

2 This statement implies that the industry was growing from 2007 to 2010 and from 2009 to 2010.
22 o6 additional industry statistics in Appendix Tablel.
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Mapping the Geographic Distribution of Electricity-Intensive Manufacturing
Industries in Ohio

Northeast and Southwest Ohio have relatively dense populations of manufacturing
employment (Figure 3). In Northeast Ohio, manufacturing employees are concentrated in
Cuyahoga, Lake, Summit, and Stark counties. In Southwest Ohio, Montgomery, Butler, and
Hamilton counties have a high concentration of manufacturing employment. Manufacturing
employees are also concentrated in Lucas County {Northwest Ohio) and Franklin County
{Central Ohio). Manufacturing employment tends to locate in urban areas; counties with large
cities are more likely to have a greater number of manufacturing employees: Cuyahoga
{Cleveland), Hamilton (Cincinnati), Franklin (Columbus), Lucas (Toledo), and Stark {Canton).

Figure 3. Tota! Manufacturing Employment
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Northeast Ohio shows relatively high levels of the gross state product (GSP). Manufacturing GSP
is highest in Cuyahoga County (Northeast Ohio). Hamilton County in Southwest Ohio also has a
manufacturing GSP between $7,830 and $9,460 million in 2010 (Figure 4).

Figure 4. Total GSP of Manufacturing Industries
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Companies in electricity-intensive manufacturing industries are located primarily in Northeast
Ohio {Figure 5). Cuyahoga, Stark, and Trumbu!l counties each have more than 3,680 empioyees
in electricity-intensive manufacturing. Other counties in the Northeast also have relatively large
electricity-intensive manufacturing employment. Other counties with a high concentration of
electricity-intensive manufacturing employment include Franklin County in Central Ohio,
Hamilton and Butler counties in Southwest Ohio, and Lucas County in Northwest Ohio.

Figure 5. Employment in Efectricity-Intensive Manufacturing Industries
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Figure 6. GSP of Electricity-Intensive Manufacturing Industries
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Northeast Ohio counties — Cuyahoga, Lake, and Lorain counties —have higher GSP in
electricity-intensive manufacturing industries than other counties in Chio (Figure 6). Electricity-
intensive manufacturing industries also generate high GDP in Franklin County (Central Ohio),
Butler and Hamilton counties (Southwest Ohio), and Lucas County {Northwest Ohio).
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Northeast Ohio has relatively high employment in companies that belong to Ohio’s economic
base industries (Figure 7). Other regions tend to have companies with high employment in
manufacturing economic base industries only within counties with large urban centers: Franklin,
Butler, Hamilton, and Lucas counties.

Figure 7. Empioyment in Manufacturing Base Industries

W 3524w 715
12361 wTE23
E15451 380
19548 E14
13t 194

)T

-
t

£l

I::r Loanty

Center for Economic Deveiopment, Cleveland State University

Page 21



Counties in Northeast Ohio show high GSP in manufacturing base industries (Figure 8).
Cuyahoga, Lake, and Lorain counties produce more than $643 million in manufacturing
economic base industries. Other counties in the Northeast also have relatively high GSP in
manufacturing economic base industries. GSP in manufacturing base industries is high in
Franklin County {Central Ohio), Butler and Hamilton counties (Southwest Ohio), and Lucas

County {Northwest Ohio).

Figure 8. GSP in Manufacturing Base Industries
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Establishments of all manufacturing industries are concentrated in Northeast and Southwest
Ohio (Figure 9). In the Northeast, Cuyahoga and Summit are the most populous counties in
terms of number of manufacturing establishments industries. Manufacturing establishments
are also highly concentrated in surrounding counties. Hamiiton and Montgomery counties in
Southwest Ohio have a large number of manufacturing establishments. Franklin County in
Central Ohio shows a heavy concentration of manufacturing establishments.

Figure 9. Number of Establishments in All Manufacturing Industries
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Electricity-intensive manufacturing base establishments are heavily concentrated in Northeast
Ohio (Figure 10), especially among Cuyahoga, Summit, and Stark counties, which are parts of
the traditional Cleveland industrial belt. Another county with a large number of electricity-
intensive manufacturing establishments is Hamilton County (Southwest Ohio), which has

Cincinnati at its core.

Figure 10. Number of Establishments in Electricity-Intensive Manufacturing Base Industries
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Part 2: Effects of Electricity Pricing Changes on Manufacturers in Ohio

This part of the study explores the industrial electricity price model through a regression
analysis addressing the productivity of the manufacturing sector and industrial electricity
pricing. This analysis pursued two research questions: (1) How does industrial electricity pricing
influence the productivity of the manufacturing sector; and (2) What are the influences of
electricity market deregulation on the industrial electricity market and the productivity of the
manufacturing sector? The results of this analysis were appiied to a simulation of how Ohio
manufacturing productivity responds to changes in industrial electricity pricing and
deregulation of Ohio electricity market.

Methodology

The geographic area used for statistical modeling in this study is defined as the state of Ohio
and neighboring states Indiana, Kentucky, Michigan, and Pennsylvania. Each of these states is
located within the reach of the same industrial electricity market. These states also have
similar economic structures and comparable electricity customers, among which are electricity-
intensive manufacturing users.

Because the five selected states are located in close geographic proximity and manufacturing
represents a significant share of each state’s economy, we assume that the data used in the
statistical model are homogeneous. Any variation in the data can be explained by different
state public policies and other specific factors relevant to industrial electricity pricing and
manufacturing productivity.

We analyzed the productivity of the manufacturing industry and industrial electricity rates in
Ohig, Indiana, Kentucky, Michigan, and Pennsylvania between 1990 and 2010. The latest year
for which industrial electricity pricing data was available was 2010.

This study is based on a total of 105 points of observation, including, for each state, 21 years of
history in industrial electricity pricing, manufacturing productivity, electricity market
deregulation, and other factors relevant to electricity pricing and manufacturing.

Influence of industrial electricity price on manufacturing productivity

in the model, we hypothesized an inverse relationship between industrial electricity price and
performance in the state manufacturing sector over time. To measure the performance of
manufacturing, several variables were tested in the model, including manufacturing
employment, manufacturing gross state product, and employment and gross state product of
electricity-intensive subsectors within the states’ manufacturing industries. Due to the short
history of statistical data inciuded in the model, none of the proposed variables demonstrated
statistical relationships to industrial electricity pricing.

e e P S ———
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By capturing the peak of economic performance during the last business cycle, including the
most recent “Great Recession” that began in 2008, and the slow recovery therefrom, we were
able to show the relationship of electricity pricing to a more universal economic variable:
productivity. The closest proxy of true labor productivity we were able to derive was an annual
amount of gross state product produced per empioyee. This variable reflects both the shattered
employment during the recessionary phase of the business cycle and the enhancement of
technology that led to increases in labor productivity. Unfortunately, this variable also reflects
the inflationary changes of the products imbedded in the measure of GDP and is ignorant of
structural changes in the economy that are likely inflating the value of manufacturing products
over time.

We have assumed the states’ average industrial electricity prices to explain variation in
manufacturing productivity among states and over time. Manufacturing performance, however,
was influenced by more than just electricity prices. Some other influences were accounted for
in our modeling. We also considered electricity market deregulation as an important policy
choice that has influenced manufacturing productivity. In analyzing deregulation, we
hypothesized a direct relationship between the variable expressing the year of deregulation in a
given state and an increase in lagged manufacturing productivity the subsequent year.

Although industrial electricity prices and energy market deregulation were two policy variables
of particular interest, we included a number of additional variables that fit two criteria: (1) they
may influence the performance of manufacturing companies, and (2) the data for the variable
were available for all five states and over time. This group of control variables included
consideration of the following: business cycle phases; the dynamics of manufacturing
employment; a presence of large manufacturing companies in the state; and the performance
of the “Electric Power Generation, Transmission, and Distribution industry” (NAICS 2211) in the
state.

Overall, the statistical model is built to test the effect of policy variables on manufacturing
productivity (industrial electricity price and deregulation variables), controlling for the demand
on the electricity market {manufacturing employment and significant presence of large
manufacturing companies), the supply on the electricity market (size of power generation
industry), and overail economic conditions (business cycle variable “Recession”). This logic of
our statistical model can be expressed in the following equation:

Mnf Productivity = f (industrial electricity price, Dereguliation, Manufacturing employment,
Presence of large manufacturing establishments, Size of power generation industry,
Recession)

Where:
Mnf Productivity is the approximated productivity of a state’s manufacturing sector; and the

following variables can be defined as:
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Industriai electricity price (IEP) - average state industrial electricity price;

Dereguiation —an approximation based upon the change in policy deregulating the electricity
market in a given state;

Manufacturing employment (%ch_mnf.emp) - the percentage change of manufacturing
employment in a given state;

Presence of large manufacturing establishments (Mnf.1000LQ) —the change in relative number
of large manufacturing companies in a state, compared to the number of large manufacturing
companies in the United States;

Size of power generation industry (%ch._2211_GSP} - the percent change of gross state
product produced by the Electric Power Generation, Transmission, and Distribution industry
(NAICS 2211) in a state in a given year; and

Recession — approximating the trough of the business cycles between 1990 and 2010,

Variables for the Statistical Mode!
Dependent variable: Productivity of manufacturing sector in the state

Labor productivity is an indicator of value creation in the economy. Rather than employment
or absolute value of gross state product, we believe that the indicator of GSP per employee
best reflects the challenges of the manufacturing sector across different phases of the business
cycle. Over the last two decades, the Ohio economy has demonstrated prolonged periods
between the peaks and troughs of adjoining business cycles. The time period of this study—
1990 to 2010—showcases this phenomenon and features several phases of the business cycle:
the declining phase from July 1990 to March 1991; the historically long growth of the economy
from 1991 to March 2001; the crash between March and November of 1991; the sluggish
recovery through December 2007, which represented the shortest expansion phase since the
1990s; a new contraction, which led to a trough in June 2009; and, since then, an uncertain
expansion of the economy.

Independent Variables

Industrial Electricity Price

The effect of energy cost on economic performance is a popular topic in academic studies
exploring the impact of federal and state policies. In particular, electricity price has been

proven to be an important factor in the site selection process of U.5. manufacturing companies.
States with relatively low priced industrial electricity are proven to better attract firms looking
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to reduce their production costs {(Carlton, 1983).2 Deschenes {2010}, who employed a state
panel data model similar to ours, was unable to disprove the hypothesis that no correlation
exists between manufacturing employment and changes in state electricity prices.?* This study
anticipated that low industrial electricity prices may explain in part the economic growth and
competitiveness of manufacturing industries in the five targeted states through demonstrated
positive relationships with manufacturing productivity.

We used the annual average price of industrial electricity sold within a state as the measure of
industrial electricity price (IEP) for the analysis. Industrial electricity prices vary among states
and have changed between 1990 and 2010. The state’s annual average industrial electricity
price data are derived from the Energy Information Administration (EIA) and all price data are
inflation-adjusted to 2012.

Electricity market restructuring in a state

Electricity market deregulation and restructuring was operationalized in the statistical model by
a dichotomous variable. A state was coded as 1 if it had an active, restructured energy market
or an effective legislative act in place allowing for the presence of a competitive electricity
market in a given year. A state was coded as 0 if neither of the preceding elements existed.
Information to construct this variable is recorded in Table 11.

Table 11. Status and Year of Electricity Market Restructuring and Deregulation

in Selected States
State " Status Enactment Year Effective Year
IN Not active : 5
KA Not active - -
Mi Active June 3, 2000 January, 2002
OH Active July 6, 1999 January, 2001
PA Active December, 1996 January, 2000

Data source: U.S. Energy information Administration
(http://www.eia.gov/cneaflelectricity/page/restructuring/ restructure_elect.html)

This variable approximates the changes in state electricity markets, hypothesizing that the
increased availability and diversity of sources for generating industrial electricity is likely to
increase the supply of electricity and decrease industrial electricity prices. This variable alone
would not explain the difference in electricity pricing among the states as it does not account
for the fiexibility and competitiveness of corresponding state wholesale and transmission
markets. It is expected that states with deregulated electricity markets will show positive
changes in manufacturing productivity.

2 Cariton, D. (1983). The location and employment choices of new firms: An econometric model with discrete and
continuous endogenous variables. Review of Economics and Statistics, 65(3), 440-449.
% peschenes, 0. {2010). Climate policy and labor markets. NBER Working Paper #16111.
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Employment in the manufacturing sector of the state (percentage change)

This variabie approximates a fluctuation of the change in the whole manufacturing sector at the
state level. This variable controls for changes in the demand for electricity in the state from
large-scale electricity users such as manufacturers. In regulated electricity markets with low
elasticity of demand and high cost of entrance {due to significant capital expenditures), even
small changes in demand will influence the market price with restricted access to generation
and transmission capacity of neighboring states. This variable will reinforce the disadvantage of
regulated market-states in cases of demand fluctuation. We looked at annual percentage
changes of manufacturing employment. Employment data estimates were obtained from
Moody’s Economy.com.

Share of large manufacturing firms (LqQ)

The relative share of large manufacturing establishments in the state is calculated as a location
quotient (LQ), which is measured as the share of the number of manufacturing establishments
with 1,000 or more employees in the state, divided by the same average number in the whole
United States. It hypothesizes that states with dispropartionally high numbers of large
manufacturing establishments might have more individualiy negotiated contracts {with more
customer leverage} between iarge electricity users and supply companies, which is likely to
push down the average industrial electricity price in the state. It also controls for labor
productivity advantages within large firms or establishments due to the scale economy found
by some academic studies (Miller, 1978).% In other word, large firms have a relatively high
value added per employee and low unit-cost products, which leads to higher labor productivity
when compared to smalier companies and establishments. The number of manufacturing
establishments by size classes is available from the U.S. Census Bureau’s County Business
Pattern (CBP) database.

Size of power industry (% GSP change)

In our study, gross state product of the Electric Power Generation, Transmission, and
Distribution industry (NAICS 2211) approximates the size and capacity of a state’s power
generation function. It reflects the supply side of the state’s electricity market and, together
with the deregulation variable, controls for the state’s capacity to supply manufacturing
companies with the industrial electricity needed to ensure growth in manufacturing
productivity. The source of these data is Moody’s Economy.com.

Business cycle (recession)

Variation in the demand for industrial electricity and, consequently, the supply of electricity
markets and electricity prices is significantly affected by business cycle fluctuations. Historically,

s Miller, E. M. (1978). The extent of economies of scale: The effects of firm size on labor productivity and wage
rates. Southern Economic Journal, 470-87.
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recessionary years of economic activity and contraction of manufacturing production have
yielded low demand for electricity and depressed electricity markets. The influence of the
business cycle on state economies is approximated through this variable, which indicates
business cycle troughs, or the lowest points of economic recession, between 1990 and 2010.
For the years 1991, 2001, 2008, and 2009, when the national economy experienced a trough,
the dichotomous variable is equal to 1; it is equal to O otherwise. Business cycle reference
dates are available from the National Bureau of Economic Research.

Analysis Results

Industrial electricity price showed a statistically significant effect on manufacturing productivity
across the five targeted states between 1990 and 2010 {Table 12). The industrial electricity
price variable is statistically significant above the 99% critical value and is negatively associated
with manufacturing productivity across the selected points of observation. in other words, the
higher the industrial electricity prices were in the five selected states, the lower manufacturing
productivity was in these states in 99% of cases. Using this history, we can assume with high
confidence that higher industrial electricity rates in Ohio will most likely be associated with
lower manufacturing productivity.

Moreover, the deregulation of the electricity market is positively associated with manufacturing
productivity. This relationship is statistically significant above the 99% critical value.

Table 12. Regression Analysis Results: Determinants of Manufacturing Productivity

Mandfacturing Unstandardized Coefficients Standardized t P-value
Productivity Coefficients
B Std. Error Beta
(Constant) 108174.453 8370.131 12.924 .000
Industrial Electricity Price -2527.259 795.915 -.274 -3.175 .002
Percentage Change of -72750.268 38965.873 -212 -1.867 .065
Manufacturing
Employment )
Output LQ of Large 13350.313 3099.256 387 4.308 000
Manufacturing Firms
Recession -6344.511 3617.226 -179 -1.754 083
Percentage Change of 45218.611 20626.580 173 2.192 031
Qutput of Power
Industry :
Deregulation 7263.441 2837.308 236 2.560 012
Adjusied R squére =.404 '
N =105

The variables characterizing the demand side of the electricity market show that the growth of
manufacturing employment is negatively related to manufacturing productivity with statistical
sighificance only above the 90% critical value. At the same time, the over-presence of large
manufacturing establishments in the state is, as expected, positively associated with

—
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manufacturing productivity at the 99% critical value. This indicates that manufacturing
-productivity might benefit from both economy of scale and the ability of large electricity
consumers to negotiate individual contracts with suppliers at, most likely, lower than average
market prices. This finding allows us to consider that enabling a lower market price across the
board for manufacturing users might further benefit the productivity of the manufacturing
sector in Ohio.

The control variabie that represents the supply side of the electricity market, capacity of
electricity production and distribution, is also positively related to manufacturing productivity
and is statistically significant above the 99% critical value. Together with the positively
associated deregulation variable, an increase in the state’s capacity to generate, transmit, and
distribute electricity will most likely support higher productivity in its manufacturing sector.

Finally, the variable approximating the national recession was negatively associated with
manufacturing productivity. However the statistical association was weak, not quite reaching
the 90% critical value.

These statistical results do not allow us to disprove the null hypotheses, i.e., that no statistically
significant relationships exist between industrial electricity pricing and manufacturing
productivity. On the contrary, an increase in the industriai electricity price by 1 cent per
kilowatt-hour (16.3%) is likely, in 99% of cases, to decrease average manufacturing productivity
in the five selected states, on average, by $2,527 of annual GSP per employee (2.2%). Although
the increase of industrial electricity prices is most likely to inversely affect manufacturing
productivity, it is necessary to assess the responsiveness of manufacturing productivity to the
changes in industrial electricity. The most appropriate measure of a variable's sensitivity or
responsiveness to a change in another variable is elasticity, which is usually expressed in
the ratio of percentage changes. The productivity change resuiting from industrial electricity
price change has low elasticity: 2.2%/16.3%=0.13. The measure of elasticity below 1 is known as
inelastic response. This means that for 1% increase of industrial electricity prices manufacturing
productivity drops by 0.13%. Inelastic productivity change from the movement of industrial
electricity price indicates that electricity is only one of the supply price factors influencing
manufacturing productivity.

Impact of Electricity Market Deregulation on Electricity Prices and Economic
Indicators

To assess the impact of electricity market restructuring, we ran an independent samples t-test
to compare industrial electricity prices and other economic indicators>® between the states that
deregulated their wholesale electricity markets and the states that did not. We also probed
deeper into the states that deregulated their electricity markets by comparing industrial

% The indicators and their abbreviations as listed in the Table 1 should be listed here. See Section IV for
detailed definition and measure of variables.
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electricity prices and other economic indicators within the states for the years before and after
the restructuring. For Tables 3 and 4, a “1” in the “Deregulation” column represents
observations across the years and states where electricity market deregulation occurred; “0”
represents observations across the years and states (vear-states) where deregulation did not
take place.

Table 13 shows the results of an analysis comparing observations from all five target states,
including Ohio, Michigan, and Pennsylvania, where deregulation occurred in the early 2000s,
and Indiana and Kentucky, where the electricity markets were never deregulated.”” The group
of observations for each state in each year (year-states) with deregulated electricity markets
contains 30 observations and the group representing markets that have not been restructured
contains 75 observations {column “N” in Tables 13 and 14). The comparison of industrial
electricity prices and economic indicators across year-states is a comparison of different values
due to the existence of the deregulated energy market.

For all variables included in the t-test, the differences between observations representing
deregulated and non-restructured markets were statistically significant above the 99% critical
value (according to column “t” In Tables 13 and 14). A statistically significant difference exists in
industrial electricity prices between deregulated electricity markets and non-restructured
markets; specifically, the average industrial electricity price in deregulated markets was 6.8
cents per kilowatt hour (¢/kWh) compared to 6.3 ¢/kWh for regulated markets (Table 13}. At
first blush, based upon this simple comparison, it appears that deregulation does not work to
reduce electricity prices. However such a comparison would be misleading. Each non-
deregulated state enjoyed considerably lower electricity prices than the deregulated states,
prior to deregulation. To fully understand the effects of deregulation, it is necessary to
examine the history of industrial electricity prices for the three deregulated states (Figure 11)
before and after deregulation.

Figure 11 shows that Ohio, Michigan, and Pennsylvania—the three states that deregulated their
electricity markets—had higher initial industrial electricity prices than the two states that never
deregulated their markets (Indiana and Kentucky). Pennsylvania and Michigan started the study
period with industrial electricity prices in 1990 above 10 ¢/kWh, and Ohio’s industrial electricity
price in 1990 was 7 ¢/kWh. In comparison, Indiana and Kentucky started with prices between 6
and 7 ¢/kWh.

7 Ohio deregulated wholesale electricity markets in 2001 (Senate Bill 3, passed in 1999); Pennsylvania in 2000; and
Michigan in 2002.
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Table 13. Comparison of Variables in Regulated vs. Non-regulated Electricity Markets:

Five States
Variabies Derégulation N Mean Std. t df P-vélue
Deviation (2-taited)
Industrial Electricity 1 30 6.81269 665816
Price 0 75 6.27469  1.726396 =308l 103544 S
Manufacturing 1 30 119891.59 9151.786
» - 710 637 .008
Productivity 0 75 113335.88 15151.502 o i 0
Output LQ of Energy 1 30 1.62924 -395581
Intensive 0 75 2.05604 728634 -3.849 93.580 .000
Manufacturing ‘
Output LQ of Large 1 30 1.34915 408251 _
Manufacturing Firms 0 75 154542 397583 288 . L
Percentage Change of 1 30 .0424 .05440
Output of Power 0 75 .0155 .05166 2.378 103 .019
Industry
Figure 11. Industrial Electricity Price: Five-States and the U.s., 1990-2010
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Table 13 and Figure 11 show that if we compare industrial electricity prices for the three states
that restructured their markets to prices for those same states after deregulation occurred, the

average industrial electricity price dropped from 7.7 ¢/kWh before deregulation to 6.8 ¢/kWh
post-deregulation.

A similar dynamic related to the averages of indicators was observed on all other tested

variables. Manufacturing sector productivity nearly doubled in Indiana and grew by at least
$35,000 in the other four states between 1990 and 2010 (Figure 12). The difference in the
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productivity of state manufacturing sectors (Mgf_Productivity) was statistically significant
between deregulated and non-deregulated markets at the 99% critical value. Comparing
average manufacturing productivity in all five target states, the difference in this indicator was
$6,556 worth of gross state product per employee annually ($119,892 in deregulated markets
compared to $113,336 in non-deregulated markets) {Table 13). If we compared state
manufacturing productivity before and after deregulation in only Ohio, Michigan, and
Pennsylvania, productivity increased by, on average, $14,869 ($105,023 before deregulation
compared to $119,892 after deregulation) (Table 13).

The relative presence of electricity-intensive manufacturing establishments {LQ of mnf high
intense)?® also had larger averages in deregulated markets than in non-deregulated markets
(Table 13). The difference between these averages is statistically significant. This finding
indicates that in the five target states, the relative share of establishments in industries defined
in Lendel {2012)*° as high users of electricity (Table 15) was, on average, 1.6 times higher than
in the national economy in non-deregulated markets and 2.1 times higher than in the national
economy in deregulated markets. The relative shares of electricity-intensive manufacturing
establishments were virtually the same before and after deregulation when considering only
the three states that underwent the process.

The relative share of large manufacturing establishments in a state compared to the U.S.
average share (mfg1000 LQ) was 1.55 for non-deregulated markets and 1.35 for deregulated
markets in the sample including all five target states. In the sample of three states that
experienced deregulation, the relative share was 1.33 before deregulation and 1.35 after
deregulation, which shows no statistically significant difference.

Finally, the size of the Electric Power Generation, Transmission, and Distribution industry (NAICS
2211) (%change_2211GDP) was larger in states with deregulated markets than in states without
deregulated markets (Table 13). The industry was also larger in Ohio, Michigan, and
Pennsylvania after deregulation occurred, compared to before. These differences were
statistically significant. This indicates that the industry producing and delivering electricity grew
and delivered more supply after deregulation took place.

8 pregence of energy-intense manufacturing establishments (LQ of mnf high intense) is defined as the change in relative number
of energy-intense manufacturing companies in a state compared to the number of energy-intensc manufacturing companies in the
US.

2| Lendel, et al, “Moving Ohio Manufacturing Forward: Competitive Electricity Pricing,” the Urban Center, Levin
College, Cleveland State University {March 2012).
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Table 14. Comparison of Variables in States with Restructured Electricity Markets: MI, OH, PA

Variabies

Industrial Electricity
Price

Manufacturing
Productivity

Output LQ of Energy
Intensive
Manufacturing
Output LQ of Large
Manufacturing Firms
Percentage Change of
Output of Power
tndustry

O RO RO

O O P

Deregutation

N

30
33
30
33
30
33

30
33
30
33

Mean

6.81269
7.70435
119891.59
105023.28
1.62924
1.67591

1.34915
1.32960
0424
.0043

Std.
Deviation
665816
1.492626
9151.786
5848.591
395581
575377

.408251
294151
05440
05547

t

-3.108

7.589

-.378

216

2.752

df

45.154

48.476

56.941

52.280

61

Figure 12. Manufacturing Productivity: Five-states and the U.S., 1990-2010
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2006
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PA
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P-value
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.003
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Table 15. Electricity Intensive Manufacturing Industries

NAICS Industry Description
3313 Alumina and Aluminum Production and Processing
3221 Pulp, Paper, and Paperboafd N_IiIIS ‘ _ .
3274 Lime and Gypsum Prod'uct Manufactuning
7'3311 Irori.a_aﬁd §teél_Mili§ an"d'FefrbaIIc;y Ménﬁfact"urihg
3251 Basic Chemical Manufacturing Il
3272 Glass and Glass Product Manufacturing
3315 Foundries |
3279 Other Iil':onmetahllic' Minerai_ Product Manhfécturiﬁg ) _
3253 Pesticide, Fertilizer, and Other Agi_’ig:ultpra| Chemical Manufacturing
3271 Clay Product and Refractory Manufacturing

Overall, deregulation seems to have had a positive effect on the change of industrial electricity
prices, and some economic variables characterizing state of manufacturing industries in the five
targeted states. The most profound effect deregulation had was on industrial electricity prices,
which is evidenced by the significant drops in average price that Ohio, Michigan, and
Pennsylvania—the states with the highest average base prices in 1990—experienced after
deregulation occurred.

Conclusion

identifying energy-intensive and large consumers of electricity industries

v

v

There are 27 unit electricity-intensive industries and 21 industries that are large
consumers of electricity in Ohio’s manufacturing industries.

We found 14 large electricity-intensive consumers {including both high- and medium-)
manufacturing industries in Ohio, at the 4-digit NAICS level.

All industries in primary metal manufacturing sector (NAICS 331) are defined as large,
electricity-intensive consumers of electricity (NAICS 3311, 3312, 3313, 3314, 3315).
Three chemical manufacturing industries (NAICS 3251, 3252, 3253); three food
manufacturing industries (NAICS 3112, 3114, 3115); and paper, glass, and nonmetallic
mineral product manufacturing (NAICS 3221, 3272, 3279) are large electricity-intensive
consumer industries.

Aluminum manufacturing is the top electricity-intensive consumer, with 5.7% of its
expenditures on electricity. The iron and steel, chemical, glass and foundry
manufacturing follow, each with a 2.3% or greater portion of its expenses made on the
acquisition of electricity. In terms of total dollars spent, chemical manufacturing leads
the state, with expenditures of over $352 million per year on electricity. Iron and steel
industries, at $305 million, and aluminum at $244 million per year, are next. These
industries all employ many thousands in Ohio, and are highly sensitive to increases in
electricity costs.

p— e e — - —
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v Besides manufacturing industries, eight 3-digit NAICS sectors and three 4-digit NAICS
industries were identified as the largest electricity consumers and most electricity-
intensive non-manufacturing industries in Chio. They are accommodation {NAICS 721),
nonmetallic mineral mining and quarrying (NAICS 2123), educational services {NAICS
611), amusement, gambling, and recreation industries (NAICS 713), coal mining (NAICS
2121), food services and drinking places (NAICS722), real estate (NAICS 531),
warehousing and storage (NAICS 493), nursing and residential care facilities (NAICS 623),
personal care services (NAICS 8121), and hospitals (NAICS 622).

Defining Ohio’s economic base industries

v" According to the location quotient of Ohio manufacturing industries’ output or gross
product in 2010, 52 4-digit NAICS industries are Ohio’s economic base industries. They
are represented by food manufacturing (NAICS 311), chemical manufacturing (NAICS
325}, nonmetallic mineral product manufacturing (NAICS 327), primary metal
manufacturing (NAICS 331), fabricated metal product manufacturing {NAICS 332),
machinery manufacturing (NAICS 333), electrical equipment, appliance, and component
manufacturing {NAICS 335), transportation equipment manufacturing (NAICS 336).

Ohio’s electricity-intensive base manufacturing industries

v Twelve of 14 large electricity consumer manufacturing industries are part of Ohio’s
economic base.

¥" The Other fabricated metal product manufacturing industry (NAICS 3329) is the largest
electricity consumer spending about $56 million per year on electricity consumption.

v" Manufacturing industries that produce steel products, converted paper products, glass,
nonmetallic minerals, motor vehicles, and specialty food are also Ohio’s base industries
that are large consumers of electricity.

Geographic distribution of electricity-intensive manufacturing base establishments

v’ The traditional Cieveland industrial belt in Northeast Ohio, especially among Cuyahoga,
Summit, and Stark counties are where electricity-intensive manufacturing base
establishments are heavily concentrated (Map 8). Southwest Ohio, Hamilton County,
which has Cincinnati at its core which has also a large number of electricity-intensive
manufacturing establishments.

In the second part, we analyzed how industrial electricity pricing and electricity market
deregulation influences the performance/productivity of the manufacturing industry in the
state of Ohio and surrounding states

v Research area: Ohio and neighboring states of Indiana, Kentucky, Michigan, and
Pennsylvania
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Period of study: 1990 and 2010

Among five states, Ohio, Michigan, and Pennsylvania, which have relatively high

industrial electricity price, deregulated their electricity market around early 2000 while

Indiana and Kentucky did not restructure their electricity market.

v' Analysis results present that the lower the industrial electricity prices were in the five
selected states, the higher manufacturing productivity was in these state over the last
20 years. We can assume with a high degree of confidence that higher industrial
electricity rates in Ohio will most likely be associated with lower manufacturing
productivity.

v Deregulation of the electricity market explains the increase of manufacturing
productivity in Ohio and neighboring states.

v Increasing the state’s capacity to generate, transmit, and distribute electricity measured
by % GDP change of power industry will most likely support higher productivity in its
manufacturing sector.

v Manufacturing productivity in those five states is affected by the national economic
recession.

v Manufacturing productivity might benefit from both economy of scale and the ability of
large electricity consumers to negotiate individual contracts with suppliers at, most
likely, lower than average market prices.

v Examining only three states that have deregulated their electricity market, Ohio,

Michigan, and Pennsylvania

AR

o The average industrial electricity price dropped since deregulation.
o Productivity in manufacturing industry increased after deregulation.
o The size of power industry grew after deregulation occurred.

Center for Economic Development, Cleveland State University Page 38



Appendix Table 1. Employment and Gross State Product of Electricity-Intensive Industries

NAICS

3313
3311
3251
3272
3315
3279
3253
3252
3312

3115
3114

3314

311
325
327

331

Note: Bolded are industries respective 3-digit NAICS sectors of electricity-intensive industries.

