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Introduction

The New Mexico Renewable Energy Transmission Authority (NM RETA) engaged ICF to
conduct a study of the possible future potential for renewable energy, transmission, and electric
storage in New Mexico. This report provides the background and results of the ICF study.

The study, which used a multi-step approach and relied on industry standard modeling tools and
expert knowledge, had four goals:

¢ Consider the technical and economic potential for renewable resources in New Mexico
through 2032.

e Use scenario analysis to consider factors that would impact the demand for renewables
developed in New Mexico through 2032.

e Assess the transmission development needs to support integration of expanded
renewables on the New Mexico transmission network.

e Determine the economic impact to New Mexico associated with transmission and
renewable development under alternate development scenarios.

Background

New Mexico has historically been an exporter of thermal-sourced power supply to markets such
as California, Arizona, and Texas. As states and corporations increasingly move toward clean
energy resources, the vast renewable resource potential in New Mexico creates an opportunity
for the state to become a major supplier of clean energy needs of other states while continuing
to serve the needs of in-state customers. Many states, including New Mexico, have set goals for
increasing the share of the electric generation supply that comes from clean energy resources.
New Mexico, for example, has enacted the Energy Transition Act (ETA) which sets a statewide
renewable energy standard of 50 percent by 2030 for investor-owned utilities (IOUs) and rural
electric cooperatives (co-ops) and a goal of 80 percent by 2040, in addition to setting zero-
carbon resources standards for investor-owned utilities by 2045 and rural electric cooperatives
by 2050.. NM RETA described renewable energy as “an opportunity for New Mexico to
positively impact the environment while also growing the state’s economy.”

The renewable resource potential in New Mexico includes a prevalence of high-quality
opportunities for wind and solar as shown in Exhibit 1. In particular, the New Mexico wind
resource offers a potential synergistic benefit because it is temporally uncorrelated with
resources in many other areas of Western Electricity Coordinating Council (WECC). This
presents opportunities to move renewable power generated in New Mexico, where resources
and land are attainable and development is less expensive, to the coastal regions where
demand growth for renewables is high.
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Exhibit 1: Western States Wind and Solar Potential Mapping
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While opportunities for repurposing existing transmission to support renewable exports will be
created by expected thermal unit retirements in WECC and the Southwest Power Pool (SPP),
such as the San Juan (located in WECC) and Tolk (located in SPP) power plants; incremental
transmission will be necessary to support large amounts of renewables for export to service
areas outside of New Mexico.

The intent of this report is to examine the development potential for renewables to serve in-state
and out-of-state demand over the next 10 years and to identify transmission system alternatives
that could support the interconnection of those renewables to New Mexico and deliverability to
areas of demand while maintaining system reliability requirements. The analysis also describes
the expected economic impact to New Mexico of the development of the renewable resources
and the supporting transmission capacity.

Summary of Results

Over the next decade, in order to meet clean energy goals established by many states including
New Mexico, renewables will need to be developed at a previously unprecedented pace.
Toward the identified study goals, ICF performed a detailed, multi-step analysis to identify
possible pathways for transmission development that could support increasing penetration of
renewable resources in New Mexico. The analysis identified the potential for renewables
developed in New Mexico to not only support the state clean energy goals, but to also serve as
low cost resources to support the clean energy goals of other states. Over the next decade, the
analysis identified that through adding transmission infrastructure to support exports to other
states, New Mexico could expand from 2,500 MW of renewable capacity in New Mexico as of
the end of 2019 to 11,500 MW by 2030. The 11,500 MW would satisfy New Mexico’s clean
energy goals as well as support the goals of other states.
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Exhibit 2: Summary of Findings

$9 - $11 Billion 900 - 1,300 Miles

Total Private New High Voltage
Investment Transmission Lines

3,700 Jobs 11,500 MW

0.0
Q. 0.0 Up to 3,700 at Peak o *ﬁ Total Renewable
Plus 600 to 800 Permanent Capacity in New Mexico

Exhibit 2 summarizes findings of positive impact to New Mexico from the addition of renewables
at this scale. Roughly 900 to 1300 miles of new transmission and supporting equipment is
required. ICF identified the greatest value for transmission would be to expand capabilities to
the western states. The investment made in support of the renewable and transmission reflects
up to $11 billion through 2032 by project developers.

