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Foreword

The Navajo Generating Station & Federal Resource Planning report is part of a special
collaboration between the U.S. Bureau of Reclamation and the National Renewable Energy
Laboratory (NREL) on issues affecting the Navajo Generating Station (NGS). On January 4,
2013, the Department of the Interior, Department of Energy, and the Environmental Protection
Agency formed a working group and released a Joint Federal Agency Statement that committed
to a broad set of long-term goals for “producing clean, affordable, and reliable power, affordable
and sustainable water supplies, and sustainable economic development, while minimizing
negative impacts on those who currently obtain significant benefits from NGS, including tribal
nations.” A key action item was to

[w]ork with stakeholders to develop a Navajo Generating Station roadmap. The NGS
Working Group intends to work with stakeholders, including NGS plant owners, Navajo
Nation, Hopi Tribe, CAP, Gila River Indian Community and other Arizona Indian tribes
who receive water from CAP, non-Indian CAP water users, and environmental and
community groups, to develop a roadmap for accomplishing the goals described above.
The roadmap should include action recommendations and initial steps to begin
implementing key recommendations. It should be consistent with Federal trust
responsibilities to federally recognized Indian tribes in the region.’

On July 25, 2013, an agreement was reached among a Technical Working Group (TWG) that
comprised key stakeholders organized to address various issues associated with continued
operations of NGS. The TWG Agreement contained a number of federal commitments including
the completion of a comprehensive study by NREL to identify low-emitting energy alternatives
to replace the federal shares in NGS.

The Department of Interior delegated Reclamation the responsibility to implement the TWG
Agreement commitments. Reclamation initiated a stakeholder process to scope the NREL study,
develop funding agreements to provide clean energy development technical assistance with
several Arizona NGS affected tribes, and contract the services of NREL.

Volume One: Sectoral, Technical, and Economic Trends is the first of two volumes of the NREL
Study. Reclamation acknowledges the invaluable contribution of the authors and co-authors
assembled to complete this volume. The NGS roadmap and associated federal decisions will be
substantially informed by this effort.

Kevin Black, Sr.

Energy Development Program Manager

Navajo Generating Station Post-2019 Operations Project
U.S. Bureau of Reclamation

! Department of the Interior, Department of Energy, and Environmental Protection Agency, “Joint Federal Agency
Statement Regarding Navajo Generating Station,” January 4, 2013, 2.
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Acronyms and Abbreviations

AC
ACS-PUMS

APS
ATB
AWSA
BA
BEA
BSER
Btu
CAISO
CAP
CEC
CGE
CO;
CPP
CPUC
CRSS
CSP
DC
DOE
DOI
EIA
EIM
EIS
EPA
EPE
FIP
GHG
GW
GWh
10U
IRP
ITC
kV
kW
kWh
LADWP
LBNL
LCOE
LMP
maf
mmBtu
MW
MWh

alternating current

U.S. Census Bureau’s American Community Survey Public Use
Microdata Sample

Arizona Public Service Company
Annual Technology Baseline

Arizona Water Settlements Act
balancing authority

U.S. Bureau of Economic Analysis

best system of emission reduction
British thermal unit

California Independent System Operator
Central Arizona Project

California Energy Commission
computable general equilibrium (model)
carbon dioxide

Clean Power Plan

California Public Utilities Commission
Colorado River Simulation System
concentrating solar power

direct current

U.S. Department of Energy

U.S. Department of the Interior

U.S. Energy Information Administration
energy imbalance market

environmental impact statement

U.S. Environmental Protection Agency
El Paso Electric

federal implementation plan

greenhouse gas

gigawatt

gigawatt-hour

investor-owned utility

integrated resource plan

investment tax credit

kilovolt

kilowatt

kilowatt-hour

Los Angeles Department of Water and Power
Lawrence Berkeley National Laboratory
levelized cost of energy

locational marginal price

million acre-feet

million British thermal units

megawatt

megawatt-hour
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NEMS National Energy Modeling System

NEPA National Environmental Policy Act

NERC North American Electric Reliability Corporation

NGCC natural gas combined cycle

NGCT natural gas combustion turbine

NGS Navajo Generating Station

NOx nitrogen oxide

NREL National Renewable Energy Laboratory

0&M operations and maintenance

PG&E Pacific Gas & Electric

PNM Public Service Company of New Mexico

PPA power purchase agreement

PTC production tax credit

PV photovoltaic

REC renewable energy credit

RPM Resource Planning Model

RPS renewable portfolio standard

RTO regional transmission organization

SAM System Advisor Model

SCE Southern California Edison

SCED security-constrained economic dispatch

SCR selective catalytic reduction

SDG&E San Diego Gas & Electric

SMUD Sacramento Municipal Utility District

SRP Salt River Project

TEP Tucson Electric Power

TEPPC Transmission Expansions Planning and Policy Committee (Western
Electricity Coordinating Council)

TRG Techno-Resource Group

™ terawatt

TWG Technical Working Group

TWh terawatt-hour

WAPA Western Area Power Administration

WECC Western Electricity Coordinating Council

WGA Western Governors’ Association

WWSIS Western Wind and Solar Integration Study
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Executive Summary

This study for the U.S. Bureau of Reclamation examines conditions in the electricity sector that
are likely to affect federal decisions with respect to Navajo Generating Station (NGS), the largest
coal-fired power plant operating in the western United States. The federal government owns
24.3% of the 2.25-gigawatt plant, which amounts to 547 megawatts (MW) of capacity.>

While each of the plant’s four utility partners includes its share of NGS in its individual
integrated resource plan (IRP), neither Reclamation nor the U.S. Department of the Interior
(DOI) have conducted comparable planning for the federal share of the plant and the load it
supplies. The purpose of this study is to provide Reclamation and DOI with an objective analysis
similar to that contained in an IRP, but independent of the utility partners’ IRPs. By focusing on
the unique public interests that depend on the federal share of NGS, this baseline study can help
the federal government develop a road map for meeting all of its goals with respect to water
delivery, clean energy, emission reduction, and economic development.

There is no recommendation for action in this report. Rather, its aim is to provide a credible,
thorough description of baseline conditions that might affect federal decisions regarding NGS. It
describes facts and trends embedded in current data, but there are no conclusions about how
Reclamation or DOI should respond to the trends. The interdependencies among the many
sectoral trends and federal goals are complex, and the aim of this study is to provide a foundation
from which options can be tested in a deliberate manner.

The next volume of this study will examine a number of plausible clean energy options—or
“glide paths”—in greater depth. A glide path refers to a staged transition from NGS to other
sources of electricity that have fewer emissions. The glide path approach has additional
flexibility to minimize economic disruption to operations of the Central Arizona Project (CAP),
Arizona Indian tribes, and other interests that currently depend on the federal government’s share
of NGS.