Description

Alumina and Aluminum Production and
Processing

iron and Steel Mills and Ferroalfoy Manufacturing

Basic Chemical Manufacturing
Glass and Glass Product Manufacturing
Foundries

Other Nonmetallic Mineral Product
Manufacturing )
Pesticide, Fertilizer, and Other Agricuitural
Chemical Manufacturing

Resin, Synthetic Rubber, and Artificial Syn:ﬁefic
Fibers and Filaments 7 )
Steel Product Manufacturing from Purchased
Steel

Dairy Product Manufacturing

Fruit and Vegetable Preserving and Specialty
Food Manufacturing

Nonferrous Metal (except Aluminum) Production
and Processing

Food Manljfécturing '
Chemical Manufacturing
Nonmetaliic Mineral Product Manufacturing

Primary Metal Manufacturing

Source: Moody's Economy.com, November 2011,

h’%!
Center for Economic Development, Cleveland State University

Empioyment

2010
3,291
9,850
8,737
7,685

13,341
6,171
966
5,307
5,881

8,179
11,684

4,894

51,610
42,821
23,987

37,257

2010 G5P
{in 2010 $)

$321,942
51,117,600
$2,832,472
$750,979
$968,942
$708,435
$585,050
$1,286,891
§702,124

$1,409,510
$1,834,442

$450,210

$8 256,565
410,716,810
$2,478,087

$3,560,818

% Empl
of all OH
industries

0.06%
0.19%
0.17%
0.15%
0.26%
0.12%
0.02%
0.10%
0.11%

0.16%
0.23%

0.09%

1.00%
0.83%
0.46%

0.72%

% GSP of
all OH
industries

0.07%
0.23%
0.55%
0.16%
0.20%
0.15%
0.12%
0.27%
0.15%

0.30%
0.38%

0.09%

1.73%
2.24%
0.52%

0.75%



Appendix Table 2. Industries by Energy-Intensive Categories

Energf—lntensive Manufacturing
Food Producfé (ﬁAféS 311) ’ )
Paper and Allied Products {NAICS 322)
Bulk Chemicals
Inorganic {NAICS 32512 to 32518)
Organic {NAICS 32511, 32519)
Resins (NAICS 3252)
Agricultural (NAICS 3253)
Glass and Glass Products {(NAICS 3272)
Cement (NAICS 32731)
Iron And Steel (NAICS 3311)
Aluminum (NAICS 3313}
D Non-Energy-intensive Manufactdring
Metal-Based Durables
Fabricated Metals (NAICS 332)
Machinery (NAICS 333)
Computer and Electronics (NAICS 334)
Eiectrical Machinery (NAICS 335)
Transportation Equipment (NAICS 336)
Wood Products (NAICS 321)
Plastic Products {(NAICS 326}
Balance of Manufacturing (all remaining manufacturing NAICS, excluding Petroleum Refining
(32410))
o Non-Manufacturing Industries
Agriculture, Crops (NAICS 111)
Agriculture, Other (NAICS 112-115)
Coal Mining (NAICS 2121}
Oil and Gas Mining {NAICS 211)
Other Mining (NAICS 2122-2123)
Construction (NAICS 233-235)
Note: NAICS = North American Industrial Classification System

Source: Office of Management and Budget, North American Industry Classification System, United
States, 2007 (Springfield, VA, National Technical Information Service, 2007)
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Executive summary

Engineering and economicanalyses cons1stently show thatanintegration of different fuels and technologies
produces the least-cost power production mix. Power production costs change because the input fuel costs—
1nclud1ng for natural gas; oil, coal, and uranium—change over time. The inherent uncertainty around the
future prices of these fuels translates into uncertalnty regarding the cost to produce electricity, known as
production cost risk. A diversified portfolio is the most cost-effective tool available to manage the inherent
production cost risk involved in transformmg primary energy fuels into electr1c1tyr In addition, a diverse
power generation technology mix is essential to cost-effectively integrate intermittent renewable power
resources into the power supply mix.

The current diversified portfolio of US power supply lowers the cost of generating electricity by more than
$93 billion per year, and halves the potential variability of monthly power bills compared to a less diverse
supply. Employing the diverse mix of fuels and technologies available today produces lower and less volatile
power prices compared to a less diverse case with no meaningful contributions from coal and nuclear
power and a smaller contribution from hydroelectric power (see Figure ES-1). In this less diverse scenario,
called the reduced diversity case, T
wind and solar power make up

one-third of installed capacity | _f'L.-;?;':T}j:;j_':;;;f:j.f.l.’_.‘_;-_ﬁ_ S T e R o e S o
(up from about 7% in the base =~ Wind Sl Other S
case) and 22.5% of generation; oy 3% 0ZH 1T Hydr

hydroelectric power capacity 0.1% '

decreases from about 6.6% to
5.3% and represents 3.8% of
generation; and natural gas-
fired power plants account 206%
for the remaining 61.7% of
installed capacity and 73.7% of

generation. ' Coal
40.4%

Power supply in the reduced

diversity case increases average

wholesale power prices by about

75% and retail power prices ]

by 25%. Energy production Nuclear

costs are a larger percentage | ""t"CEe o . by
of industrial power prices, and

many industrial consumers buy

power in the wholesale power market. Thus a loss of power supply diversity will disproportionally affect
the industrial sector. These higher electricity prices impact the broader US economy by forcing economic
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adjustments in production and consumption. If the US power sector moved from its current diverse
generation mix to the less diverse generating mix, power price impacts would reduce US GDP by nearly $200
billion, lead to roughly one million fewer jobs, and reduce the typical household’s annual disposable income
by around $2,100. These negative economic impacts are similar to an economic downturn. Additional
potential negative impacts arise from reducing power supply diversity by accelerating the retirement of
existing power plants before it is economic to do so. For example, a transition to the reduced diversity case
within one decade would divert around $730 billion of capital from more productive applications in the
economy. The size of the economic impact from accelerating power plant turnover and reducing supply
diversity depends on the deviation from the pace of change dictated by the underlying economics.

Maintaining and preserving a diverse US power supply mix is important to consumers for two reasons:
*» Consumers reveal a strong preference for not paying more than they have to for reliable electricity.

» Consumers reveal preferences for some degree of predictability and stability in their monthly power
bills,

The economic benefits of diverse power supply illustrate that the conventional wisdom of not putting all
your eggs in one basket applies to power production in much the same way as it does to investing. Thisis the
portfolio effect. In addition, diversity enables the flexibility to respond to dynamic fuel prices by substituting
lower-cost resources for more expensive resources in the short run by adjusting the utilization of different
types of generating capacity. This ability to move eggs from one basket to another to generate fuel cost
savings is the substitution effect. Looking ahead, the portfolio and substitution effects remain critically
important to managing fuel price risks because of the relative fuel price dynamics between coal and natural
gas.

The shale gas revolution and restrictions on coal are driving an increased reliance on natural gas for power
generation and provide strong economic benefits. However, this past winter demonstrated the danger of
relying too heavily on any one fuel and that all fuels are subject to seasonal price fluctuations, price spikes,
and deliverability and infrastructure constraints. The natural gas price spikes and deliverability challenges
during the past winter were a jolt for a number of power systems that rely significantly on natural gasin
the generation supply. These recent events demonstrated that natural gas deliverability remains a risk and
natural gas prices continue to be hard to predict, prone to multiyear cycles, strongly seasonal, and capable
of significant spikes. The root causes of these price dynamics are not going away anytime soon. The best
available tool for managing uncertainty associated with any single fuel or technology is to maintain a
diverse power supply portfolio.

Maintaining power supply diversity is widely supported—the idea of an all-of-the-above approach to the
energy future is supported on both sides of the aisle in Congress and at both ends of Pennsylvania Avenue.,
Four decades of experience demonstrate the conclusion that government should not pick fuel or technology
winners, but rather should create a level playing field to encourage the economic decisions that move the
power sector toward the most cost-effective generation mix.

Maintaining a diverse power supply currently is threatened by three emerging trends:

» Awareness. The value of fuel diversity is often taken for granted because United States consumers
inherited a diverse generation mix based on decisions from decades ago.
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« Energy policy misalignment. Legislation and regulatory actions increasingly dictate or prohibit

fuel and technology choices. The resulting power supply is increasingly at odds with the underlying
engineering/economic principles of a cost-effective power supply mix.

« Powermarketgovernance gridlock. Market flaws produce wholesale power prices that are chronically
too low to produce adequate cash flows to support and maintain investments in a cost-effective power
generation mix. This “missing money” problem is not being addressed in a timely and effective way
through the stakeholder governance processes found in most power markets. As a result, the loss of
power supply diversity is accelerating because too many power plants are retiring before it is economic
to do so. Consequently, they will be replaced with more costly sources of supply.

US power consumers are fortunate to have inherited a diverse power supply based on fuel and technology
decisions made over past decades. Unfortunately, the current benefits of US power supply diversity are
often taken for granted. This undervaluation of power supply diversity means there is no counterweight
to current pressures moving the United States toward a future generation mix without any meaningful
contribution from nuclear, coal, or oil and a diminished contribution from hydroelectric generation.!

The United States needs to consider the consequences of a reduced diversity case involving no meaningful
contribution from nuclear, coal-fired, or oil-fueled power plants, and significantly less hydroelectric power.
Areduced diversity case presents a plausible future scenario in which the power supply mix has intermittent
renewable power generation capacity of 5.5% solar, 27.5% wind, and 5.3% hydro and the remaining 61.7% of
capacity is natural gas—fired power plants. Comparing the performance of current US power systems to this
possible reduced diversity case provides insights into the current nature and value of diversity in the US
generation mix.

IHS Energy assessed the current value of fuel diversity by using data on the US power sector for the three
most recent years with sufficient available data: 2010 through 2012. THS Energy employed its proprietary
Power System Razor (Razor) Model to create a base case by closely approximating the actual interactions
between power demand and supply in US power systems. Following this base case, the Razor Model was
employed to simulate the reduced diversity case over the same time period. The differences between the
base case and the reduced diversity case provide an estimate of the impact of the current US power supply
fuel and technology diversity on the level and variance of power prices in the United States. These power
sector outcomes were fed through to the THS US macroeconomic model to quantify the broader economic
impacts of the resulting higher and more varied power prices along with the shifts in capital deployment
associated with premature retirements that accelerate the move to the reduced diversity case.

The difference between the base case and the reduced diversity case is a conservative estimate of the value
of fuel diversity. The portfolio and substitution values would be greater over a longer analysis time frame
because uncertainty and variation in costs typically increase over a longer time horizon. In addition, the
estimate is conservative because it excludes indirect feedback effects from a higher risk premium in the
reduced diversity power supplier cost of capital. This feedback is not present because the analysis alters only
the generation capacity mix and holds all else constant. This indirect cost feedback would increase capital
costs in this capital-intensive industry and magnify the economic impact of current trends to replace power
plants before it is economic to do so by moving shifting capital away from applications with better risk-
adjusted returns.

The United States is at a critical juncture because in the next decade the need for power supply to meet
increased customer demands, replace retiring power plants, and satisfy policy targets will require fuel and

1. Qil-fired power plants account for about 4% of US capacity and 0.2% of US generation but can play a critical role in providing additional electricity when the system is
under sCress.
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technology decisions for at least 150 gigawatts (GW)—about 15% of the installed generating capacity in the
United States. However, current trends in energy policy could push that power plant turnover percentage
to as much as one-third of installed capacity by 2030. The implication is clear: power supply decisions made
in the next 10-15 years will significantly shape the US generation mix for decades to come,

The results of this study indicate seven key factors that will shape US power supply diversity in the years
o come:

* Energy policy development. US policy heavily influences the US power supply mix. Implementing an
all-of-the-above energy policy requires properly internalizing the value of fuel diversity.

* Market structure. Market flaws distort wholesale power prices downward and result in uneconomic
retirement and replacement of existing cost-effective generation resources. This issue and any market
structure changes to address it will significantly shape future power plant development.

* Energy policy discourse. Preserving the value of fuel diversity depends on public awareness and
understanding. The extent and nature of public education regarding the value of power supply diversity
may strongly influence public opinion.

 Planningalignment. Alignment of fuel and technology choices for power generation with engineering
and economic principles is critical to efficient and reliable supply. There is no single fuel or technology
of choice for power generation, and all forms of power production have economic, environmental, and
reliability impacts.

* Risk assessment. To incorporate system considerations into plant-level decisions, prudent fuel price
uncertainties must be used with probabilistic approaches to decision making.

* Flexibility. Flexibility and exemptions in rule making and implementation allow for the balancing
of costs and benefits in power supply systems and may help preserve highly valuable diversity in
systemwide decisions as well as on a small but impactful individual plant scale.

* Scope. Including fuel price risk and additional storage and transportation infrastructure costs is crucial

when evaluating reduced diversity scenarios in comparison to the cost of maintaining and expanding
fuel diversity.

Juiy 2014 8 © 2014 I3



142 Energy | The Yaivs of US Foveer Suoply Diversiiy

The Value of US Power Supply Diversity

QOverview

The power business is customer driven: consumers do not want to pay more than necessary for reliable
power supply, and they want some stability and predictability in their monthly power bills. Giving
consumers what they want requires employing a diverse mix of fuels and technologies in power production.
Employing the diverse mix of fuels and technologies available today produces lower and less volatile power
prices compared to a less diverse case with no meaningful contributions from coal and nuclear power and
a smaller contribution from hydroelectric power. In this less diverse scenario, called the reduced diversity
case, wind and solar power make up one-third of installed capacity (up from about 7% in the base case) and
22.5% of generation; hydroelectric power capacity decreases from about 6.6% to 5.3% and represents 3.8%
of generation; and natural gas—fired power plants account for the remaining 61.7% of installed capacity and
73.7% of generation.

The current diverse US power supply reduces US consumer power bills by over $93 billion per year compared
to a reduced diversity case. In addition, the current diversified power generation mix mitigates exposure to
the price fluctuations of any single fuel and, by doing so, cuts the potential variability of monthly power
bills roughly in half.

Power prices influence overall economic performance. For example, since the recovery of the US economy
began in the middle of 2009, manufacturing jobs in the 15 states with the lowest power prices increased
by 3.3%, while in the 15 states with the highest power prices these jobs declined by 3.2%. This job impact
affected the overall economic recovery, The average annual economic growth in the 15 states with the
lowest industrial power prices was 0.6 percentage points higher than in the 15 states with the highest

power prices.

Higherand more varied power prices can alsoimpact international trade. Inthe past decade, the competitive
position for US manufacturers improved thanks to lower relative energy costs, including the improving US
relative price of electric power (see Figure 1). Although power prices are only one ofa number of factors that
influence competitive positions AGURE 1

in the global economy, there
are clear examples, such as | .0 T 00
Germany, where moving away

from a cost-effective power
generating mix is resulting
in  significant  economic
costs and a looming loss of
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directly attributed 1o the electricity price differential totaled €52 billion for the six-year period from 2008
to 2()13.2

Alessdiverse US power supply would make power prices higherand more varied and forcea costlyadjustment
process for US consumers and businesses. The price increase associated with the reduced diversity case
produces a serious setback to US economic activity. The value of goods and services would drop by nearly
$200 billion, approximately one million fewer jobs would be supported by the US economy, and the typical
household’s annual disposable income would go down by over $2,100. These economic impacts take a few
years to work through the economy as consumers and producers adjust to higher power prices. The eventual
economic impacts are greater if current trends force the closure and replacement of power plants before it is
economic to do so. Regardless of the replacement technology, it is uneconomic to close a power plant when
the costs of continued operation are less than the cost of a required replacement. Premature power plant
turnover imposes an additional cost burden by shifting capital away from more productive applications. A
closure and replacement of all nuclear and coal-fired generating capacity in the next 10 years would involve
roughly $730 billion of investment. An opportunity cost exists in deploying capital to replace productive
capital rather than expanding the productive capital base,

The United States currently faces a key challenge in that many stakeholders take the current benefits
of power supply diversity for granted because they inherited diversity based on fuel and technology
decisions made decades ago. There is no real opposition to the idea of an all-of-the-above energy policy in
power supply. Yet, a combination of factors—tightening environmental regulations, depressed wholesale
power prices, and unpopular opinions of coal, oil, nuclear, and hydroelectric power plants—are currently
moving the United States down a path toward a significant reduction in power supply diversity. A lack of
understanding of power supply diversity means momentum will continue to move the United States toward
a future generation mix without any meaningful contribution from nuclear, coal, or oil, and a diminishing
contribution from hydroelectric generation.

The United States is at a critical juncture because power plant fuel and technology decisions being made
today will affect the US power supply mix for decades to come. These decisions need to be grounded in
engineering, economic, and risk management principles that underpin a cost-effective electric power
sector. Comparing the performance of the current generation mix to results of the reduced diversity case
provides key insights into the current nature and valie of diversity. An assessment and quantification of
the value of power supply diversity will help achieve a more cost-effective evolution of US power supply in
the years ahead.

Generation diversity: A cornerstone of cost-effective power supply
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If power consumers are to receive the relisble and cost-effective power supply they want, then cost-effective
power production requires an alignment of power supply to power demand. Engineering, economic, and
risk management assessments consistently show that an integration of fuels and technologies produces
the least-cost power production mix. A cost-effective mix involves integrating nondispatchable power
supply with dispatchable base-load, cycling, and peaking technologies. This cost-effective generating mix
sets the metrics for cost-effective demand-side management too. Integrating cost-effective power demand
management capabilities with supply options requires balancing the costs of reducing or shifting power
demand with the incremental cost of increasing power supply. Appendix A reviews the principles of
engineering, economics, and risk management that lead to the conclusion that cost-effective power supply
requires fuel and technological diversity.

2. See the IHS study A More Competitive Energiewende: Securing Germany’s Global Competitiveness in.a Nett Energy World, March 201 4.
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The underlying principles of cost-effective power supply produce five key insights:

There is no single fuel or technology of choice for power generation. Reliably and efficiently supplying
consumers with the amounts of electricity they want when they want it requires a diverse generation
mix.

A cost-effective generation mix involves diversity but does not involve maximizing diversity by
equalizing generation shares from all available supply options.

A cost-effective mix of fuel and technologies for any power system is sensitive to the uncertainties
surrounding the level and pattern of consumer power demands as well as the cost and performance of
alternative power generating technologies and, in particular, the delivered fuel prices.

A cost-effective generating mix will differ from one power system to the next because of differences
in aggregate consumer demand patterns as well as in the cost and performance of available generating
options.

The best type of capacity to add to any generation portfolio depends on what types of capacity are

already in the mix.

Power production cost fluctuations reflect inherent fuel price uncertainties

Power consumers reveal preferences for some degree of predictability and stability in their monthly
power bills. These consumer preferences present a challenge on the power supply side because the costs
of transforming primary energy—including natural gas, oil, coal, and uranium—into electric power is
inherently risky. Experience shows that the prices of these fuel inputs to the power sector are difficult to
anticipate because these prices move in multiyear cycles and fluctuate seasonally (see Figure 2).In addition,
this past winter showed that dramatic price spikes occur when natural gas delivery systems are pushed to

capacity (see Figure 3).

The recent volatility In the
delivered price of natural gas
to the US Northeast power
systems demonstrates the
value of fuel diversity. During
this past winter, colder-than-
normal weather created greater
consumer demand for natural
gas and electricity to heat
homes and businesses. The
combined impact onnatural gas
demand strained the capability
of pipeline systems to deliver
natural gas in the desired
quantity and pressure. Natural
gas prices soared, reflecting
the market forces allocating
available gas to the highest
valued end uses. At some points
in time, price allocation was
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not enough and additional
natural gas was not available at
any price, even to power plants
holding firm supply contracts.

As high as the natural gas price
spikes reached, and as severe as
the natural gas deliverability
constraints were, things could
have been worse. Although
oil-fired power provided only
0.35% of generation in the
Northeast in 2012, this slice of
power supply diversity provided
an important natural gas supply
system relief valve. The oil-
fired power plants and the dual-
fueled oil- and natural gas—fired
power plants were able to use
liquid fuels to generate 12% of
the New England power supply
during the seven days starting
22 January 2014 (see Figure
4). This ocilfited generation
offset the equivalent of 327,000
megawatt-hours (MWh) of
natural gas-fired generation
and thus relieved the natural
gas delivery system of about
140 million cubic feet per day
of natural gas deliveries. This
fuel diversity provided the
equivalent to a 6% expansion
of the daily delivery capability
of the existing natural gas
pipeline system.

The - lesson from this past
winter was that a small amount
of oilfired generation in the
supply mix proved to be highly
valuable to the Northeast
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energy sector despite its production costs and emission rates. Many of these oil-fired power plants are old
and relatively inefficient at converting liquid fuel to power. However, this relative inefficiency does not
impose a great penalty because these power plants need to run very infrequently to provide a safety valve
to natural gas deliverability. Similarly, these units have emissions rates well above those achievable with
the best available technology, but the absolute amount of emissions and environmental impacts are small
because their utilization rates are so low. Although the going forward costs and the environmental impacts
are relatively small, the continued operation of these oil-fired power plants is at risk from tightening

environmental regulations.
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Oil-fired power plants wete not the only alternative to natural gas—fired generation this past winter. Coal
played a major role. As the New York Times reported on 10 March 2014, 89% of American Electric Power
Company, Inc’s 5,573 megawatts (MW) of coal-fired power plants slated for retirement in 2015 owing to
tightening environmental regulations were needed to keep the lights on during the cold snap this past
winter in PJM.3

The critical role fuel diversity played during the recent polar vortex affected power systems that serve
over 40 million US electric consumers and almost one-third of power supply. This widespread exposure to
natural gas price and deliverability risks is becoming increasingly important because the share of natural
gas in the US power mix continues to expand. The natural gas-fired share of power generation increased
from 16% to 27% between 2000 and 2013. Twelve years ago, natural gas-fired generating capacity surpassed
coal-fired capacity to represent the largest fuel share in the US installed generating mix. Currently, natural
gas-fired power plants account for 40% of the US installed capacity mix.

The increasing dependence on natural gas for power generation is not an accident. The innovation of shale
gas that began over a decade ago made this fuel more abundant and lowered both its actual and expected
price. But the development of shale gas did not change the factors that make natural gas prices cyclical,
volatile, and hard to forecast accurately.

Factors driving natural gas price dynamics include

¢ Recognition and adjustment lags to market conditions

» Over-and under-reactions to market developments

o Linkages to global markets through possible future liquefied natural gas (LNG) trade

» Misalignments and lags between natural gas demand trends, supply expansions, and pipeline
investments

e “Black swan” events—infrequent but high-impact events such as the polar vortex

Natural gas price movements in the shale gas era illustrate the impact of recognition and adjustment lags
to changing market conditions. Looking back, natural gas industry observers were slow to recognize the
full commercialization potential and magnitude of the impact that shale gas would have on US natural
gas supply. Although well stimulation technologies date back to the 1940s, today’s shale gas technologies
essentially began with the innovative efforts of George Mitchell in the Barnett resource base near Fort
Worth, Texas, during the 1980s and 1990s. Mitchell Energy continued to experiment and innovate until
eventually proving the economic viability of shale gas development. As a result, shale gas production
expanded (see Figure 5).

Although shale gas had moved from its innovation phase to its commercialization phase, many in the oil
and gas industry did not fully recognize what was happening even as US shale gas output doubled from
2002 to 2007 to reach 8% of US natural gas production. The belief that the United States was running out of
natural gas persisted, and this recognition lag supported the continued investment of billions of dollars to
expand LNG import facilities (see Figure 6).

3. New York Times. “Coal to the Rescue, But Maybe Not Next Winter.” Wald, Matthew L. 10 March 2014: hetp:// wwynytimes.com/ 2014/03/1 1/busine: s/energy-
environinent;coal-ta-the-rescue-this-time. homl?_r=C, retrieved 12 May 2014.
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between 2002 and 2008. This level of drilling activity created a supply surplus that caused a precipitous
decline of up to 85% in the Henry Hub natural gas price from 2008 to 2012. From the 2008 high count, the
number of US natural gas-directed rigs dropped over fivefold to 310 by April 2014 (see Figure 7).

Natural gas investment
activity also lagged market
developments. During this i”h sund, 2000-14YTD v
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vulnerability to low frequency
but high impact events, such
as colder-than-normal winters
that expose gas deliverability constraints and launch record-setting delivered price spikes, as happened in
the Northeast in the winters of 2012/13 and 2013/14.

The Northeast delivered natural gas price spikes translated directly into dramatic power production cost
run-ups. During the winter of 2013/14, natural gas prices delivered to the New York and PJM power system
border hit $140 per MMBtu (at Transco Zone 6, 21 January 2014) and pushed natural gas—fired power
production costs up 25-fold from typical levels and well beyond the $1,000 per MWh hourly wholesale
power price cap in New York and PJM. This forced the New York Independent System Operator (NYISO) to
allow exemptions to market price caps. The Federal Energy Regulatory Commission granted an emergency
request to lift wholesale power price caps in PJM and New York. Lifting these price caps kept the lights
on but also produced price shocks to 30% of the US power sector receiving monthly power bills in these
power systems, The impact moved the 12-month electricity price index (a component of the consumer price
index) in the Northeast up 12.7%—the largest 12-month jump in eight years.

The New York Mercantile Exchange (NYMEX) futures contract price strip illustrates how difficult it is to
anticipate natural gas price movements. Figure 9 shows the price dynamics over the shale gas eraand periodic
examples of the NYMEX futures price expectations. The NYMEX future price error pattern indicates abias
toward expecting future natural gas prices to look like those of the recent past. Although these futures
prices are often used as an indicator of future natural gas price movements, they have nonetheless proven
to be a poor predictor.

The complex drivers of natural gas price dynamics continue to apply in the shale gas era. Prudent planning
requires recognition that natural gas price movements remain hard to forecast, affected by multiyear
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investment cycles that lag market developments, subject to seasonality, and capable of severe short-run
price volatility.

Natural gas price cycles during the shale gas era and the recent extreme volatility in natural gas prices
are clear evidence that the benefits of increased natural gas use for power generation need to be balanced
against the costs of natural gas’s less predictable and more variable production costs and fuel availability.

The natural gas-fired generation share is second only to the coal-fired generation share. One of the primary
reasons that fuel diversity is so valuable is because natural gas prices and coal prices do not move together.

Significant variation exists in the price of natural gas relative to the price of coal delivered to US power
generators (see Figure 10}. The dynamics of the relative price of natural gas to coal are important because
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relative prices routinely change FIGURE 8
which power plants provide
the most cost-effective source an
of additional power supply at 20
any point in time.

The relative prices of natural
gas to coal prior to the shale
gas revolution did not trigger
as much cost savings from fuel
substitution as the current
relative prices do. From 2003
to 2007 the price of natural gas
was four times higher than the
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coalfired generation as the | .. S
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generation. The shale gas
revolution brought gas prices
to a more competitive level and
changed the traditional relative
relationship between gas and
coal generation. As Table 1
shows, the 2013 dispatch cost
to produce electricity at the 6 -*ﬁ
typical US natural gas—fired

power plant was equivalent to
the dispatch cost at the typical
US coal-fired power plant with
a delivered natural gas price of
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The average equivalency level triggers cost savings from substitution within the generation mix. Current
relative prices frequently move above and below this critical relative price level. Consequently, slight
movements in either coal or natural gas prices can have a big impact on which generation resource provides
the most cost-effective source of generation at any given point in time.

Coal price dynamics differ from natural gas price movements. The drivers of coal price dynamics include
rail and waterborne price shifts, changes in coal inventory levels, and mine closures and openings. In
addition, international coal trade significantly influences some coal prices. For example, when gas prices
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trade. These drivers produce
price dynamics dissimilar to
those of either natural gas or coal. As a result, nuclear fuel price movements are not strongly correlated to
fossil fuel price movements.

Diversity: The portfolio effect

A diverse fuel and technology portfolio is a cornerstone for an effective power production risk management
strategy. If prices for alternative fuels moved together, there would be little value in diversity. But relative
power production costs from alternative fuels or technologies are unrelated and inherently unstable. As
a result, the portfolio effect in power generation exists because fue] prices do not move together, and
thus changes in one fuel price can offset changes in another. The portfolio effect of power generation fuel
diversity is significant because the movements of fuel prices are so out of sync with one another.
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coefficients above 0.5 are considered strong correlations, and values above 0.9 are considered very strong
correlations. Power production input fuel price changes (natural gas, coal, and nuclear) are not highly
correlated and consequently create the basis for a portfolio approach to fuel price risk management (see
Table 2).

Diversity: The substitution effect

A varied portfolio mitigates power production cost risk because fuel diversity provides the flexibility to
substitute one source of power for another in response to relative fuel price changes. Therefore, being able
to substitute between alternative generation resources reduces the overall variation in production costs.

Substitution benefits have o0
proven to be substantial. In
the past five years, monthly
generation shares for natural
gas-fired generation were
as high as 33% and as low
as 19%. Similarly, monthly
geperation shares for coal-
fired generation were as high
as 50% and as low as 34%. The
swings were driven primarily
by a costeffective alignment
of fuels and technologies to
consumer demand patterns
and alterations of capacity
utilization rates in response to
changing relative fuel costs.
Generation shares shifted #Natural gas Coal
toward natural gas—fired

. f - Source: IHS Ensrgy 2014 IHS
generation when relative prices :
favored natural gas and shifted
toward coalfired generation
when relative prices favored coal. Figure 12 shows the recent flexibility in the utilization share tradeoffs
between only coal-fired and natural gas-fired generation in the United States.

% of coal and gas generation
[4.]
[=]
E

2007 2008 2009 2010 2011 2012 2013

_D_iw\_/_grsity benefits differ by technology

All types of generating fuels and technologies can provide the first dimension of risk management—the
portfolio effect. However, only some types of fuels and technologies can provide the second dimension of
risk management—the substitution effect. Power plants need to be dispatchable to provide the substitution
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effect in a diverse portfolio. As a result, the benefits of expanding installed capacity diversity by adding
nondispatchable resources such as wind and solar generating technologies are less than the equivalent
expansion of power capacity diversity with dispatchable power plants such as biomass, conventional fossil-
fueled power plants, reservoir hydro, and nuclear power plants. Therefore, not all diversity in the capacity
mix provides equal benefits.

Diversity is > the best availablg power cost risk management tool

A diverse portfolio is the best available tool for power generation cost risk management, Other risk
management tools such as fuel contracts and financial derivatives complement fuel and technological
diversity in power generation but fall far short of providing a cost-effective substitute for power supply
diversity.

Contracts are tools available to manage power production cost risk. These tools include short-run contracts,
including NYMEX futures contracts, as well as long-term contracts spanning a decade or more. Power
generators have traditionally covered some portion of fizel needs with contracts to reduce the variance of
delivered fuel costs. To do this, generators balance the benefits of using contracts or financial derivatives
against the costs. With such assessment, only a small percentage of natural gas purchases are under long-
term contracts or hedged in the futures markets. Consequently, the natural gas futures market is only liquid
(has many buyers and sellers)

for a few years out. FIGURE 13
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used to approximate a delivery — o
charge. Figure 13 compares the

Henry Hub spot price plus this typical delivery charge to the reported delivered price of natural gas to power
producers.

A comparison of the realized delivered price to the spot price plus a delivery charge shows the impact
of contracting on the delivered price pattern. Natural gas contracts provided some protection from spot
price highs and thus reduced some variation of natural gas prices compared to the spot market price plus
transportation. Over the past 10 years, contracting reduced the monthly variation (the standard deviation)
in the delivered price of natural gas to the power sector by 24% compared to the variation in the spot price
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plus delivery charges at the Henry Hub. Although fuel contracts are part ofa cost-effective risk management
strategy, the cost/benefit trade-offs of using contracts limit the application of these tools in a cost-effective
risk management strategy.

‘Using a contract to lock into volumes at fixed or indexed prices involves risks and costs. Contracting for fuel
creates volume risk. A buyer of a contract is taking on an obligation to purchase a given amount of fuel, ata
given price, and at a future point in time. From a power generator’s perspective, the variations in aggregate
power consumer demand and relative prices to alternative generating sources make predicting the amount
of fuel needed at any future point in time difficult. This difficulty increases the further out in time the
contracted fuel delivery date. If a buyer ends up with too much or too little fuel at a future point in time,
then the buyer must sell or buy at the spot market price at that time.

Contracting for fuel creates price risk. A buyer of a fuel contract locks into a price at a future point in time.
When the contract delivery date arrives, the spot market price for the fuel likely differs from the contract
price. If the contract price ends up higher than the spot market price, then the contract provided price
certainty but also created a fuel cost that turned out to be more expensive than the alternative of spot
market purchases. Conversely, if the spot market price turns out to be above the contract price, then the
buyer has realized a fuel cost savings.

Past price relationships also illustrate the potential for gains and losses from contracting for natural gasin
an uncertain price environment. When the spot market price at Henry Hub increased faster than expected,
volumes contracted at the previously lower expected price produced a gain. For example, in June 2008 the
delivered cost of natural gas was below that of the spot market. Conversely, when natural gas prices fell
faster than anticipated, volumes contracted at the previously higher expected price produced a loss. For
example in June 2012, the delivered cost of natural gas was above that of the spot market purchases.

The combination of volume and price risk in fuel contracting makes buying fuel under contract.a speculative
activity, capable of generating gains and losses depending on how closely contract prices align with spot
market prices. Therefore, cost-effective risk management requires power generators to balance the benefits
of gains from contracting for fuel volumes and prices against the risk of losses.

Managing fuel price risk through contracts does not always involve the physical delivery of the fuel. In
particular, a futures contract is typically settled before physical delivery takes place, and thus is referred
to as a financial rather than a physical hedge to fuel price uncertainty. For example, NYMEX provides a
standard contract for buyers and sellers to transact for set amounts of natural gas capable of being delivered
at one of many liquid trading hubs at a certain price and a certain date in the future. Since the value of
a futures contract depends on the expected future price in the spot market, these futures contracts are
derivatives of the physical natural gas spot market.

The potential losses facing a fuel buyer that employs financial derivatives create a risk management cost.
Sellers require that buyers set aside funds as collateral to insure that potential losses can be covered. Market
regulators want these guarantees in place as well in order to manage the stability of the marketplace.
Recently, as part of reforms aimed at improving the stability of the financial derivatives markets, the Dodd-
Frank Act increased these collateral requirements and thus the cost of employing financial derivatives.

Outside of financial derivatives, fuel deliverability is an important consideration in evaluating power cost
risk management. Currently, naturalgas pipeline expansionrequires long-term contractstofinance projects.
Looking ahead, the fastest growing segment of US natural gas demand is the power sector and, as described
earlier, this sector infrequently enters into long-term natural gas supply contracts that would finance new
pipelines. Consequently, pipeline expansions are not likely to stay in sync with power generation natural
gas demand trends.
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The prospect of continued periodic misalignments between natural gas deliverability and natural gas
demand makes price spikes a likely feature of the future power business landscape. The nominal volume of
long-term fuel contracts and the costs and benefits of entering into such contracts limit the cost-effective
substitution of contracts for portfolio diversity. Therefore, maintaining or expanding fuel diversity remains
a competitive alternative to natural gas infrastructure expansion.