The economic benefits attributed to New Mexico from the transmission and renewable additions
are substantial. For example, in the construction period considered over the next 10 to 12
years, it is expected that up to 3,700 jobs per year will exist including both permanent and
temporary construction jobs. Continuing beyond the construction period, up to 800 permanent
jobs will continue to be needed to support the infrastructure developed in this period.

The investments will also have cascading effects in multiple areas; a few of these benefits are
highlighted below:

e Improved power system reliability
o A stronger and more robust transmission grid helps ensure that the power stays
on, reducing the impact and high cost of outages to customers.
o More efficient, lower cost, power system operations
o Transmission facilitates optimal use of existing grid resources, lowering the total
generation required to serve the electric demand.
o Increasing transmission capacity can reduce bottlenecks and congestion on the
system, allowing more efficient dispatch of resources, including low-cost sources.
o In addition to enabling the integration of low operational cost renewables, the
transmission resources may reduce the need to build new generating facilities.
o The cost of the new transmission is mitigated by access to more cost-effective
generation and avoided cost of other investments.
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¢ Additional economic benefits

o Businesses benefiting from supplies of more reliable and lower-cost electric
service.

o Infrastructure investments lead to additional employment opportunities for New
Mexico’s economy. For example, indirect employment in services industries
including restaurants will exist.

o The direct and indirect jobs support increased economic output, income for state
residents and added tax revenues for state/local governments.

Task Level Summary

The four key tasks utilized to derive the results are summarized below and the remaining
chapters of this report provide detailed discussion of the methods, assumptions, and results of
each task.

Task 1: Identification of Technical Potential for Wind and Solar in New Mexico

Technical potential reflects the quantity of wind and solar capacity that can be developed given
physical limitations in the state such as land area and habitat constraints. Identification of
technical potential for wind and solar resources in New Mexico relied on geographic information
system information to map wind and solar resource potential versus local land and
environmental restrictions. The analysis also considered technical land area constraints that
would prevent the development of solar and wind resources including habitat restrictions,
military restrictions, and other types of restrictions such as designation as protected or park-
land. The total developable land area was determined using this multilayer screening approach.
Further, land area was classified based on the ownership type and permitting requirements for
each type of land identified.

Using the estimated available land area, the irradiance and wind conditions available in each
locality and the acreage requirements to develop renewables, the technical development
potential was identified. As shown in Exhibit 3, much of New Mexico has potential to support
wind and solar resource development and the technical potential was identified as extremely
high. Further screens such as only considering the highest quality resources based on the wind
power class and solar irradiance levels were applied. Eliminating the two lowest wind power
classes and federal lands results in the potential for 137,000 MW of wind on State Trust and
private lands. Solar potential is even greater with 824,000 MW of potential for the highest
irradiance on State Trust and private lands.
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Exhibit 3: New Mexico Wind and Solar Potential
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To constrain the technical potential to a level that could be reasonably developed over the next
10 to 12 years, constraints related to the development cycle were identified including the typical
development timeline for new renewable resources and the location and status of projects
already in the development cycle, the ability of developers to access labor and materials (which
was considered though actual experience in other states), and prioritization of land selection
based on the ease of permitting. Based on this, it was determined that on average, 2,000 MW of
solar and 2,000 MW of wind capacity could be developed in New Mexico on an annual basis. In
the near-term (within the next few years) and throughout the study horizon, projects that were
already in the development cycle could become operational within this 2,000 MW per type units,
and new projects that are beginning development now could become operational in the later
years of the study horizon.

Task 2: Identification of Economic Potential for Renewables

Economic potential for New Mexico resources involved an assessment of the competitiveness
of resources located in New Mexico to serve areas neighboring New Mexico. The economic
potential also ensured that the goals of the ETA were met over time. The Integrated Planning
Model (IPM®), a power market capacity expansion and dispatch simulation tool which optimizes
capacity build decisions over time - based on least cost subject to multiple constraining factors
including transmission, policy, environmental limitations, demand and supply conditions, and
temporal factors in addition to cost - was used to assess economic potential. The IPM considers
New Mexico within the broader western and southwestern power markets and hence considers
the ability of New Mexico to serve demand for renewables in areas with significant growth
expected in their demand for renewables including California, Washington and Colorado.
Importantly, while the electric market is an integrated system across multiple states,
transmission access costs as well as physical transmission limitations may prevent resources
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constructed in one area from being able to support the needs in another area. The initial
findings of the power market analysis identified transmission to be a highly limiting factor that
prevents significant development of resources in New Mexico to support the needs in other
states.