This study begins with an analysis of costs that are likely to affect the economics of any NGS
transition strategy, including the capital cost of renewable technologies, natural gas prices, and
wholesale power prices. The study then reviews important structural changes that are happening
throughout the electricity sector, including responses to public policy. The cost analysis and
sectoral trends then feed into two types of power system models: one simulating trends that
influence decisions to add new generating capacity; and one simulating economic dispatch of the
Western grid.

The report concludes with two companion analyses. One applies a computable general
equilibrium model to evaluate the macroeconomic impact of reducing NGS from its current
three-unit operation to two-unit operation, currently planned for 2019. The other special analysis
examines the potential impact of climate change—specifically, how extreme drought might
affect power sector operations in the Southwest, and what these impacts might mean for federal
decisions regarding NGS.

2 Four electric utilities—Salt River Project, Arizona Public Service Company, NV Energy, and Tucson Electric
Power (TEP)—own the remaining shares of the 2.25-gigawatt (GW) plant.
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Cost Trends
Economic Competitiveness of NGS

Electricity produced at NGS is currently more expensive than electricity purchased on the
wholesale spot market. Price trends examined in this analysis suggest a turnaround might be
years away, especially if natural gas prices remain low.

Enhanced recovery methods have helped to keep natural gas supplies high and prices low since
2015.3 This has affected wholesale power prices throughout the West. Peak-period electricity
prices at the Mead Hub, the electricity trading point nearest to NGS, averaged around $32 per
megawatt-hour (MWh) for 2015, which was 33% below the average for 2014.* Data for the first
half of 2016 indicated a further 22% slide compared to the first half of 2015. In comparison, the
all-in cost of NGS energy for CAP pumping is currently about $38/MWh, based on budget
projections by the Central Arizona Water Conservation District.’

Even if all other components of this cost remain unchanged after adjusting for inflation, two
future hikes in NGS costs are likely: an increase of nearly $3/MWh after 2019, when a new NGS
site lease agreement with the Navajo Nation is scheduled to take effect, and an estimated
$9.84/MWh increase in 2030 related to the installation of new NOx controls.® Allowing for
increasing coal prices consistent with modeling forecasts by the Energy Information
Administration (EIA), these two changes would bring NGS costs to between $39/MWh and
$41/MWh in 2020, and between $48/MWh and $53/MWh in 2030 (all in 2015 dollars). The
midpoints of the NGS cost projections are shown by the black line in Figure ES-1.

The shaded area in Figure ES-1 shows the plausible range of future peak-period wholesale power
prices at the Mead Hub. The lower bound of the range assumes that natural gas prices continue to
be low, using EIA forecasts that assume high levels of oil and natural gas recovery. The upper
bound assumes higher natural gas prices as modeled in EIA’s reference case as of late 2016. The
projections suggest that NGS could remain more expensive than power purchased at market
prices—at least until 2018 if natural gas prices increase and possibly until 2025 if prices for
natural gas and wholesale power remain low.

3 EIA, “Use of natural gas for power generation hits record highs,” news release, August 4, 2016,
http://www.eia.gov/naturalgas/weekly/archive/2016/08 04/index.cfm.

4 At the California Independent System Operator’s MEADS 2 N101 node, annual average price for peak-hour
deliveries (day-ahead purchases). Peak hours are 6 a.m. to 9 p.m. Monday through Saturday, except for holidays.
Prices during off-peak hours are typically $3/MWh to $4/MWh lower than peak period prices for the same week,
based on data for 2015 and the first half of 2016. SNL Energy, database of wholesale power prices.

5 CAP, 2016-17 Biennial Budget (Phoenix: Central Arizona Project, 2015), http://www.cap-
az.com/documents/departments/finance/2016_2017-Biennial-Approved-Budget.pdf. As operator of CAP, the
Central Arizona Water Conservation District is the largest consumer of power from the federal share of NGS.

¢ Because of the time required to design and build the selective catalytic reduction (SCR) modifications, we assume
SCR-related costs begin in 2026 and gradually increase to $9.84/MWh in 2030.
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Figure ES-1. Projections for NGS generation costs, Mead Hub peak power prices

These trends mean that the ability to sell surplus power from the federal share of NGS on the
wholesale market is uncertain and will likely remain so for a period of time that will be
determined by natural gas prices.’
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Figure ES-2. Monthly spark spreads based on historical prices at the Mead Hub

New Natural Gas Capacity

The same market conditions that cast uncertainty over the ability to sell NGS surplus power also
add to the economic risk of building a new natural gas combined cycle (NGCC) generator. This

analysis calculates that a new, highly efficient NGCC operating at a 70% capacity factor would

need to clear $24/MWh in net revenues to recover its capital costs. In recent years, however, the
margin between wholesale power prices and variable operating costs has not been that large.

7 About 15% of federal generation capacity that is available for surplus is dedicated to Salt River Project under a
special long-term contract that is independent of the market trends summarized in this section.
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Figure ES-2 illustrates the spark spread analysis used in this study to test the economics of
building a new highly efficient NGCC. A spark spread is the real-time difference between the
market prices for power that prevail during the operating hour and the generator’s variable cost
of operation (generally, a function of the generator’s heat rate and the price of fuel, with a mark-
up for variable operating costs besides fuel).® At no time since 2012 has the spark spread reached
the $24/MWh benchmark for capital cost recovery.’

$100 -
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$/MWh S50 - I benchmark range, new NGCC
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2015 2020 2025 2030

Figure ES-3. Range of projected LCOE for utility-scale solar in Arizona, 2015-20301°

For consistency over time, the solar LCOE calculation does not include the investment tax credit, and
does not account for potential curtailment.

New Renewables

Even though wholesale power prices have been low, the costs of utility-scale solar and wind
power have continued to decline. Arizona has some of the most productive solar resource
potential in the United States, which significantly improves the amount of energy generated for
every dollar of capital investment. Figure ES-3 shows cost trends for utility-scale solar
photovoltaic (PV) plants in Arizona, expressed as the levelized cost of energy (LCOE),
compared to the all-in cost of a newly built NGCC.!!

Nevertheless, while well-sited utility-scale solar and wind are trending toward a general cost
balance with new NGCC, the cost of producing electricity at existing natural gas generators is at
this time economically superior to new capacity of any type, as indicated by low wholesale
power prices. However, state renewable energy requirements continue to push new development
of solar, wind, and geothermal generation.

8 This analysis also tests a “clean” spark spread, which adds the cost of procuring emission allowances. A clean
spark spread more fully measures the economics of supplying electricity to California, where emission costs are
effectively a component of a generator’s variable operating cost.

% Low wholesale power prices and the resulting spark spread would not necessarily limit the ability of a regulated
utility to build a new generator and recover the capital costs directly through customer rates. Approval for cost
recovery would be decided by the utility’s regulator.

19 Nate Blair, Karlynn Cory, Maureen Hand, Linda Parkhill, Bethany Speer, Tyler Stehly, David Feldman, Eric
Lantz, Chad Augustine, Craig Turchi, and Patrick O’Connor, Annual Technology Baseline Supporting Data
(Golden, CO: National Renewable Energy Laboratory, 2015),

http://www.nrel.gov/analysis/data_tech baseline.html. An update to this analysis was released in late 2016. See
Chapter 2 for a discussion of the 2016 updates.