Striking a balance between the costs and benefits of fuel contracting makes this risk management tool an
important complement to a diverse generation portfolio but does not indicate that it could provide a cost-
effective substitute for power supply diversity.

FIGURE 14
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natural gas-fired during the shale gas era to date, the average fuel cost for power would have been over twice
ashigh, and month-to-month power bill variation (standard deviation) would have been three times greater
(see Table 3). This estimate itself is conservative because the additional demand from power generation
would have likely put significant upward pressure on gas prices.
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Trends in the US generation mix

The current diverse fuel and technology mix in US power supply did not come about by accident. The US
generation mix evolved over many decades and reflects the fuel and technology decisions made long ago for
power plants that typically operate for 30 to 50 years or more. Consequently, once a fuel and technology
choice is made, the power system must live with the consequences—whatever they are—for decades.

US power supply does not evolve
smoothly. The generation mix
changes owing to the pace of N
power plant retirements, the |USgsRerd
error in forecasting power o eioie
demand, price trends and other Renewable
developments 1n the energy S

FIGURE 15
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appreciation for diverse power
supply. Instead, they show that
given the size of the existing
supply base, it takes a number of years of homogenous supply additions to move the overall supply mix a
small proportion. Therefore, altering the overall mix slightly required a number of years of adjustment.

The uneven historical pattern of capacity additions is important because the future pattern of retirements
will tend to reflect the previous pattern of additions as similarly aged assets reach the end of their useful
lives. For example, current retirements are disproportionately reducing the coal and nuclear shares in the
capacity mix, reflecting the composition of power plants added in the 1960s through 1980s. Current power
plant retirements are about 12,000 MW per year and are moving the annual pace of retirements in the next
decade to 1.5 times the rate of the past decade.

Power plant retirements typically need to be replaced because electricity consumption continues to
increase. Although power demand increases are slowing compared to historical trends and compared to the
growth rate of GDP, the annual rate of change nevertheless remains positive. US power demand is expected
to increase between 1.0% and 2.5% each year in the decade ahead, averaging 1.5%.

The expected pace of US power demand growth reflects a number of trends. First, US electric efficiency has
been improving for over two decades. Most appliances and machinery have useful lives of many years. As
technology improves, these end uses get more efficient. Therefore, overall efficiency typically increases as
appliancesand machinerywearoutandarereplaced. Onthe otherhand, the number of electricend useskeeps
expandingandthe end-use penetrationrateskeepincreasingowingtoadvancesindigitaland communication
technologies that both increase capability and lower costs. These trends in existing technology turnover
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Annual power supply additions do not typically unfold simultaneously with demand increases. Historically,
changes in power supply are much more pronounced than the changes in power demand. This uneven pace
of change in the capacity mix reflects planning uncertainty regarding future power demand and a slow
adjustment process for power supply development to forecast errors.

Future electric demand is uncertain, Figure 18 shows a sequence of power industry forecasts of future
demand compared to the actual demand. The pattern of forecast errors indicates that electric demand
forecasts are slow to adjust to actual conditions: overforecasts tend to be followed by overforecasts, and
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slow because when a surplus
becomes evident, the capital
intensity of power plants creates an accumulating sunk-cost balance in the construction phase of power
supply development. In this case, there is an economic incentive to finish constructing a power plant
because the costs to finish are the relevant costs to balance against the benefits of completion. Conversely,
if a shortage becomes evident, new peaking power plants take about a year to put into place under the
best of circumstances. Consequently, the forecast error and this lagged adjustment process can produce a
significant over/underinstallment of new capacity development versus need. These imbalances can require
a decade or more to work off in the case of a capacity overbuild and at least a few years to shore up power
supply in the case of a capacity shortage.
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The pace and makeup of power plant additions are influenced by energy policies. The current installed
capacity mix reflects impacts from the implementation of a number of past policy initiatives. Most
importantly, 35 years ago energy security was a primary concern, and the energy policy response included
the Fuel Use Act (1978) and the Public Utilities Regulatory Policy Act (1978). These policies limited the
use of natural gas for power generation and encouraged utility construction of coal and nuclear generating
resources as well as nonutility development of cogeneration. Public policy championed coal on energy
security grounds—as a safe, reliable, domestic resource.

The influence of energy policy on power plant fuel and technology choice is dynamic. For example, as
natural gas demand and supply conditions changed following the passage of the Fuel Use Act, the limits on
natural gas use for power generation were eventually lifted in 1987. Whereas the Fuel Use Act banned a fuel
and technology, other policy initiatives mandate power generation technologies. Energy policies designed
to address the climate change challenge created renewable power portfolio requirements in 30 states (see

Figure 19).

As states work to implement renewable generation portfolio standards, the complexity of power system
operations becomes evident and triggers the need for renewable integration studies. These studies generally
find that the costs to integrate intermittent power generation resources increase as the generation share
of these resources increases. Some integration studies go so far as to identify the saturation point for
wind resources based on their operational characteristics. A wind integration study commissioned by the
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power system operator in New England estimated the saturation point for wind in the power system (24%
generation share) as well as the additional resources that would be needed tointegrate more windresources.*
Similarly, a wind integration study by the power system operator in California found that problems were
ahead for the California power system because the number of hours when too much wind generation was
being put on the grid was increasing. The study noted higher costs were ahead as well because additional
resources would be needed to integrate expected additional wind resources planned to meet the renewable
portfolio requirements in place.® Many of the impacts on the US generation mix from renewable power
portfolio requirements are yet to come as higher generation or capacity share mandates become binding in
many states in the next few years.

The United States is at a critical juncture because current trends in power plant retirements, demand
and supply balances, and public policies are combining to accelerate change in the US generation mix,
as shown in Figure 20. In e 00

2013, increases in demand,
power plant retirements, and
renewable mandates resulted
in around 15,800 MW of
capacity additions. In the
decade ahead, these increasing
needs will require power supply
decisions amounting to 15%
of the installed generating
capacity in the United States.
In addition, public policies are
expected to increase the share
of wind and solar generation,
and forthcoming regulations
from the Environmental
Protection Agency  (EPA)
regarding conventional power ¥ Hydro il Nuclear wCoal ©“Netural gas Renewable/Other
plant emissions as well as

greenhouse gases (GHG) Sourca; IHS Energy, BA . . ©2014 IHS .
could significantly increase

power plant retirements and

accelerate changes further. Altogether, changes in US generating capacity in the next two decades could
account for more than one-third of installed capacity.

1950 1960 1870 1980 1990 2000 2010 ‘

A = e

Threat to power generation diversity: Complacency

Threats to maintaining diversity in power production do not come from opposition to the idea itself, but
rather from the complacency associated with simply taking divexsity for granted. The familiar adage of not
putting all your eggs in one basket is certainly aligned with the idea of an all-ofthe-above energy policy.
Four decades of experience demonstrates the conclusion that the government should not be picking fuel or
technology winners, but rather should be setting up a level playing field to encourage competitive forces to
move the power sector toward the most cost-effective generation mix. Nevertheless, in a striking contrast,

4. New England Wind Integration Study produced for SO New England by GE Energy Applications and Systems Engineering, EnerNex Corporation, and AWS Truepower,
5 December 2010. Accessed 16 April 2014 (hittp://www.awig.org/newis_es.pdf).

5. “Integration of Renewable Resources: Operational Requirements and Generation Fleet Capability at 20% RPS.” California IS0, 31 August 2010, downloaded from
Www.caiso.com/2804/2804d03640110.pdf.
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the value of fuel diversity tothe end use consumeris not internalized in current power plantdecision making.
A 2013 review of over eighty integrated resource plans (IRPs) found that many reference fuel diversity but
only a few of them refer to it as a risk, and none of them quantify the value of fuel diversity to incorporate
it into the decision process. Additionally, environmental policy initiatives do not seem to accommodate
diversity issues. Therefore, one power plant decision after another is revealing a de facto energy policy
to move away from oil, coal, FIGURE 21

and nuclear generation and ) )
reduce hydroelectric capability, | ' capacity underconstruction: 34,620 MW

and instead build relatively Hydro
low utilization wind and solar Ls
resources backed up by natural
gas—fired generating units (see Gas (combustion.
Figure 21). turbine)

Biomass

0%

Threat to power ey
generation diversity: Geathermal |
The “missing money”

Saoiar PV

e e e m = o
. . ) Other SolarCspP

Fuel diversity is threatened as w coarpy 1% e 5P

] iy =Wind <lar PY ciar
well by the inability of power i . s Gecthemmal Other
markets to evolve market rules 1 Gas (combined-cycle) Gas (combustion turbine) ENuclear
and institutions to address the FHydeo
s = » . Notes: Note S8P = zencentiating solar cower PV = photovdtaic, Dala as of Al 2014,

missing rmmoney problem m Source: IHS Erargy and Varyx Vermty Sute ©2014 HS

competitive power generator
cash flows. The missing money
problem in power markets is the latest manifestation of a long-standing problem in a number of industries,
including railroads, airlines, and power, where competitive markets fail to balance demand and supply at
market-clearing prices high enough to support the full cost of supply.

Power markets have a missing money problem because they do not have all of the necessary conditions to
produce a textbook competitive marketplace. The textbook marketplace has suppliers who maximize their
profits by expanding output up to the point where their short-run marginal cost (SRMC) of production
equals the market-clearing price. This means that an aggregation of rival suppliers’ SRMC curves produces
the market supply curve. If this market supply curve intersects the market demand curve at a price too
low to support the full cost of new supply (long-run marginal cost [LRMCD, then suppliers will not expand
productive capacity. Instead, they will meet increases in demand by adding more variable inputs to the
production process with a fixed amount of capacity. However, doing so increases SRMC, and eventually
the market-clearing price rises to the point where it covers the cost of expanding productive capacity. This
produces the textbook market equilibrium where demand and supply are in balance at the unique point
where market-clearing prices are equal to both SRMC and LRMC.

Several characteristics of the technologies that make up a cost-effective power supply create a persistent
gap between SRMCs and LRMCs as production varies. As a result, market-clearing wholesale power prices
are below the level needed to support the full cost of power supply when demand and supply are in balance
with the desired level of reliability.” Consequently, the stable textbook market equilibrium does not exist
in an electric power marketplace.

6. See the IHS Energy Insight Reading the iea Leaves: Trends s the rower industry s futtire plans,
7. See the IHS Energy Private Report Power Supply Cos Recvozny: Bridgig the miciing noney gip.
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A simple example of a competitive power market made up entirely of rival wind generators illustrates
the missing money problem. The cost profile of wind turbine technologies comprises nearly exclusively
upfront capital costs (LRMCs). SRMCs for wind technologies equal zero because the variable input to the
power production process is wind, and this input is free. In a competitive market, if wind conditions allow
for power production, then rival wind generators will be willing to take any price above zero to provide
some contribution to recovering the upfront capital costs. If there is adequate supply to balance demand
in a competitive marketplace, then rival wind suppliers will drive the market-clearing price to zero. This
is not just a theoretical example. When power system conditions create wind-on-wind competition,
then zero or negative market-clearing prices (reflecting the cost of losing the production tax credit) are
typically observed. Wind generating technologies are a simple and extreme example of a power generating
technology with a persistent gap between SRMCs and LRMCs. But this problem exists to some degree with
other power generation technologies.

This technology-based market flaw means that periodic shortage-induced price spikes are the only way
for market-clearing prices to close the gap between the SRMC and LRMC. This market outcome does not
work because of the inherent contradiction—periodic shortages are needed to keep demand and supply in

balance.

The missing money problem threatens cost-effective power supply because when market-clearing power
prices are chronically too low to support new power plants, then lower expected cash flows at existing
plants cause retirements before it is economic to do so, given replacement costs. It is cost effective to
retire and replace a power plant only when its cost of continued operation becomes greater than the cost
of replacement. Therefore, a market-clearing power price that reflects the full cost of new power supply is
the appropriate economic signal for efficient power plant closure and replacement. Consequently, when
this price signal is too low, power plant turnover accelerates and moves power supply toward the reduced
diversity case.

“Missing money” and premature closing of nuclear power plants

The Kewaunee nuclear plant in Wisconsin is an example of a power plant retirement due to the missing
money problem. Wholesale day-ahead power prices average about 530 per MWh in the Midwest power
marketplace, This market does not have a supply surplus, and recently the Midwest Independent System
Operator (MISO), the institution that manages the wholesale market, announced that it expects to be 7,500
MW short of generating capacity in 2016.* The current market-clearing power price must almost double to
send an efficient price signal that supports development of a natural gas—fired combined-cycle power plant.

The Kewaunee power plant needs much less than the cost of a new plant, about $54 per MW, to cover
the costs of continued operation. Kewaunee’s installed capacity was 574 MW, and the plant demonstrated
effective performance since it began operation in 1974, The plant received Nuclear Regulatory Commission
approval for life extension through 2033. Nevertheless, the persistent gap between market prices and new
supply costs led Dominion Energy, the power plant’s owner, to the October 2012 decision to close the plant
because of “low gas prices and large volumes of wind without a capacity market.”

Kewaunee is not an isolated case. Other nuclear power plants such as Vermont Yankee provide similar
examples. Additionally, a significant number of coal-fired power plants are retiring well before it is economic
to do so. For example, First Energy retired its Hatfield’s Ferry plant in Ohio on 9 October 2013. This is a
large (1,700 MW) powet plant with a $33 per MWh variable cost of power production.’ The going-forward

8, Whieldon, Esther, “MISQ-OMS survey of LSEs, generators finds resource shortfall remains likely in 2016.” SNL Energy, 6 December 2013, Accessed on 14 May
2014 htp://www.snl.com/InteractiveX/ArticleAbstract aspx?id=26168778. Note: LSE = load-serving entity.

9. Source: SNL Financial data for 2012 operations, accessed 5 May 2014, Available at http://www.snl.com/IntetactiveX/PlantProductionCostDetail aspx? ID=3604.
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costs involved some additional environmental retrofits, but the plant had already invested $650 million to
retrofit a scrubber just four years prior to the announced retirement.

Reducing diversity and increasing risk

B Y P — v - s - e

Proposed EPA regulations on new power plants accommodate the carbon footprint of new natural gas-fired
power plants but do not accommodate the carbon footprint of any new state-of-the-art conventional coal-
fired power plants that do not have carbon capture and storage (CSS). Since the cost and performance of CSS
technologies remain uneconomic, the United States is now on a path to eliminating coal-fired generation
in US power supply expansion. This move toward a greatly reduced role for coal in power generation may
accelerate because the EPA is now developing GHG emission standards for existing power plants that could
tighten emissions enough to dramatically increase coal-fired power plant retirements.

The impact of a particular fuel or technology on fuel diversity depends on overall power system conditions.
Asageneral rule, the benefits of fuel diversity from any source typically increase as its share in the portfolio
decreases. Oil-fired generation illustrated this principle when it proved indispensable in New England in
keeping electricity flowing this past winter. Despite only accounting for 0.2% of US generation, it provided
a critical safety valve for natural gas deliverability during the polar vortex. Yet, these oil-fired power plants
are not likely to survive the tightening environmental regulations across the next decade. The implication
is clear: there is a much higher cost from losing this final 0.2% of oil in the generation mix compared to
the cost of losing a small percentage of oil-fired generation back in 1978, when oil accounted for 17% of the
US generation mix. Losing this final 0.2% of the generation mix will be relatively expensive because the
alternative to meet infrequent surges in natural gas demand involves expanding natural gas storage and
pipeline capacity in a region where geological constraints make it increasingly difficult to do so.

Public opinion is a powerful factor influencing the power generation mix. The loss of coal- or oil-fired power
plants in the generation mix is often ignored or dismissed because of public opinion. Coal- or oil-fired
power plants are generally viewed less favorably than wind and solar resources. In particular, labeling some
sources of power as “clean energy” necessarily defines other power generating sources as “dirty energy.”
This distinction makes many conventional power supply sources increasingly unpopular in the political
process. Yet, all sources of power supply employed to meet customer needs have an environmental impact,
¥or example, wind and solar resources require lots of land and must be integrated with conventional grid-
based power supply to provide consumers with electricity when the wind is not blowing or the sun is not
shining. Therefore, integrating these “clean energy” resources into a power system to meet consumer needs
produces an environmental footprint, including a GHG emission rate. The arbitrary distinctions involved
in “clean energy” are evident when comparing the emissions profiles of integrated wind and solar power
production to that of nuclear power production. A simplistic and misleading distinction between power
supply resources is a contributing factor to the loss of fuel diversity.

Edison International provides an example of the impact of public opinion. Antinuclear political pressures in
California contributed to the decision in 2013 to prematurely close its San Onofre nuclear power plant. This
closure created a need for replacement power supply that is more expensive, more risky, and more carbon
intensive.

The going-forward costs of continued operation of the San Onofte nuclear plant were less than the cost of
replacement power, Therefore, the closure and replacement of the San Onoftre power plant made California
power supply more expensive in a state that already has among the highest power costs in the nation, A study
released in May 2014 by the Energy Institute at Haas at the University of California Berkeley estimated that
closing the San Onofte nuclear power station increased the cost of electricity by $350 million during the
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first twelve months.® This was a large change in power production costs, equivalent to a13% increase in the
total generation costs for the state.

Closing San Onofre makes California power costs more risky. California imports about 30% of its electricity
supply. Prior to the closure, nuclear generation provided 18.3% of California generation in 2011, and the
San Onofre nuclear units accounted for nearly half of that installed nuclear capacity. The Haas study found
that imports increase with system demand but not much, likely owing to transmission constraints, grid
limitations, and correlated demand across states. The results imply that the loss of the San Onofre power
plant was primarily made up through the use of more expensive generation, as much as 75% of which was
out-of-merit generation running to supply energy as well as voltage support. The report’s analysis found
that up to 25% of the Jost San Onoffe generation could have come from increased imports of power. The
substitute power increases California consumers’ exposure to the risks of fossil fuel price movements as
well as the risks of low hydroelectric generation due to Western Interconnection drought cycles.

Closing San Onofre makes California power production more carbon intensive. Nuclear power production
does not produce carbon dioxide (CO,) emissions. These nuclear units were a major reason that the CO,
intensity of California power production was around 0.5 pounds (Ib) per kilowatt-hour (kWh). Replacement
power coming from in-state natural gas-fired power plants has associated emissions of about 0.9 Ib per kWh.
Replacement power coming from the rest of the Western Interconnection has associated emissions of 1.5
Ib per kWh. Even additional wind and solar power sources in California with natural gas—fired power plants
filling in and backing them up have a 0.7 Ib per kWh emissions profile. The Haas study found that closing
San Onofie caused carbon emissions to increase by an amount worth almost $320 million, in addition to
the $350 million in increased electricity prices in the first year. In the big picture, California CO, emissions
have not declined in the past decade, and the closure of the San Onofre nuclear units will negate the carbon
abatement impacts of 20% of the state’s current installed wind and solar power supply.

The path toward a less diverse power supply

The relative unpopularity of coal, oil, nuclear, and hydroelectric power plants (compared to renewables),
combined with the missing money problem, tightening environmental regulations, and a lack of public
awareness of the value of fuel diversity create the potential for the United States to move down a path
toward a significant reduction in power supply diversity. Within a couple of decades, the US generation mix
could have the following capacity characteristics:

« No meaningful nuclear power supply share

¢ No meaningful coal-fired power supply share

« No meaningful oil-fired power supply share

e Hydroelectric capacity in the United States reduced by 20%, from 6.6% to 5.3% of installed capacity

» Renewables power supply shares at operational limits in power supply mix: 5.5% solar, 27.5% wind

« Natural gas—fired generation becoming the default option for the remaining US power supply of about

61.7%

10. http://ei haas berkeley.edu/pdf/working_papets/WP248.pdf, accessed 30 May 2014.
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Comparing the performance of current diverse power supply to this reduced diversity case provides a basis
for quantifying the current value of fuel and technology diversity in US power supply.

Quantifying the value’of current power supply diy__ersity_

A number of metrics exist to compare and contrast the performance of power systems under different
scenarios. Three power system performance metrics are relevant in judging the performance of alternative
generation portfolios:

* SRMC of electric production (the basis for wholesale power prices)
* Average variable cost of electric production

» Production cost variability

IHS Energy chose a geographic scope for the diversity analyses at the interconnection level of US power
systems. The United States has three power interconnections: Electric Reliability Council of Texas (ERCOT),
Eastern, and Western. These interconnections define the bounds of the power supply network systems
that coordinate the synchronous generation and delivery of alternating current electrical energy to match
the profile of aggregate consumer demands in real time.

Analysis at the interconnection level is the minimum level of disaggregation needed to analyze the
portfolio and substitution effects of a diverse fuel and technology generation mix. In particular, the
substitution effect involves the ability to shift generation from one source of power supply to another. The
degree of supply integration within an interconnection makes this possible, whereas the power transfer
capability between interconnections does not. The degree of power demand and supply integration within
these interconnections creates the incentive and capability to substitute lower-cost generation for higher-
cOSt generation at any point in time. These competitive forces cause the incremental power generation
cost-based wholesale power prices at various locations within each interconnection to move together.
An average correlation coefficient of monthly average wholesale prices at major trading hubs within each
interconnection is roughly 0.8, indicating a high degree of supply linkage within each interconnection.

IHS Energy assessed the current value of fuel diversity by using the most recently available data on the US
power sector. Sufficient data were available for 2010 to 2012, given the varied reporting lags of US power
system data.

IHS employed its Razor Model to simulate the interactions of demand and supply within each of these US
power interconnections from 2010 to 2012. The 2010 to 2012 backcasting analysis created a base case of
the current interactions between power demand and supply in US power systems. Appendix B describes
the IHS Razor Model and reports the accuracy of this power system simulation tool to replicate the actual
performance of these power systems. The high degree of predictive power produced by this model in the
backcasting exercise establishes the credibility of using this analytical framework to quantify the impacts
of more or less fuel and technology diversity. The macroeconomic impact analysis used the most recently
available THS simulation of the US economy {December 2013} as a base case.

Once this base case was in place, the Razor Model was employed to simulate an alternative case involving

a less diverse generation mix. The current generation mix in each of the three interconnections—Eastern,
Western, and ERCOT—were altered as follows to produce the reduced diversity case generation:
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+ The nuclear generating share went to zero.
« The coalfired electric generating share went to zero.
e The hydroelectric generation share dropped to 3.8%.

e Intermittent wind and solar generation increased its combined base case generation share of about 2%
to shares approximating the operational limits—24% in the East, 45% in the West, and 23% in ERCOT—
resulting in an overall wind generation share of 21.0% and a solar generation share of 1.5%.

e Natural gas-fired generation provided the remaining generation share in each power system, ranging
from about 55% in the West to over 75% in the East and ERCOT, for an overall share of nearly 74%.

Differences between the performance metrics of the current diverse generating portfolio simulation
and the reduced diversity case simulation provide an estimate for the current value of fuel diversity. The
differences in the level and variance of power prices were fed through to the IHS US macroeconomic model
to quantify the broader economic impacts of the higher and more varied power prices and shifts in capital
deployment associated with the reduced diversity case.

Quantification of the impact of fuel diversity within the US power sector involved a two-step process.
The first step quantifies the current value of the substitution effect enabled by a diverse power generating
portfolio. The second step quantified the additional value created by the portfolio effect.

The value of the substitution effect

The first step alters the base case by holding relative fuel prices at the average level across 2010 to 2012. Doing
this removes the opportunity to substitute back and forth between generation resources based on changesto
the marginal cost of generation. This case maintains a portfolio effect but eliminates the substitution effect
in power generation. The difference between this constant relative fuel price case and the base case provides
an estimate of the current value of the substitution effect provided by the current diverse power generation
fuel mix. The results show

significantly higher fuel costs ~ "eUF¢%

from a generation mix deprived TR e e S R T e 0T,
Of Substitution ba_sed on f-uel et erdaeina srptiordl ildr St ey i P - o | e e
price changes. The substitution Marginal cost Average cost

effects in the current diverse
US power generating portfolio
reduced the fuel cost for US 80
power production by over $2.8
billion per year. In just the three
years of the base case, US power
consumers realized nearly $8.5
billion in fuel savings from the
substitution effect. Figure 22
shows the results of this first 10 -8 —
step in the analysis for each
interconnection and the United Tk
States as awhole. E

70

§O e e

$ per MWh
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The value of the portfolio effect

The second step quantifies the portfolio value of the current generation mix. To measure this, the base
case is altered by replacing the
actual current generation mix
with the less diverse generation T e R e T e =
mix. All else is held constant s ol e ettt
in this reduced diversity case, Marginal cost Average cost Standard deviation
including the actual monthly 82 50 : 18 e
fuel prices. Therefore, this 70 45 18
reduced diversity simulation
reduces the portfolio effect of
diverse generation and allows
any economic  generation
substitution to take place 1 _I
3

FIGURE 23

$ per MWh

utilizing this less diverse 20
capacity mix, 10 -

Figure 23  shows the
performance metrics for each
interconnection and the United
States as a whole in the less mActual dispatch Minimum diversity dispaich

diverse portfolio case compared | souse: s Eemy ©2014 IHS
to the base case. T . T - e

UStotal
ERCOT
West
S total

(22}
2

The portfolio effect reduces not only costs, but also the variation in costs. This translates into a reduction in
the typical monthly variation in consumers’ power bills of between 25% and 30%.

The differences in average power production costs between the reduced diversity case and the current
supply case indicate that fuel and technology diversity in the base case US generation mix provides power
consumers with benefits of $93 billion per year. This difference between the reduced diversity case and the
base case includes both the substitution and portfolio effects. Using the results of step one allows separation
of these two effects, as shown in Table 4.

Figures 24 and 25 show the progression from the base case to the reduced diversity case. The results indicate
that the Eastern power interconnection has the most to lose from a less diverse power supply because it
faces more significant increases in cost, price, and variability in moving from the base case to the reduced
diversity case. The Eastern interconnection ends up with greater variation in part because its delivered
fuel costs are more varied than in Texas or the West. In addition, the natural endowments of hydroelectric
power in the Western interconnection generation mix continue to mitigate some of the fuel price risk even
atareduced generation share.

In the past three years, generation supply diversity reduced US power supply costs by $93 billion per year,
with the majority of the benefit coming from the portfolio effect. These estimates are conservative because
they were made only across the recent past, 2010 to 2012. An evaluation over a longer period of history
would show increased benefits from managing greater levels of fuel price risk.

The estimates of the current value of power supply diversity are conservative as well because they do not
include the feedback effects of higher power cost variation on the cost of capital for power suppliers, as
outlined in Appendix A. The analyses indicate that a power supplier with the production cost variation
equal to the current US average would have a cost of capital 310 basis points lower than a power supplier
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334

Output {2011, TWh}
Marginal cost ncrease ($/MWh) $1110 $0.35 $11.45
Average cost increase ($/MWh} $0.91) $10.62 $2.71
Marginal cost mcrease split 7% 3% 100%
Average cosi increase split -9% 109% 100%
Marginal cost increase percetttage 35 40% 110% 36 50%
Average cost increase percentage -3.90% 45.20% £1.40%
Marginal cost Increass {total) $3,708,970,847 $116,702.120 $3,825.672 967
Average cost increass (total) ($302,604,000} $3,547,080,000 $3,244,476,000
Eastern interconnection  Output (2011, TWh) 2,916 2,416 2,016
Marginal cost increase ($/MWh) $26.01 $4.73 $30.74
Average cost increase /S/MWh) $110 $26 92 $28.02
Marginal cost increase split 85% 15% 100%
Average cost Increase split 9% 28% 100%
Marginal cost increase percentage 70.70% 12.80% 83.50%
Average cost Increass percentage 5.80% 142 70% 148.50%
Marginal cost increass {total) $75,840,639,098 $13,791,489,884 $89,632,128,981
Average cost Increase (total) $3,207,600,000 $78,498,720,000 $81,706,320,000
Western interconnection  Output (2011, TWh) 728 728 728
Marginal cost Increase ([$/MWh) $404 $5.27 $1021
Average cost increase ($/MWh) ($0.10) $11.67 $11.57
Marginal cost increase split 48% 52% 100%
Averags cost increase split -1% 101% 100%
Marginal cost merease percentage 16 50% 17 60% 3410%
Average cost increase percentage -0.50% 57.60% 57.00%
Marginal cost increase (total) $3,598,597,137 $3,837,638,788 $7,431,235,028
Average cost increase (total} ($72,800,000) $8,495,780,000 $8,422,880,000
US total QOuiput (2011, TWH) 3978 3978 3.978
Marginal cost increase (§/MWh) $20.80 $4.46 $25.36
Average cost increase {$/MWh) so0M $2278 $23 47
Marginal cost increase split 82% 18% 100%
Average cost Increase spiit 3% 97% 100%
Marginal cost increase percentage 50.50% 12.70% 72.20%
Average cost Increase percentage 3.60% 116 70% 120.30%
Marginal cost increase {total) $83,143,207,082 $17,745,830,792 $100,880,037,874
Average cost Increase (fotal} $2,832,196.000 $90,541,560,600 $93,373,756,000

Bource: HS Ensrgy

with the production cost variation associated with the generation mix of the reduced diversity case.
Since 14% of total power costs are returned to capital, this difference accounts for 1-3% of the overall cost
of electricity. This cost-of-capital effect can have a magnified impact on overall costs if more capital has
to be deployed with an acceleration of power plant closures and replacements from the pace that reflects
underlying economics.

The cost of ¢ accelerating change in the generation mMix

Current trends in public policies and flawed power market outcomes can trigger power plant retirements
before the end of a power plant’s economic life. When this happens, the closure creates cost impacts beyond
the level and volatility of power production costs because it requires shifting capital away from a productive
alternative use and toward a replacement power plant investment.

All existing power plants are economic to close and replace at some point in the future. The economic life of
a power plant ends when the expected costs of continued operation exceed the cost of replacement. When
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this happens, the most cost-  FAgURE2«
effective replacement power
resource dependson the current
capacity mix and what type of
addition creates the greatest
overall benefit—including the 0

impact on the total cost of | £,
power and the management of @ £,
power production cost risk. g .
: B 20
Figure 26 shows the current -
distribution of the net present E

s
[=]

value (NPV) of the going-
forward costs for the existing
US coalfired generation fleet
on a cents per MWh basis in
relation to the levelized NPV
of replacement power on a per
MWh basis.

€

s st e \West ERCOT

Source: IHS Energy ©20141HS

As the distribution of coal-fired
power plant going-forward
costs indicates, there is a T N )t —
significant difference between \verage wholosale price: Basa case versusiow diversity case =ik
the going-forward costs and 80
the replacement costs for the
majority of plants. As a result,
a substantial cost exists to
accelerate the turnover of
coalfired power plants in the
capacity mix., For example,
closing coal-fired power plants

FIGURE 25
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andreplacing them as quickly as A - = -
possible with natural gas—fired 10 — — e e
power plants would impose a s T — -
turnover cost of around 3300 ¢ 2 4 3 8 10 12 14 i 18
bllhon Price standard devlation

—— East - West ERCOT

Figure 27 shows the going-
forward costs of the existing | souse:#seneny 2014 S
US nuclear power plant fleet. = T T B

As with the coal units, there

is currently a high cost associated with premature closure. As a point of comparison, closing all existing
nuclear power plants and replacing them as quickly as possible with natural gas—fired power plants would
impose a turnover cost of around $230 billion. Unlike the coal fleet, where a nominal amount of older
capacity has a going-forward cost that exceeds the expected levelized cost of replacement, none of the US
nuclear capacity is currently more expensive than the lowest of projected replacement costs.

Closing a power plant and replacing it before its time means incurring additional capital costs, The average
depreciation rate of capital in the United States is 8.3%. This implies that the average economic life of a
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capital investment in the
United States economy is 12
years. Altering the amount
of capital deployed in the US
economy by $1 in Year 1 results
in an equivalent impact on GDP
as deploying a steady stream of
about $0.15 of capital for each
of the 12 years of economic
life. This annual levelized cost
approximates the value of the
marginal product of capital.
Therefore, each dollar of capital
deployed to replace a power
plant that retires prematurely
imposes an opportunity cost
equal to the value of the
marginal productivity of capital
in each year.

Economywide
i_mpgcts

In addition to the $93 billion
in lost savings from the
portfolio and substitution
effects, depending upon the
pace of premature closures,
there is a cost to the economy
of diverting capital from other
productive uses. The power
price  increases  associated
with the reduced diversity
case would profoundly affect
the US economy. The reduced
diversity case shows a 75%
increase in average wholesale
power prices compared to
the base case. IHS Economics
conducted simulations using
its US Macroeconomic Model

FAGURE 26
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FIGURE 27
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to assess the potential impact of the change in the level and variance of power prices between the base
case and the reduced diversity case. The latest [HS base line macroeconomic outlook in December 2013
provides a basis for evaluating the impacts of an electricity price shock due to a reduced diversity case for
power supply. Subjecting the current US economy to such a power price increase would trigger economic
disruptions, some lasting over a multiyear time frame. As a result, it would take several years for most of
these disruptions to dissipate. To capture most of these effects, power price changes were evaluated over
the period spanning the past two and the next three years to approximate effects of a power price change
to the current state of the economy. Wholesale power price increases were modeled by increasing the

© 2014 HS
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Producer Price Index for electricity by 75% in the macroeconometric model; consumers were affected by
the resulting higher prices for retail electricity and other goods and services.