IPM was used to first model the existing power system with current physical transmission export
capability. Sensitivity analysis was then performed to eliminate transmission export constraints.
The results of removing transmission export limitations are indicative of the competitive outlook
for New Mexico renewables to not only support the New Mexico ETA, but also to support
demand from other areas. This analysis identified New Mexico as having significant opportunity
to provide cost-effective clean energy from locally developed wind and solar to the western
states if transmission export capability was expanded. With transmission export capabilities
assumed to be available, the development of 9,000 MW of new renewable capacity reflects a
reasonable and achievable economic outcome over the next dozen years. The majority of this
capacity would support exports with the minority supporting the ETA goals. This result reflects a
business as usual outlook (i.e. no incremental regulatory, legislative, or market changes
required).

The analysis considered a range of possible forward-looking scenarios including variations in
assumptions around several areas such as:

1. Creation of a centralized system operator in the western states which would allow open
transmission access without incremental fees to move across areas owned by different
transmission system operators.

2. Greater policy support for decarbonization including beneficial electrification that results

in higher electric demand.

Extension or expansion of federal tax incentive programs in support of renewables.

4. Potential to develop and utilize renewables to serve New Mexico demand in excess of
the New Mexico ETA targets.

w

Each forward looking scenario was considered assuming current transmission export
capabilities remain as is, as well as considering expansion of the transmission to allow all
economic exports. The analysis, when considering the current transmission export capability, in
all scenarios, resulted in new renewable development in New Mexico of roughly 4,000 MW. This
level of new development ensured that the ETA targets through 2030 could be met but reflected
limited incremental exports to areas outside of New Mexico. The results of the scenarios
assuming the transmission infrastructure within New Mexico could be enhanced to support
exports as well as to support local delivery ranged from roughly 8,000 MW to 15,000 MW of new
renewables.

The alternate scenario outlooks all require some significant changes that would either need to
be coordinated among many parties, or that would need to have regulatory or statutory action
occur (such as multiple states passing multi-sector CO2 reduction policies). These scenarios
reflect activities and actions outside the direct purview of decision makers in New Mexico, some
to the benefit and some to the detriment of the competitive renewable outlook for New Mexico.
Absent changes assumed in the alternate scenarios, the outlook for renewable development in
New Mexico over the next dozen years of roughly 9,000 MW was viewed as reasonable in
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comparison to alternate outlooks; as such, the next step utilized this result to assess the
transmission infrastructure development options capable of supporting this level of renewables.*

Task 3: Transmission System Assessment

Transmission solutions capable of supporting a reliable transmission system with the added
renewables through 2030 were identified in the third task for the analysis. Three alternative
solutions, herein called collector plans, were designed and stress-tested under multiple possible
future conditions. Key characteristics of each collector plan are depicted in Exhibit 4. Each plan
identified provides enhancements to the local gird to ensure local deliverability as well as adding
additional export paths from New Mexico into Arizona that allow for added renewable energy to
be delivered to key markets including California.

Exhibit 4: Collector Plan Key Characteristics
| Collector Plan1 |  Collector Plan2 | Collector Plan 3

Renewable Capacity 9,000 MW incremental wind and solar through 2030*

Distributed siting

Centralized siting in key renewable across most
development zones renewable

development zones

Renewable Siting

N r h . . N r h
oo Sormgenile | Newpaiviasunzia | [EHEEDE P
pring Southwest pring

and Greenlee New . . and Greenlee New
Transmission Project

Key Expansion Elements

Mexico Mexico
Estumated total length 911 929 1,276
(miles)
New Right-of-Way (miles)? 256 386 107

1. The 9,000 MW is comprised of roughly 3,100 MW of projects are expected online in the next three years
based on current development activities. The remaining roughly 5,900 MW were identified as incremental
economic additions. The 9,000 Mw is added to 2,500 MW of currently online capacity for a total of 11,500
MW. While the transmission analysis considers the system as a whole and accommodates all incremental
and existing capacity, the focus of the analysis is on the 5,900 MW of economic development potential.