1 Ibid.
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Figure ES-4. Changing generation mix in the Desert Southwest'?

Sectoral Trends
Less Reliance on Coal

The Desert Southwest electric reliability area—Arizona, southern Nevada, and western New
Mexico—relies less on coal and more on natural gas and renewables for generating electricity
than it did two decades ago.'? Low natural gas prices since 2015 have accelerated this trend in
recent months, but Figure ES-4 shows that the transition has in fact been persistent since 2001.
This trend is also occurring throughout the Western Interconnection and nationwide.

Less Reliance on Large Generators

In 2000, more than half of all electric generation in the Southwest came from plants that were
larger than 2 GW in capacity. In addition to NGS, this group of plants included Hoover Dam and
the Palo Verde Nuclear Generating Station. Even with the addition of the 2.2-GW Gila River
Project in 2003, the share of generation coming from plants larger than 2 GW has fallen to
around 30% today. Excluding renewables, which tend to be smaller and more dispersed,
Arizona’s electric generation picture is about 20% less concentrated today than it was in 200
These trends suggest that very large central station generators are not as dominant as they were
two to four decades ago.

1'14

12 «“EJA Form EIA-860 detailed data”; “Form EIA-923 detailed data,” https://www.eia.gov/electricity/data/eia923/.
13 The Desert Southwest subregion is part of the Western Electricity Coordinating Council (WECC), the reliability
entity responsible for the Western Interconnection.

14 Chapter 3 explains the analytical methodology used to measure generator concentration.
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Figure ES-5. Utilities participating in the energy imbalance market

Map source: California Independent System Operator

Greater Coordination Among Utilities

Not only is the West’s generation fleet becoming less concentrated and more dispersed, but it is
also becoming more coordinated operationally. Four major utilities outside California—
including APS and NV Energy, which own shares of NGS—have joined an energy imbalance
market (EIM) operated by the California Independent System Operator. Two more utilities have
announced plans to join in the near future. Figure ES-5 maps the utilities in the West that are
participating in the EIM.

While a regional transmission organization (RTO) manages a wide range of wholesale operations
under an integrated market, an EIM is more limited. Its primary function is to resolve real-time
imbalances between actual load and scheduled generation. Combining imbalances across several
control areas tends to reduce the net imbalance that all control areas have to correct, provides
access to a larger roster of flexible resources to address the net imbalance, and reduces the cost
of managing larger amounts of wind and solar generation. For federal decisions related to NGS,
an expanded EIM (as well as other movements toward regional coordination) could:

e Reduce the ability to sell surplus power from NGS, because non-coal alternatives such as
renewables and natural gas generation are likely to become more cost competitive and
easier to manage

e Favor NGS transition strategies that provide operational flexibility

e Increase the feasibility and the advantages of a multi-resource strategy for procuring CAP
pumping power (in contrast to relying on a single resource such as NGS).
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Regional Utility Planning Outlook

Utilities in Arizona, Nevada, and California are planning for futures with less coal generation on
the grid. NGS itself is scheduled to reduce operations by about one-third beginning in 2019. In
addition,

e Three of the five coal-fired units at Four Corners Generating Station (also on the Navajo
Reservation) retired in 2015, reducing the plant’s operating capacity to 1.5 GW from its
previous 2.1 GW.

e NV Energy retired three units at its 550-MW Reid Gardner coal plant in 2014 and plans
to retire the last one in 2017.1°

e One of the four units at the Cholla plant (just south of the Navajo and Hopi Reservations
in Arizona) retired in 2015; APS and PacifiCorp have announced plans to discontinue
burning coal at the remaining units sometime after 2020. '

e TEP discontinued burning coal at its dual-fuel H. Wilson Sundt Unit 2 in 2015 and is
now running the 156-MW unit on natural gas.
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Figure ES-6. Arizona utilities’ existing and planned renewable capacity through 2025

Figure ES-6, which is derived from utility planning documents as detailed in Chapter 3, shows
that most Arizona utilities expect solar resources to constitute the majority of the new capacity
used to comply with 2025 renewable portfolio standard (RPS) requirements, followed by
geothermal and wind. Utilities throughout the Southwest have indicated plans to add some 7 GW
of new generating capacity over the course of their planning cycles, mostly natural gas and
renewables.

SNV Energy, “NV Energy Secks Approval for Renewable Energy Project and Earlier Retirement of Coal
Generation,” press release, August 15, 2016.

16 Arizona Public Service Company, 2014 Integrated Resource Plan (executive summary), regulatory filing, Nov. 7,
2014, https://www.aps.com/en/ourcompany/ratesregulationsresources/resourceplanning/Pages/resource-
planning.aspx; PacifiCorp, 2015 Integrated Resource Plan Update, regulatory filing, March 31, 2016,
http://www.pacificorp.com/es/irp.html.
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Carbon Policies

As of this writing, the U.S. Environmental Protection Agency’s (EPA’s) rule for reducing carbon
emissions from existing power plants has been stayed by the U.S. Supreme Court pending review
by the District of Columbia Court of Appeals. NGS would be controlled by the rule’s 2030 goal
for the Navajo Nation rather than the goal for Arizona, and the Navajo Nation is on track to meet
its goal 10 years early once operations at NGS are reduced. Table ES-1 shows the carbon
emission targets for the Navajo Nation and the State of Arizona under the Clean Power Plan
(CPP); Figure ES-7 shows where the Navajo Nation’s carbon emissions are likely to be in 2020
after reducing operations at NGS.

The Navajo Nation and the Hopi Tribe could be affected indirectly by how Arizona, California,
and Nevada comply with carbon reduction goals. Because the Tribes are unlikely to have any
further carbon reduction requirement, any renewable resources developed on their land for sale
to a utility would most likely be eligible to count toward the CPP goal of the purchasing utility’s
state. This will depend on carbon trading rules and on the ability of renewable projects sited in
Indian Country to compete with projects built elsewhere.

Table ES-1. Carbon Emission Goals for Navajo Nation and Arizona

Navajo Nation Arizona
tons Ib/MWh tons Ib/MWh
2012 (historic) 29,629,453 2,123 40,465,035 1,552
2020 projection
without CPP 20,464,699 2,124 39,511,785 1,409
21,700,587 30,170,750
2030 goal (22,955.804%) 1305 (32,380,196%) 1031

*These alternative mass-based goals include a complement for emissions from new sources. Any existing
coal-fired generators that are re-powered to use natural gas as a fuel would be treated as a new source
by EPA, and would therefore be subject to new-source emission standards and not to the CPP.

40 Four Corners NGS
1,2,and 3 reduced
retired operation
30 \ /
Million \ / .
tons CO, 20 / m Navajo
\ m Four Corners
10 \
0 T T T
2005 2010 2015 2020 proj.