Economic impacts of the power supply reduced diversity case are quantified as deviations from the IHS
macroeconomic baseline simulations of the US economy. The major impacts within the three years after
the power price change would include

* Adrop in real disposable income per household of about $2,100
* Areduction 0f1,100,000 jobs

o Adecline inreal GDP of1.2%

Consumers will bear the brunt of the impact of higher power prices, The higher price of electricity would
trigger a reduction in power use in the longer run (10 or more vears out) of around 10%. Yet even with
such dramatic reductions in consumption, the typical power bill in the United States would increase from
around $65 to $72 per month.

Not only will consumers face higher electric bills, but some portion of increases in manufacturers’ costs
ultimately will be passed on to consumers through higher prices for goods and services. Faced with lower
purchasing power, consumers
will scale back on discretionary
purchases because expected
real disposable income per
household is lower by over Year0 Year1 Yea: 2 Year3 Year 4

$2,100 three years after the %= T '
electric price increase {(see
Figaure 28). Unlike other $500 —— -
economic indicators {such '
as real GDP) that converge
toward equilibrium after a 1,000 == B (o
few years, real disposable
income per household does 51,500 -
25 years, This indicates that 2,000 ——- “§1.632 kB

not recover, even if the e
simulations are extended out 81,711

the price increases will have a -52.129 -$2,112
lo_nger-term. negative effect on 52,500 o

disposable income and power |
consumption levels. Source: IHS Ecanomics ©2014 1Hs

FIGURE 28
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Real 2012 dollars

Businesses will face the dual

challenge of higher operational costs coupled with decreased demand for their products and services.
Industrial production will decline, on average, by about 1% through Year 4. This will lead to fewer jobs (e,
a combination of current jobs that are eliminated and future jobs that are never created) within a couple of
years relative to the IHS baseline forecast, as shown in Figure 29, with the largest impact appearing in Year
2, with 1,100,000 fewer jobs than the IHS baseline level.
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Impact on GDP

The US economy is a complex
adaptive system that seeks to
absorb shocks (e.g., increases in
prices) and converge toward a
long-term state of equilibrium.
Although the simulations
conducted for this study do not
project that the US economy
will fall into arecession because
of power price increases, it
is informative to gauge the
underperformance of the US
economy under the reduced
diversity case. In essence, the
higher power prices resulting
from the reduced diversity
conditions cause negative
economic impacts equivalent to
a mild recession relative to the
forgone potential GDP of the
baseline. The economic impacts
of the reduced diversity case
set back GDP by $198 billion,
or 1.2% in Year 1 (see Figure 30).
This deviation fromthebaseline
GDP is a drop that is equivalent
to about half of the average
decline in GDP in US recessions
since the Great Depression.
However, the impacts on Key
components of GDP such as
personal consumption and
business investment will differ.

Consumption

Analyzing personal
consumption provides insights
on the changes to consumer
purchasing behavior under the

FIGURE 29
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FIGURE 30
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scenario conditions. Consumption, which accounts for approximately two-thirds of US GDP, remains lower
over the period with each of its three subcomponents—durable goods, nondurable goods, and services—
displaying a different response to the reduced power supply scenario conditions. In contrast with overall
GDP, consumer spending shows little recovery by Year 4, as shown in Figure 31. This is due to continued
higher prices for goods and services and decreased household disposable income. About 57% of the decline
will occur in purchases of services, where household operations including spending on electricity will have

a significant impact.

© 2014 IH8
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In the early years, lower AcuRes
spending on durable goods
(appliances, furniture,
consumer electronics, etc.) will
account for about 33% of the
decline, before moderating to ®
25% in the longer term. This 3
indicates that consumers, faced E
with less disposable income, 2
will simply delay purchases B 10% ———psmr
=
£

in the early years, The US
macro simulations also predict
moderate delays in housing |
starts and light vehicle sales,

-1.5%

ostensibly due to comsumers = z.0%

trying to minimize their

spending. .

P g 2.5% —~

|nvestment | Sours: 45 Energy , GZDMIHS-!

Following an initial setback
relative to the baseline,
investment will recover by the
end of the forecast horizon.
Nonresidential investment

FIGURE 32

will initially be characterized ' '
by delays in equipment and ' '
software purchases, which will 5

moderate a few years after the | §-1.0% -—

electric price shock. Spending | § —— ~1.01%

on residential structures will | 3-5% ' ‘
remain negative relative to the =

baseline over the four vears, 0% 1.09%

as shown in Figure 32. The net 25% )

effect in overall investment '

is a recovery as the economy 3.0% — —

rebounds back to a longrun -2.96% |
equilibrium. 3.5%

In the longer term, if current | Seues: e Femy ‘ =l

trends cause the reduced

diversity case to materialize

within the next decade, then the premature closure and replacement of existing power plants would shift
billions of dollars of capital from alternative deployments in the US economy.

Conclusions

Consumers want a cost-effective generation mix. Obtaining one on the regulated and public power side
of the industry involves employing an integrated resource planning process that properly incorporates
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cost-effective risk management. Obtaining such a2 mix on the competitive side of the power business
involves employing time-differentiated market-clearing prices for energy and capacity commodities that
can provide efficient economic signals. The linkage between risk and cost of capital can internalize cost-
effective risk management into competitive power business strategies. Regardless of industry structure, a
diverse generation mix is the desired outcome of cost-effective power system planning and operation.

The results of this study indicate seven key factors that will shape US power supply diversity in the years
to come:

 Energy policy development. US policy heavily influences the US power supply mix. Implementing an
all-of-the-above energy policy requires properly internalizing the value of fuel diversity.

o Market structure. Market flaws distort wholesale power prices downward and result in uneconomic
retirement and replacement of existing cost-effective generation resources. This issue and any market
structure changes to address it will significantly shape future power plant development.

 Energy policy discourse. Preserving the value of fuel diversity depends on public awareness and
understanding. The extent and nature of public education regarding the value of power supply. diversity
may strongly influence public opinion.

o Planningalignment. Alignment of fuel and technology choices for power generation with engineering
and economic principles is critical to efficient and reliable supply. There is no single fuel or technology
of choice for power generation, and all forms of power production have economic, environmental, and
reliability impacts.

 Risk assessment. To incorporate system considerations into plant-level decisions, prudent fuel price
uncertainties must be used with probabilistic approaches to decision making.

« Flexibility. Flexibility and exemptions in rule making and implementation allow for the balancing
of costs and benefits in power supply systems and may help preserve highly valuable diversity in
systemwide decisions as well as on a small but impactful individual plant scale.

e Scope. Including fuel price risk and additional storage and transportation infrastructure costs is crucial

when evaluating reduced diversity scenarios in comparison to the cost of maintaining and expanding
fuel diversity.
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Appendix A: Cost-effective electric generating mix

~ B e —

The objective of power supply is to provide reliable, efficient, and environmentally responsible electric
production to meet the aggregate power needs of consumers at various points in time. Consumers
determine how much electricity they want at any point in time, and since the power grid physically
connects consumers, it aggregates individual consumer demands into a power system demand pattern
that varies considerably from hour to hour. For example, Figure A-1 shows the hourly aggregate demand for
electricity in ERCOT.

FIGURE A-*

In order to reliably meet
aggregate power demands,
enough generating capacity
needs to be installed and
available to meet demand at
any point in time. The overall
need for installed capacity
is determined by the peak
demand and a desired reserve
margin. A 15% reserve margin
is a typical planning target to
insure reliable power supply.

The chronological hourly power |
demands plus the required
reserve margin allow the a . i , e

construction of a unitized load Jan  Fec Mar Apr May Jun  Jui  Aug Sep Oct  MNov Dec Jan
duration curve (see Figure A-2).
The unitized load duration
curve orders hourly electric
demands from highesttolowest ~ FIGUREA-2

Source; [HS Enargy & 2014 HS [
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demand in a US power system. The objective of any power system would be to match its demand pattern
with cost-effective power supply.

There are a number of alternative technologies available to produce electricity. These power supply
alternativeshave different operating characteristics. Mostimportantly, some power generating technologies
can produce electricity on demand that aligns with the pattern of consumer demand through time, while
others cannot. For example, solar PV panels can only provide electric output during hours of sunlight and
thus cannot meet aggregate demand during the night. In contrast, thermal generation such as coal and
natural gas can ramp up and down or turn on and off to match output with customer demand. Technologies
such as coal and natural gas are considered dispatchable, while technologies such as solar and wind are
considered nondispatchable. A number of combinations of technologies can together provide electric
output that matches the pattern of consumer needs.

The lowest-cost generating technologies that can meet the highest increases in demand are peaking
technologies such as combustion turbines (CTs). CTs are the most econiomical technology to meet loads that
occur for only a small amount of time. These technologies can start-up quickly and change output flexibly
to meet the relatively infrequent hours of highest power demand. They are economic even though they
are not the best available technology for efficiently transforming fuel into electricity. CTs have relatively
low upfront capital costs and thus present a trade-off with more efficient but higher capital cost generating
technology alternatives. Since these resources are expected to be used so infrequently, the additional cost
of more efficient power generation is not justified by fuel savings, given their expected low utilization rates.

Cycling technologies are most economical to follow changes in power demand across most hours.
Consequently, utilization rates can be high enough to generate enough fuel savings to cover the additional
capital cost of these technologies over a peaking technology. These intermediate technologies provide
flexible operation along with efficient conversion of fuel into power. A natural gas-fired combined-cycle gas
turbine (CCGT) is one technology that is suitable and frequently used for this role.

Base-load technologies are the lowest-cost power supply sources to meet power demand across most hours.
These technologies are cost-effective because they allow the trading of some flexibility in varying output
for the lower operating costs associated with high utilization rates. These technologies include nuclear
power plants, coal-fired power plants, and reservoir hydroelectric power supply resources.

Nondispatchable power resources include technologies such as run-oftheriver hydroelectric, wind, and
solar power supplies. These technologies produce power when external conditions allow—river flows, wind
speeds, and solar insolation levels. Variations in electric output from these resources reflect changes in
these external conditions rather than changes initiated by the generator or system operator to follow shifts
in power consumer needs. Some of these resources can be economic in a generation mix if the value of the
fuel they displace and their net dependable capacity are enough to cover their total cost. However, since
nondispatchable production profiles do not align with changes in consumer demands, there are limits to
how much of these resources can be cost-effectively incorporated into a power supply mix.

Alternative power generating technologies also have different operating costs. Typical cost profiles for
alternative power technologies are shown in Table A-l. Both nuclear and supercritical pulverized coal
(SCPC) technologies are based on steam turbines, whereby superheated steam spins a turbine; in coal’s case,
supercritical refers to the high-pressure phase of steam where heat transfer and therefore the turbine itself
is most efficient. Natural gas CTs are akin to jet engines, where the burning fuel’s exhaust spins the turbine.
A CCGT combines both of these technologies, first spinning a CT with exhaust and then using that exhaust

to create steam which spins a second turbine.
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TABLE A-1
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Capital cost {US$ per kw) 790
Varisbls D&M cost (UIS$ per MWh) 48
First year fixad O8M cost (USS par kW-yr) 13 39 107 9
Preperty tax and insurance (US$ per kW-yr) 13 36 78 8
Fusl price (US$ per MMBtu) 455 2.8 0.7 58
Heat rats (Bru par <Wh 6,750 8,300 9,800 10,000
CO, emission rate (Ibs per kKWh) 0.8 173 0 118

Tetal capital cost figures include owner's costs: development/permitting, land acquisition, construction gengral and adminisirative, financing, interest during constructicr: et=.
Source: IHS Enargy

Power production technoelogies tend to be capital intensive; the cost of capital is an important determinant
of overall costs. The cost of capital is made up of two components: a risk-free rate of return and a risk
premium. Short-term US government bond interest rates are considered an approximation of the risk-free
cost of capital. Currently, short-term US government bond interest rates are running at 0.1%. In order to
attract capital to more risky investments, the return to capital needs to be greater. For example, the average
cost of new debt to the US investor-owned power industry is around 4.5%. This indicates an average risk
premium of 4.4%.

Power generating technologies have different risk profiles. For example, the fluctuations in natural
gas prices and demand levels create uncertainty in plant utilization and the level of operating costs and
revenues. This makes future net income uncertain. Greater variation in net income makes the risk of
covering debt obligations greater. In addition, more uncertain operating cost profiles add costs by imposing
higher working capital requirements.

Risk profiles are important because they affect the cost of capital for power generation projects. If a project
is seen as more risky, investors demand a higher return for their investment in the project, which can have
a significant impact on the

overall project cost. FIGURE A-3
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to reflect these differences. 99— — e .
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capital deployments. As Figure | § 6 f — ““ﬁ-@ o

A-3 shows, the higher credit '3 L e T — & —
ratings associated with less | g _ é_\‘ﬂ?x&

risky investments havealower | § *[ 7 —e- &
risk premium, and conversely £ 3} - ———

lower credit ratings associated 2 boome : = = -
with more risky investments S e

have a higher risk premium. y=-0.2877x + 8.7921
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Lower credit ratings result

i iati i o= Credit rating
from higher variations in net Data socrae: SN Znagy.

Source: IHS Energy 2014 IHS

11. Data eollected by Stern School of Business, NYU, January 2014. Gost of Capital. Accessed at http://pages.stern.nyn.adu/~adamodar: New_Home_Page/datafile;
wacc.htm.
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‘income, as shown in Figure  FiGUREA4
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Overall, the cost of capital for merchant generators is higher than that for utilities broadly. While the power
industry has an average cost of debt of roughly 4.5%, merchant generators with significant natural gas
holdings tend to have a cost of debt of around 8%. As many of these firms have gone through bankruptciesin
the past, this number may be lower than the cost of debt these firms had prior to restructuring.'* The implied
risk premium of a merchant generator to a utility is 3.5%, which is similar to the cost of capital analysis
results discussed in the body of the report, where the reduced diversity case generator was calculated to
have a cost of capital 310 basis points (3.1%) higher than that of the current US power sector as a whole.

Merchant generators with majority natural gas holdings have higher costs of capital because of the
increased earnings volatility and risk of an all natural gas portfolio. In contrast, a generator with a more
diverse portfolio needing to secure financing for the same type of plant would have costs of capital more in
line with the industry as a whole. This can have a significant impact on the overall cost of the plant. This
is not due specifically to the properties of natural gas as a fuel, but rather to the diversity of generating
resources available. If a merchant generator were to have an exclusively coal-fired generating fleet or an
exclusively nuclear generating fleet, its cost of capital would also increase owing to the higher uncertainty
in generation cash flows.

The expected annual power supply costs can be calculated over the expected life of a power plant once the
cost of capital is set and combined with the cost and operating profile data. These power costs are uneven
through time for a given utilization rate. Therefore, an uneven cost stream can be expressed as a levelized
cost by finding a constant cost in each year that has the same present value as the uneven cost stream.
The discount rate used to determine this present value is based on the typical cost of capital for the power

12. Based on analysis of the “Competitive” business strategy group, defined by THS as businesses with generation portfolios that are over 70% nontility, based on
asget value and reventre. Cost of debt based on coupon rates of outstanding debt as of May 2014.
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industry as a whole. Dividing the levelized cost by the output of the power plant at a given utilization rate
produces a levelized cost of energy (LCOE) for a given technology at a given utilization rate (see Figure A-5).

A levelized cost stream
makes It possible to compare
production costs at different
expected utilization rates, A
lower utilization rate forces
spreading fixed costs over
fewer units of output and thus
produces higher levelized costs
(see Figure A-6).

Figure A7 adds the LCOE of
a CT. Since the LCOE of the
CT is lower than that of the
CCGT at high utilization rates,
adding CTs shows the point at
which the savings for a CCGT’s
greater efficiency in fuel use
are enough to offset the lower
fixed costs of a CT.

There is a utilization rate
at which a CCGT is cheaper
to run than a CT. Below a
utilization rate of roughly 35%,
a CT is more economical. At
higher utilization rates, the
CCGT is more economical.
When referring back to the
load duration curve, it can be
calculated that a generation
mix that is 37% CT and 63%
CCGT would produce a least-
cost outcome. This can be
demonstrated by comparing
the LCOE graph with the load
duration curve: the intersection
point of CT and CCGT LCOEs
occurs at the same time
percentage on the LCOE graph
at which 63% load occurs on the
load duration curve (see Figure
A8

$ per kW-ycar
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The levelized cost of production for each technology can be determined by finding the average load (and
corresponding utilization rate) for the segment of the load duration curve (L.DC) that corresponds to each
technology {in this example, the two segments that are created by splitting the curve at the 35% mark).
Loads that occur less than 35% of the time will be considered peak loads, so the average cost of meeting

July 2014
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a peak load will be equivalent
to the cost of a CT operating
at a 17.5% utilization rate, the
average of the peak loads.
Cycling loads will be defined as
loads occurring between 35% to
80% of the time, with base loads
occurring more than 80% of the
time. As the CCGT is covering
both cycling and base loads in
this example, the average cost
of meeting theses loads with
a CCGT will be equivalent to
the levelized cost of a CCGT
at a 57.5% utilization rate. A
weighted average of the costs
of each technology is then
equivalent to an average cost
of production for the power
system. For this generation mix,
the levelized cost of production
is equal to 9.6 cents per KWh.

The generating options also
can be expanded to include
fuels besides natural gas. Stand-
alone coal and stand-alone
nuclear are not lower cost than
stand-alone gas, as shown in
Figure A-9, and all have a high-
risk premium associated with
the lack of diversity. However,
when combined as part of a
generation mix, the cost of
capital will be lower owing to
the more diverse {(and therefore
less risky) expected cash flow.

Based on the LDC, in this
example base-load generation
was modeled at 52.5% of
capacity and was composed of
equal parts gas, coal,and nuclear
capacity. This combination of
fuels and technology produces a
diverse portfolio that canreduce
risk and measurably lower the

FIGURE A-7
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risk premium in the cost of capital. The point at which a CCGT becomes cheaper than a CT changes slightly
from the previous example owing to the change in cost of capital, but the result is similar, with a 30%
utilization rate the critical point and 36% CT capacity the most economical. Cycling loads with utilization

D 2014 HS
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ratesbetween 30% and 80%can  FlGURE A2
be covered by CCGTs, equaling
11.5% of capacity. The levelized
cost of production for this more
diverse portfolio is equal to 9.3
cents per kWh. Even though
coal and nuclear have higher | ¥
levelized costs than gas, allelse | ®
being equal, the reduced cost E

of capital is more than enough e

to offset the increased costs of .

generation. The implication is %400 R .
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shown in Figure A-10. Using 100% |
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necessary.

The needed dispatchable resources can be recalculated using the new curve, integrating the solar generation.
The new curve increases the amount of peaking resources needed, but otherwise changes only very slightly.
After solar is added, the total cost is 10.8 cents per kWh. Since the output pattern of solar doesn’t match the
demand pattern for the power system, adding solar does not significantly decrease the amount of capacity
needed.

i3. Solar data from Nationa! Renewable Energy Laboratory, Austin, TX, site. Data from 1991-2005 update, used for example purposes. http://rredc.nrel gov/solar/
old_data/nsrdb/1991-2005/tmy3 by state_snd_cityhtml accessed 13 May 2014.
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Conclusion

.

There is no single fuel or technology of choice for power generation. Reliably and efficiently supplying
consumers with the amounts of electricity that they want, when they want it, requires a diverse
generation mix.

A cost-effective generation mix involves diversity but does not involve maximizing diversity by
equalizing generation shares from all available supply options.

The cost-effective mix of fuel and technologies for any power system is sensitive to the uncertainties
surrounding the level and pattern of consumer power demands as well as expectations regarding the
cost and performance of alternative power generating technologies and, in particular, the expectations
for delivered fuel prices.

The cost-effective generating mix will differ from one power system to the next because of differences
in aggregate consumer demand patterns as well as the cost and performance of available generating

options.

The best type of capacity to add to any generation portfolio depends on what types of capacity are
already in the mix.

© 2014 1HS 48 July 2014
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Appendix B: IHS Power System Razor Mode! overview

Design

The IHS Power System Razor {Razor) Model was developed to simulate the balancing of power system
demand and supply. The model design provides flexibility to define analyses’ frequency and resolution in
line with available data and the analytical requirements of the research investigation,

For this assessment of the value of fuel diversity, the following analytical choices were selected:

e Analysis time frame—Backcasting 2010 to 2012

* Analysis frequency-—Weekly balancing of demand and supply

* Geographic scope—US continental power interconnections—Western, Eastern, and ERCOT

* Demand input data—Estimates of weekly interconnection aggregate consumer energy demand plus
losses

» Fuel and technology types—Five separate dispatchable supply alternatives: nuclear, coal steam,
natural gas CCGT, gas CT, and oil CT

* Supply input data by type—Monthly installed capacity, monthly delivered fuel prices, monthly
variable operations and maintenance (O&M), heat rate as a function of utilization

* Load modifiers—Wind, solar, hydroelectric, net interchange, peaking generation levels, and weekly
patterns

Demand

The Razor Model enables the input of historical demand for backcasting analyses as well as the projection
of demand for forward-looking scenarios. In both cases, the Razor Model evaluates demand in a regionas a
single aggregate power system load.

Forbackcasting analyses, the model reliesupon estimates of actual demand by interconnection. For forward-
looking simulations, Razor incorporates a US state-level cross-sectional, regression-based demand model
for each of the three customer classes—residential, commercial, and industrial. Power system composite
state indexes drive base year demand levels by customer class into the future,

Load modifiers

Utilization of some power supply resources is independent of SRMC-based dispatch dynamics. Some power
supply is determined by out-of merit-order utilization, normal production patterns, or external conditions—
such as solar insolation levels, water flows, and wind patterns. These power supply resources are treated as
load modifiers.
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Net load

Net load is the difference between power system aggregate electric output needs and the aggregate supply
from load modifiers. It is the amount of generation that must be supplied by dispatchable power supply
resources.

Calibration of the inputs determining net load is possible using data reporting the aggregate output of
dispatchable power sources.

Fuel- and technology-specific supply curves

Supply curves are constructed for each fuel and technology type. The supply curve for each dispatchable
power supply type reflects the SRMCs of the capacity across the possible range of utilization rates. Applying
availability factors to installed capacity produces estimates of net dependable (firm, derated) capacity by
fuel and technology type.

Each cost curve incorporates heat rate as a function of utilization rate. Heat rate describes the efficiency of
a thermal power plant in its conversion of fuel into electricity. Heat rate is measured by the amount of heat
(in Btu) required each hour to produce 1 kWh of electricity, or most frequently shown as MMBtu per MWh.
The higher the heat rate, the more fuel required to produce a given unit of electricity. This level of efficiency
is determined primarily by the fuel type and plant design. Outliers are pruned from data to give a sample of
heat rates most representative of the range of operational plants by fuel and technology type.!®

Dispatch fuel costs are the product of the heat rate and the delivered fuel cost. Total dispatch costs involve
adding variable operations and maintenance (VOM, or O&M) costs to the dispatch fuel costs. These O&M
costs include environmental allowance costs.

The power system aggregate supply curve is the horizontal surnmation of the supply curves for all fuel and
technology types. Figure B-l illustrates the construction of the aggregate power system supply curve. The
Sllppl'y’ curve shows the SRMC FIGURE B-1

at each megawatt dispatch level
and the associated marginal Ref _
resource. ' 70

Balancing power system Y . B
aggregate demand and E " g r
supply 5 _

The Razor Model balances | £8 40 A

aggregate  power  system ‘gg 30 —

demand and supply by @ § .

intersecting the demand 3 ¥ B

and supply curves. At the 3 4 S

intersection point, power
supply equals demand; supply
by type involves equilibrating
the dispatch costs of available

alternative sources of supply. | soue:ms neny Nuclear .GasCC #GasCT Oi #Coal
Data Source: Veryx Vidocly Sute ©2014 HS
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Total MW dispatched

14. Power plant data sourced from Ventyx Velocity Suite.
15.Outliers are defined as plants with an average heat rate higher than the maximum observed fully loaded heat rate.
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This power system-wide marginal cost of production is the basis for the wholesale power price level that
clears an energy market.

The Razor Model results in the following outputs:
« Power system SRMC/wholesale price
» Generation by fuel and technology type

* Average variable cost of production. The average variable cost is calculated at each dispatch increment
by taking the total cost at that generation level divided by the total megawatt dispatch.

o Price duration curve. The price duration curve illustrated in Figure B2 provides an example of
wholesale power price distribution across the weeks from 2010 through 2012,

Calibration rleuREEE

The predictive power of the [l =
Razor Model for portfolio and 280
substitution analysis is revealed ‘
by comparing the estimated

values of the backcasting @ £ *
simulations to the actual | § - o
outcomes in 2010-12. o e
o
The Razor Model backcasting = 32 5 -
results provide a comparison | T
of the estimated and actual | § $20 -
wholesale  power  prices.
The average difference in 510
the marginal cost varied
between (3.8% and +2.3% %0 - ; _ e
by interconnection region. ¢ 2 0 o » W i e
A comparison of the average  sowemseen = Weaks o201 18

rather than marginal cost - S S
of power production also

indicated a close correspondence. The average difference between the estimate and the actual average
cost of power production varied between {4.7%) and (0.1%) by interconnection region. Table B-1 shows
the assessment of the predictive power of the Razor Model for these two metrics across all three
interconnections in the 2010 to 2012 weekly backcasting exercise.

TABLE 241
- e — B
| — o = AT SIS S N S A
Average wholesale power price difierence 2.3 0.3 -3.8
Average preduction cost difference =02 -47 -01

Note: Differences reflect deviation averaged over backeasting period. Production cost difference reflects avarage of five
power sources: Coal, gas comblned-cyels, gas combustion urbine, nuclear, and oil.

Bourca: {HS Energy
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11 S cU [ b wes t HELPING OUR MEMBERS WORK TOGLTIILR
|' TO KEEP THE LIGHTS ON... TODAY AND IN THE FUTURE
| Power Pool

October 9, 2014
VIA ELECTRONIC FILING

Gina McCarthy, EPA Administrator
Environmental Protection Agency
1200 Pennsylvania Ave NW
Washington, DC 20460

Re: DocketID No. EPA-HQ-0AR-2013-0602
Dear Administrator McCarthy:

This letter is submitted to the United States Environmental Protection Agency
(“EPA”) on behalf of Southwest Power Pool, Inc. (“SPP”) in its capacity as a Federal
Energy Regulatory Commission (“FERC”) approved Regional Transmission
Organization (“RTO") and a Regional Entity with delegated authorities to ensure the
reliability of the bulk electric system within the SPP regionl.

The purpose of this letter is to convey SPP’s comments on the “Carbon Pollution
Emission Guidelines for Existing Stationary Sources: Electric Utility Generating
Units” (“Clean Power Plan” or “CPP”) proposed rule that was published in the
Federal Register on June 18, 2014.

Specifically, SPP will address three primary areas of concern: 1) the CPP will impact
reliability of the bulk electric system; 2) the timing proposed by EPA for compliance
is infeasible; and 3) the proposed CPP will have material impacts on the market-
based dispatch of electric generating units within the SPP region.

1 SPP is an Arkansas non-profit corporation with its principal place of business in Little Rock,
Arkansas. SPP has 78 members that include investor-owned electric utilities, municipals, electric
cooperatives, state authorities, independent power producers and independent electric transmission
companies. As an RTO, SPP administers open access Transmission Service over approximately
48,930 miles of transmission lines covering portions of Arkansas, Kansas, Louisiana, Missourl,
Nebraska, New Mexico, Oklahoma, and Texas, across the facilities of SPP’s Transmission Owners. SPP
administers its centralized day-ahead and real-time energy and operating reserve markets
(“Integrated Marketplace™) with Jocational marginal pricing and market-based congestion
management processes to deliver wholesale energy to its customers in the most economic and
reliable fashion. As an RTG, SPP also plans for and functionally controls the transmission
infrastructure committed to it. For purposes of these comments, SPP has included the Integrated
Systems utilities, which are in the process of joining the organization.
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To address these areas of concern, SPP is providing four recommendations: 1) a
series of technical conferences jointly sponsored by the EPA and FERC; 2)
completion of a detailed, comprehensive and independent analysis of the impacts

electric and gas infrastructure to be identified and constructed; and 4) adoption of a
“reliability safety valve”, SPp appreciates the opportunity to submit comments and
provides the following explanation of its concerns and recommendations.

Pursuant to the Energy Policy Act of 2005, FERC has approved mandatory and
enforceable reliability standards promulgated by the North American Electric
Reliability Corporation ("NERC") with which the electric industry must comply.
Contained in these standards are key requirements necessary to ensure the bulk
electric system meets an adequate level of reliability. Failure to comply with these
standards affects the ability of the power grid to operate reliably and subjects
registered entities such as SPP and its member utilities to civil monetary penalties2,

These reliability standards require SPP to ensure electric transmission lines are not
overloaded and voltage is maintained within certain prescribed limits in the event of
the failure of 3 single element in the monitored system. Additionally, the reliability
standards require SPP to maintain the region’s bulk electric system within certain

SPP region. This assessment includes an evaluation of transmission system impacts
and an evaluation of impacts to reserve margin. In both evaluations, SPP modeled
EPA’s projected Electric Utility Generating Unit ("EGU") retirements within the SPP
region and surrounding areas (see Figure 1 below).

2 Up to $1 million per day, per violation,
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Figure 1: EPA’s Projected EGU Retirements by 2020 in the SPP Region and Adjacent Systems

The transmission system impact evaluation was completed in two parts. In the first
part, SPP assumed available unused electric generation capacity that currently
exists within the SPP region and surrounding areas would be used to replace the
projected retired capacity. This scenario is a reflection of what will occur early in
the EPA’s proposed compliance period where carbon emissions are expected to be
drastically reduced but there is insufficient time to make changes to generation and
transmission infrastructure or develop other alternatives.

The second part of the transmission system impact evaluation assumed that the
projected EGU retirements would be replaced by increased output of existing
generation, including wind resources, and new generation capacity modeled
according to resource planning information being utilized in SPP’s 10-year
transmission planning assessment that is currently in progress (see Figure 2 below).
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Figure 2: New Generation Capacity Assumed in Part 2 of System Impact Evaluation

This part of the evaluation is not intended to address whether it is possible to install
replacement generation capacity in a timely fashion under the proposed CPP
compliance timeframe, nor is it intended to suggest locations where replacement
generation should be located.

The SPP region will experience numerous thermal overloads and low voltage
occurrences under both scenarios studied. Results of the first part of the
transmission system impact evaluation indicate that if the assumed EGU retirements
were to occur absent requisite transmission and generation infrastructure
improvements, the power grid would suffer extreme reactive deficiencies (see
Figure 3} that would expose it to widespread reliability risks resulting in significant
loss of load and violations of NERC reliability standards.
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Figure 3: Transmission System Impact Analysis Part 1 - Reactive Deficiencies (MVAR)

Results of the second part of the evaluation indicate that even with generation
capacity added to replace the assumed EGU retirements, additional transmission
infrastructure will be needed to maintain reliable operation of the grid. This
assessment revealed 38 overloaded elements that SPP would be required to
mitigate with transmission planning solutions. These overloaded elements were
identified in the portions of six states — Arkansas, Kansas, Louisiana, Missouri,
Oklahoma, and Texas - that operate within the SPP region. Portions of the system in
the Texas panhandle, western Kansas, and northern Arkansas were so severely
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overloaded that cascading outages and voltage collapse would occur and would
result in violations of NERC reliability standards. The following graph shows the
number of overloaded elements and significance of loading expected under the
conditions studied in this assessment (see Figure 4 below).

Cuzrigads muSPP Laused by EPA's Profeciad EGU Retiramants

2140 2145 »15 15 B »155. =130

Figure 4: Number of Facilities Overloaded in Part 2 of System Impact Evaluation

Both parts of the assessment assumed that electric transmission expansion
currently planned to meet previously identified needs would be available. It is
important to note that the transmission expansion currently planned in SPP does
not consider EGU retirements expected as a result of the CPP. EPA’s projected EGU
retirements represent approximately 6,000 MW of additional capacity being retired
in the SPP region beyond that currently expected by 2020. This represents
approximately a 200% increase in retired generating capacity compared to SPP’s
current expectations. Unless the proposed CPP is modified significantly, SPP’s
transmission system impact evaluation indicates serious, detrimental impacts on
the reliable operation of the bulk electric system in the SPP region, introducing the
very real possibility of rolling blackouts or cascading outages that will have
significant impacts on human health, public safety and economic activity within the
region,
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SPP also performed an evaluation of the impacts of the projected EGU retirements
on SPP’s reserve margin. Reserve margin is the amount of generation capacity an
entity maintains in excess of its peak load-serving obligation. SPP’s minimum
required reserve margin is 13.6% per load-serving entity. In this evaluation, SPP
utilized current load forecasts, firm capacity purchases and sales, currently planned
generator retirements and additions, as well as the additional generator retirements
projected by the proposed CPP. This evaluation concluded that by 2020, SPP’s
reserve margin would fall to 4.7%, which is 8.9% below SPP’s minimum reserve
margin requirement and would result in a violation of SPP’s reliability criteria and
NERC reliability standards. Out of the fourteen load-serving members impacted by
the EPA’s projected EGU retirements, nine would be deficient in 2020. Furthermore,
SPP found that its anticipated reserve margin would fall to -4.0% by 2024, causing
ten of SPP’s load-serving members to be deficient (see Figure 5 below).