2. The right-of-way shown reflects a minimum expectation for line additions where no existing right-of-way
options exist. Right-of-way on existing paths may need to be expanded above this minimum level.

For each collector plan, a phasing approach for development is provided to be able to
accommodate the expected incremental additions based on the timing. The renewable additions
would ideally follow a gradual integration over time consistent with demand growth, though will
be dependent on transmission access to be able to meet the project development milestones to
come on-line. Therefore, the transmission development needs be concurrent to or in advance of
the renewable development. The transmission infrastructure phasing, in simplified terms,

1 The 9,000 MW includes 3,100 MW of currently planned projects and 5,900 MW of incremental economic
capacity additions identified in Task 2. This 9,000 MW is incremental to the existing 2,500 MW of installed
capacity in the state for a total of 11,500 MW.
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represents two development tranches. The first to accommodate capacity increments online by
2026 and the second to accommodate the remaining capacity increments online by 2031.

The process to build transmission lines, particularly long-distance lines on new rights-of-way,
can be long and, at times, controversial. The typical process for building transmission lines
includes many phases: the planning phase would include detailed costing and routing studies;
followed by a permitting and approval phase; land and materials acquisition phase; a financing
phase; and finally, the construction phase. The permitting and approval phase is often quite
lengthy when new land areas are impacted. To the extent possible, the collector plans were
designed to minimize the use of new right-of-way as the permitting and land approvals for new
right-of-way can be complex and time consuming. Of the three collector plans, Collector Plan 2
further includes a currently proposed transmission project, the Sunzia Southwest Transmission
Project (Sunzia), which has already made significant progress toward acquiring the necessary
right-of-way included within the total shown in Exhibit 4. Collector Plans 1 and 2 reflect new
projects which are not currently in development. Development of new facilities, particularly for
the first tranche by 2026 will not be without challenges. For reference, the 42 mile BB2
transmission line planned for New Mexico runs entirely adjacent to an existing line (new
easement is required on the route) and has a development cycle, excluding the planning and
design phase, beginning in 2017 and anticipates being online in 20202. In contrast, the Western
Spirit Transmission Line of roughly 165 miles on new area, has been under development since
2010.3

While specific phasing approaches are provided for each collector plan herein, consideration to
more quickly pursue common elements supporting all plans may be given. The commonality
among those individual collector plans indicates high value to the New Mexico grid. These
common elements can serve as the foundation framework of transmission expansion in New
Mexico to support the incremental renewable development in various scenarios. In that sense,
those individual transmission elements can be considered as “least-regrets” upgrades given
uncertainty regarding future conditions. However, additional transmission infrastructure is
required to support the full incremental renewable capacity projections.

Uncertainty in the forward looking outlooks for the siting of renewables can be reduced through
a coordinated siting strategy. Such a strategy would need to focus beyond the economics and
logistics of a single renewable project, but rather use a more integrated approach to minimize
the transmission infrastructure needs and allow for the development of the maximum economic
renewable capacity. For example, high-performance wind resources are concentrated in central
and eastern New Mexico and hence it becomes critical to expand the network in that area to
accommodate the large amount of wind additions. In contrast, solar resource in New Mexico is
more dispersed. Incremental solar builds at a smaller magnitude can be distributed across the
State to fully utilize the available headroom in transfer capacity of the existing transmission
system. However, designing a siting strategy need be carefully considered so as ensure equity
and fairness in resource use, and benefit/cost allocation. Rather than consider a specific siting

2 Direct Testimony of Douglas Campbell, Case No. 18-00-UT, August 28, 2018, Exhibit DC-7, page 26 of
44,

3 See https://westernspirittransmission.com/wp-content/uploads/2019/07/Western-Spirit-

Transmission Fact-Sheet printed-5.9.19.pdf available as of June 2020.
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strategy, this study focused on designing collector plans under alternate siting conditions to
allow for the collector plan design to have some flexibility to accommodate multiple resources
types sited at alternate locations. This approach to planning accommodates certain
development risks without forcing any particular siting strategy.