Figure ES-7. CO, emissions from existing Navajo Nation generators
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Modeling Trends

The baseline analysis includes two types of power system modeling:

e (Capacity expansion modeling, which simulates decisions to build new generators in
future years

e Production cost modeling, which simulates the economically optimal dispatch of
generators on the grid during a test year.

Both modeling tasks began by replicating the western grid under conditions likely to prevail in
2024, including known generator retirements, transmission projects currently under construction,
load growth as currently forecasted by utilities. Detailed parameters for generators and
transmission lines were the same used by the Western Electricity Coordinating Council (WECC)
and numerous utilities in the West for their own system modeling. Holding these baseline
conditions constant, the models varied only the utilization of NGS to see how the rest of the grid
would respond. The central scenario in both modeling studies simulated reduced operation at
NGS to two-unit operation rather than continuing to operate all three 750-MW units. This is
consistent with the federal implementation plan adopted by EPA for NOx reduction at NGS
beginning in 2019. Other scenarios tested the effect of continued operation at all three units,
complete plant closure, and complete plant closure in 2030. Some sensitivity scenarios were also
run assuming high natural gas prices.

Capacity Expansion Modeling

The capacity expansion modeling suggests that reduced operation at NGS appears to have little
effect on the market fundamentals driving new generator investments in WECC. Even when
simulating full NGS retirement in 2019, trends for adding new capacity did not change
significantly.

A number of regions of WECC appear to have generating capacity well in excess of peak reserve
margin requirements, which could persist at least in the short term. Large reserve margins
dampen the economic need to build new generation capacity. In these circumstances, load
growth and the retirement of old generators tend to result in more use of existing capacity, rather
than the construction of new capacity.

Simulations of new capacity additions also indicate that:

e The generation mix will likely continue its shift from coal to natural gas, although the
prevailing price of natural gas could affect the speed of this change.

e Sustained high prices for natural gas could yield greater reliance on new renewable
resources for latter-year expansion (around 2030).

e Future carbon policies (whatever form they may take) could accelerate the switch from
coal to natural gas.

e New renewable capacity deployment appears to be driven largely by state RPS targets.

NGS retirement tends to shift some renewable capacity additions from new wind to new solar
generation in 2030. This is due to solar’s hourly correlation with load, its contribution to meeting
peak demand, and its effect on the need for firm capacity in 2030 if NGS were completely retired
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in 2020.'7 Overall, however, NGS retirement shows little effect on the total amount of renewable
electricity produced.

Only high natural gas prices significantly influence capacity expansion results: high prices tend
to increase the use of renewable technologies by 2030, especially if all three units retire in 2020.
Results suggest that high natural gas prices and full NGS retirement in 2020 could result in net
renewable capacity additions of nearly 3,000 MW across WECC by 2030, including 1,200 MW
in the Southwest focus region. This would exceed what is currently required under RPS targets.
Overall, high natural gas prices appear to have a stronger influence on renewable energy
expansion than does NGS retirement.

Production Cost Modeling

Production cost modeling results suggest that while a shutdown by itself could increase the
average per-megawatt-hour cost of producing electricity by 2.7% in the Southwest focus area,
high natural gas prices resulted in cost increases 10 times as great.'® Thus even a complete
shutdown of NGS tends to be overshadowed by the potential impact of higher natural gas prices.

The average capacity factor of NGCCs in the Southwest focus region would likely increase
under any retirement scenario, but would still remain below the average for all of WECC. This is
consistent with results from capacity expansion modeling, which found that high reserve margins
and low utilization of existing NGCC capacity dampen the need to build new generation to
replace NGS.

One effect of reducing production at NGS is a reduction in exports from the Southwest focus
region to California. This reduces the total cost of production (and, consequently, generator
revenues) within the focus region. It does not, however, significantly change the average cost of
production that stays within the region.

For the rest of WECC, the change in net generation is consistent across all NGS retirement
scenarios. One notable trend, however, is in the use of natural gas generation when fuel prices
are high. The use of natural gas tends to shift from the Southwest to other parts of WECC under
high natural gas prices. This could indicate that the West’s most efficient NGCC plants are
located outside the Southwest.'® Higher natural gas prices would tend to favor running the most
efficient plants, all other conditions held unchanged.

Implications for Federal Decisions Related to NGS

The formal modeling done here (capacity expansion modeling and production cost modeling)
suggests that an NGS transitional glide path may benefit from a diverse portfolio of generation

17 PV and CSP share these characteristics.

18 Modeled natural gas prices were based on three forecast scenarios used in EIA’s 2015 Annual Energy Outlook.
Low natural gas prices are from a scenario using assumptions that result in higher estimates of recoverable supplies
(such as closer spacing between wells and additional improvements in recovery technology), with large supply
correlated to low prices. Another scenario with assumptions that reduce the supply of natural gas results in high
prices. EIA’s reference scenario was used for midrange price forecasts.

19 Ambient air temperature affects the operating efficiency of a thermal generator. Arizona’s climate could be a
factor that contributes to making thermal generators in the north somewhat more efficient during the summer.
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resources. Attempting a megawatt-for-megawatt replacement of NGS with one new plant may
constitute a path that would conflict with underlying market trends.

Natural gas generation will likely play some part in an NGS glide path strategy. What is
uncertain is whether market conditions would support building a new NGCC plant rather than
increasing the utilization of existing plants. Capacity expansion modeling suggests not;
production cost modeling also suggests redispatching existing plants could accommodate the
entire range of NGS scenarios with local per-megawatt-hour generation cost increases no greater
than 2.7%.

The capacity expansion modeling also suggests that solar PV could be an important strategic
element of an NGS glide path. Reducing the use of NGS seems to increase the relative cost
effectiveness of solar in the Southwest focus area, such that on a West-wide basis the demand for
new renewables tends to change in profile: less wind outside the Southwest, and more solar in
the Southwest. One key variable will likely be the future cost of utility-scale PV. If costs
continue to fall as they have over the past three years, the economic momentum toward PV will
be even greater than represented in the modeling conducted for this analysis.

Macroeconomic Impacts

County-level computable general equilibrium (CGE) analysis indicates that shutting down one
generating unit at the NGS station would have a measurably greater impact on Native American
populations in northeastern Arizona than on other household groups. Some decreases in
employment, household income, and government revenue could affect all regions, but the size of
the Arizona economy and labor force makes these changes small at the state level compared to
the impact on Coconino, Navajo, and Apache counties.

Decreases in household income are most significant in relatively high-income Native American
households (incomes between $75,000 and $92,000 per year). This segment of the population in
Coconino, Navajo, and Apache counties loses about 6% of its income when NGS operations are
cut from three units to two units. Among everyone else in these three counties starting at this
same income bracket, the reduction in income is one-tenth the magnitude. This reflects the loss
of relatively high paying jobs that are held by Native Americans at NGS and the Kayenta Mine.
In Coconino County, the decline in household income for all Native American households is
about 2%; it is nearly 2.5% in Navajo and Apache counties. In dollars, the annual decreases
amount to nearly $10 million and $22 million, respectively.