Reserve Margin Percentage By Area
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* Figure 5: Reserve Margin Percentage by Area

These anticipated reserve margins represent a total generation capacity deficiency
in the SPP region of approximately 4,600 MW in 2020 and 10,100 MW in 2024.

Based on SPP's reliability impact assessment, it is clear that the proposed CPP will
impede reliable operation of the electric transmission grid in the SPP region,
resulting in violations of NERC’'s mandatory reliability standards and exposing the
power grid to significant interruption or loss of load.
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SPP has only been able to perform an initial reliability evaluation of steady-state
system response during a “normal” future summer peak condition. SPP has not
evaluated the impact of the proposed EGU retirements during other potentially
critical scenarios, such as drought and polar vortex conditions or times of limited
wind resource availability, which have been experienced numerous times within
SPP’s region in recent history.

Furthermore, there has been inadequate time to perform analysis of the technical
feasibility of each of the four building blocks proposed within the CPP. To be clear, if
any or all of the four building blocks are not feasible, application of a goal that
assumes they are will have untold consequences on the reliability of the bulk
electric system. For example, if the projected EGU retirements occur and a 70%
capacity factor from natural gas combined cycle generating units, as assumed in CPP
building block 2, is not feasible, the reliability implications of this improper
assumption will be very significant and serious. Additional time to evaluate the
impact of these and other potential concerns on reliability of the bulk electric
system is warranted before imposing a final rule that is not properly considerate of
potential threats to the reliability of the bulk electric system.

SPP is also concerned with the timing proposed for compliance with the CPP.
Within the SPP region, the timing associated with CPP compliance is problematic at
best. Based on SPP’s review of the proposed CPP, EPA has considered neither the
cost nor the time required to plan and construct electric transmission facilities. In
the SPP region, as much as eight and a half years to study, plan for and construct
new transmission facilities has been required. Compliance with the proposed CPP is
impossible due to the transmission expansion that will be required and the time it
takes to complete the required transmission expansion. In addition to more time
being needed to develop plans for and construction of necessary infrastructure, a
“reliability safety valve”, as suggested by the ISO/RTO Council prior to release of the
proposed CPP, should be incorporated into the final rule. Such an approach would
require that state plans include a process to evaluate electric system reliability
issues resulting from implementation of the state plan and require mitigation when
needed.3

Furthermore, while the proposed CPP provides states with significant flexibility for
compliance, EPA has not provided state air quality and economic regulators with
sufficient time to take advantage of this flexibility. As a consequence, SPP
anticipates there will be few, if any, submitted compliance plans that reflect the
regional nature of transmission planning, wholesale energy markets or, in the SPP

4 EP4 €02 Rule—ISO/RTO Council Reliability Safety Valve and Regional Compliance Measurement and
Proposals; ISO/RTO Council at hitp:/ fwww.i rg/D e t/2014 IRCP al-

ReliabilitySafetyValve-RegionalComplianceMeasurement EPA-C(2 Rule.pdf; January 28, 2014.
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region, transmission cost allocation. None of these issues are currently addressed
on a state-specific basis within SPP, but rather are addressed regionally in a
transparent environment where state boundaries are not acknowledged since the
grid crosses city, county and state boundaries.

The proposed CPP will change the market dispatch of generating units by reducing
the availability of the most economic generating resources. Such a shift will cause
higher market clearing prices in the SPP region resulting in material adverse
economic impacts on SPP customers. The proposed CPP will increase reliance on
renewables and generators fueled by natural gas, yet there has been no evaluation
of additional operating and planning measures needed to support integration of
significant additional renewables and of natural gas availability required to fuel the
increased number of gas burning units in the SPP region. While SPP’s members will
likely dramatically increase their reliance on wind generation within the SPP region
to meet carbon emission goals under the proposed CPP, a proportional increase in
gas burning generators will be necessary during times when wind resources are not
available to maintain reliable energy supplies and minimum required planning
reserves.

The current electric power grid has evolved incrementally over the last 40-plus
years to provide a reliable supply of power in support of the current mix of
generation assets. The changes being proposed by the EPA in the proposed
timeframe will dramatically change use of the current system and will need to be
thoroughly evaluated, modified as necessary, and implemented in a timely and
responsible manner to avoid imposition of unnecessarily high costs and reliability
risks to customers. The EPA should work closely with the regions, the states and all
interested parties to ensure that any final CO2 rule maintains bulk electric system
reliability compatible with a reliable, efficient market dispatch of available
generation.

As aresult of its concerns, SPP recommends the following:

(1) A series of technical conferences jointly sponsored by FERC and the EPA.
The topics that should be discussed at these conferences include impacts of
the proposed CPP on power system reliability, impacts on regional markets,
and how to move forward in a coordinated fashion that best facilitates
accomplishment of both EPA and FERC objectives.

(2) Completion of a detailed, comprehensive and independent analysis of the
impacts the proposed CPP will have on the reliability of the nation’s bulk
electric system. This analysis should take place in an open and transparent
manner and should be completed before final rules are adopted by the EPA.
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(3}  Extension of the proposed schedule for compliance in order for the necessary
electric transmission, electric generation, and gas pipeline infrastructure to
be identified and constructed within and across the appropriate planning
areas. Ata minimum, the imposition of the proposed interim goals beginning
in 2020 should be extended at least five years. Extending the schedule for
compliance will help states develop plans that are achievable and acceptable
to the EPA, reduce risks of reliability impacts and violations of reliability
standards, and increase the possibility that states will be able to take a
regional approach that reflects market realities, and how transmission is
planned and paid for.

(4) Adoption of the “reliability safety valve” as proposed by the ISO/RTO Council.

[ appreciate your prompt attention to these concerns. Please contact me if you have
any guestions or would like to discuss this matter further.

Respectfully submitted,

o
4

Nicholas A. Brown
President & CEQO
Southwest Power Pool, Inc.

(501} 614-3213 - nbrown@spp.org

cc:  SPP Board of Directors
SPP Regional State Committee
SPP Strategic Planning Committee
SPP Regional Entity Trustees
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EPA CO2 RULE — ISO/RTO COUNCIL RELIABILITY SAFETY VALVE AND REGIONAL COMPLIANCE
MEASUREMENT AND PROPOSALS

I Introduction

I1SO/RTO Council (IRC) members play 2 key role in maintaining electric system rellability and operating
wholesale markets for electricity in North America.> Accordingly, the IRC has an interest in ensuring that
the promulgation of environmental regulations is consistent with bulk electric system reliability and the
economic efficiencies reflected in regional dispatches of electric power executed by 1SOs/RTOs.

Typically, the IRC does not take positions on substantive policy issues related to the compliance
structure of EPA programs. However, the IRC members can serve as a resource to policymakers at the
state and federal level to facilitate informed decisions that recognize the relationship between proposed
environmental rules, electric system reliability, and economically efficient dispatch. To this end, the IRC
is interested in working with EPA, the States and all interested partles to implement a CO2 rule that
respects electric system reliability and is compatible with efficient dispatch of the electric grid. The
proposals discussed below are intended to support this outcome.

¢ “Reliability Safety Valve” — a proposal to ensure that any federal CO2 rule or related State
Implementation Plan {“SIP”) includes a process to assess, and, as relevant, to mitigate, electric
system reliability impacts resulting from related environmental compliance actions.

e “Regional Compliance Measurement” — a proposal for EPA to consider allowing states through
their SIPs to adopt a regional measurement mechanism for determining compliance with CO2
rule obligations.?

A general discussion of the proposals is presented below. These are preliminary concepts intended to
promote further dialogue among policymakers, RTOs/ISOs and interested stakeholders; if adopted, the
implementation details would have 1o be further developed.

! The IRC is comprised of the Alberta Electric System Operator ("AESC”), the California Independent System
Operator, Inc. (“CAISO"), Electric Reliability Council of Texas, Inc. (“ERCOT"), the Independent Electricity System
Operator of Ontario, Inc., (“IESO”), 1SO New England, Inc. (“ISO-NE”), Midcontinent Independent System Operator,
Inc., (*MISO”), New York Independent System Operator, Inc. {("NYISO”), P)M interconnection, LLC. {*PJM"), and
Southwest Power Pool, Inc. {“SPP”). The IESO and AESO are not subject to EPA jurisdiction and are not joining
these comments.

% This paper focuses on the above proposals, which are intended to mitigate the impact of the CO2 rule and/or
state SIPs on electric system reliability and economically efficient dispatch. The proposals call for reliability
assessments of compliance impacts, where relevant, and the provision of an option for regional measurement
associated with reductions directed by states through their individual SIP plans. The participating 1S0s/RTOs take
no position on policy or legal matters related to the substantive structure of the CO2 rule / state SIPs beyond the
matters discussed herein.

{wo00s222.1}



I Rellabllity Safety Valve Proposal

A. CO2 RSV Proposal Overview

The potential electric system reliability impacts of the CO2 rule cannot be determined until the
compliance parameters of the program are proposed. However, there are preventative measures that
could be put in place in the proposed Rule to mitigate potential impacts to electric system reliability
regardless of the final CO2 rule compliance policies and rules. Specifically, 2 “reliability safety valve”
(RSV} that provides for reliability assessments and solutions, as well as the requisite compliance and/or
enforcement flexibility to implement the reliability solutions, would achieve this goal.

The RSV proposal can help to ensure outcomes that address reliability issues without affecting the
policies underlying the CO2 rule compliance design. In 2012, the IRC worked with EPA to establish an
enforcement policy related to the MATS rule that reflects the RSV concept. Although the RSV proposal
for the CO2 rule differs slightly, the underlying reliability proposition is the same - allow for electric
system reliability impact reviews related to compliance requirements and, where relevant, provide for
appropriate compliance and/or enforcement flexibility to accommodate solutions to mitigate issues that
would otherwise compromise reliability requirements.

The final rule could allow implementation of this proposal by incorporating a reliability review
conducted by the relevant system operator,” working with the states and relevant reliability regulators,
prior to finalization and approval of the SIP." The review would identify the reliability issues and
solutions.” The RSV process would then provide for appropriate regulatory review and approval of the
reliability assessment and solution. Next, the RSV process would accommodate the reliability solution
under the CO2 rule and/or SIP by providing for appropriate compliance and/or enforcement flexibility
while a long-term reliability solution is developed and implemented.

* The proposals presented herein are IRC proposals and are based on the IRC members’ functional ISO/RTO roles in
the context of organized electricity markets — i.e., SO / RTO regions. Although vertically integrated regions may
differ in the manner of dispatch, the dispatch is still done on a regional basis. Therefore, the propased reliability
reviews could also be accomplished in non-RTQO regions zlbeit with certain additional safeguards if deemed
necessary by the appropriate regulator. The IRC is not representing that these proposals are in any way supported
or endorsed by any other entities cthar than the IRC members.

* Reliability issues typically arise when environmental regulations impact the availability of generation capacity to
the system operator in executing its security constrained economic dispatch function. RSV reliability reviews
would usually only be necessary if the CO2 rule and/or related SIPs affect the availability of generation capacity.
Accordingly, different compliance approaches will likely vary with respect to potential electric system reliability
impacts.

* Proposed reliability solutions would be narrowly tailored to minimize deviations from appiicable environmental
compliance/enforcement obligations. Although reliability reviews would estimate how long a solution is needed,
the process should include periodic reassessments of the need for the solution. Potential reliability solutions
include, but are not limited to, short term retention of capacity where such capacity may otherwise be unavailable
due to the application of the CO2 rule and prospective transmission solutions.
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B. Differences between CO2 RSV Proposal and MATS RSV Process

The MATS reliability safety valve (RSV) proposal allowed non-compliant capacity needed for reliability to
operate beyond the scheduled compliance date of the rule, Because the MATS rule was applied on a
unit specific basls relative to set compliance dates, the reliability/resource adequacy impacts could be
identified and addressed in a timeframe proximate to the initial compliance date without the need for
ongoing reliability assessments. Static reliability assessments may not be adequate in all cases for
compliance with CO2 regulation. The final rule should allow for the use of a “rolling” RSV process to
assess system reliability on a prospective basis at multiple stages both prior to the SIP being finalized
and approved and at various steps during its implementation, as necessary.

C. €02 RSV Process Should Address Conflicts Between SIPs

It is possible that compliance approaches in one SIP can create a regional reliability issue affecting
another state. For example, a SIP could restrict the output of a generator within its borders. When that
limitation is reflected in the regional dispatch, it could create a transmission security issue in another
state(s} within the region, or even in a neighboring region. Similarly, that SIP limitation on the unit could
compromise the reglonal reserve margin obligation. The CO2 rule RSV can be used to address potential
conflicts that could arise between state SIPs and RSV reliability assessments/solutions in multi-state
regional dispatch areas. To mitigate potential conflicts between state SIPs and system reliability/reserve
margin assessments, the CO2 rule should allow for SIP plans that may impact neighboring states
{regardless of the region) to be structured so that regional reliability issues and solutions can be
identified and developed, respectively, pursuant to the RSV process.

Details for the CO2 rule RSV mechanism(s) would have to be developed, but a reasonable approach
would be for the RSV framework, as introduced in the following secticn, to be generally described and
allowed for under the EPA rule, with implementation procedures established via the state SiPs.

D. €02 Rule RSV Structure / Use Summary

Consistent with the above discussion, the core components of the proposed CO2 rule RSV proposal
would include the following:

» The CO2 rule should establish an ongoing RSV process to assess and address electric system
reliability/resource adequacy issues that may arise as a result of compliance impacts related to
the EPA rule and state SIPs. The basic structure of this process would include the following:

o A reliability review procedure conducted by the relevant system operator that can be used
on a rolling basis, as necessary, within the context of the CO2 rule and/or SIPs;

o Long-term reliability solutions that accommodate the new carbon rules would need to be
sought; but If a long-lead time is necessary to implement such a solution, interim measures,
such as keeping units on line until the long-term solution is available, may be necessary;

o Appropriate regulatory review and approval of the reliability assessments and solutions
performed pursuant to the reliability review procedure (proposed reliability solutions would
be narrowly tailored to accommodate the interim reliability assessment/solution);
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o Compliance and/or enforcement flexibility to accommodate the interim reliability
assessment(s)/solution(s};
¢ Periodic reassessments of the need to continue the interim reliability solution;

* The CO2 rule RSV process should be utilized to support the establishment of compliance dates
that are consistent with maintaining electric system reliability while long-term carbon-compliant
reliability solutions are implemented;

¢ The CO2 rule and state SIPs should establish compliance program measures that recognize the
need to maintain electric system reliability and resource adequacy requirements on an ongoing
basis;"

® A process to align state SIPs in multi-state regional dispatch areas with regional reliability issues
involving multiple states that are identified in the RSV process. This would include issue
identification via the RSV process and a coordination process between EPA, its sister agencies
charged by federal or state law with ensuring bulk power reliability, the affected states and the
RSV reliability assessment entities (i.e. the relevant system operators). This review would
facilitate the identification of cross-state reliability impacts associated with specific SIPs, and
would enable the coordination of all requisite authorities to ensure they are managed efficiently
and effectively under the CO2 rule.

Hi. Regional Compliance Measurement Proposal

The involvement of states is central to the regulatory program embodied in Section 111(d) of the Clean
Air Act. SIPs are the key vehicles under Section 111(d) for regulating the affected pollutant — in this case
greenhouse gases.’”

Although this paradigm contemplates individual state controls on GHG emissions, the nature of GHG is
such that the location of specific emission sources is not nearly as relevant as the overall nationwide (if
not worldwide) reduction in GHG emissions. As a result, coordinated regulatory programs among states
can help to ensure that the efficiencies of least cost compliance across a regional, if not national,
footprint can be maximized.

Current electric industry market structures provide a platform for capturing the efficiencies of a
coordinated regulatory scheme across multiple states. Specifically, regions subject to a single integrated
dispatch can provide an effective measurement area for relevant state implementation plans and
measuring their impact. States that choose to adopt such an approach already participate in a regional
electric system dispatch. Use of a regional measurement of emissions reductions in their SIPs across
that same footprint is consistent with their existing participation in regional dispatch to meet the state’s
load requirements. In the 2/3rds of the nation that have embraced independent System Operators and
Regional Transmission Organizations {“ISQs/RTOs”), the ability to measure and maximize efficiencies can

® This flexibility will facilitate effective and efficient reliability solutions regardless of whether the state is a single
state regional dispatch area or part of a multi-state regional dispatch area.

7 EPA has designated greenhouse gases a “pollutant” for purposes of Clean Air Act Section 111(d) regulation.
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occur over very large individual RTO/ISO regions. Presently, RTOs/ISOs geographic footprint covers
approximately 2/3rds of the nation, encompassing regions that cover all or parts of 38 of the 50 states
plus the District of Columbia. 1SOs/RTOs serve approximately 75% of national demand.

IS0 New England

CAISO |

ISOs/RTOs centrally dispatch power plants within their footprint based on the marginal cost of operation
of each individual unit as reflected in bids submitted to the ISO/RTO on a day-ahead basis." By
dispatching generation resources across the 1SO/RTO footprint based on the marginal cost to produce
the next MW of electricity, the economic efficiencies of the generation fleet is maximized for each hour
of the operating day across the entire RTO footprint.” Supply bids submitted by generators effectively
internalize environmental compliance costs while still ensuring least cost compliance with

® Each ISO/RTQ also addresses real time deviations from the load and generation forecast by accepting bids to
balance load and demand each hour in real time.

* Moreover, through coordinated dispatch embodied In seams agreements, afficiencies are also captured to
manage congestioh across ISO/RTO borders.
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environmental requirements.’® The regional centralized dispatch undertaken by 1SOs/RTOs is known as
Security Constrained Economic Dispatch (SCED).*!

The footprint over which units are dispatched pursuant to SCED provides a ready measurement area
usable by states, at their option, for determining a least cost compliance program aver a very large
multi-state region---one that can optimize the efficiency and effectiveness of a compliance program
across a broad fleet of generators and demand response resources.

In short, states in ISO/RTO regions already share in the benefits and costs of the efficient dispatch of the
fleet, notwithstanding state boundaries, making the regional measurement option a consideration that
is consistent with their participation in a regional SCED. Moreover, the regional dispatch can serve as an
efficient regional measurement area that can be utilized by existing regional greenhouse gas initiatives
or any such future multi-state agreements.

Furthermore, the SCED model can also be used by states to test the economic impacts of various
envircnmental compliance strategies across state lines., RTOs/ISOs have the modeling tools to assist the
states in testing various alternative scenarios which they can use as a resource as they lock to devise a
least cost multi-state solution using the SCED model.

In summary, by participating in the dispatch of all generation across the large 1SQ/ RTO footprint, states
effectively share the costs and benefits of regional dispatch solutions rather than require that
generation dispatch occur solely within their state’s boundaries. Since environmental costs are inherent
in the cost structure of generation resources, the integrated regional dispatch ensures that all loads in a
multi-state region collectively fund, in part, the costs of environmental compliance for a power plant in
return for being able to share in the lower cost output of that distant unit. This arrangement facilitates
the achievement of the lowest cost of power in a given hour consistent with compliance with existing
environmental regulations.

Given that the relevant states effectively share the environmental costs in return for maximizing
efficiencies and cost reduction across a very large footprint, the IRC proposes that in its Final Rule EPA
should allow states, at their option, to utilize reductions achieved acress the regional dispatch footprint
in measuring compliance pursuant to the individual state’s SIP. Even if no agreement can be reached
among states on particular compliance strategies, EPA can assure that the efficiencies of a muiti-state
dispatch are explicitly recognized via a regional measurement option in the Final Rule when states
develop their SIPs so as to make the cost of compliance more efficient and measurable across a large
region.” At a minimum, in the Final Rule EPA should recognize that for purposes of measuring
compliance, it will be open to SIP plans that look at the region over which power plants are dispatched

° The only limitation on economic dispatch across the entire fleet resuits from the need to dispatch units out of
merit order to ensure that transmission security is maintained.

 For a discussion of the benefits of SCED see Attachment A to this report.

* For states in more than one RTO, recognition will need to be given that the proper measurement may need to be
examined with reference to each of the RTOs serving custorners in that state.
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using SCED. EPA's recognition of a regional measurement option in its final rule as one means for
defining the area over which emissions reductions will be measured will help to facilitate cost effective
and efficient implementation of the GHG rule under Section 111{d) of the Clean Air Act.

. Conclusion

The above discussion describes two conceptual frameworks to address potential reliability impacts
resulting from the CO2 rule and provide an efficient and effective regional measurement approach for
assessing compliance. These proposals can be implemented without compromising or limiting the
potential compliance options available to achieve the goals of the CO2 program. Of course, if adopted,
the implementation details would have to be further developed. The IRC looks forward to discussing
these proposals with the EPA, the states, and all other interested parties.
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ATTACHMENT A — SCED BENEFITS SUMMARY DISCUSSION

In the Energy Policy Act of 2005, Congress directed the FERC and states to undertake a study of the
economic benefits of SCED. That study, released on July 31, 2006, included analyses from regional joint
boards around the nation. As an example, the regional joint board covering the 26-state PJIM/MISO
region found:

“The broader regional resources available to the RTOs (as contrasted from individual utility dispatch)
results in a dispatch stack containing generators from all generating-owning members of the RTOs and
some generation resources outside the RTOs. Uncoordinated and separate dispatches by different
individual utility companies in response to constraints {under most circumstances) would not be the
same as an area-wide dispatch coordinated by each RTO, given the scope of the RTOs. It is also
noteworthy that the sum of stand-alone dispatches by individual utility companies is not the same as a
regional least cost dispatch where there are transmission constraints that affect and in turn are affected
by the dispatch of multiple utility companies throughout the region. That there are economic and
operational benefits from pooling generation resources is almost axiomatic. Other factors held constant,
separate dispatches would inevitably result in higher total production costs to serve load.”

Appendix D, p. 8 to “Security Constrained Economic Dispatch: Definitions, Practices, Issues and
Recommendations: A Report to Congress Regarding Recommendations of Regional Joint Boards for the
Study of Economic Dispatch Pursuant to Section 223 of the Federal Power Act as Added by Section 1298
of the Energy Policy Act of 2005.”*

2 The entire report can be found at: http://www .ferc.gov/industries/electric/indus-act/joint-boards/final-cong-
rpt.pdf
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Preface

The Morth American Electric Reliability Corporation (NERC) has prepared the following assessment in accordance with the’
Energy Policy Act of 2005, in which the United States Congress directed NERC to conduct periodic assessments of the
reliability and adequacy of the bulk power systern {BP5) in North America.! NERC operates under similar obligations in many
Canadian provinces, aswelias a portion of Baja California Narte, Mexico.

NERC is an international regulatory authority established to evaluate and improve the reliability of the BPS in North America.
NERC develops and enforces Reliability Standards; annually assesses seasonal and lopg-term (10-year) reliability; monitors
the BP5 through system awareness; and educates, trains, and certifies industry personnel. NERC 15 the electric reliability
arganization {ERO) for North America, subject to oversight by the U.S. Federai Energy Regulatory Commission (FERC) and
governmental authorities in.Canada?

HIRC Regians and Assessment Areas

TTRCC__| Fiorua Relabiiity Coormating Coundii____ !
;. MRO wdwest Retiahdity Organization

NPCC Worthaast Power (oordinating Counci!
' SERC SERC Reilapitity Zorporation
USpp-RE | Southwoct Prwer Foul Kegional Entity
: TRE Texas Reliabiity Entity
L WECE Western Eleciricity Coordinating Counnil

The feerth Amerigarn Hertrie Reilsbility Lorporalinn

Atlanta Washington, D.C.

3353 Peachtree Road NE, Suite 600 — North Tower 4325.G Street NW, Suite 600
Atlanta, GA 30326 Washington, DC 20005
404-846-2560 202-400-3000

: |.R. 6 as approved by of the One Hundred Ninth Congress of the United States, the puusty Bounl Al &S, The NERC Rules of frocedure,
Section 8O0 further detail the Objectives, Scope, Data and Information requirements, and Reliability Assessment Process requiring annuai
seasonal and long-tere: redability assassments.

* As of June 18. 2007, FERC granted NERC the legal authority to enforce Reliabiaty Standards with all 1,5, users, owners, and ooesaior.of the BPS
and made compliance with those srandards mandatory and enforceable. Enuivalent refationships have heen sought and for the most part realized
in Canada and Mexico. Prios to adoptior of §215 in the United States; the province. of Ontaric 12002} and Now Brunswick (2004) adopted bl
Rehability Standards that were approved by the NERC goard as mandatory and enforcaable within their respertive jurizdictions through markel
rules. Reliability legisiaton ¥ ir place of NERC has memoranda. of understanding with provintial authotities in Cniario, New Brunswick, Nova
Srotia. Quebec, Manitoba, Saskatchewan, British Columbia, and Alberta, and with the Natlonel Energy Board of Canada (NEB). NERC standacd.
2re mandatory and enforceable in Ontario and hew Brunswick as 4 matter of proninciai law. Manitoba has adopted iegisiaor, and siandards sre
yaandatory theve. in addition, NERC has been designated as the "electric reliauility orgenization” under Alberta’s Transportation Regulation, and
certain Refiability Stanoards nave baen approven in that jurisdiction; others are pending. NERC standards are now mmandatory in 87tish Columbia
and Nova Scotia, WERC and the Northeast Power Coordinating Coundcil {NPCCyhave peen recognized as stzndards-sefting bodies by the Régie de
{'energie of Québec, and Québec has the framework in place for Rellability Standards to become manaatory. NEB has made Renability Standards
mandatory for international power lines. in Mexice, the Comisidn federal de Flectricidad {CFE] has signed WECC's relizbility management system
agreement. which only appties to Baja Califorsia Narle.

RERC | Potentia! Retbility tmpazis of EPR™ Prop gepet Clean Power Flan | Novemde; 2515
Pt



Exacutive Summary

The Envirpninents! Protection Ag2niy {EPA), on June 2, 2014, issued its proposed Carbor: Pollution Emission Guidelines for
Fxisting Stationary Snurces: Electric Utility Genzrating Usiits, cerifhonly referiad to as the propused Clean Power Plan | PPy,
uider Section 111{d) of the Clean Ai- Act, which introduces CO; emission limits for existing slectric generation faciities, On
Auprust 14, 2014, the'NE RC Board of Trustees diracted MERC toaevelon 2 series of spacia) reliability assessments t examina
“the proposed CPP. This reporct s NERC m:uai:elné-b?lity review of the potantial asics o renability, based oh the assuriptions
contgined in the proposed CPp,

NERC malrtsin: 2 yellablifty-centered focus on ne potential imphications of environimenial requlations ane gther shifts iy
policies that cap impact the rehiability of the buik Power system (8PS], Raliability assessments conducted while the EPA is
timalizing the CPP 2ay, inform regulaters, state officials, pubiic utifity. commissioners, utities, and cther impacted stakehciders
of votentiai resource ad BUUACY conCErns, Imoacis to system Characterisiics {such as ecsentiss rehabii ty services {ERSS);, ing,
10 some degres, areas that are more likely to require vower-How-reisteg transmission-enhancements wcomily with NFRC
Reflabilivy Stendards. Tha goalt of this review are iisted i more detai! balov:

*  Provide an eveluation and compatisan of the assumptions sunporting the €O, reduction objcetives in‘the proposed
CPP against other reportec projections available within NERC agsessment reforts.

®  Provide.insght into.planned zeneration retirements, load growth, renewable resource devélopment, and énergy
efficiincy measures thai might impact C0» emissione andthe EPA's farget-driven assumptions.

* FProvide insight ints the ootential refizbiiity conssquences nf sithertne target-driven erission assumptions or the
MERC pru;e‘uim,nbased.assumptium and, in particuiar; the potential reiiaﬂffiw imiplicavions ¥ the £FA assumpiicns
cannot berealized, '

*  Mdentfv potentisi celiabiilty impacts resutting from the éxpected resource ik changes, such as cos! resoyr.e
displacernent ar retirements, the impacts on regipnal planping reserve fmarging, the shifts 'n resource mixand €RS
ihiaractenistics, the incroase i varighle roscurces, tae concentrabion of resources by fuel spuree {especially natura;
gas), trarsmission and iarge power transfers, and oifier religbility charactersszi_c_;s, inciuding regionai differences .

*  Support the €ientric power industry and NERC stakeholders by providing an indeoengent assessent of refiabiifty

wisile servipg as 8 platiosm to inform poliey distussisns pa BPS reliability ang Zmerging issues,

This report and its findings sre not intended to- (1) adivocate.a peicy pos.tion in regard to the environrmenta; thjactives of
the proposea Cop- {2) Bromete any speciic compliance acoioach: {3} stlvocare any puiicy poshion tora vtlity, generation
facility owner, oe other arganzation o adogt as part of romoliance, reiabiity, of planning responsibitities; {4) supper: the
policy goals of anv particular stakehsldor ur interesss of any particular organization; or {5} represent = finsi and conciusive
rebabiiity assessment

Thie objetiive of this review is 10 igentif, the refiabifity implicesions ang potentia! consequences from the imglemeanistion of
the oroposed Cep ard its undetlving sssumprions, The preliminary review of the nraposed rute, assumptiong, ar g transition
Identfiad trat ceiaites and thorough analysis will be recurred o demonstrate that tae proposed rule ang aesUnplions are.
feasibie and can heresolves consistant with the reguirerients of BPS refiaoiiity. Thic assessment provitlas the fpundation for
the range of reliability snalyses and evaluations that are requires by the ERD, RTOs, wutiiities, and ‘edersi and staie policy
makers to understand the extentof she potential impact. Together, industry stakeholdars and regulators will need to develop
@n approach that accominodate: the time required for infrastructure desjoymisnts, market enhiancémients, and rélighility
needsiit the environmental obiectizes of the proposad rule zre to be achieved.

Hertin, NERC exarmines the assu THLOns riate in the EPA's four Buildmng Blocks:?

‘Bullding Bloelc2: Heat rate impravements
Building-Block 2: Dispaich thanges among affested elastric genarating units {EGUs)
Buiiding Birck 3: lsing an expanded amount of lass-carbon-intansive generating capacity

L
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f£recutive Summary

Building Block 4: Demand-side energy efficiency
NERC identified the following factors as requiring additional rel:ability consideration:

tmplementation of the CPP reduces fossil-fired generation:The proposed CPP aims to cut €Oz emissions from existing power
plants to 30 percent below 2005 ievels by 2030. Under the EPA proposal, substantial €02 reductions are required unider the
State implementation Plans (5IPs) as early as 2020. According to the EPA'S Reguilatory impact Assessment, generation capacity
would be reduced by betweer 108 and 134 GW by 2020 {depending on state or regional implementations of Option 1 or 2).
The number of estimated retirements identified in the EPA's propased rule may be conservative if the assumptions prove to
be unacnievable. Developing suitable repiacement generation resources to maintain adequate reserve margin levels mav
represent a significant reliability challenge, givén the constrained time period for impiementation.

Assumed heat rate improvements for e:xisting generation may be difficult to.achieve: NERC is concerned that the assumed
improvements may not be realized across the entire peneration fieet since many plant efficiencies have already been realized
and economic heat rate improvements have beer achieved. Multiple incentives are in place to operate units at peak
wfficiency, and periodic turbine overhauls are already a best practice. Site-specific engineering analyses would be required to
determine any remaining opportun/ies for economic heat rate improvement measures.

Greater reliance on vatiable resourcesand gas-fired generation is expected: The CPP will accelerate the ongoirg shift toward
greater use of astural-gasfired generation and varishle energy resources (VERs) {renewable. generation]. Increasec
dependence on renewable energy generation will require addtional transmission 1o access areas that have higher-grage wind
and solar resources {generally {ocated in remote areas}. increased natusai gas use wiil reguire pipeline expansion 1o miaintain
a reliable source of fug; particularly during the peak winter heating season. Pipeline constraints and growing gas and-electric
interdependency challenges impede the-eleciric industry’s -ability to obtain needed natural gas services, esnecially during
high-use horizons

Rapid expansion of energy efficiency displaces electricity demand growth through 2030: In its rate calculation for best
practices by state, the EPA assumes up o a 1.5 percent annual retail goal for incrementai growth In efficiency savings. The
EPA assumes that the states and industry would rapidly expand energy effic.ency savings programs from 22 TWh/yearn
2012, to 108 TWh/year in 2020, and reach 380 TWh/yvear by 2029. With such aggressive energy efficiency expansion, the EPA
assumes that energy efficiency will grow faster: than electricity demand, with tatal electricity demand shrinking after 2020
The implications of this assumption. are complex. If the EPA assumed energy efficiency growth rates cannot be attained,
additional carbon reduction measures would be required, primariiy through reduced fossil-fired peneration.