Task 4: Regional Economic Impacts for New Mexico

ICF’s analysis found that investment in transmission networks and any supporting investments
in clean and renewable generation has the potential to generate significant economic benefits
for New Mexico’s economy by potentially supporting between 3,330 and 3,700 average annual
short-term construction job-years in New Mexico across eight years of construction, as well as
the potential for an additional 640 to 770 average annual permanent jobs in the state due to the
maintenance requirements for these investments, depending on the specific Collector Plan
chosen by the state and the subsequent clean wind and solar generation these transmission
investments could help develop in the state.

Exhibit 5: Construction Phase and Permanent Average Annual Economic Impacts

Construction Phase* Permanent Impacts®

Low High Low High
Jobs (Job-years) 3,257 3,678 639 765
GSP ($MM) $270 $332 $52 $63
Income ($MM) $172 $194 $30 $36
Tax® ($MM) $23 $27 $4 $5

The benefits to the New Mexico Gross State Product (GSP) vary across the collector plans. In
general, the benefits that accrue to New Mexico are proportional to the investments in the
transmission collector plans. This is reflective largely of the relationship between line miles
being constructed and the job and time impact associated with the construction. Exhibit 6
provides average annual job impacts for transmission infrastructure construction and O&M for
each collector plan. Average annual impacts between 2021 and 2050 range from 230 to 360
job-years.

Exhibit 6: Transmission Modeling Results (2021-2050)

Average Annual Job-Years Collector Plan 1 Collector Plan 2  Collector Plan 3
Direct 136 210 169
Indirect 43 67 56
Induced 50 78 64
Total 229 355 290

Exhibit 7 provides average annual job impacts for renewable generation construction and
associated O&M based on business-as-usual (BAU) analysis and Alternative Renewable
Capacity Mix Sensitivity analysis for both wind and solar buildouts. Average annual impacts
between 2021 and 2050 vary slightly across the options analyzed and range from over 1,200

4 Construction takes place between 2021-2025 and 2028-2030.
5 Permanent impacts (O&M) take place from 2024-2050.
6 Tax impacts include state and local (i.e. excludes Federal)
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job-years under BAU (wind and solar combined) to over 1,300 jobs under a more wind-focused
renewable buildout.

Exhibit 7: Generation Modeling Results (2021-2050)

Average Annual Job-Years BAU Sensitivity
Wind Solar Wind Solar
Direct 379 293 517 201
Indirect 176 100 240 68
Induced 153 114 209 78
Total 707 507 966 348
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1 Task 1: New Mexico’s Technical Renewable Energy

Potential

To determine the available technical potential of developable renewable resources in New
Mexico, a series of screening processes was conducted to calculate the achievable energy
generation and capacity of wind and solar resources in the state, as shown in Exhibit 8. This
screening assessment, explained further in the following sections, considered several criteria,
including the resource performance characteristics, environmental constraints, and land-use

constraints. The review included an assessment of the solar and wind potential for each county.

ICF’s Waypoint platform was also utilized to visualize the potential through a GIS platform.
Snapshots of these results have been integrated into the report.

Exhibit 8. Evaluation Process for Technical Renewable Potential

Federal/Tribal
Lands Federal/Tribal

Constraints

Unconstrained
Federal/Tribal

Lands Potentially

Developable
Wind/Solar

. Resource
Wind/Solar

Resource

Unconstrained
Private/State Federal/Tribal
Constraints Lands Patentially

Private/State
Lands

Developable
Wind/Solar
Resource

Wind/Solar
Resource

1.1 Siting and Permitting Considerations

The time period for the analysis was 10 to 12 years (through 2032). To narrow the focus to
areas that could meet that development timeline, applicable siting and permitting constraints at
state and county levels were reviewed to identify areas or zones that have the largest
accessible resource potential. Applying constraints associated with siting and permitting to the
vast amount of potentially available wind and solar resources across the state can reduce the
number of areas to those mostly likely to be developed in the next 10 to 12 years. Additionally,
renewable energy developers often target sites that are easier to permit, and, therefore, less
costly, well before accessing areas that have more siting and permitting hurdles that drive up
development costs. Areas with clusters of existing wind and solar development are the most
desirable to develop provided the cost to interconnect to the transmission system are not
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excessive. One consequence of this is that private and state lands, which have fewer permitting
requirements, are developed well before federal and tribal lands, which are subject to rigorous
environmental review requirements. However, one element in favor of development on federal
and state lands is that terms for leases are fixed and made public, which makes lease
negotiations simpler than leases on tribal or private lands where costs are more subjective.