Extreme Drought

Power sector modeling often tests the resilience of the grid to rare, extreme contingency events.
In the Southwest, one such possible event is an extended drought in which Colorado River Basin
flows leave reservoir levels too low for power generation at Hoover Dam and Glen Canyon Dam.
Hydrological modeling conducted by the U.S. Bureau of Reclamation, which manages the
Colorado River Basin, indicates that such a drought is improbable but plausible. This extreme
drought scenario could affect federal decisions in at least two ways. First, the loss of federal
hydropower could create a need for replacement electricity supplies, a contingency that could be
included in the federal government’s NGS-related decisions. Second, it suggests the need to
examine NGS glide path options with respect to their ability to cushion the system-wide impact
of extreme drought.
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Solar glide path

700 MW of utility-scale PV spread
among points A, B, C, and D

Expanded wind glide path

1,000 MW of wind at point E, 500
MW of wind at point B
700 MW of utility-scale PV spread
among points B, C, and D

250 MW of natural gas at B

Moenkopi glide path (point B)
500 MW of wind
500 MW of PV
750 MW of natural gas

Figure ES-8. Glide paths tested in the analysis of extreme drought

Map data: SNL Energy, ESRI. Red lines indicate transmission associated with NGS. Blue line indicates
the proposed SunZia transmission project. Black lines indicate all other major transmission.

This analysis used production cost modeling to simulate the effects. All else held constant, an
extreme drought that eliminates Hoover Dam and Glen Canyon Dam from the region’s electric
generation fleet could increase the cost of generating electricity by 1.3% for the entire Western
Interconnection. The effect would likely be more pronounced in Arizona, where modeling results
suggested a reduction in electricity exports and higher average cost of generation. If no other
resources are added to the system, extreme drought would tend to promote greater reliance on
Arizona’s remaining coal and NGCC generators. The increase in coal utilization due to drought
appears to be unchanged by high natural gas prices.

The extreme drought modeling tested three glide paths for replacing electricity from the federal
share of NGS with electricity produced from new solar, wind, and natural gas facilities (see
Figure ES-8). All three glide paths tested here appear to have some capacity to mitigate the
impact of extreme drought.?’ That is, locational marginal prices (LMPs) at points in Arizona
would tend to increase less if an extreme drought were to occur.?! LMPs in the solar glide path
(700 MW of additional utility-scale PV spread across four theoretical locations in Arizona)
would increase 1.3% in an extended drought, compared to a 1.6% increase if no new capacity
were added to the system. Both of the other two glide paths would see larger increases in average
LMPs under an extreme drought, but they would also tend to reduce LMPs overall under normal
nondrought conditions, from an average of $33.98/MWh with no added capacity to as low as
$33.08/MWh for the Moenkopi glide path (a 2.6% reduction). So while the additional drought

20 Extreme drought would have other system impacts on thermal generators, such as degraded operational efficiency
and higher cost of cooling water due to scarcity and competition. Because the primary aim of this exercise was to
test how the glide path scenarios would respond to drought, these other effects were not modeled.

21 LMPs measure the incremental system cost of adding one more megawatt of load at a given point on the grid.
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impact mitigation would be small, LMPs in these drought scenarios would still tend to be lower
than LMPs in the solar glide path.

Even with the addition of glide path resources, managing extreme drought could involve leaning
more heavily on the coal resources remaining on the system in 2030, as well as on the existing
NGCC capacity. For both types of resources under all glide path scenarios, the capacity factor
tends to increase in drought years compared to nondrought years under the same glide path
scenario.

Summary

The public interests that depend on the federal share of NGS are different from the traditional
interests of the plant’s utility co-owners, but they are affected by the same changes that are
currently evident throughout the electricity sector. Adding new generation capacity of any kind
entails economic challenges caused by an abundance of existing capacity, low natural gas prices,
and the resulting low prices for wholesale power. Current market conditions are also likely to
limit the ability to sell surplus NGS power on the wholesale market at least in the short run.
Mead Hub prices are currently below the cost of power at NGS, which tends to make surplus
NGS power uncompetitive for short-term sales. Whether and when NGS will again become
economically competitive will depend on how quickly natural gas prices recover from their
current low levels.

These and other changes from historical conditions will influence what an optimal NGS
transitional glide path might be, its timing, and how well it can meet the public interests that
currently rely on the federal government’s share of NGS.
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1 Introduction and Background

This study is the first of two volumes investigating long-term strategies for integrating and,
over time, replacing the federal government’s interest in Navajo Generating Station (NGS)
with electric generation sources that emit less pollution. This volume of the study examines
baseline conditions in the electricity sector independent of NGS—changes that would have an
effect on all NGS constituencies regardless of whether or not the coal plant continues to
operate as it has historically. Volume 2 evaluates a number of approaches for replacing the
federal share of NGS with other sources of power, using the findings of this volume as a
baseline for measuring the effects.

NGS has been operating since 1974. It is the largest coal-fired generating station operating in
the Western Interconnection, with 2,250 megawatts (MW) of operating capacity. The plant was
initiated by the U.S. Department of the Interior (DOI) in the late 1960s to provide a firm source
of electricity for operating the pumps of the Central Arizona Project (CAP), which delivers
most of Arizona’s share of water from the Colorado River to Phoenix and Tucson. The U.S.
government leveraged the plant’s economies of scale by inviting a number of utilities to be co-
owners, ultimately partnering with Salt River Project (SRP), the Los Angeles Department of
Water and Power (LADWP), Arizona Public Service Company (APS), Tucson Electric Power
(TEP), and Nevada Power (now doing business as NV Energy).??

A number of factors have converged over the past few years that could affect how long NGS
may continue to operate. Many of these issues are considered in an environmental impact
statement (EIS) DOI is currently preparing for NGS.?* The draft EIS specifically addresses the
question of whether the Secretary of the Interior should issue a Record of Decision that
authorizes the plant to continue operating from 2019 to as long as 2044 under a new site lease
with the Navajo Nation (the current lease expires in 2019). The draft EIS also addresses a
number of other related decisions by the federal government that will arise in 2019 or shortly
afterward, some of which concern the Kayenta Mine Complex, NGS’ sole supply of fuel.?*

“Glide path” is a term used frequently throughout both volumes of this report. In contrast to the
draft EIS No-Action Alternative—in which DOI would not authorize any new administrative
action, causing the plant to close in 2019—a glide path refers to a staged transition from NGS
to other sources of electricity that have fewer emissions. The glide path approach has
additional flexibility to minimize economic disruption to CAP operations, Arizona Indian
tribes, and other interests that currently depend on the federal government’s share of NGS. A
glide path contemplates continuation of NGS past 2019 to support a strategic transition in a

22 LADWP sold its NGS share to SRP, with the transfer completed in July 2016. LADWP, “LADWP Accelerates
Coal Power Reduction with full Divestment from Navajo Generating Plant 3.5 Years Ahead of Schedule,” press
release, July 7, 2016.