Essential Reiability Services may be strained by the proposed CPP:The anticipated changes in the resource mix and new
dispatching protocols will retyire com prehensive reliability assessments +g identify changes in power flows and ERSs. ERSs
arethe key services and characteris:ics that comprise the ‘folrlowing basit reiiabi’ity services needed to maintain BPS refiabiiity:
{1 joad and resource balance; (2) voltage support; and (3) frequency support. Naw reliability challenges may arise with the
integration.of generation resources that have different ERS characteristics than ti-& units that ave projected to retire. The
changing resource mix introduces changes to operations 2na expected behaviors of the system; therefore, more transmission
and new operating procedures may be needed to miaintain reliaiility.

faore fime for CPP implementation may be needed to accommodate reliability enhancaments: State and regionat plans
must bo approved by the EPA, which is anticipated to require up to oneyear, fe:aving as iittle as six months to two yearsta
implement the approved plan. Areas that experience a large shifs in thefr resource mix are expected to reguare transmission
enhancements to maintain reliability. Constructing the resource additions, as well as the expected transmission
enhancements, may represent a significant reliability challenge given the constrained time period for impiementation. While

4 kegionai Implementation of Option 2 assume. 108 GW of retirements uncludes CC, Toal, {T, Nuclenr, 0/G, and IGCC) by 2020, State
tmplementation of Option 1 assumes 134 GW of retirements (includes CC, Coa, CT. Nuclear, 0/6, and IGCC) by 2020, For additional information,
see: Regulatory Impacts Analysis for the Sroposed Carbon Poifution Guidelines for Existing Pewer Plants and Emission Standards for Modified and
Reconstructed Power Plants (June 2014} and supporting £ bnng documentation and data.

ERC | Zotentia! fietmbility impacts of EPA & Moot Cloar Power ¥lan | Novemier 2674
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tie EPA providas fiexitite for meeting comphance reqLirements within the propused time frame, there appears-o he fess
flexibilivy in providing refianitity assirance bevond thecompliance period.

A summary of NERC's inttisl reliability: review récommeridations is provided pelow:

( B L - Goretp i rEMEALAticNS. )

1. .NERCshould continue it assess the rebiability impiicatiors of the propased €PP 2ng provide incependent
avaluations 1o staxshoters and policy mekers, :

2. Cozidinated rezional and raulti-ragional Indbetry planning ang analysis groups shaulg Immediaialy begin
detaiied sysiem #vziuations to-identify areas of convérn and workin ca rteevship with pehicy maiers to ansurs
there s clear uncerstancing of the campigy interdependencios resulting from the ride’s implamentation,

2 i the environmental goals.are o be achieved, Polizy makers and the EPA should considar a mora timely
appreech that addrasses B85S reiianility tohteratang !-nfrastructuré*d.cpéoyments-.

_RELoReRGalIth: o Attrens Direct impact: s Respeies bitusussy and s

Fessii-Fired Retirements and Ascslerated Declines in Resarye Margins
The Reglons, 150/ R70z, anu states shouid perform furthar ana{}_i's':es 16 esamine potanial resource adequacy coacarns,

I el dad S3F ot ol

Tranzrisston Planning and Timing Consiraints

The EPA and states along. with, industry, should consider the time required 10 integrate potantial transmission
enhancements and additions nEcassary 10 =doess impacisto refiabitity from the proposed CPP. The ¥PA angd ‘nolicy
makers showid recognize the Gomplexivyof the reiianilicy “halienges posed by the rule ang ensure the rule aroviges.
sufficient time for the Industry o take the steps nzeted 1o significanity change the ountry’s resoures iy and
operations withgut negatively sffac ng'8Fs reliabiity,

Regicnai Reliabllity Asscssrient of the Propused PP
Other 130/RTOs, states, znd Hegiont shou'd Drepare {or the potential impacs to grid refiability. taking into
cerisideration ths time required to pian and bl transnyission infrastructyre,

Reliabliity Assurance

The &P4, FERC, the DO, and state utility regulators shoutd employ The rqay of tools snd thei- regulatary Bithority e
develop @ refiability 3E5UrANce mechaniym, sich as g * réfiability back-stop.” These mechanfsms include Hriing
adiustrients and geanting extensions where therets a demonst_:ated;eliabiﬁty negd,

zulting o g ing
Lom! Retirements and the Increased Rediance oy Natural Bas'for Electeic Powyer
Further coordinated pianning between the eléctric and gas secters wilt be.needed to ensure a strong and integrater]
system of {ue! defivery and generaiinn adequacy. Coardinated pisnning processes should faclude considarations for
vipeling expansien 10 meet Bhe'indreasen reliunce on natural gas for slecrrig generation, especially during extrems
waather events{e.g., polar vortes).

i o Nt i s #75 & At eyt N TR T S
RUlnmunendgunay i€ Sdorens e " EFURIILE Bl

Thz Changing kesouree M and Mslitaining tiseniiz Aeliabliny Servicas
IS0/RTOs, utitities 2nd Regions {with BERD oversight) shouic anzlyze the Impacts Lo £/Ss in orde: o maintain reliabitiry,

Additianaliv, system oparatars and IS0/RTOs need o deveion apprapriste processes, tools, and Dperating practites 1o
adegustely atitress operstional che Fges onthe systesi.

| NERC shouid perforis grid dsvei poformance expectations developed from a technology neutrs; perspective o ensure
| ERStargets-arg'met

The devaopmen® of technologles 1such as electricity storage) help support tho refiziility oujectives of the BPS, :arg
these technologies should beexpetited o' support the addizional variability acd uncertainty on the BPS,

Increased Pengtration of Distribuses Energy Resources 10ERs)
ISO/RTOs and system plarners and oberators shouid consider the ereasing penetration of DERs ant potentia;
reliability impacts due o the limived visibiiity apa controllability of these Fesources,
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Executive Surnmary

plan for NERC Reliability Assessments
After the proposed CPP is finalized, specific transmission-and resource adequacy assessments—inciuding resulting refiahitity

impacts—will be-essential for supporting the development of SIP's that are aligned with system reliability needs. NERC's plan
for reviewing and assessing the reliability impacts of the EPA propasal is included in Figure 1. This review includes 2
preliminary review of the assumptions and potential refiability impacts resulting from the implementation of the EPA's
proposed CPP. Astie EPATS scheduled to finatize its rule by June 2015, NERC wifl develop a specific reliability assessment in
early 2015 that wiil focus-an evaluating generation and transmission adequacy and relfabliity impacts After the EPA rule is
finalized, the States, either individually or in multi-state Broups, are requireq. to develop their $1Ps by 2016 ano 2018,
respectively. NERC plans 0 provide a more specitic and comprehensive reliability assessment before 5|Ps are submitted 10
thé EPA. Additionally, a Phase il approach is tentatively planned for December 2016, which witl examine finalized SIPs.

- —

Specia Reliability

imitial Rellablifty Review Specisi keliability Assessment: | Special Reliability Assessment: |
. oFEPA's Proposed.Clean’ Phasé i Phase li [ ) Assessment:
Power Plan + Evaluation of generation and ‘ » Additional assessment of | 1 Phase tll
» Ygh-isvel reilabliity transmissior adequacy; emerging 3iPs | | « Placeho:der ‘or assessmen’
considerations + Sensiticity enalysis used to provide | |« Refiects firal nile ' complated once a selecion |
» Agsessment.of EPA's renge of potertisl outcomes » Cotwertionsi re-inb-ity | gfSiPsare developed
| rule assumptions I 1 + Leverage incustry studes and ‘ ‘ assessment based on kne'wn . iseme dngie state, some
intiatives reguirements . | rulti-state]
| » Compiete before states i
i | ! cubrnit plans (5175 1
e — - I | TN P e P e |

tiovember Aprt Dacember December
2016

2014 2015 2015

Figure 1. MERC's Assessment Actions.and Schedule Timeline
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Summary of the Proposad Clean Power Plan

The propossd CPP aims to.cut CO:.emission from €x'sting Dower plants 1o 30 percent below 2005 lovels by 2030 Substantiai
CO:= reductions are required urger State implementation Plans Under the £24 proposal. €0, reductions are reguirer as early
as 2020, Arcording to the FPA'S ridiatility assessment included in the proposed rule, tnese existing genzration rules would
resuit i between 158 ang 134 GW of generation Tetivements by 2029 {tlepending on stasa or regional implernentations of
Option Lor 2}

the CPP proposal weuld apply to fossil-firas BEnerating uals that mest tour comoimed Qualification.criveria: {1} units that
commenced tonstruction prior to Janusry 8, 2087 {2 units with- desizn heat iaput of Aore than 250 MMEBtu/hour
{approximatery 5 25 My uiiit); (3} uaits, that supply over on third of their patential output to the power grie; and {4) wiis
that supply, more tharn 239,000 MWhlyaar on g tnree-yaar rofling Fverage te.the__nower grid." Given thage criteria, the Epa
estmaras that'-“-:sppraximate-’;y 3,006 Us fossil-firad ejectrle generation units sepezsenting over 700,000 MW of syisting.
nameplets genarating capacity will pe. subject to.the uie limitations,® . jygec gstimates thas this magr tude represerts
Approdimatay 65 Reriant &6f thetotal éxsting nemepiate cavacity i the United States,

The EPA-proposad drait reguiations would, For theFirst fime, imit 00 from existing power plarts, s addressing risks to
health axd ihe economy pused by ¢himate change, These proposed reguletions sre intender o provide plementation
fexibility and maintain an affordaiie, reliahie. arergy ‘system while cutting 00, and arotecting public reaithy angd te
envirpnment.’

Tne EPA raguiations propose irmplemeriario; through a state-rederal Parnersnin under wich states sdentity pars to meit
the emissicn reduttion goa i§, The EpA rrovides guideiings for states 1o deverop implemerntation pians wWrmest state-sperific
COsreduttion goals and provides svaies the flexibility to design reguirgments suited (o their wiique situations, These plans
may inrluge gereradion raix changas using divarse fuals, energy-efficiency, and demang-side mEnagemeant, and they allow
States 1o work individustiy arso deveigp mub-siate plang. The priracy driver fur realizidg the epais 121{d) obiectives is th:at
SiPs need to proguee significant €0, radustions starting a5 esrly as 2020,

As curfently prgposed, states have 2 tiexibie timeling for Sutrnitiing plans te the EPA. Within one year of finalizing the rule—
expecredin June 2015—ctate environimental agencies st subicnit mpiemantation plans 1o the £PA for approval, submirted
state-spécific Plans, due in juns 2016, must dutling requirements ang entorceable imiations for affzcted generating units to
miget the rule’s average CO, emission rate goai for mach stata within twer compliante perisgs: 1) 55 th,2af 10 year sverage

iterir emissio, s ate hale for the peried 2000~3526, and {2) 2 firad anvriug emission rate it starting in 2030,

The EPA provides States with ar oplion W canvert JC; emission rete ‘britaiion 516 an annua; mass-hased limiraren. Jt is
likely that maost stares will pursue this optior due va the chaflenges state parmilting dgeanie: have in devaloping Lnir-snecifin
ermission rate fivwtations. Thesimpiai ress-tased €6 enrission cap program alen HEFE: the news 1o siate tegistativeraclion
¢ authorize BgEncies 1o fimit olaat output.and-engct an enforceants progra for romplisnce with sve age emissior =ates.
The EPA's prescsed Clean Power Plansimaline s outiined ir Flgure 2,

7 State implementation of Ontion © asiumes 132 6W of revemants {includes TC, Coat: =T, Kurlear n/g and 1607 by 020, For addiional
information, see: Reguizicry Impacts Gnabysis fo; the Prape.ed Carbo:: Pallution Gldelines o Exint g Power Plante and Emi;s:orz_sundarzt;“s far
Nodified ant! Reconstructid Power Piant: Lune 2074} apc suUBROring [N Sty dotamaniation and sard. Regtoras »mpiemeniation of ption 2
Issurmies 108 GW of retirsment: jincluga., C5Toal. CT, Nutlear, O/C, wnd C} by 2070,

" Al sources starting construction aflur January @ 2014, wouls be subjett 1o new SGurse peiformd s Aonds:d: wod xmpt from the £P4 Liepy,
Tower Pl requaomets,

F 7 TR 34855 v
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i

TERA TPPTED — 3012 Uni-tove] Date Luing ®Gud = Methodology, june 2014, Genvration, tmissions Lapacty data used in EPA’s State Goal
Compwation T30,

“ePA Fact sheet: Ciean Power Pl —Why we Nesd A Clezner, Mire Efficient Power Sector *jae progoses Cleas Power Plan wif; cu: hundreds of
miliions of tons of corvon pollution ang huncreds of thousands of tons & harmfui porticle poli tios, sulfur dinvide and nilrogen ox.des, Together
these remuctions wilt provide importan:  bewlt: orotections o the most vulnerabie Suci O. childrer png older  Americans,”

L £ T

| Rovembd 7hia




Summary of the Praposed Clean Power Plan

EPK issues Proposed Al States Must Submel . ixtended Deotiine fot Frnal State Gowit
] wigdit Power Kule - Junr T, 2034 | il Emissiony Plan - Jun: 39, 2016 Mehtl-5taie Plans = June 30, 2034 st Be Achieved - 2030
g ‘
! |
- — 1 'r?
2014 2015 ) 036 2017 j 018 P 2020 z?n 2030
3 ey J
. . l Interim Stite Goals Must e Achlcved, ar Averdre
Lapacred L for 73 Fatrnosd Dtadrnator
Tadsrue Fioal Ry - June X, 2015 nroividust St Bisie = lune 40, 2017

Figure 2. £EPA Proposed Clean Power plan Timeline

The EPA would have one year Lo review and approve implementation plans for each state by June 2017, Under this schedule,
impacted generating units would have two and a half years to develop respective compliance strategies and potentially
permit, finance, and build needed reptacernent capacity and transmission. In its current form, this implementation schedule
wauld bé a challenge for states to implement and for affected sources to comply with, especially given the expected legal
challenges to both the EPA and state rules. In recognition of these challenges, the EPA would proviae states with £ one-year
extension to June 2017 to submit a SIP if justification Is provided. and a two-year extension (June 2018} for states that elect
to develop mulii-state {regional} prograrms {e.g., Regional Greenhouse Gat tnitiative {(RGG1}). While the EPA extensions apply
to state plan submissioas, the January 1, 2020, program start date for affectes sources would not be extended under the
proposed CPP. Therefore, the impactec fossil-fired units.may be left with as littie as six months.to develop and implement
compliance pians. Considering the number and variety of
outcomes for each of the proposed scenarios, the-states
and industsy should initiate planning immecdiately upon The EPA Is proposing & Best. System of Emission Reduction {(BSER}
finafization of the CPP. poal, referred to as Option 1, and Is taking comment on 2 second
approach, referred to as Qptivn 2.

Tne proposed Clean Power Pian, which is based on EPA Option 1 involves higher depfoyment of emission reduction but
-analysis of historical data about emissions and the power allows a lenger Ume frame (2030}

sector, is intended to create a consistent national formula Option 2. Has a lower deploym ent of emission reductions over 3

for reductions that -reflects their Building Block  shorter ime irame {2025) by each state, Proposed saidelinesaliow

assumptions. The fermuta gppliesthe four Building Blocks ~ states to collaborate and demonstrate emission performance ona
multi-state-basls, in recegnition that electricity is transmitted across

state Imet.

i s pretpmaed L Powers Plort DpTand

to each state’s specific information, yielding a carbon
intensity rate for each state. There is a wide range of
pctential proposals, including individual state and mulii state groupings, each with different implementation sthedules, The
range of potential submitted sivs.and changes to the proposed timeiine create sighificant uncertaintias for industry and
resource planners.

Clazn Power Plan Building Blocks

According to the propased plan, this can be-achieved through the developmerit ot state-specific emission rates o limit CO»
by applying four different BSFR Building Blocks * Fach Building Block represents a different approach for achieving tie
proposed tatgets. According to the EPA, the proposed pian considers impacts 1o system reliability and electricity prices. The
BSER Is not intended to impact resource planning and does not dictate retirements, additions. Of opersting practices for
individual units. Instead, it wouid provide state emission rate limits tnat would shape the future resource mix threugh state
and market processes in subsequent years as SiPs and multi-state plans are developed and implemented.

Wz Sae Sre Leon Puvds Plan  MavEas Frangnit T

i1 EPA Clean Alr Act; Section 111(d) authorizes £WPAtn apply ‘:Eest ;ystem of amission reduction” to this section’s affected soorees.

RERC 1 Patential Kedistiity impagis of EPB . Progocad Clesn Power P § yowember 20145
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Malre Tossit fuel power piants more efficiant by iriplementing ¢ 6 percent (or ave:age) uniz heat rate
wprevemert for 4l afferten coakfired units. Tha E0A suggests that some lants could jurthes improve
protess efficiency by 4 percent through the adoption of best onerat.onaf practices, ant an additional 2
'g:ercer;i:ihrcugh capifal uggrare investments,

Useicw-amitting power sources more by redispatching exsting natural 83: combiried-cycle (WGCC) urits
tiefore the cosl anc older oul-gas steam uriits. ZPA dratt rate limitations inciude €0, reduction assumptiosns
Trem the ongoing Tcresses in the use of NGCC tapanity bilth upta 2 70 percent capacity Tactor), This
addittonal NGOC ca pacity {480 TWh/year! displeces coal {376 W fyear) and olf-gas steam generation (64
TWhiyee:} v 2020, sormpared 10:2012 leveis,

Usa mors zerp. ang inw-emitting powsr sources through tuileing tapacity by adding both nor-hydre
enewabiz genaration and Sve olannes nuciear units LPA cabrulztions assume gualifying nor hydre
renewabie generation can grow repidiy from 248 TANApear i 2022, 10 281 TWhiyear by 2020, to reach
523 TWh/yea: by 2030,

Usr dlesisiciy mbre efficently by significantly expanding stats-drves <=nergy efficercy prograr:
imorove anods elecincity savinge by ap o 1.5 peiten uf retall sales per year. The calc:latiar asaLmes
the states zng nBustry. can rap%d_i_?.expa,zd energy effictency programs to increase savings fom 27
TWhiyear in 20132, to 108 TWwhfyear in 2020, and to 380 Tveh/vear by 2029, Uitimarely, FPA onergy
eifiiarey Assumplions suggest thes wlectric Power savings will ouvvpace slectnity damand Erowth,
resulting in negetive elagipin Ty usAEe from 2020 througs 2030, ‘ '
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Ciean Power Plan — Assumption Review

Ciean Power Plan — Assumptiion Raview

This section provides a critical review of the EPA’s assumptions for state-specific COz emission rates and presents possible
reliability challenges that need o be considered,

Building Block 1 - Coal Unit Heat Rate Improvement
. The EPA’s heat rate assessment analyzed gross data for 884 cval-fired electric generating units {EGUSs) during a
o ‘-I:»;f{i 10-year period. The regression analysis examined. the sffects of the. capacity factor and the ambient
m temperature on the gross heat rate efficiencies of coal-fired EGUs. The EPA’s assessment concluded that in-
state coal units can achieve up to a 4 percent rate of improvement throughthe use of best operational practices. An additional
2 percent of efficiency improvements would be achieved through capital upgrade investments.

Review of SPA Assumptions and Fotential Reilabllity Impacts

The EPA calculated unit-specific heat rates using gross generation data from.the Contiruous Emission Monitoring Systems
{CEMSS). With this apprc'ai:h. the EPA extiuded generation-reducing effetts from past-combustion environmental controls,
such-as selective catalytic reduction and flue-gas desulfurization controls. The EPA then used net generation data, without
corsideration for these retrofits, for coal-fired EGUs when calculating the state CO- emission rate goals. These retrofits will
reduce the aet output of these units, as weil as their associated net heat rate efficiency. Not considering these reductions
creates an inconsistent approach, especially considering that most coalfired EGUs-will require control retrofits to comply

with enviranmental regutations, suth a5 the Mercury Alr Toxic Standards {VIATS) und Section 316{b) of the Clear Waterict,

The EPA’s regression analysis does not adjust for the foliowing factors that have profound effects on the process efficiency
of a coal-fired EGU:* {1) subcritical versus supercritical boller designs: {2; fluidized bed combustion, integrated gasification
combined-cydle {IGCC), and pulverized coal; {3) unit size and age; and {3) coa quality variations in molsture and ash (i.e,
every 5 percent changein coai moisture results in.a 1 percent change in boiler heat rate efficiency).

Lower-capacity factors will cause an increase in heat rates, particularly if the lower-caparity factors-are due to the cycling of
the coal units, As a result of ullding Block 2, coal units will cycle more often; therefore, assumed heat rate improvements
across the entire coal fleet are uniikely. While recognizing capacity effectsin the regression analysis. the EPA gid not evaluats
the effects of lowet-capacity factors resulting from the digpatching of natural gas generation hefore coal.generation.

pariodic Turbine Overhguols
Turbine overhauls are referenced as a major heat-rate improvement method ir an EPA Clean Power Pian technical support

document ¥ Regular tusbine overhau's are generally not practical o economical, because these. procedures require the unit
o be out ot service for an extendea period of time. As weli, the power industry siready has multiple inceniives to operate
units at peak efficiency {i.e., profit maximization ang competitive advantage}.

Overalt, improving the exsting U.S.-coal fleet’s average heat rate by 6 percent may pe difficult to ackieve, Possibie options
and consideration: for attairing a portion of this targe’. may include the following:

e Site-specific engineering analyses are required to determine if there are Temaining tppartunities for hest rate
improvement measuyres through implementation of pperational best practices or capitz] investmants.

«  If the LS. coal fleet does not achieve target ieat rates, mare CO2 reductions would ve required from other CPP
Building Block measures.

«  This can result in some coai-fired power plants retiring earlier tnan anticipated, which creates additiona! uncertainty
in future Zeneration resources.,

W GHG Abotement Measures (EPA June 7014) (EPA-HQ-OAR—EOlS—'ﬂGOZ) pg. 2-18.
1 These differences are illustrated in Figure 2 2 of GHG Abatement Measures (EPA June 2034;.
18 qabefores Braver Tl Seul fawe Rugeison; {January 2008).
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Buiiding Block % - Gas Upis Re~Dispaiciing
| The EPA assumes that reductions in £O; emissions from existing power plants can be achieved oy dispatrhing
existing NGC__C units ahead of coel urits. in patticdizr, the P4 Fs3umes exsting NGCE units can acivevea 70
‘percent ctilization rate with avoidad incrementai costs of less than $33/metric ton £G: % in its state-specific
80al.computation, the EPA calculated that 44C TWhiyear of aaditiona: M 30C ganeration tould potenually dispiace 376
TWh/vear of coai and g2 TWh/year of oil-gas steam. units of 2012 generation

Raview of EPA Assumptions and Patential Reliahility impacts

Upen reviewing the Ep, 's Building Block 2 assumptions, NERC found & sumiberof vaifabilitv-conearns regording inoreuses
renaice on fistural.gas-fired generat.on thal should be evawster.

tisioncaliy, the primary function of the MGCC unitls to tollows trie ioad cf energy itroughout the day {i.e., the intermediate;
o midrange, bart of the logd duration curve), While some MGCC units are capable of operating.at a high cacaclty {actor, the
vast m_'_ajeri'_ty O this-tyse oigeneration iz used for lcad foRowing. Due ta lower 835 wrices, NGCET uniits are curtently being
cispatched as 3 Laselsad rescures displazing bassiced coal-fired EGUs, Unitke baseload coal-fired generaticn, NGTC inits
E7e petter siited to folldw load. A5 man tened eariter, cycling coal-fired EElUs raduces heat rate efficiancies, causing thelr CO;
emission rates (Ibs/MWh! to Yetariorate .ang further offsetinig the Buiitling Biock 1 assumptions,

Senerally, the. power Industry relies upsn diversification 0% fuel sources as 2 mechanism to offset unforesees avents {e.g.,
abrormai weatner; reg'iona;'t;*a:ssi’efe:; labor sirikes, unplained Dotages) ensure relisbiiity; and minimize tost impacts. Fiiel
diversification i3 aiso a tamponent.of an “alihisrards” aporoachk to systara plarning, whicly irherently provides resilience to
the BES. The FPA estimates that i additional 48 GW of nameplatsé coa! tanarity il retire:by 2020 gue 1o the impacs 6f the
proposed CPP.Y Wharn mzluding the 54 G\ of narmeplate coat cacacity 2iready aniseuncedto relire by 2020 (mostiy aua to
AATS); the prwirer industry will ragd jo replace o totai of 102 Gw of ratired coal resourges by 2, 'ergely-anticipated to ha
natural-gas-fized NGCE and Cls, ftcnsiderirftg-the turrent and ongoirg shift in the resourca 1K, the SPA proposes to further
acceierate the shift lessening the industry’s diversification of fusl sources.

As nbserven during the 2054 Golar vortex, S tne relatianship betweengos-firsg Beneration avatlahilivy argt low temperatisres
challenges iveindustry’s =bility to mansze exireme weather ccndiéuons—pan;culariv whes conditions sffact a wide ares ang
{ess suppore is available i*'rom. the interconnection. The DUiaT vartex serves as ar example of how extended petiods of cold
temperaiures Bas divec: impaets siv fuel avaitability, especially for navural-gas-Fred tapacity. Higher than-expectes forced
outages wers observed duridg thie polar vortex, particuiarly ter natyra! gas-fired Eenerators, as 1 resuli of fuzldelivaryissues
and low temperaiures, Gverall, ewramie weathe: corditions have the pnesil to strain BPS relinbifity and expop Tisys
reiated to natural-gas-fired genergbon availasility (Figure 3), with greater reliznce on natursi-gasficed gensration, the
resifiency 2nd fuel diversification that 5 currently built into the system: may be degraded, which i ERC-hz s highiignted in
recent ges-alactric interdependency assessments,

[ GHG Abatement iviztsuees (EPA June 2014) {EPA-HO-DAR-2013 0602) py, 26, _ _ _
" Cirain Power Plan. Proposed Ruie: Goa! Compuiation ~Technical Subpar Doourtait e (s s 4l o st sl dianigas hean

SERELren gIhesg i uie oosl dounnitanzs

R&ga!azr:ry ot Anoieis jur the Pmpaséz: Lerban Polluion. Gualednes Jor Ewstirg Fower Pionts aad Emission: Standasds for Modipied and
Reconstructad Powsr Plonts {ZPA Jurn 2014 pg.3- p
1 Eriergy Lentures Anclysis mainiaing 4 compiste fig; 6i"anrounced vowe: plan; retirement, in the cantizuous United States -elirements az of
106272094, '
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Clean Power Plan - Assumption Review

Fuel Supply and Delivery Extended Low Temperatures
« fatural gas interruptions « Low temperature limits for wind turbines
= supply injection u i¢ing on hydeo units
 COMmprassor OUtages « Eailed auxlfiary equipsnent
= pne pipeline explosion = Stress of extended run-times
» Oil dielivery problems » Trozen Instrumentation {drum level sensors,
« inabikity to procure.gas control valves, and flow 2nid PrEssSUrc Sensors)

« Fuel oif gelling

Figure 2. Causes for Generator Gutages Observed during the 2014 Polar Vartex

Pipeline Capacity Constraints
During its assessment of Buildirg Block 2, the EPA concludes that the power industry in aggregate can support nigher gas

consumption without the need for any major investments in pipelineinfrastructure. However, there are 3 few critical areas
that likely will need aaditional capitai investments. As an example, curvent and planned pipeline infrastructures in Arirona
and Nevada are inadequate for handling increased natural gas aemand due to the CPP. Pipeline capacity in New England is
currently constrained, and more pipeline capacity adcitions will be reeded as more baseload coai units retire—this 15
penerally occurring as projected and independent of the CPP. Timing of these investments is also critical as 1t take three to
five years to pian, permit, sign contract capacity, finance, and build additional pipeline capacity, in additior to paacing
replacement capacity {e.g., NGCC/CT units] in service. The proposed CPP timelines would provide little time to add required
pipeline or refated resource capacity by 2020

Due to abundant availablity of natural gas, the power industry is generally able to accommodate increased demand from
NGCC piants that operate as baseload capacity. This higher dependence onnatural gas can expose additional reliability risks,

inciuding pipetine trensportation constraints that couid result as more gas-fired generation is buitt. Overall. the increase in
natural gas use and capacity. expansion ‘nereases gas-etectric interdependency issues:and raises the following concerns.

e  NGCCunits could displace coal-fired generating units as baseioad urits, forcing less-efficient coal units out of service,
turther increasing demand for natural gas.

= Adequate timing is required to add new pipeline and generation resource capacity where It is needed to offset coal
plant retirements and supply natural gas 1o new generation.

s Asgas-electric dependency signi‘icantly increases, anforeseen events like the 2014 polar vortex couid disrupt naturai
-gas supply ano defivery for the power sector in high-congestion regions, increasing the risk for potential blackouts.

HERC | Potentis! Rebapitity impacts 0f ERAS Prguased Cluan Power Plar | peowember 2004
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Buiiding Biock 3 ~ Clean Energy
'Suifdin.g Blogk 3 describas jthe"E?A‘_;_s: method 15 feduce £O: emissions b investing 8 zec0-CO:-gimithing energy
#hurcss e, noslear and nos -hydro renewabie generation},

Raview of ¥pa Assempfons and Poteatia] Relizbiitty Tropacts

Building 8lock 2 includes thaassuraption about the preservation of nucisar generating Lsits that are currently at tisk of being:
retired within the newr tyro decaces due to (1) age, {2) an incrensa in fixed operation and maintenance FEsls, 3 relatively
low whilesale eleciricity prifas, and [4; additional capitil investment associated with ensuring grant secwrity and smergéncy
prepiaradness. The EPA assurnec that 5.7 perceist of each state’s nuclear Benerating'eapacity is at-risk of retiremant, However,
the £24 included ‘this generaiion as web a8 the five new Auclear Lnits currently under constroct o (Warks Bac Uni 2 {Trtj,
surirer Units 2-3 {SC), and vogtie Units 34 {GA]) in s state-byistate CC: emissior: rate goa! ca‘écuiatibns.l“"r..;e-nu'ie_-.a'r
retiremient-aszurptions a4dg Dres3Ure TG staTes that vall need 15 retire nuciear unlts, for these statas, mase ECL redurtions
from other measilres thans onginally ésti matsd by'the EPA may be required,

Under its draf CPP, the EPA also proposes significant sxoansion of nortydro renewsble generation as part of jts BSER
detemiinarion, The EPA adopiag & methodoiogy to estimate norshydreg renewabie generation by state and year and applied
these esiimates in 1heis calvylationof individual state BNIssion rate linkitations. The greater the EPA’s assumed noa-hydro
renewable génzraiion ing Siven state, the lower the sfata's telculated o0, &missiGn rate fim:,

The EPAassumes that sualitying non-nyaro renewable generation will grow from 213 TWhiyearin 2012, to 281 TWhyyear by
2029, reaching 523 TWir/vear by 2030, These prolactions excear tre'knergy Information Administration {Eif; ron-nvdro
repeveabln geﬁerafia_ﬁ.foréc_asr i their Anpual Energy Oirtlpok 2013 {AFD 2013) that geows from 202 Didhfyear in 201 2,0
275 Thyjvear by 3620, to reach 317 TWhfyear by 2030 for ali s&Ttors.® The EPA-assumed ragic growih in non-hycro

ranewahie genzration excaeds fs own foresast in the EPA's Requlatory fmpacts Assecsment (356 TWh, year by 2030},2

To caloulete the state terget levsls of renewahls energy performance, the £PA e@mined mandatory staré Renewséle
Portfolio Standard (APS) sequirements froem rhe Garabase for.Stave Incentives for Renewables and Efficiency {CSIRE). " /ps
reguiraments vary widely by stave; many stares include Tesource-specific percentage requirements. {.e, ;_5et—a-;§djé§} that
promote development of cortzi: resourcas in addition 1o their genera] reguirements, The database fastinguishes the comples
wab ot state polict 85 by abpiving *hem o a standaédizad tier system which, according to DSIRE, hains “to.compare RES polifias
on equal focting,  Te determing the state effective fevels in'2020, the £pa atided each staze's tiers together and sxcluded
sgcondary ank terfary tiets that incluns snergy €fticiency or quafied fossi fugls {wasta coal, carcon capture sequastration,
et} The arfy RPS “tyne” considerad was the primary type, referring to requirements for investor- owne utiities (JOUL.

Sigrificant regional cifferances ayist in tire avarabilty of renewaile resturees and their power production costs acros: the
Unitet: States. i urtler W quentify thesé regioral differencas, tre TP divided the lower A8 states into six7agions, based on
designations 2Y-NERC Regions and 1SO/RTOs After the TERIONS ware sesignad, the EPA averaged the 2020 e¢ffective levels for
statas thial have manditory RS percentage standards. By 3PMying tae average regional renewabiz snergy i RE} percestages
tc each region’s aggragate 2012 generation, the EPA derived a new RE target gerieratitny laver for 2030, The &p2 notes that
Alaska ahyd Hawail were assigned RE genzration rarget parcentages equa te the lowest value of the six ragions, ccuivalent to
the Southeast's Target. The EPA assumiss that RE generation wii' begin increasing in 2017 and continue throughn 2029,
Morzgver, they assume ng growth octurs in hetwear 2017 and 2C16. Tne EPA gerived the annus! growth factor by
detarmining “the amount o additional renewable ganeration (i megawatt-hours) that wouid ke redifirgt’ beyond each

S GHG Aboiemw Measures [EPL. June 2054 ((PA AQ-OAR 2013 ebi) ng. 433,

" Anavet knergy Cutiopy 2032 {EIA Apli 2323) reference case data.

- Regantiory Impoet A walysis-tor the Proposed Larbor Polluten Guidetaes for Exdsing Pewer Elants ona Emission Stondards for Motifed and
Reconstructed Power Piarts (E25 June 2014} Table-3-11 g, 3-27.