1.1.1 Permitting Considerations on Federal, Tribal, State, and Local Lands

Exhibit 9. New Mexico Land Jurisdictions

|
faigo AV i {
BIA/Tribal Bureau of Reclamation National Park Service
Bureau of Land Department of Defense U.S. Fish and
Management | Department of Energy Wildlife Service

U.S. Forest Service
State
Private

Securing necessary permitting and
reviews is a legal requirement for
all energy projects to ensure
compliance with federal, tribal,
state, and local policies and
regulations. The complexity of the
permitting reviews varies widely
based on the jurisdictions involved;
projects involving federal and tribal
jurisdictions are typically subject to
more laws and permitting oversight
than those on state and private
lands. The land jurisdictions in
New Mexico are shown in Exhibit
9.
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1.1.1.1 Federal and Tribal Lands

Wind and solar projects can be developed through a lease on federal and tribal lands, but the
siting and permitting processes on these lands are typically more involved than projects on state

and private lands because projects will not only be
subject to the applicable state, county, and federal
requirements for development, but will also be
subject to additional federal laws, such as the
National Environmental Policy Act (NEPA), and
applicable federal land management constraints set
by the administering federal agency.. A project
subject to a NEPA review can include a lengthy
process subject to public involvement and mitigation
of environmental or other impacts that may be
caused by the proposed project. After the federal
and tribal environmental reviews are complete, the
project would then be subject to state- and county-
level permitting approvals applicable to projects sited
on state or private lands (discussed in the next
section). The expanded development timeline,
additional costs, and permitting uncertainty for
projects on federal or tribal lands can make those
areas less attractive to wind and solar developers.
However, developers may be willing to undertake the
additional permitting burden for developable sites
with outstanding wind or solar resource potential on
federal or tribal lands near targeted points of
interconnection if other lands in the area are
inaccessible or already developed. See example of
how projects avoid federal lands in Exhibit 10.

Exhibit 10. Development Avoidance of Federal

Lands

Existing or Proposed Turbine
Bureau of Land Management
U.S. Forest Service

State

Private
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Exhibit 11. New Mexico Land Jurisdiction In recent years, policies aimed at
streamlining the federal approval process

’ have been implemented. In 2017, the
e U.S. Department of the Interior, which
e T oversees the Bureau of Land
5 o - ] Management (BLM) and Bureau of Indian
| s O Nt Affairs (BIA), issued Secretarial Order
SRy Y P &7 i 3355 to streamline the environmental
o e 5 e review and federal approval process.
PR Secretarial Order 3355 and related
‘ | S A R e implementing guidance issued by the
I ' f it agencies applied strict timeframes on
s ; : NEPA reviews, ranging from six months
a8 ¢ for an Environmental Assessment (EA) to
B e ok up to one year for an Environmental
= So | Impact Statement (EIS), in an attempt to
‘ j ' provide more certainty for public and
»‘ ! | private projects. Additionally, several
el federal permitting agencies have
completed Programmatic EIS processes
BlA/Tribal Bureau of Reclamation National Park Service U.S. Forest Service that aIIOW tlered Slte-speCIfIC proJeCt
P O state reviews through an EA. One notable
9 Il Department of Energy Private ) ) )
effort applicable to New Mexico is the
Solar Energy Development Programmatic EIS completed in 2012, which created solar energy
zones (SEZ) on BLM lands; one such zone is located in New Mexico near Afton in Dona Ana
County. The BIA also took the effort to streamline lease approvals specific to Navajo tribal lands
by delegating their authority for the environmental review and approval of non-mineral leases
(such as for renewable energy developments) to the Navajo Nation Council through the Navajo
Nation General Leasing Regulations of 2013. Additionally, the U.S. Fish and Wildlife Service
(FWS) Eagle Rule Revision Programmatic EIS completed in 2016 allows wind developers in
need of an eagle take permit application to tier site-specific project reviews through an EA.
Eagle take permits are needed by wind developers for planned projects on all land jurisdictions
to offset the risk of killing the protected eagles from turbines sited near active nests and higher
eagle use activity.

—

1.1.1.2 Non-federal Lands (State and Private)

Wind and solar development projects on state and private lands in New Mexico have fewer
restrictions and approval requirements but these projects still need to comply with county, state,
and federal laws applicable to project development.

e Since there are not as many permitting constraints on private lands in New Mexico,
project development is driven more so by landowner willingness to lease land for
renewable development and lease payment expenses.