2 U.S. Bureau of Reclamation, Navajo Generating Station-Kayenta Mine Complex Project Draft Environmental
Impact Statement (Washington, D.C.: U.S. Department of the Interior Bureau of Reclamation, October 2016).

24 The draft EIS “describes the potential environmental impacts from the proposed continued operations of [NGS
and associated facilities] for an additional 25 years, from December 23, 2019 through December 22, 2044, plus
sufficient time for decommissioning of the NGS plant and its associated facilities and reclamation of the ...

Kayenta Mine Complex.... The lease under which NGS currently operates will expire on December 22, 2019.”
Ibid., p. 1-1.
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manner that simultaneously improves cost effectiveness, reduces pollution in an expeditious
manner, and minimizes potential disruption to economically vulnerable populations. A glide
path is similar to the EIS’ Partial Federal Replacement Alternative, which would authorize
operation after 2019 and “replace some portion of the United States’ share of energy generated
by NGS with energy generated from renewable resources or generation that reduces emissions
from existing levels.”?®

1.1 Purpose of the Study

This study follows earlier analysis of NGS by the National Renewable Energy Laboratory
(NREL) that focused on the impact of adding selective catalytic reduction (SCR) to reduce
nitrogen oxide (NOx) emissions at NGS.?® Among its other conclusions, the study found that:

e An NGS shutdown or a significant increase in NGS power costs would likely have a
larger economic impact on interests that were dependent on the federal share of NGS
than on electricity customers of the plant’s utility co-owners

e There was no contingency planning for the federal share of NGS comparable to the
integrated resource planning (IRP) done by each utility co-owner for its own service
area.

A year after NREL released its first NGS study, DOI, EPA, and the U.S. Department of Energy
(DOE) issued a joint statement committing to develop a long-term road map for the federal
government’s interests in NGS. The statement says that the agencies will

“work together to support Arizona and tribal stakeholders’ interests in aligning
energy infrastructure investments made by the Federal and private owners of the
NGS (such as upgrades that may be needed for NGS to comply with Clean Air
Act emission requirements) with long term goals of producing clean, affordable
and reliable power, affordable and sustainable water supplies, and sustainable
economic development, while minimizing negative impacts on those who
currently obtain significant benefits from NGS, including tribal nations. These
goals will inform Federal decisions moving forward.”?’

The agencies also tasked NREL with conducting a study “to inform further development of the
NGS road map.”?® The study is not the road map itself. Rather, it is designed to be a
knowledge base. Decisions by various federal agencies regarding policy and new infrastructure
constitute the road map; both volumes of this study provide a common body of objective
information about power sector dynamics and technological options relating to a road map’s
electricity-related elements, as illustrated in Table 1-1.

2 Department of the Interior, “Notice of Intent to Prepare an Environmental Impact Statement and Notice of
Public Scoping Meetings for the Navajo Generating Station-Kayenta Mine Complex Project, Arizona,” Federal
Register 79 (2014): 28548.

26 Hurlbut et al., Navajo Generating Station and Air Visibility Regulations.

27 Department of the Interior, Department of Energy, and Environmental Protection Agency, “Joint Federal
Agency Statement Regarding Navajo Generating Station,” January 4, 2013, 2.

28 Ibid.
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Table 1-1. Analyses Relating to NGS Conducted by NREL

NREL study of NGS and Federal Resource Planning Decision making
by DOI, DOE, EPA:
Volume 1:
Purpose: Establish knowledge base for Baseline (Ros/z:m:g;or
federal resource decisions regarding NGS . . policy
Volume 2: infrastructure
Glide path options actions)

A road map would also be affected by factors apart from the power sector. Many of these other
issues are institutional in nature and require a legal knowledge base that is beyond the
primarily technical and economic scope of this study. The objective here is to provide a
comprehensive picture of what is happening in the electric sector in order to facilitate
coordination among multiple decision makers, whoever those decision makers might be.

1.2 Focus on the Federal Share of NGS

This study only addresses the federal government’s allocation of NGS. The federal share is
24.3%, which amounts to 547 MW. Four electric utilities own the remaining 75.7%, and each
of these utilities has its own IRP process.?’ This study is not intended to replace, supplement,
or even inform utility planning. On the other hand, these utility plans are important for the
study’s baseline because they indicate how the utilities are responding to the same sectoral
trends that will influence the formation of transitional glide path for the federal share of NGS.

This study provides the federal government—especially DOI and the U.S. Bureau of
Reclamation—with analysis for long-term planning comparable to what the utility partners do
for their own needs. Such planning has not been done previously. Today, however, uncertainty
over future carbon policies and continued low natural gas prices are affecting utility
expectations, which could affect the utility partners’ continued interest in NGS. LADWP, one
of the plant’s five original utility co-owners, has divested its position, and NV Energy has
announced plans to do so by 2019.3°

The federal share of NGS provides electricity for two purposes. The first is for CAP pumping.
The Mark Willmer facility, the first and largest of 14 CAP pumping stations, is on the
Colorado River and withdraws about half of Arizona’s water allocation under the Colorado
River Compact, which amounted to 1.5 million acre-feet in 2015.%! A battery of pumps lifts the
water nearly 800 feet in elevation along a seven and one-quarter mile course from the river to
the head of the 335-mile canal, which delivers Colorado River water to Phoenix, Tucson, and
others in Central Arizona. CAP supplies irrigation to tribes such as the Gila River Indian

2 In July 2016, LADWP completed the sale of its share in NGS to Salt River Project. LADWP was one of the
original utility partners in NGS.

30NV Energy, “NVision Emission Reduction and Capacity Retirement Plan,” fact sheet, April 3, 2013. In 2013,
Nevada Gov. Brian Sandoval signed into law Senate Bill 123, which accelerates NV Energy’s retirement of major
coal assets, including divestiture from NGS.

31 Bureau of Reclamation, Colorado River Accounting and Water Use Report: Arizona, California, and Nevada
(Calendar Year 2015) (Washington, D.C.: Department of the Interior, May 2016).
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Community and to non-Indian agricultural users. CAP pumping requires about two-thirds of
the federal government’s share of NGS generation.

Federal capacity at NGS that is not used for CAP pumping is available for generating surplus
power that can be sold to others. Revenues from federal surplus power sales go to the Lower
Colorado River Basin Development Fund (“Development Fund”), which was created to
facilitate repayment of CAP construction costs. In 2004, the Arizona Water Settlements Act
(AWSA) expanded the use of the Development Fund so that some of its provisions could be
implemented through the fund. Under the AWSA, the Development Fund pays the tribes’ fixed
operation, maintenance, and replacement charges associated with CAP water delivery. Money
in the Development Fund that remains after paying other obligations may be used for other
statutory purposes such as water infrastructure improvements for the CAP tribes.