2 httpy ferwew tsireyss orzf. )

“* DSIRE. DSIRE KPS Finld Deasinition:. Aont 2021, I e
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Ciesn Power Plan - Assumption Review

vegion’s historic (2012) generation to reach that region’s RE target”™* by 2030. This constant growth rate is then applied to
each state to obtaln annual state RE target levels.

The EPA’s reliance on state RPS standards to compute the regional performance targets pases 2 variety of Issues. States’
main-tier RPS gualifications vary significantly and, in addition to in-state non-hydro renewable generation, also often intiude
hydroelectric .generation, municipal solid waste (MSW), combined heat and power {CHP}, ciean coal. carbon capture and
sequestration, and energy efficiency measures. As an example, New York has an RPS percentage of 30 p'ercent.z“'-Accord[ng
to-the New York Renewable Bortfolio Standard Cost Study Report praduced by the New York State Department of Public
Service, hydroelectricity contributes 18.25 percent of total generation and is included under baseline renewabies.”’ New
York's RPS percentages, therefore, include the state’s hydroelectric generation as qualifying renewable resources, which is
different from what the-EPA assumed in Its methodology.

in addition to hydroelectric power, energy efficiency plays an important role in various states’ RPSs. North Carolina’s RPS
includes 2 provision that allows up to 25 percent of its target 10 be met by energy efficiency gains. This provision, if it'were
properly exchuded by the EPA, would reduce North Carolina’s RPS target to 7.5 percent from 10 percent, thereby lowering
targets for the entire Seurheast region, Alaska, and Hawat'. When establishing 2012 non-hydro repewable gereration
performance levels, the EPA exciuded all hydroelectric generation and energy efficiency programs used in the state CO.
emission rate catculations. The adjusted state RPS targets, as well as 2012 non-hydre RE performance jevels, are used ta
determine the regional RE targets and regional annual growth rates.

NERC notes several ather concerns with the CPW's assumpoon for Building Biock 3, such as:

«  Muitiptiers given to select yaspurces' options {e.g., in-state, wind, solar, etc.). Six states {CO, DE, MI, Nv. OR, and
WA} give extra credit {(uo to 3.5 renewable. energy credits per 1 MWh of enerey produced) for using these
resources.™ Excluding the muitiplier suggests atarget that is witirvately higher than what may-actually be attainable.

o The use of qualifying out-of-state renewable generation resources in effective RPS target calculations. Most RPS
programs allow out-ol-state qualifying renewable resources toward RPS compliance. For example. several indiana
wind projects account for nearly 50 percent of the Ohio RPS requirement. This issue is impertant since states realize
that much of the lower-cost renewable resources may come from outside the state in locations more su'table for
VERs, The undetlying assumption—-that the state RPS roflects in-state renewable capability that can be matched by
the other states in their census regior—appears incorrect and could only be deait with via & regional state approach
similar to a regiunai greenhouse gas initiative. In order to propecrly account for regional renewsable resource
potentiat, the EPA shouid consiger including only in-state renewabie respurce portions of the state RPSs.

= The EPA method of assigning renewable regions is questionable. Of the six renewabie reglons created in the lower
4R states, targets for two regions {South Central and Southeast} were set based upon % single-state RPS. For example,
the South Central state region (AR, K5, LA, NE, OK and TX) was set based upon onk; the Kansas RPS. Kansas acCcounis
for only 6 percent of this region’s retail power sates and has the third-oest wind resources in the country, Given the
combination &f a low population, large lanu area, and very high wind resource availability, Kansas has relatively low
costs tc meet its RPS, However, Louisiana {ranked #48 in wind resources and doulye the retait sases) 's assigned the
same non hydrorencwabletarget. To out these twostates in the same region sets unattainable targets for Louisiana.

« The EPA’s cetermination of state goals for renewable generation does not fully reflect the economic aspects of
remewable resources. Resource limitations exist due to permitting, market saturation, transmission access, and

project financing issues. Many prirme wind lorations have difficulty obtaining the necessary permits and are often
objected to at the locai level, Many high-grade wind sites are also jocated in remote areas, Energy generated from

n &HG Abatement Meosures (EPA lune 2014} [EPA-HO-OAR: 20130602} pg. 4-18.
* pitp:) /www.dsirausz.urg!mr.er-tIves,‘:ncentwe.ctm?Innentive_CodesﬂYOSR&mﬂ&eew.
http:llwww.dps.nv‘gov/rpszppend‘.x-B—Z—19704.pdf.
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these lorations requires farge capital investments 1o build trarismission «jrastroctuie to-{atarcennect i the BPS
Location matters, -and sites with high caparity factors are limited,

= Thé.exprration of the wroduction tax crenits {PTCs} and gotential reduction of the investmant tax cregits {I1Gs} for
RE rescurcas inthe coming years will ‘mpact investment decisions and the econnmics of naw tescurces. As 2 result,
the marginal cost of new RE generation increases, whien could impact the iong-term development of RE FESOLILSS,
There is ako the Implicit need io increzse andiifary services as o result-of the increased variable résource BUEhUE,
Moreover, thera ara higher mroduction cosis-asseciated. with more non-hyare renewacle generation Zus to 8
combination of incressar czapital €o5ts anel low-( apacity operating factors Qverad. significant cost'uniertainties will
directly rqpact the eleciric industry's ulan to. aquicidy atlapt to the CPE recuirements.

Finally, grid rafiabibiy 1SsUes dssuliaien with invredsed variabie rescurces are not direcity sddressed.in tha ZPAs propasar
Building. Biceks: Senveritional Bengration {e.g., stezm and hydro), with large rotating mass -has inherent operating
charactesistics, pr {RSs,™ peeded to reliebly operate tha 3PS, These servites incivde araviding freguency and voliage supgort,
operating. réserves, famping capability, and distursance performance, Corventional ganerators are abie e respond
autornaticaliv o ﬁrequsnc;a thanges and historicaily have provided most of the power Sysiem’s esseidel JUppPLIt sorvices, As
yariabie tesources. incresss, systam planners must ensufe fhe future generatior and transmissior systerm can malstain
essential services that ars needed fo rebibility,

A farge-penetration of VERs wijl aiso reavire inaintaining 2 sufficen: amount of reattive suppot and ramping cupablijty, More
freguent ram ping needed to provise 1ig capability could increase cycling on tonventional genaraticn, This tould conteiby te
0 iicreased mamierance hours or higherfnrce.d.ouﬁage rates, potentisky increasing aparati»'ag TESOTVE raquiremants. Whiie
storage technnicpies may hélp Supourt ramping needs, uccessiul ifrge-scaie storage soritfong bave nov yet peer
commercipitead. Mevertheiass. storage technelogies support the reliability challenges trat may be experignced when there

1z.2 large eneiravor of VEKs, anc their Jevglopment sheuid be exprdited,

Based on mdustry stugies ang prior HERC assessmenis, ™ a5 the penelration o variadle generation incraases, maintaining
systern reliability cap baceme more challenging, Adsiong! assessments, inchiding Interconneaction-wide studiss, will be
nesded 8s thy resource plans uhfuld o better undesstand the iydacts.

¥ the-srates fa'l short of meeting the ranewsble Energy targets-astablished by the £PA, more €D reductions from ather
TeAsures may te required than wereéstimated by the tPA. These measures include mora coal it retlrements, expandar
sattiral gas-fred generation @iznts.or energy effi isncy degloymient,

The CPP groposes reductions in CO- emissions by investing in rero. CO:-emitting encrgy soveses fi.e., nudiesr and sonhyers
reneveabje generation), Howeve:, increasad rehance 6n°'VERS creates reliabifity challenges that ake toasicerabie time o
implement ang reqguire sibstantial chanpes in 892 slanning anc oparations. Most wotably, the “hailenges with thic Poilding
Biock are;
*  The CPParnizlysis relies on rescurce projections that may overastimate reasenably achieviole expansior jeveis and
exceed NERC st Industey plans and do neit fuily Fefhact e relfigbility .onsaquances of renev:anle resources,

" lnereasgd rofjagce on VERS can sigmficantly impact reliability operations and requires iiore tradsmission ard
adequate ERSs 1o maintain refiabiify.

& 'With a greater reliahce or, VERs, fransmission apd retated infrastru thure expansion leac times may aet ‘align witn
the CPP implementaticn timeline.

Relfabiiity Services Yask boroe website for more wnformation:
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Clean Power Plan - Assumpiion Review

Rullding Block 4 — Energy Efficiency

'— e Electricity savings from enhanced energy efficiency measures are assumed as a major reduction in U.S. power
: gy generation requirements and thereby lower U.5. power industry D> emissions. in calculating individual state
o CO. emission rate limits, the EPA assames that existing state energy efficiency programs can be significaritly
eupanded to achieve 108 TWh in cumulative savings in 2020, continue to grow to 283 Twh by 2025, and reach 380 TWh by
2030.* The EPA’s estimated future energy efficlency program performarce will have signficant effects on state compliance

measures and costs.

neview of EPA Assumptions and Potential Reliability Impacis
Ini its Reguiatory tmpoct Assessment, the EPA assumes that energy efficlency will grow faster than electricity demand, with

total electncxy demand shrinking beyond 2020. The implications of this assumption are complex. If such energy efficiency
growth cannot be attained, more carbon reduction measures would be reguired, primarily from reduced cog! generation in
most states. More low-emitting or new NGCC/CT generating capacity (not reguiated under the CPP] would need to be built.
‘Construction of new replacement capacity, as well as related infrastructure, would take time to pian, permit, finance, and
buitd. If these needs are not raentified at ar. early enough stage, either grid reliability or state CO2 emission goals could be

comprormised.

The EPA refied on 12 state stuclies to set its expanaed annual program target savings improvement rate at 1.5 percent per
year, However, the EPA.appesarsto averestimate most states’ energy efficiency savings potential versus prior eEnergy efficiency
projections, resulting in setting performance targets too high for individua states. Savings potentizls.are highly state specific
in-their consumer mix, credit for measures already taken, and levels of subsidies provided. The EPA applies one nationai
energy efficiency growth factor to all state situations and dogs not consider energy efficiency program performance or cost.
The d'screpancies are subseauently compounded by extrapolating thesé annual energy efficiency performance targels as
incremental improvements thai cavbe sustained through 2030 —beyond the 12 studies evaluated.

Out of 12 studies, 11 contain multiple scenarios with different sets of assurmptions to demonstrate wide ranges of what is
achievabie under alternative financial, technological, and behavioral environments. There is no documentation on how each
study's respective average annual improvement rate was calculated, which was used as the foundation to calculate the
ncrementa’ performance improvement target of 1.5 percent Der year.

The assumed base year is.of critical importance when comparing multipte studies” achievable potential for energy efficiency,
Whan drawing comparisons between percentages, the baseline jevel of electrichy demand rrust be the same; otherwise, the
total amount of ene:gy avoided due 10 energy efficiency measures would be different. Under tne CPP. all energy efficiency
savipgs are applied to Business As Usual {BAU} sales {orecasts penerated ‘rom EIA-B61 data.® pase years used In the 12
studies range from as early as 2007 to as recently as 2013 and are not tonsistent throughout the sample.® Comparing
achievable energy effiGency notential percentages is therefore difficult, since BAU electricity demand levels are inconsistent

between the studies.

+udy length is another important assumption regarding the sustain ability of achievable savings. It is ancertzin whether the
jevel of annual energy efficiency savings could be sustained after the expiration of the program., as the most cost-effective
and impactiul measures would have been utilized aiready—Ileaving only increasingiy expensive incremental enérgy efficiency
measures. The cited studies vary significantly in length. from as few as four years, to as many as 21 years.

The CPP assumes that dividing cumulative potensial by the study fength provides an adequate estimatior for ar. average
annuatl achievabie potential that is sustainable over a much loniger (13-year) pericd {2017-2030}. However, there is a
discrepanty in the :ongitudinal appiication of cross-sectionat studies.

™ EE savings estimates caiculsted using EPA‘s methodology, EE savings %, BAU sales estimates. Source: GHG Abarement Measures |EPA June
2014) (i‘:."ArHQ-DAReZUIB-UGO2E Chapter 5.

« Elactric Power Research institute (EPRI} and EIA,

« Annual Eiectric Power tngusiry Report {EIA 2017} (E:A 801 Datal.

3 GHEG Abaotement Measures {EPA June 2014} {EPA HO-OAR-2013-0602) pg. 565,

NERE | Potends! Reliabiiy bmpacts of EPR'S Progimad Cigan Power Plan | Movamber 2034
i4



Cigas Power Pian - fesuimption # by

The €PP assumes ar: average fife of 10 vears for ensrgy-efficency mMeasures. Tius avorage does no: fuily-capiurs the unigue
distribution 6f thelength of measuires wh en.aralyzing regionslly avaiiable energy efficiency ‘mgasures. Key assumptions when
detarmining energy efficiency potential ara "breadeh of s'ec*t_q:s_.end and uses considered, study period, discourt rats, pattarn
of technology panetration, whather atohomically justified early Teplacament of technoicgies s sllowed for, whether
centinued improvemenm in efficiency techneiogy iz provided for,”™ yet the £pa 7ppiies & broad aversge rather thar
determining individuai measure. iife curves. Most of the source studies pafisnn buu'um-u;: aspreaches any evaluate
“thousands of permutations of ieasLyes, building rypes, climare 7enes, market penetration fartors, ang measuie lives to
tetermine whicn-enersy efficiency techinalogies 10 inclutic ans exclude. By approirating thousands 9F measure Hvas using
cne-averdge, tha C PF-daes not capture measure fife disparities andg possibly inderestimatas the amount of gnergy 'éfﬁcie‘ncy
savings that epire througnout the tompharice pericd,

Wehile the studias an energy efficiency consider different poteitiials for the three rrEin seltols Desfentiv] commercial, gng
industrial, the £PP uses one numibier across il sertors in its grission raie calculation. ndustrial Processes ara gesigned to
se-gs fittie encrgy as possibie in order t0 maimize profiis of daify opesations. and miay have siresdy invesied in energy
efficiency programs, feaving minimat and costly ogportunites remaizing for meremental proverient, Apptying the same
enargy efficiency cotential dercentage for afl three sectors indirecily provides incendvas fof Industrial ARlity rusiomers té.
reduce their energy load propurtional 1o residential tustosners, but by a much greaver magnituoe per capits.

The underlying state and reguaive’ stubies used a5 the base for caléuiziing the 1.5 percent potential inchide the fuli range of
financial incentives from. 25 to 100 parcent. when consrdering base ow, and-high cases, Sinve the EPF uses an Veraging
mathod in transiating frorn the observed studies’ seitor and scenario findfngs ta the fnar BY8 382 annual projecied potential,
it s difficult to evaiuste the finanzial Intentives that are 2ssumed in beth ths Buitding Blecl calculations znd siy dy 'resui?s-;_

The EPA used tne £FIA's ASO 7053 hasaline forecast to-estimate fts BAU electricity sales forecast. Groweh races caltiizred by
the National Energy Madeling Systen; (N_EMS} TEEior: werg applied.td stateduvel 2022 retaii safes from ihe CjA-851 ivey to
ginve gt-anannual BALU sales forecast, Thess growth higuresinciude the net effect of implicit forms of energy eticlency. as
that information i« nat expi:tftiy.p:asented'in_;‘;_ED 2313 refarence vase, Bacsuss the ElA does pot expiictly mode; energy
wff iciencyasaforecast ing fter, thereta sales growth is skewed forthe purposes of caicalating the energy efiiciency Building
Bibck:

The EiA presents sorme metrics to gaugs energy effioney in the ALO 2013 mooei TESLIS. ERargy intensity; definad ag Baergy
use per-doliar of GOP, renresenis the spgregute effecis of energy tonsumption trends and 3 7ising rations) oulpiit. klectsicity
energy Imensity. In particular has been ca a steady decling in-both consuraption ner dillar of GoP “nd tonsumtion per
Cepita. This Is duc inlarge part to enerpy efficiency, but its contribution is thfficul to isoige. The £147s AED 2013 enargy load
Brovitsy pitections indlude innnlicit forms of energy efficienty measures, and-the provosed CPP doos rot appear to acoaurt
ior thess savings, This effcctively double couns the savings of some energy officiency meoasuris ane resttts in slate-spediic
enérgy efficiency targets that sre o Figh to be consigered reasonabiy achiavahis.

With potentially- overstared ‘expeciations for energy efiiciency savings, the EPA's cemarnd fo; feast resilts in = dedine in
elactricity use befweer 2020-and 2030, While gther FaJOr power mnarket forecastery’ eiectricity sales compounfed ansual
growln-rates {CAGRs) for tne periad beiween 2620 and 2030 are strictly posizive (AEQ 2013:.0.7 percent. £pRY: {achievable
notential} (1.4 percent, WIREC average of assessmeni studies: 1.5 pereent), the EPA aswumas 3 CAGE Of -0.2 parcens forthe
same time peviod, Between, 2020 and 2030, the EPA assumes increments! yeRr-overyear reégductions from energy efficiency
<. be aimost 4% Twh nationafly en average. outpacing year-overyear rationa electricity sales zrovith of 31:6 TWh, on
averags.

The mein reason for this resu't is the EPA’s assumption of stases being able to sustain an annuat incremental growth rate In
energy efficiency savings.of 1.5 percent once acnieved. As mertioned above, *hiz sustainabifity.is nor SUPPOriec by any peer-
Teviewed or technicar studies of fnergy €ificanty potential,

Y GHG Abctement Measures {EPA lune 2014} (£2¢. HO-DAR- 201 3-L607 M- 5-22;
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Cieen Power Plan — Assumption Review

By overestimating efficiency savings resulting in deciining electricity retail sales, the resuits of the EPA's entire Regulatory
impact Assessment are congerning from.a reliabllity perspective and have implications 1o efectric transmission and generation
infrastructure. Underlying electricity demand forecasts directly influence the required tevel of generation —and hence, 02
emissions—from exsting and affected generaling units under the CPP..They aiso affect the required new construction of
generating unlits that are needed to meet expected electricity demand, which is projected to increase during the next 10
years.®®

The EPA projection for energy efficiency growth at a 1.5 percent annual increase is substantially greater compared (o what
NERC examines In Its current and prior long-term refiability-assessments (LTRAs). NERC collects energy efficiency program
catz that is embedded in the ltoad forecast for each L TRA assessment -area. Projected anrwal energy efficiency growth as 2
portion of Total tnternal Demand since 2011 has ranged from only 0.12 to 0.15 percent; as shown in the table below.

Table 1. 2011-2014 LTRA Energy Efficiency Growth

o Portion o Total Internal Demand (%] Annual Grawth In Relation
LTRA 10-Year Growth of EE {X} Yearl " Yew it 1o Total Internal Demand (%]
2011 - 07 o 163 = 0.12
2012 —= g o o7 188 _ el
T R |\ S — T R S - N VR Bz e
1 2014 154 087 2.35 0.15

In sumrmary, the CPP assumes eneigy efficiency gains outpace electricity -dernand growth through the compliance. period
However, this assumption:does not reasonably reflact encrpy efficiency achievability ant is a departure from normatized
forecasts. If states are unable to achieve the EPA target savings, additional CO reduction measures beyond BSER measures
would be needed to meet the aroposed rate limits—primarity through further reductions in existing generation or expansion
of natural gas and VERs. The er.ergy efficiency assumptions underpin the CPP proposal and present the following reliability
issues:

. The EPA appears to overestimatethe amount of energy efficiency expected to reduce eieciricily demand over the
compiance time frame. The results of overestimation have implications to etectric transmission and generation
infrastructure needs.

e substantial increases in energy efficiency programs exceed recent trends and grojections. Several sourcas,
including but not limited to NERC, EIA, EPRY, and various utidties, have published reports, ana'ys:s, and forecasts
for energy efficiency that do not align with the cpp's assumed declining demand trend.

The CPP assumption appears to underestimate ¢osts and may underestimate the capitsl investments that would
be requited by utilities to sustain eneérgy efficiency performanice tnrough 2030.

" The offsetting requiremrents in more coal retirements, along with expansions in paturat gas and VERs, in a
constrained time period.could potentiaily resuit in reliabiiity ar ERS constraints.

% NERC 2014 Long-Term Reliability Assessment.

RERS | Potentisl Refiabiity Impscts wi EFAs Drpansed Clesn Power Plan | Novemise RECER
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Reliability Impacts Potentially Resuiting from the CPP

Tomzet the proposag CPP emission reduction Tevils, the states are pepzeted to select thi mass based nmitation spprosch
over the smission rais approach due tvits:graater B exibility, &5 welt a5 ease 10 Brrorce and implement. The power intusiry
has béer successtulin complving with prior mass-based emission cay and trade pregrams faug., Acid Rain program, Cean Air
Intersiaie iuie, 2nd GG withou: Sreating rediability ' mpacts. The e introduces poisntia. reliability concerns thiat sremure
impactfu) than prier envircamentai compliance programs tue to the extensive impact to ‘E;}ssil-ﬁred: generation. Additionally,
there is potentig forian aceelsrsted ¢ ecisi_o;n-makin_g seripd for the impiemeantation of the CPP; Building Blocks, it i also
importani to tonsider the ongaing transformation to the resource imix and corresnonding impacts on FRSs FEQUIrEd 1o
maintaln o roliable 8PS, Styte-specific carbon intensy LATESYS Creare potent al reliab:iity Loncerns vTwo major aress. {1)
Girect impacts to resource acequacy and electric infrastruct urd and i2) impacts resulting from the thenging resoirce min
that -occur as o resule of replacing ratiring generaiion, scconmoilating operating characteristics. of new zeneration,
integrating naw technoiogiss, and imphsing gizater uncerty inty in demand forecasts.

Direttimpactsto Aesource Adequacy and Flectric Infrastructure

Planning Resesve Marging quantify what is restid 1o deliver and meer 2apocted demand With 2 tsrpot resere mMOrgin that eonsiders
bath ptanned and unpianned ayailability of resources and Yeviationd from s aormal demand Torecer Due tn long s imes for
PEsourEes amd imfrastructure; long-term EANAE % rogquirag —transmisslon’is s conslferay

Adeqyuate Flarnng resnrve

Aming installed ang f'usur MAENE ~ BEMEry et wans NVENTIONE! sener fm L i
mnum of inzfalie it future arpns = p W MIETL i Lemantionat gener etion Transmis: G plasaing
tlanned generziisn O FIAL e adeauay ielrement A e :
aLseiynant

Impacts Resulting from the Changing Resoures Mix

Aa 0 result ol Eenration retirmant replstement resourees muzt replenish raliahliity meey iclisdimg capacity; fnergy. antl 'ERSy.
Accormodating resources with differen opemating characrenistics rEsjuIres eahancements to BPS planning and aperations. Fugl
vaitability initEnecgy Gmitatians mus be considered in niziizhility plannidg

reased ehanLe on fatral PEIBHNG CERBNTS Ang Emargmy resources - DR andg
e L1 L -y : Soltape wod fraquency suppers STEMY ;
gas Tied generation ramping capabiliny P L8, 2 ERs

Figura 4, Summatized Refigbility Challeriges

Mos: Empoﬁantfy, generfation (aiong with other system resources) and transmiissicn Thust provide specific canabiiities to
ensure the BPS car. pperate securely under 2 myriad of potential operating condilions and contingencies, in compliance with
a wide range of NERC planning ang Gpersting Reifability Standaras. The above chaflenges warrant: further eons,deraticn hy
policy makers The following sections discuss these key relinniliry haltenges in dezail,

Dlrect Impacts to Resourse Adeguacy and Bleckie Infrastructurs
Fessil-Fireti Retiraments fesuit in Azceigrated Declines of hesarve biargine

Ir recent long term assesgments, NERCGas hightighted resource udeoLacy concerns, parucuiarly in ERCOT, NPCCiNew York,
and MISO, as projections cotinue 1o refiect declining raserve margins thet fall below each area's Reference Margin Level
over the nex: five -years,' despite low deriand growth rata (Figure 5), A5 most LTRA sssessment areas atiribute stagrant

demand growih to the ongsing projected aconomic indicztors {typically based on either emplgyment lavess or GDP}inthe

- S b s i s
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Reliabillty Impats Potentlaliy Reculting fram the PP

residential, commercial, and industrial sectors, total capacity additions have parsleled the ongoing declines in load growth.
The trend of declining margins in a number of NERC assessment areas is rooted primarily from a general veduction in 10-year
capacity additions observed over the past several years. Total apacity additions contipue 10 £all behind the ongoing declines

in foad growth rates {Figure &)

40%
35%

‘30% |

%lmmi (AL

111213 1853132131411 12134 11 1213 1411 12 13 14 111213 1411 121334111213 141112 12 14

o —

® xR

£

MISO MAPP NPCC-New  NPCC-New NPCC-Ontario  SERCE SERC-N  WECC-BASN® WECC-ROCK®
England York:
LYRA Year by Assessment Area

*Due to chanees Lo the WECT subregiunal_"bnundarses, resulting in four subregions instead of nine, the 2014 Anticipatad Raserve Margins are not
shown for WECC-BASN and WECC-ROCK Zor thit comparison.
Figure 5. Short-Term {Year 2 forecast) Anticipated Reserve Margins Show Declining Trends for Some Assessment Areas

2011LTRA e
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201317RA —————
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Figure 6. MERC-Wide 10-Year Projected Capacity Additions Declining Since 2011

The EPA’s supporting documents estimate that up to 19 percent of the natior’s coal piants wiil becorme 4 ineconomica;” as a
result of the proposed CPP. Although the CPP may not hecome enforceabie untit 2020, its efiect may overthadow and change
large retrofit capital decisions needed 1o comply with earlier EPA regulations—arimarily MATS.

According to the FPA, the state implementation. would result in a reduction In coal to 193 GW by 2028, The EPA finalized
MATS, which is factored into 3014 LTRA and identifies capatity retirements through 2016, m its Technical Support Dorument
~ Resource Adequacy ond Reliability Anclysis,the EPA used the Integrated Plarning Model {IPM) to project likely future
electricity market conditions with and without the proposed CPP. The IPI assumed that adequate transmission capacity
axists to deliver any resources iocated in, or transferred to, the individual regions. Additionally, since most regions currently
have capacity above their targel reserve margins, the FPA assumed most of the retirements are ahsorbec by a reduction in
excess reserves over time. However, uncertainty rema:ns for a large amount of existing conventionza) generation that may be
vulnerable to retirement resulting from additional pending EPA regulations. These retirements reduce reserve marging over
the course of the CPF implementation.™

#9031, 2012, and 2013LTRA data includes fFuture-Plannec capacity additions L. Fa A 5
28 ppA Technica, Support Document —Resource Adeguacy and Reliability Analysis ~run g D i

o
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The EFA’S analysis assuraes the electric system will maintain resource adequasy, aven with the onging retirements from
existing régusations, inclucing MATS. In aadition, because the proposed.CPP il require the development of significant
amounts gf ney. generation in e short period, additions! tima for infrastructure develooment will be needed 1o suport thess
new resources. The EPA's modeling of 3 potential implementztion scenario predicis an additional 3048 GwW of fossil-fired
£GU retiremients, and the adeiicn of 21.GW of paw NGCC FESOLIrCas,

Wfth'exisﬁ_ng.?nu,;ironmenta! reg.iatiors, the EPA's base case projections indicete that ‘otal coz! fired cepacity wiii deing
rapidly trom 208.6 GWir 201410 Just 245 GW by 2036, anc 243 GW by 2025, Tha £PA's base case—withou: imnlementation
‘of the proposed CPP—assumes » significant reduction. in coai-fired capacity by 2016: 27.2 GW beyond what jz
projected in the 20140 TRA refereprs tase. According fo the 20541785 reference case, an additional 44,2 GW o tossil-frud
21d nuridar cavacity s profeced to relre natween 2014 anid 7024.°° These profections are based on the assumotion that

suireat edvironmeniarreguistions wit resivai and domet attount for potentisl impacts from the Froposed CPF | Figure 7,

2 =
D

2011 20120 % 014 WIS, W G 2018 2019 2034 202; 022 023 2004

Glgawatts B
254883188

f

Actual 2014 LTRA Raierance Case
i w9l Gas @ Muciear & Petolaum,

Figurs 7. Cumuiative Fossi-Fuel and Muclear Retiraments netwaen 2001 and 262 Yoiel 43 GW-

According o the: EPA, the state Implesentation of Obtion 7 would resul in 2 Feautilen i coal 9183 GW by 2025. Optior 1
and the 20240 THA reference nase are shown in. Figure 8 and |able 2.%
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Figure 5.2014LTRA Reference Case & EPA Powser Plan fAssumptions: Coal-Fired Capacity

¥ While thesssessment periot forthe 2014:7TRA 5 2615—2624, projected retiremerts for 3614 sre-dncluded in NERC's 20241TRA analyas,
* Regulatory impocts Analysis for the Proposed-Corhen Poliution Guldelines for Esisting Power Flants and Emission Stondards for Medtficd ond
Reconstructed Powsr Plasis {upe 2214; ead supporting Wi L dorumentation and data,
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waliability impacts Potentially Resulting from the (PP

Table 2. 2014LTRA Reference Case & EPA Pawer Plan Assumptions

T HERC 201 4LTRA Referance Case - Total On-Pak Capacity (G 3016 2018 1020 2025°

} Total Coal (E:_cisttrig—Certaia and Tier 1 Capacity Additions) o . ) ) 2712 2664  204.8 2613

| EPa Anaiysic of the Propesed Clean Power Plan - Total Coal-Generating Capacity [GW} 2008 2018 2070 2025
maseCase . . == o 2046 2433 2436 2433 f
Option 1 (Stete Implementation) D= 2107 2104 1951 1931

} EPA Assumed Coal Raduckon Bayond NERC 20aLTHA Reference (ase faw) M6 ¥ma 025
_BasaCase r— ' B 272 21213 18O

{_Option 1 {State Implementation} 52.1 56.C 658 - 682

Transmission Plarning and Timing Constrainis.

Long fead times for transmission development and construction require long-term system planning—typicilly & 10-15-year
outiook. In addition to designing, engineering, and- contracting transmission lines, siting, permitting, and various federal,
state, provincial, and municipat approvals often take much lénger than five years to.complete. The CPP analysis assumes that
adequate transmission capacity is available to delives any resources located in, oF transferred to, the region.* Given the
significant changes and locaticns anticipated to occur in the reseurce mix, it is likely that additional new transmission, of

transmission enhancements. will be necessary in some areas.
of renewable generaton coming online, particutarly in
remote areas, and that creates additional timing
consideraiions. Further, as replacement generation is
constructed, new transmission may be needed to
interconnect new generation. Mitigat:ng transmissian
constraints identified from the proposed EPA regulations in
a timely way, consistent with CPP targets, presents @
potent:al reliability concern, Construction of new interstate
high-voltage fines. would require transmission owners to
confer to state and federal laws with respect 1O
environment fmpacts, siting, and permitiing. A construction
timéline for 2 new high-voltage line can range trom 51015
years depending on the voltage class, iocation, and
availsbility of highly skilled construction crews. The
construction of transmiss.on assets isa very lengthy process
starting from nlanning o the actual physical construction. it
is recommended that any policies tnat could potentialy
impact the refiable cperation of the transmission system
also consider the assoiated timeline for impiementing
plans.

New transraission lines will be requi red to transport the amount

Transmisson Senstuoratiams with Asddieiona! VEKS
The projected 30.8 GW of additional wind and solar resources
will require additional transmission 1o refiably Integrate these
resources. VERs are often bwit in parts of North America that
are distant from the point of interconnection to the
transmission system. In many Cases, the location of these
vartable resources only meets the minimum voitage suppart
requirements. According to the Z014LTRA Reference Case, 16
percent of new transniission projects winder construction,
planned, or conceptuat} identify variable resource integration as
a primary driver,
New Transrisiton Frsiett Drhiars

.varutlir

Integratsan
=16

Othes
Tanvers
Badx

The location of additional transmission resources witi be informed by'the outcomeof the transmission planning studies. The
transmission planning process will not be able to fully intorporate the impacts-o: potentias retirements until those resource
addition requirements are made known to the system operator. For 1SO/RTOs. this will likety nct happen until the final state

plans are deveipped.

To support vaeriable gencrating cepacity increases, the power industry would need to .nvest hagv iy to expand transmission
capacity to access more remote areas with high-guality wind resources. Developing a resource rrix that nas sufficient ERSs 1o
SUpport integralion and refiable BPS operation is also 8 consigerutior. Given the natural wind variability in these locations,
incremental wind project resources would have relatively low capacity factors {20~35 percent) that would reguire complex

financial decisions to suppart transmission capacity.

4. Regulatory impucts Analysis for the Proposed Ca_rbon Pollution Guideiines for Existing Power Plants and Emissian Standards for Modified and
Reconstructed Power Plonts (3une 2014} and supperting 17 ki documentation and data.