¢ On state trust lands, there are fewer permitting requirements, lease terms are publicly
known, and development is often welcomed under the New Mexico State Land Office
mission of funding public education and public institutions through such leases.
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However, there are not many areas of contiguous tracts of state trust lands available.
Despite a few large blocks, state trust lands are mostly scattered sections intermingled
with other federal and private jurisdictions.

The only permit requirement at the state-level for wind and solar developments is a building
permit from the Construction Industries Division (CID) of the New Mexico Regulation and
Licensing Department, which typically takes thirty days to complete. Additionally, some counties
require their own approvals and permits before a project can proceed. County approvals vary,
ranging from the requirement of a formal hearing to nothing issued at the county-level for the
project. Some counties require a Special Use Permit or Conditional Use Permit. After an
application is submitted, the application is reviewed through public meetings with the Planning
and Zoning Commission before final approval by the Board of County Commissioners. A typical
process should be completed in 90 days from application submittal. Some counties also require
electrical, building, and floodplain development permits prior to construction. Currently, there are
no counties in New Mexico that prohibit wind or solar development. There are no development
approvals or permits at the county-level in some areas. In those cases, projects would only
need to apply for their building permit through the CID.

A county-level summary survey of the permitting requirements is provided in Appendix 2. In
general, the anticipated costs, time requirement, and uncertainty for permitting renewable
projects on private and state lands in New Mexico are comparable to or less than requirements
in neighboring states.

1.1.2 Department of Defense and Federal Aviation Administration Siting
Considerations

Radar interference, military airspace near
installations, military training areas, and flight
paths present siting constraints for wind and
solar projects. The U.S. Department of
Defense (DoD) and the Federal Aviation
Administration (FAA) have oversight to
evaluate projects for these issues. Military
and FAA constraints are shown in Exhibit 12.

Exhibit 12. Military and FAA Constraints

The DoD conducts a mission compatibility
evaluation to ensure that wind and solar
project developments do not interfere with
their operations and flight paths.

The FAA regulates structures 200 feet above
ground level, such as utility-scale wind
turbines, to ensure that they are compatible
with aviation safety and other uses of
airspace such as radar. The FAA also
considers airspace hazards created by glare
from solar project developments.

I Ground Incompatibility (SNMEPJLUS)
Department of Defense 10-Mile Buffer
Airport Obstruction Surface
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There are several online tools available for project-specific siting studies, including the DoD
Siting Clearinghouse website’, the DoD Preliminary Screening Tool, and the FAA’s Obstruction
Evaluation/Airport Airspace Analysis. As part of these evaluations, the FAA notifies other federal
agencies with radar assets near the proposed project (such as DoD, the Department of
Homeland Security, and the National Oceanic and Atmospheric Administration) so they can
determine the potential impact. Private companies also charge for their services to conduct
communication and radar interference reports to help with facility siting for specific projects.
While these tools are useful to developers interested in a specific site, these tools are not useful
at the state- and county-wide scale considered in this study.

For restrictions on siting projects near DoD installations, the only information publicly available
at a regional scale are military-installation-specific land use plans, such as the Southern New
Mexico-El Paso, Texas Joint Land Use Plan (SNMEPJLUS) or areas designated as Special Use
Areas (SUA) by the DoD. However, military land use plans and standard restrictions to adjacent
renewable development are not publicly available for all installations in New Mexico.

Airports and military installations may allow for wind and solar project developments on their
lands if the projects are deemed compatible with their ongoing facility operations. However, due
to the complexity of siting projects on these lands and the site-specific nature of the
consultations involved, these areas were not considered further in this study.

1.1.3 Siting Limitations through Land Management and Biological Habitat

Federal lands may be unavailable for renewable development dependent on the designated use
of the land area. Types of areas that would not be available include national parks, national
monuments, national recreation areas, national wildlife refuges, wilderness areas, and other
similar lands with specific protections as well as lands designated as development exclusion
areas through the management plans of the land management agency. Many of these federal
areas with special protections have statutory limitations as part of their designating proclamation
that limits certain types of developments that are not compatible with the intended use of the
designated area. Noteworthy examples excluded from renewable development in this study
include New Mexico’s two national parks (White Sands and Carlsbad Caverns); its two national
historical parks (Chaco Culture and Pecos); one national preserve (Valles Caldera); and many
national monuments and historic trails (significant land area examples include Bandelier, Organ
Mountains-Desert Peaks, and Rio Grande del Norte). Many state and county parks, forests, and
natural areas would similarly be excluded from proposed renewable energy development. There
are 31 state parks that were considered as excluded from development in this study.