In addition to these two uses of electricity, the Navajo Nation and the Hopi Tribe depend on
NGS and the Kayenta Mine for tribal government revenues and for some of the Tribes’
highest-wage jobs. NGS itself is located on the Navajo Reservation; the mine is situated near
the Hopi-Navajo border. Thus while the two tribes are not themselves CAP water users, their
status as energy producing tribes means they could be vulnerable to significant economic
disruption if NGS were retired without a carefully considered transition plan. This would
impact federal interests in promoting economic development in Indian Country.

Consequently, the public interests that are at stake with respect to the federal share of NGS are
significantly different from the public interests that are at stake with respect to the utilities’
shares of the plant. Figure 1-1 illustrates how these two sets of public interests differ. Utilities
and their regulatory bodies aim to provide their customers with reliable electricity service at
rates that are just and reasonable, consistent with the requirements of the Federal Power Act,
state utility codes, and other requirements governing public power. In contrast, the public
interest with respect to the federal share of NGS is defined by laws relating to the Colorado
River Compact, laws governing the development and use of CAP, the AWSA, federal policy
toward Indian tribes, and other laws that do not enter into the traditional utility IRP process.
Such an array of interests requires a specially suited knowledge base, which is what this
analysis is designed to provide.

1.3 The Need for a Baseline Analysis

The planning horizon for both volumes of this study is after 2019, and several major changes
are expected after that time. These changes are of such a magnitude that historical operations
would not constitute a valid “business-as-usual” benchmark for the planning horizon. Enough
is known about those changes to model how NGS will operate. The more complicated question
is how this new mode of operation will interact with system-wide changes affecting the rest of
the Southwest power sector.
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Figure 1-2. NGS, CAP, service territories of original NGS owners, and major transmission lines

Figure 1-2 shows the location of NGS in northern Arizona, the path of the CAP aqueduct, the
major transmission network connecting the two, and the service territories of the plant’s utility
co-owners. Apart from the changes specific to NGS, other sector-wide trends are at play,
involving policies such as renewable energy requirements and emission reductions. Structural
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changes affect how new capital investment is financed and how the grid itself is operated.
Another major sectoral influence is the supply and price of natural gas, which—especially in
2015 and 2016—has changed the economic balance between coal and natural gas in generating
electricity. Persistently low natural gas prices correlate with less use of coal-fired generation
and increasing reliance on natural gas combined cycle (NGCC) generators. (Chapter 3
examines this sectoral phenomenon in greater detail.)

1.3.1 Federal Implementation Plan for NOx Emissions

EPA’s 2013 proposed rule for new NOx standards for NGS led to the formation of a Technical
Working Group (TWG) comprising DOI, NGS utility co-owners, the Navajo Nation, Gila
River Indian Community, the Central Arizona Water Conservation District (which operates the
CAP), and two environmental organizations (Western Resource Advocates and Environmental
Defense Fund). The TWG negotiated an alternative to the proposed rule, which EPA used as
the basis for its final federal implementation plan (FIP) setting new NOy standards for NGS.*

Among the FIP’s major provisions are curtailing NGS operations after 2019 and deferring the
installation of new NOx control technologies until 2030. Curtailment will involve either the
actual retirement of one 750-MW unit at the plant, or reducing annual operations at all three
units to an equivalent level. NOx emission standards for 2030 and later are based on the
installation of SCR controls at the units still in operation.

The baseline operational assumptions used in this analysis are consistent with the FIP. The
central scenario used in all the formal modeling for this analysis includes NGS operating with
just two units from 2020 to 2044, new capital investment for SCR on the remaining two units
in 2030, and the recovery of additional SCR capital costs occurring over a 15-year period
(2030 through 2044) rather than the usual 30 or 40 years. Changing NGS from three units to
two could result in some redispatch of the rest of the system, which is why establishing a future
baseline requires detailed power system modeling (presented in Chapter 4).

1.3.2 Sectoral Changes

System changes happening throughout the power sector (nationally as well as in the
Southwest) also favor a careful examination of baseline conditions. Many of the conditions that
made NGS a reasonable supply option for CAP half a century ago are not as pivotal today.
When the federal government first proposed an NGS partnership with utilities in the late 1960s,
utilities were all low-risk monopolies that for the most part operated independently of one
another. Load was growing rapidly as the economy was becoming more electricity-intensive.
There was no National Environmental Policy Act (NEPA), and major amendments to the Clean
Air Act had yet to take effect. Nearly 60% of the nation’s electricity generation came from coal
or fuel oil (compared to 33% today), wide adoption of new processes enabling large

32 EPA, “Approval of Air Quality Implementation Plans; Navajo Nation; Regional Haze Requirements for Navajo
Generating Station; Final Rule,” Federal Register 79 (2014): 46514. See also Department of the Interior et al.,
“Technical Work Group Agreement Related to Navajo Generating Station.”
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supercritical boilers was just beginning, and large-scale nuclear generation was still in its
infancy.??

Today, demand in many parts of the West is no longer growing due in part to significant
improvements in energy efficiency. For the new capacity that is required, environmental
factors enter into the investment decision far more than they did half a century ago.
Government policies such as renewable energy targets and pollution standards under the Clean
Air Act affect decisions to add new generation capacity—what type of capacity to add, and
whether measures such as energy efficiency and demand response can delay when the capacity
might be added. Many utilities are also trying to position themselves so that their generation
portfolios are less vulnerable to rules on carbon emissions, regardless of what such rules might
eventually be. For example, coal-fired generation accounts for only 3% of new capacity
installed in the Western Interconnection since 2001, down from 29% from 1980 through 2000.
Reliance on existing coal units for the West’s electricity needs has fallen from 35% in 2001 to
28% in 2015.%*

Utility operations today are more technically sophisticated than they were 50 years ago, a trend
that appears to be continuing. NGS and the interests that rely on the federal government’s share
of the plant are not isolated from these changes. Technology, customer behavior, modes of grid
operation, and priorities for public policy are different than they were in the late 1960s when
NGS was the preferred alternative to damming the Grand Canyon.

The function of this baseline volume is to lay out some of the salient changes and to track
where those changes may lead the power sector regardless of what happens to NGS. Some of
these trends can be modeled to measure the likely effect on future capital investment, dispatch,
and power production costs; the results are presented in other sections of this report. Here, we
provide the introductory narrative of the key evolutionary factors at work and explain how they
affect the options for transitioning from NGS to clean energy sources.

These underlying changes can be grouped into three categories:
e Changes in the cost and efficiency of key technologies, especially photovoltaic (PV)
solar, natural gas generation, and NGS itself

e Changes in how the wholesale power sector can operate, with greater use of demand-
side resources such as distributed generation and increasing value of operational
flexibility

e Changes in policy priorities, including state renewable energy requirements and federal
rules to reduce greenhouse gas (GHG) emissions from power plants.

Each of these areas is significantly different today compared to the late 1960s. Each utility’s
IRP reflects its current expectations for these trends.