NERD | Potensal Refiablhivy mpact: of EPR's Proposad Slean Power Pan | Wovember 2014



Refobility impatte Perantialiy ReSuiting From the cpe

T -

MERC anticipatas that after o Cpp Buitlelines aig finalized in 20135, and SiPs arc developed ang apbroved by tne EPA in
2016/2017, entities will work with thejr state utility commissions or other-appropriate governing entities to assess reSOUTCE
antd syitem apticry. Exlentive transmissizn reliabiity fcraerting a‘:se‘ssme.qts' wilt be performed tosugport these teeisions
and will include comprehensive (ocal and regianal reirabiifty anaiyses. which must be coordinated with states and nieighboring
“entities, As resoupre: dacisions afe made, reliabifity Screening will transition inté. the established MERC réiiébiiity assessmant
irocesses, Consistent with ing NERC Reliabiiity Stendards, tranumission enhancemants 1o sdirass reliabiliLe coﬁstraz‘_h*.’;Wi!i'
be identified, incprnorated inte transmission e¥pansion plans, and coordinated with rher projects Jozally and regionally
Secause committed transrrission projects typicaiy reguicg three 1o fve years to be compizred, and ofian longer for major:
projects with significant rigit-of-way neads, NERC (s corcernad that reiiability-relaied erthancements may not be able to be
copfipleted for 5 2620 impleriantation,

Inltia! Regional Reilability Assessiment of the Broposed Cop

Sorng reglons starrea an in'tial reffabilily assacsment of the aroposed CPP focused on their respeciive foatornts 1o batter
Understand the plan’s poteniial impacts. The initial 2nalyses are siightly different in focus and are in varying stages of
development, The key findings from recens MISO and sFp studies are proviced Bslow..

miso

M50 focused oriraarily on seneration capacity ipactz, MisSO, which is basad on'a 14.B:percent resprye margin reguirement
determinaed by the 1-gday.ip<i0-year icss-of-load avent, profects thai i in 2016 it will operaie at the raliz iy Tave’ of
approximataiy -3--dav:srin'1{3—vear lnss-0f joad avent. ineressing the fikeiiood that resturces witl ngt he sufficient 1o surve
peak demand, The number of expetied dayr per vew of u Joss-of toad évemt i projectéd to incresse throughout e
assessment. period. The proposed CPP could firther sxacsrbate resource adeqlacy concerns in e MISQ footorint unisss
additional rewtarerient Lanacity is bullt in 3 umely fashlor,. & Adaitionatly, the analyvsis showad that the ERMs carbion proposa:
coutd pu tanadditional 14,600 MW of CORICAPACLY &1 risk of ratiremient. This ameunt is beyond the 12,600 MW virhiy Al 150's
footprins that i« slared to retire oy thaeng of 2046 Lo Comply witn MIATS.S The vonirihuting factors driving the projecied
deficit ifclude

* increasec retiremaents and suspensiops {temporaty miothkalhng} due to EPA regulations gnd market forces and low
natura: gas pricss

= lxclusion of low-tertainty resources that were identified in tha fesburce fadequacy survey

*  Ewtlusion of surplus of capacity in BISY South above g 1,000 My trarsfer from.the Planning Reserve Misgin
requirement (PRMR)™

*  iIncreased exports to-PINA and the removai of mon-Firm imports®

= Inadevuate Tier 1 cupacivyaddiugas &

“ Anticipated Reserye Ma ran inclodas parabie Capatity sxpactad ta-he Buuitable toserve joad d uring the phak hows wilh firm Lransmiscior,
Prospective fessive Wi gin apersble “lpacity Wt could be svadable 1o sé1e soad.during the peay hour, put iwekS Eirm sronsmission and coyid
be uravailaele tor « numbe. of FEIsONS
e c2b0n FD0Rds Ansiyiih =
“thor this assessarent, 1,000 MW of capac
reguiatony 15sues currently under FERE TS,

¥ Capauity.sale: { tmiports and exparts) ifi MISO depend an dasisiodis of the respecing resgoice OWRETS, ssulfming thet ihe Eanff reguirements ary
met dneuding gianning of ReLestary transmission o both the buwiny and seflin: arewsy, Regarding the removal af non-Firm imneris, the J30
market montor double-covnted. POl imports in the 20131 7RA refercnce a5, These imports #re accounted for nthe Ratejends Bargin Lovel
(PAMIRY.

** In the MISO footprint, 2ipercent of the Joad is served by utilitias witt an odligation to serve custamers refiadly ane at 2 reascpable st Resource
panning and investrrant in retources are Lart of state and iocally jusisdictional meegrated Jesource plans that only become cetlati spon the re eipt
of a Certifirate of Pithlic-Comvantency ang Necessity {CPEN].
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Reliability impacts Potentially Resulting from the CPE

spe

5pp looked at both generation capacity and transmission reliability impacts of the proposed CPP.# The initial study indicated
that compliance with the carbon regulations, if implemented as modeled by the EPA, witl not be possible without significant
investivent in new generation and -associated major improvements.:to both the electric transmission and natural gas
infrastructure to accommodate new generation. The resuits indicate that by 2020, $PP's anticipated reserve margin would
‘e 5 percent, representing a capacity margin deficit of approximately 4,500 MW. By 2024, 10,600 MW beyond current plans
would be needed to maintain their reserve margin. Given the 8- to 10-year eimeline needed to plan for and construct these
additional resources, SPP has conciuded thar thee is not sufficient time to achieve compliance with the EPA's interim goals,

and that widespread reliability impacts are likety.

The reliability issues identifiec in the initial studies will require significant upgrades to the transmission infrastructure to
maintain system reliability, accommpdate new generation or, when new generation isnot warranted, to suppert the dispateh
of the systém in a manner significantly different from historical operations. Other 1SO/RTOs, states, and Regions should
prepare for the potential impacts o grid reliapility especlally-related to-the time required to flan and build transmission

infrastructure,

Reliabillty Assurance
NERC Reliability Standards and Regional Fatity criteria miust be met at all times to ensure reliable operatios and planning of

the BPS. Therefore, NERC supports policies developed by the EPA, FERC, the BOE, and state utility regulators that include a
“reliabiiity assurance mechanism,” such as a-retiability back-stop, te preserve BPS reliability and manage emerging and

impending risks to the BPS.

Many ufilities-and SO/RTOs have discussed @ possible reliability safety valve similar 1o the one-year compliance extension
that has been used to avold retirement-related reiiability impacts from the MATS compliance deadline. A reliability safety
valve will be of fimited utility if the EPA’'s proposal is irnplemented as currently designed, and it appears the CPA has far more
Hexibitity under Section 111{d) than was avaitable under the Section 112 program. Accordingly. a set of reliability assurance
provisions that may include 2 reliability backstop, as well as other measures, wouid be recormmended 10 maintain BPS
reliability.

S-akeholders expressed to NERC stafi their concerns regarding the need for additional time to mitigate the impacts of the
carbon regulation The proposed timeline does rot provide enough time 1o geveiop sufficient resources to-ensure continued
reliable operation of the electric grid by 2020. To attermpt to do SO would increase the use of controlled load shedding and
potential for wide-scale, uncontrolled outages. Additionaly, policy changes may be required to ensure the Plenning
Coordinators and Transmissior: Planners perforrithe necessary studies and exercise the authority to implement transmission
arid related infrastriicture solutions.and assure tn at ERSs are provided n a timely manner.

7 5pp Reliability Assessmest ot EPA 111(d) Clean Power-flan Rule 200 $ e SRE DI 0oR TR S ORI RO LU R o
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Fossli-Fired Retirements and Accelersted Beclines in Reserve Margins: Despite jow. demand growth, NERC has
hightighted resuurce stdeqracy concerns a5 projections continue to refiect declining reserve rargins that fall belowthe
ﬁeférenee'i\ilan_gin tevelin three...assessmem'tla-regs withi the next five years. !
s The Regions, 1SO/R 705 and states should Derform further analysis to.exorsine the potentiolresource adegiiary
congerns.

Transsaissior Planning and Timing Constraints: The broposec CPE implementation i Surrantly scheduted o begin in
mid-2018, Some relianility impacts coutg be m tigated by the constroction of iew {or ennancerment of existing|
transmission faci ties; However, long lead times {e.g., 10 years} aterequired for transmission piannieg arid constryction..
©  The EPA.ond states, plong with industry, should consider the time required to integrate potential transmission
enhanremants and oddijons meceszary o address impocts of the proposed orv,

Regional Rellabdlity Arsassment ot ihe Propused 0PP: To better undersiand its porential fmipacts, some Regions have
started an jivtic) reliabiiity assessment of the propgsed Cop 3CUSEE on their respeciive foctpriats, Tha mitial avatyses
are slightly different i foeys A0l arein varyng suages of development '

¢ Other ISC/RTOs, stites, and Regrans should prepcre for the potential imparts to grid refiability, especially

Telated o the time requiror to plte ond build tronsmission infrastrocture.

Reliahility Assurance: NERC Religbiliey Standards and Regional Entity erteria must e met at 2ii time: ro ensure relisble
operatior and'planning of the aps,
*  The CPA, FERZ, the DOE, ond stave wtitty requictors should employ the array of tals ut their disposul vnd thelr
regulatery avthoricy to develop retigbility OSSUrance ‘mechanisms such 85 3 relability back-step, These )
mechanisms include dming gdjustments sne grenting extensions where therelsa deronstioted relighility neeg, 1

= 41!:.-.—«'.,..-4—-.-———._«—_—__,,._
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Reliability lmpacts Potentially Resulting from the cep

Impacts Resulting from the Changing Resource Mix
roa! Retirements Increase Rellance on {atural Gas for Electric Power
The electricity sector’s growing refiance an natural gas raises concerns regarding the electridity infrastructure’s sbility to

maintain system. reliability when facing a consirained natural gas capacity for delivering natural gas to electric power
generators. These concerns are already being articulated in Hight of gas-electric dependency studies and analyses, and incluae
ISO/RTOs, clectricily market participants, industrial consumers, national and regional regulatory bodies, and other
governmentofﬁcia!s.“s‘rhe extent of these concerns varies from regionto region; however, concerns are most acute in areas.
where power generators rely on interruptible pipeline transportation as the natural gas use for generation rapidly grows.

Under the CPP, an accelerated shift in the power generation mix from coa! to natural gas is ekpected to ensue. The EPA's
state limitation calculations assumea 440 TWh/year shift to existing NGCC generation from coal (376 TWh/year) and oider
oil-gas steam (64 TWh/year} generators due to redispatched NGCC unitsuptoa 70 percent capacity factor. In its Reguiatory
Impact Assessment, the EPA projects that the natural gas-market portien of total U.S. power generation will grow from 29
percent energy in 2013 10 33—34 percent from 2020 to 2030. In an analysis of the CPF prepared by Energy Ventures Analysis
(EVA), natural gas generation is found to increase byan additional 400450 Twh/year and increase the gas generation energy
market share to reach 35 percent in 2020, 39 percent in'2030, and 49 percent in 2040.

As reliance increases rore on natural gas for both baseload and on-peal capacity, itis important to also examine potential
risks associated with reduced diversity and increased dependence on a single fuel type. Curreritly, niatural-gas-fired resources
-account for large portions of both the total and on-peak resource mix in several assessment areas when considerirg both
existing capacity and planned additions (Table 3).

Table 3, Assessment Areas with Natural-Gas-Fired Capacity Accounting for Over One-Third of Existing Nameplate Capacity*
meplare Copacity Additians iGw} |

Nameaptate Capacity {Gw} = On-Peak Capacity {GW)  1B-Year Na
Assessment Area Gas-Fired  Portion of Total Ga__s-Fi!'e_d Portion of Total Tier 1 Tier 2 Rer 3
FRCC 40.2 64% 339 63% 101 0.0 0.0
MISO 65.0 39% 58.7 41% 1 28 0.0 10.0
NPCC-New England 18.6 54% 133 43% 11 33 (1%¢]
NPCC-New Yok 21.0 55% 142 40% 0.0 25 4.0
PiM 8n.o 43% 58.5 32% 0.0 47.5 0.0
SERC-SE 312 8% 84 46% 0.0 0.0 2.6
spp 2.3 40% 30.2 47% 1.1 0.7 87
TRE-ERCOT 48.4 4% 452 63% 49 215 0.0
- WECC-CA/MX 47.7 6% 38 0% 8.5 6.2 0g
WECC-RMRG 1.2 36% 6.2 435 12 o 0.0
WECT-3R5G i 195 §7% 163 50% * 0.5 1.0 30

With this shift toward more natural gas consumption in the power sector, the power industry will become increasingly
vulnerable to natural gas supply and transportation risks. Extreme conditons, although rare, must e studied and integrated
in planning to ensure a.suitable generating fieet is available to support BPS reliability. While there are severa| plants with
dual-fuel capability, the capability to switch to 2 secondary fuci car: be limited during certain operating condhtions.

Overdependence on a single fuel type incraases therisk of commen-mote or arza-wide conditions and disruptions, especiaily
during extreme weather rvents. Disruptions in natura! gas transportation to power generators have prompted thegas and
electric industries to seekan understanding of the reliabiliy implications associated with increasing gas-fired generation. For
examptie, aaverse winter weather. such as that experienced during lanuary 2014, provided signs of natural gas supply and

defiverability risis.” This can be & local issue in areas where thereis aiready a heavy concentration of natural gas generation.

# yop NERC's Special Reiabifty Assessments onvelectric and gas interdependencies for-more information and recormendations: Zli2nd argd
ol

# Epergy Ventures Anaiysis: FUE. CAST ~The Long-Term Jutlook 2014, October 2014.

wYer 1. 2, and 3 Capacity Category Deflnitions are provided in the 2014 Long-Term Reliablitv Assessment.

si NERC Polar Vortex Review Report
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BEES Y tnpaets Potdnualiy Resiitiie fom ike (=L

While Severai gas ringline Constracrian projecty dre-undenivay toTncress ges déliverahifity, the CPP proposal accelerates the:
shift toward mere natura: gas gererstion and couid-create adoit_?ona! pipeling neads. Theincreasad-demand canbe addressed
Witk sufficiont lsad timé {i.e.; more than three yéars}, which ig needed to plan, cotiect cortracts, permit, srécure, sad bujld
rew pipdiine. Ty tne extant that the CP?.assumptFons regarding na’sur&}-gase-'firad":capacityiexpansion and existing coal-fired
deresation: retiraments are achievad, the gas anc electric sactars willlean muere heevily on aach other.

The Avaliability of Essential Relisbiiity Senvices 75 Strainad by a Changing Resource Mix

“Ine proposed CPF provides states ang developers aoditionalinceniives to ranidiy expand thair non-hydro renewable Lapacity
Yo displace ensting coal Bengration. Ths state calcidations asuume thas non-nvero rerewahls capac‘ity could grow capidiyby
3 perceny per vear, from 218 TWh/vear in 2613 1o reach 523 'T-Wh;'year by 2038 This incremartal renewabile geveration
represents weli cver twice the energy wurreatly supilied by VERs and would be dominstad mostly by heiwv wind, andto-a
lesser-extent. new sular Lapacity,

in addition, wind D1OsECts will sTEAificanliv increass the dema nd.ior feactive puwar arg raraping Todibitly, Ramping § leiiitivg
wiff increase (\_:cFing on senvantioiai generetion and often results in either mcreased mainterance hours or higher foreed
dutage rates—in bothtaser. increased TeSErVe reauiremants may result, White slorage lechnologies may t2lp suzport
ramping neeos; suceessful large-scale storsge senticns nave not yet been comifmercialized. ! Siurage technologies suppon
the reiiability chaliengas <hant may. 0 experianced whan there s olarge penetration of YERS: and thair development shoufd
be expedited,.

Hased o industry studies and pricr MERS assessments,” as the peretration. of variabte generation incresses, maintaining
voltage stabiifty can e more challengirg, additiona! studtes wili be nesded 1o further undersiand poterial challenges 1hpt
may indicectly resuly from the propoéeﬁ CPP. In s role of dssessing relisdiiny. HERC corrrnissioned the Sssential Resliabiiity
Servicas Task Foree (ERSTE) with: members from MERSS Planning Committes and Tpseating Committee to study, iazntiy, and
analvze thepianiing and.operetional changes tha: mMiay Imgect 89§ reriability. NERL, Undes the ERSTE wovk plan &7 aryivitics,
has issued an inttial assessment of ERSs that identifies £RS re!iabiéfty.bui;dir:g bloexs a5 a faundationai approach for further
asséssmaai ang studier

Increzasad Pengtration ‘of Distributey Enargy Rascirces

The EPA projects that retail glecivicrty arices wiil increase by S1/MWh 10 $18/804h unaar the CPP* ag 3 resuit. of a
cumbination of highér natural gas prices and the implementation. of new carbon pensiies on impattec fossl-fired
generators.™ As-ratail powa- orices intrease, some existing susiomer mayinstall DERs, when econormicaliy advantageous.
be’penﬂing on'ihe price advantage, sha markel panstration of DERs coutd e substantis!, creating notential refiabitiry impacts
for gnd operstors that Jack visibility snd corrirol of these resources. Given that DEgs disprace grid rerail sales, DLRs could
becomea iargergrid capacity planting chailenge since the grith will rernain fesponsbie for beingthe DEL sise’s batk-up power
Supblicr. Relabiiny jssucs with l2igo onsets of non-tispatchabie resources heve afreddy created overational chailenges in

Califarnia, Hawail, and Sermany. Sucn experienced retianility chellenges are:.

¢ Thelosscf inertia and the lossof BaA®rating units used té conirpl trzpsient instablity deven by the: significant nan-
tontroildbls zencstion and jazk of sufficiant attention to ERSs—Hawaii.

St Pumped storsad 6Fers fast and e rampiing capshiities to the BPS; ivswaver,incié2ses In thiz= tashrinilagy is oy Nkebydhae to rang LRSTHERONS,
Fenniliing imitations, ang anvironmenta onacsiticn, Legs than 1 GW of purped storage cageoy o proiucied over the naxt 10 VEars,

EAC AR b 52 Ml i i H
intustry reperts melude iped by the e ia o
actaib Boged Sgikan Lisuts iy gy 24
SHNERC Essuntial Relablity Services 1ask +oree A Con 25t Paper on Bvienti! Relfiabiity e ¥iZes thay Tha: acverae Bulk Powses System Reliabilgy
Bl e it €O b B fremd i Citsk AR dmait O NG RAp FOTH SR Sk

' Reguigiory Impoct: Arolysis for the Proposed Carapn FPalfution Guideilres jor Existing Powser Pionts and Emission Sandards Yor ivindiied ang
Reconstructed Fower Plont: (Juns2014; anc supgorting i decumentaticn ang data.

“According tc EIA, closing ol Slarts will frive up-naturs: 785 prices by 150 percent ove 2052 fevels by 2040, this cost rise will cause slectricity
orlces 19 jump seven. péteant-by 2025 and 22 percent by 2040; Becawse riatura! 8as prises-are a key detensiinan: of wholessle electncity prices,
wihich in turn are 2 significant cemponen: of retail electricity pricos. Accordingly, the tases witiy the highesi delivorad natural gas prices also showe

the highes: retan elactricity prices, L TVET i,
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Refizbility Impacts Potentiahy Resudting [rom the TPP

e DERs only operate within frequency ranges that are in many cases close to nominal frequency and, therefore,
frequency and voltage ride-through capabilities are needed —=Germany.

»  increased wind and soiar levels that mandate increased ramping, load-following, and regulation capabitity—this
applies to both expected and unexpected nex load changes. This ftexibility will need to be.accounted for ir system
planning studies to ensure system reliability —California.

studies and Assessments Nesded to Support Reliability

The following assessments are needed to form a complete reliabiiity evaluation. Table 4 provides a list of the types of studies
and analysis that must be done.to demonstrate rellability, recognizing that the industry does not operate the grid without a
thorough and complete analysis.

Table 4. Study and Assessment Types Needed for a Compiets Reliability Evaluation

! Local Reliability Assessments Asua/Regionsi Rellability Assessments
e Specific generator retirement studies e  Resource adequacy
=  Specific generator interconnection-studies »  Power flow {regiona!)
1 & Specific generator operating parameters & Stability.and voltage security {regional)
s power flow {thermal, voltage) & Gasinterdependencies; pipeline constraints
»  Mtability and voltege security | e Operating reserves and -amping
s Dffsite power for nutlear facilities &  System restoration/biackstart
T = —— b _\I

impecty Resuirmg froms tne Changing Basouece Gl
Surmary ant Re"mmmensiatmm i

Coal Retirements and the Increased Reliance on Matural Gas for Electric Power: As the industry ralies more on naturai-
gas-fired capacity to meet electricity needs, tlose examination will be necessary to ensure risks have been fully Identified
and evaluated. Potential issues are most acute in areas where power generators rely on interruptible natural gas
pipeline transportation.

«  Further coardinated planning processes between the electric and gas sectors will be-needed to ensure a strong
and integroted partnership. Coordinoted planning processes should include considerations for pipeline
expansicn to meet.the increased refignce on noturgl gos for electric gengrotion —especiolly during the extreme
weather events fe.g., polar vortex}.

The Changing Resource Mix and Maintdining Essential Reliability Services: The proposed CPP provides states and
gevelopers additional incentives to rapidly expand their non-hydro renswable capacity to displace existing toa
generation. Resource adequacy assessrments do not fully capture the ERSs needed to reliably operate the BPS and are
generally limited to identifying supply and delivery risks.

«  ISO/RTOs, utiltties, and Regions, with NERC oversight, should analyze the impacts 1o ERSe in order to maintein
~eliabiiity. Additionally, system operators and ISO/RTOs need to deveicp oppropriate processes, tools, ond
operating practices to adequately address operational changes on the system.

«  NERC snould perform grid-level performance expectations developed from a technology-neutral perspective to
ensure LKS targeis are met,

« The development of technologies (such as electricity storage)} help support the relighitity objectives of the 8PS,
ond these technologies should be expedited to sipport variability ond uncerteinty on the BPS.

Increased Penetration of Distributed Energy Resources: A potential risk in additional DERs is the temporary
dispiacernent of utility-provided service. which could create additiona? pianning challenges, considering utilities must
att as a secondary supplier of electricity.
«  ISO/RTO: and sysiem pionners and operators should consider the market penetration of DERs and potential
reliability impocts due to the hmited visibility and controflability of these resources. '|

s,
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Conclusions

This rebort rapresents BERC's initial review of reliability concerns régardethe EPA’s gropased Clean Power Plan (CFP} under
Section 111{d of the Clean Al Act, Asthe CPPis fialized and imprementad, NERT will cevelop spacl refiability assessmeénts
in‘phasss. This inthal avdluation highights the underlying CPP assumptions and identifies a range of poteniial reliatility
impacts of the CPP on the BFS, it is NERC™ intertion that this docurient be usetias « platform by ind ustry stakeholgders and
poiicy makers to discuss technicaily sound information about the potential reliability impacts of the proposed CPP,

The Building Black assumptions i the EPA’s proposed CPP are critical to NERC's evaluation of the reliapiliy impacts, NERC
will provide independent assessrionts of the 8PS under 2 widz range of condinons the: refiact the implicatoas of the
aroposed piicy, veried rasolrce mixes, and ifp2Cts to transmission and will share the results with the industry and states
asthey develop their ins igmeniadon plans.,

Recommendztions

1, MERE should. tontinug 10 assess the raliebhilty Jmisications &7 the propésed CPP and provide intiepartient
evaiuations to stakchoiders and policy mukers,
The NERL:Board of Trustees endorsed a plan for the reviaw-and ascessment of the reliability impacte of the EPA

propsial &y its August 2014 Boerd meeting. The NERC Planning Lommitteashould lead 1ERC gng industry efforts i
fondurting the relisbiity assessments and seenario analyaes asidentified In this renort. NERE will worlk through its
staretioloer protess lo sohiad igustry input on assesiment approaches ahd assurnptions as furither specis)
assessiments and evaluations ara develoned,

2. Cotrdinated ragicsidi and multi-regionsi industry p!a_n'hing and analysis groups should immediately begir detaiizs

syster» avsluations to ldentibr-areas of oncern ond wosk in partnerzhip with pokicy rmahers 16 ensure thers is
ciear untlerstending of the compdey imtsrdependencies rasulting froms the ruis’s Implementwtion.
Given the potentis! reliability conicerns &f the EPA'SI 2020 proposes implénientetion date, NERC enuourages the
states ve begin operationa; and planning scenarfo studies, intluding rescuree agagualy, transmission adaquaey, and
dvhamic stabliity, to sssess econoimic and relizbility impacts. A number of studies andanalyses must be perfermed
e demonstrate reliabiflty, avd indusiey ravst ciosely coordinate whin the states to #Asire the S1Ps are sitgred with
what s tachnically achievable whhen the knowrn fme copstraints. Additionally, ndustry_shoud review sycten:
flexitsity and reliab?ﬁb;:m;ed; whilg afnizving the EPA's emission rediction goa's. As e result, Sfaies iat largaly rely
on fossii-fia! resourezt might need 1o make sigrificant changes to their powar systems te meet the EPA'srarget for
carbon redustions wiile waintiinmg 5yste-’n_réi.§'abilitv "

3. Hihe BRVironIental.goals are bu D goinevad, policy makers onzd the £28 siowld considera move timely approach
thataddresses Bes religbility coneerns ang infrastruchire devloyrments. -
NERC Relieb.bity Stanoards and Regions) Eatily enteris must be net.ar ali rmeyio enstire feiiskic opgatior and
gigniing of the BPS; Based on KERC's injtial review, more time would be neaded in certain aress 10 ensure resource
adequacy. rliabilit: requiremesits, and infrastructure needs are maintsired. The EPA, FERC the DO, ann stats
utiiity reguldors should consider iheir-regulatery authoricy to make tming adjustmenis.and to grart sxtensions to
preserve BPS rai-_ia'hi{ity. MERC supports policies rhat intludea rél:abiity assurgnce mechazism o Manige srmerging
ang lnpending risks to the BPS, ard urges policy makers and the EPa to ensure tiat a flexible and cifoctive seaability
assurance mechanismvis included inthe rule's implementation,
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Appendix DD:

AEP: Transmission Challenges with
the EPA Clean Power Plan
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Appendix EE:

Attorneys General Omission of Data
Section 307 Letter
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August 25, 2014
Via Certified Mail and Regulations.gov
The Honorable Gina McCarthy
Administrator

U.S. Environment Protection Agency
William Jefferson Clinton Building
1200 Pennsylvania Ave., N.W.
Washington, DC 20460

Re: Request for Withdrawal (EPA-HQ-OAR-2013-0602 and
EPA-HQ-OAR-2013-0603)

Dear Administrator McCarthy:

This letter concerns the failure of the Environmental Protection Agency (“EPA™) to
include required and critical information in the regulatory dockets of two recent proposed rules:
the Carbon Pollution Emission Guidelines for Existing Stationary Sources: Electric Utility
Generating Units (“Existing Source Rule”)! and the Carbon Pollution Standards for Modified
and Reconstructed Stationary Sources: Electric Utility Generating Units (“Modified Sources
Rule™)? (together, “Proposed Rules”). By failing to include in the dockets key materials on
which the agency relies as support for the Proposed Rules, EPA has violated Section 307(d) of
the Clean Air Act (“CAA”) (codified at 42 U.S.C. § 7607(d)). Both the Existing Source Rule
and the Modified Sources Rule must thus be withdrawn.

Section 307(d) of the CAA imposes certain mandatory requirements for all proposed
rules, which reflect Congress’s judgment that information on which a proposed rule is based
must be made available to the public at the time of proposal to ensure meaningful comment and
sound rulemaking. Upon publication, a proposal must include a “statement of basis and purpose
. . . [which] shall include a summary of . . . the factual data on which the proposed rule is
based[,] . . . the methodology used in obtaining the data and in analyzing the data[,] and . . . the
major legal interpretations and policy considerations underlying the proposed rule.” 42 U.S.C.
§ 7607(d). Section 307(d) further requires that “/a]ll data, information, and documents . . . on

179 Fed. Reg. 34,830 (June 18, 2014).
279 Fed. Reg. 34,960 (June 18, 2014).
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which the proposed rule relies shall be included in the docket on the date of publication of the
proposed rule.” Id. (emphases added). These docketing requirements are nondiscretionary. See
Union Oil Co. v. EPA, 821 F.2d 678, 681-82 (D.C. Cir. 1987). Finalizing a rule without
providing parties with the technical information necessary for meaningful comment renders the
final rule unlawful. See Conn. Light & Power Co. v. Nuclear Regulatory Comm’n, 673 F.2d 525,
530-31 (D.C. Cir. 1982). Nor can the problem be cured by late docketing of the required data, as
such late docketing does not permit the public with sufficient time for meaningful review and
comment. See Small Refiner Lead Phase-Down Task Force v. U.S.E.P.A., 705 F.2d 506, 540
(D.C. Cir. 1983); Sierra Club v. Costle, 657 F.2d 298, 398 (D.C. Cir. 1981).

In the Existing Source Rule and the Modified Sources Rule, EPA has repeatedly violated
Section 307’s unambiguous requirements:

In the Existing Source Rule, EPA omitted from the docket 84% of the modeling runs on
which it relied in crafting the proposed Rule, without which the States and the public cannot
comment meaningfully on the proposal. Specifically, the docket does not include 21 out of 25 of
the Integrated Planning Model modeling runs that the agency used to justify the standards
imposed by the Rule. The missing modeling runs cover projections for 2016, 2018, 2020, 2025
and 2030. This information is critical to assessing EPA’s claims that States and industry will be
able to comply with the four “building blocks™ in the proposed Existing Source Rule. The States
need the modeling run data for sufficient analysis of what that data shows on a unit by unit and
state by staie basis.

Similarly, EPA failed to include in the Existing Source Rule’s docket vital net heat rate
and emissions data, which are central to EPA’s assertion that existing power plants are able to
achieve a four to six percent heat rate improvement under EPA’s first “building block.” For
example, EPA claims in the proposed Existing Source Rule to have reviewed its database of
existing coal-fired units and found 16 facilities that have achieved heat rate improvements of
three to eight percent “year-to-year,” but it does not include any supporting data. Without the
“vear-to-year” data showing that facilities can comply with the four to six percent heat rate
improvement, the States and the public cannot meaningfully comment on the achievability of
EPA'’s heat rate projections.

In the Modified Sources Rule, EPA has completely failed to include any technical
information to support its proposed standard for modified Subpart Da units or for the proposed
standards for either modified or reconstructed Subpart KKKK units. For instance, the preamble
to the Modified Source Rule references a technical support document, “Standard of Performance
of Natural Gas-Fired Combustion Turbines,” which it savs is available in the docket. See 79
Fed. Reg. at 34,990 n.94. But that document is not available on the docket. Without such
missing data and related materials, States and the public cannot properly determine the basis on
which EPA claims that these emission standards are achievable and reasonable.

* EPA, GHG Abatement Measures, Technical Support Document (“TSD”) for Carbon Pollution Guidelines Jfor
Existing Power Plants: Emission Guidelines for Greenhouse Gas Emissions from Existing Stationary Sources:
Electric Generating Units, at 2-32 (EPA-HQ-2013-0602) (June 10, 2014).



The Honorable Gina McCarthy
August 25, 2014
Page 3

All told, the missing information unquestionably constitutes “data, information and
documents,” and likely contains “policy considerations underlying the proposed rule” that should
have been in the rulemaking dockets from the beginning, according to Section 307(d). Deprived
of this missing information, the notices of proposed rulemaking published on June 18 “fail[ed] to
provide an accurate picture of the reasoning that has led [EPA] to the proposed rule.” Conn.
Light, 673 F.2d at 530. This is particularly problematic where, as here, the proposals seek to
overhaul the existing electric generating sector on an unprecedented scale. See Maryland v.
E.P.A., 530 F.2d 215, 222 (4th Cir. 1975) (vacating rule due to EPA’s failure to comply with
notice and comment requirements, emphasizing the “drastic impact” that compliance with rule
would have), vacated on other grounds, 431 U.S. 99 (1977).

In light of these clear violations of Section 307, EPA should withdraw the Existing
Source Rule and the Modified Sources Rule immediately. With regard to the proposed Existing
Source Rule, that Rule is wholly unlawful on other grounds and therefore may not be re-
proposed at all, even if EPA were to compile the data and documents required by Section 307.
See Letter from Patrick Morrisey, Attorney General of West Virginia, to Gina McCarthy,
Administrator, EPA (June 6, 2014); State of West Virginia, et al. v. EPA, No. 14-1146 {D.C.
Cir.); In re Murray Energy Corporation, No. 14-1112 (D.C. Cir.). As to the proposed Modified
Sources Rule, the comment deadline on that rule is October 16, 2014 and is thus fast
approaching. The undersigned States therefore request that if EPA wishes to press forward with
the Modified Sources Rule, EPA should withdraw that Rule and re-propose it with all the
supporting documents and data required by Section 307. EPA should then provide 120 days
from the re-proposal date to provide sufficient time for States and the public to review and
comment. Alternatively, EPA should—at a minimum—publish the missing data immediately
and then extend the comment period 120 days from the date of such publication.

Sincerely,

;WJW ;'FEW’? g J ( ( (2 0] /ﬁg)——‘

Patrick Morrisey Jon Bruning

West Virginia Attorney General Nebraska Attorney General
SSdl e
E. Scott Pruitt Luther Strange

Oklahoma Attorney General Alabama Attorney General
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Alan Wilson

Gregory F. Zoeller
gory South Carolina Attorney General

Indiana Attorney General
Dt Shutf T
Derek Schmidt Marty J. Jackley
Kansas Attorney General South Dakota Attorney General
James D. “Buddy” Caldwell Peter K. Michael
Louisiana Attorney General Wyoming Attorney General
S
Tim Fox
Montana Attorney General

Wayne Stenehjem
North Dakota Attorney General

\

"'}”‘n-fi- A

Mike DeWine
Ohio Attorney General
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