33 “ETA Form EIA-860 detailed data,” 2013, https://www.eia.gov/electricity/data/eia860/. About 3.4 GW of
supercritical coal capacity had come online before 1967 in the United States; by the time NGS was fully
operational 10 years later, more than 66 GW had come online. Additions peaked in 1973.

34 “EIA Form EIA-860 detailed data”; “Form EIA-923 detailed data,”
https://www.eia.gov/electricity/data/eia923/.

7

This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications.


https://www.eia.gov/electricity/data/eia860/
https://www.eia.gov/electricity/data/eia923/

1.4 Organization of This Report

This baseline analysis comprises three main topic areas. The first tracks recent cost trajectories
and quantifies plausible ranges for trends extending into the near-term future. Chapter 2 begins
by examining the cost of power from NGS and then projects those costs forward to 2040.
Inputs for the cost projections are the Energy Information Administration’s (EIA’s) forecast of
coal prices, estimates of the cost impact of a new site lease with the Navajo Nation, and
estimates of the cost of installing SCR on two units in 2030. The chapter then examines
wholesale power prices at the Mead Hub in southern Nevada. This analysis quantifies the
historical relationship between natural gas prices and wholesale power prices and then projects
the trends forward using a range of natural gas price forecasts from the EIA. Finally, the
chapter charts recent trends in the cost of renewable energy technologies. Utility-scale PV,
which is currently the dominant renewable technology in the Arizona market, has fallen in cost
significantly over the past 5 years. This section draws on NREL’s most recent surveys and
modeling to estimate solar costs as of mid-2016.

The report then takes a qualitative look at structural trends in the power sector. This includes
not only the trend away from large coal and to mid-sized natural gas generators and
renewables, but trends toward greater operational coordination across a larger geography. This
has implications for the ability to sell NGS surplus power, the competitiveness of natural gas
alternatives, the ability to manage greater penetrations of renewable resources, and the
portfolio of resources included in an NGS glide path strategy. The chapter concludes with an
overview of how utilities in the Southwest are responding to the sectoral changes.

The analysis then turns to modeling. The first modeling task examines the economic tendencies
that drive the addition of new generation capacity over time. Assumptions about demand
growth along with technical assumptions related to existing generation and transmission
capacity are the same used by WECC and western utilities in their regional modeling. This
analysis adds sensitivity cases based on different natural gas prices and different assumptions
about how states meet renewable energy goals. These results for new capacity additions are
then used for the next modeling task, which simulates dispatch patterns, localized energy costs,
and changes in regional imports and exports of power for a test year. As with the capacity
expansion modeling task, this detailed production cost modeling starts with assumptions about
generator specifications, transmission limits, and reliability requirements common to those
used by most utilities in their own regional modeling. The aim is to simulate what production
costs are likely to be in the absence of any NGS glide path strategy.

Finally, the baseline volume includes two additional analyses. The first examines the economic
impacts attributable to shifting NGS from historical three-unit operation to the two-unit
operation required under the FIP. Using a series of computable general equilibrium (CGE)
models, this chapter specifically examines the effects on the state and local economies after
2019. This baseline change examines the effect on total employment, and disaggregates the
effect by income level and by county. More importantly, the analysis disaggregates the total
effects between the counties’ Native American populations and all other persons.

The other special analysis examines the potential effect of extreme drought on power grid
operations in the Southwest. The aim of this analysis is to model how the system might be
dispatched differently if extended drought conditions eliminated the ability of Hoover Dam and
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Glen Canyon Dam to provide hydropower. The analysis quantifies the effect of drought against
normal operations, then models how three potential NGS glide path strategies might affect the
Southwest’s resiliency to extended drought.

1.5 Relationship to the EIS

NEPA requirements proscribe what the EIS must address. NREL’s study of NGS is designed to
complement the draft EIS by examining transition glide paths that are not anchored any
specific date.

Because of much of the analysis needed to assess glide path scenarios is the same as analysis
DOI needed to evaluate draft EIS alternatives—and because of the need for consistency
between this study and the draft EIS—all of the analysis that was done for this volume was
made available for the draft EIS. NREL also provided DOI with additional analysis specific to
the draft EIS where needed. The analytical crossovers included assessments of trends in the
power sector, the application of power sector forecasts by the EIA, up-to-date estimates of
generation technology costs, analysis of renewable energy production potential at sites of
particular relevance to the draft EIS, and system-wide technical modeling to compare the
impacts of different scenarios under different assumptions about natural gas prices and other
variables.

In some cases, the draft EIS timeline precluded the ability to update certain types of
information. This volume includes data observed after the draft EIS analysis was performed.
Key updates included trends in natural gas prices, trends in wholesale power prices at the Mead
trading hub, and project costs for utility-scale PV projects. Here we present the analyses as
they were provided for the draft EIS, followed by the relevant data updates. In all cases the
updated data showed the continuation (and in some cases, the acceleration) of trends identified
in analyses provided for the draft EIS. No trend reversed, and no accelerated or extended trend
appeared to contradict any finding or conclusion in the draft EIS. NREL will continue to
provide DOI with updates on market trends to inform preparation of the final EIS.
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2 Costs and Market Prices

Economics will be a standard metric for any NGS glide path option. Many choices will have
macroeconomic consequences, but this chapter focuses on the factors that are directly related
to the wholesale generation of power. Among other things, these factors include capital costs
(the cost of the generation equipment along with the cost of financing), the cost of fuel, and
changes in electricity demand that increase or decrease the market price of power.

Very few of these factors remain predictably constant. As the analyses in this chapter will
show, even the cost of NGS power is likely to increase over time. This (combined with recent
declines in the cost of solar and wind power and the historical volatility of natural gas prices)
suggests that the systematic cost differences between conventional generation and
commercially mature renewables could vanish sometime in the near future regardless of how
NGS continues to operate. The objective of this chapter is to track current observed trends to
the fullest extent permitted by the data.

A crucial question for any NGS glide path scenario is whether the clean technologies used in
the strategy have a reasonable and timely chance of being priced competitively. One measure
for competitiveness is how the technology’s all-in cost compares to wholesale power prices.
Historical trends provide some indication of whether and when a particular technology might
be cost effective.

This chapter examines trends for the following costs:

e The cost of power from NGS
e Wholesale power prices at the Mead Hub

e The levelized cost of a newly built NGCC plant (assumed here to be the benchmark for
future generation capacity additions), analyzed against trends in wholesale prices at the
Mead Hub

e Trends in the levelized costs of wind and solar power, taking into account historical
cost decreases and the technological potential for future cost decreases.

Unless otherwise noted, all data used in these analyses are adjusted for inflation using the
Producer Price Index final demand for all commodities by month. Annual averages are
calculated on a 12-month basis from the most recent monthly data available.

2.1 Trends in NGS Costs

The future cost of power from NGS is crucial to the examination of glide path options, but
much of the data needed to construct a precise measure of NGS costs are considered
proprietary by the plant’s owners. Consequently, any analysis intended to