7 https://www.acq.osd.mil/dodsc/ as of June 22, 2020.
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The Endangered Species Act (ESA)also provides restrictions applicable to occurrences on all
land jurisdictions. The ESA protects endangered and threatened species and their habitats by
prohibiting the “take” of listed animals, except under federal permit. Take is defined as “to
harass, harm, pursue, hunt, shoot, wound, Kill, trap, capture, or collect or attempt to engage in
any such conduct.” The take prohibition encompasses significant habitat modification or
degradation that results in the direct killing or injury to listed animal species. Listed plants are
not protected from take, although it is illegal to collect or maliciously harm them on federal land.
In many cases, private lands provide high quality habitat for threatened and endangered
species and are important to the recovery of listed species. The FWS has several voluntary
programs that promote recovery of listed species and provide participating landowners
assurances that their management activities will not be impacted. Most of these agreements
result in an incidental take permit from the FWS, which allows take from otherwise lawful
activities on non-federal lands. On federal lands, areas of known endangered and threatened
species and their habitats will be identified as areas that should be avoided or excluded from
renewable energy development. Occupied areas on private and state lands may contain areas
that are not yet publicly known or may be mapped within the known range or habitat types for
the species. Federally listed endangered,

threatened, and candidate species known to Exhibit 13. Biological Considerations

occur in New Mexico by county are provided in
Appendix 3. Biological considerations are shown
in Exhibit 13.

While species that are candidates for listing
under the ESA do not have the same level of
protection as listed species, many states,
industries, and private landowners have enacted
local protections for candidate species in an
attempt to prevent a listing or to preserve their
interests and existing activities in case the
species were to become listed. The lesser
prairie-chicken (LPC) is a candidate species with
a broad range that extends into the grasslands
of eastern New Mexico. The LPC Interstate
Working Group, under the auspices of the

Western Association of Fish and Wildlife =it ikl o i i B9
Agencies (WAFWA), started working with state 2 ;‘;Z::::‘:bzige giﬁjﬁ"'gg*’"semﬁ°" Easoments
wildlife officials in 2012 to develop a range-wide I 4: Modeled Non-Habitat IS ccaA

conservation plan to protect the LPC that

includes representatives from the five range states of the LPC; the oil, gas, wind, electricity, and
telecommunications industries; private landowners; farmers; ranchers; the U.S. Department of
Agriculture (USDA); and other conservation nongovernmental organizations. As a result of the
range-wide plan, there are statewide LPC protections that include buffers for known leks and
development restrictions in crucial habitats. Additionally, many private landowners and the state
for lands in eastern and southeastern New Mexico have entered through the non-profit
organization Center of Excellence for Hazardous Materials Management (CEHMM) into
voluntary Candidate Conservation Agreements with Assurances (CCA/CCAAS) that specifically
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prohibit wind and solar development on their lands. Ranchers enrolled in CCA/CCAAs agree to
conservation measures that prohibit leasing of their land to wind power development, require
alternative techniques to minimize new surface disturbance, and bar new surface occupancy
within 30 meters of areas designated as occupied or suitable, unoccupied dunes sagebrush
lizard dune complexes, or within delineated shinnery oak corridors. Although solar development
is not specifically named, the latter two measures would prevent new solar development in
known habitat areas identified in the range-wide plan. The conservation measures additionally
instruct federal, state, and private landowner participants to build new roads, pipelines, and
power lines outside of occupied and suitable habitats, and unoccupied shinnery dune
complexes as designated by the FWS, BLM, New Mexico Department of Game and Fish, and/or
other designees. As such, although scattered renewable development may occur on lands of
non-participating landowners in these areas of eastern and southeastern New Mexico, servicing
this area with transmission builds to encourage renewable development would be contrary to
the efforts undertaken in the range-wide plan.

1.1.4 Identification of Developable Lands

1.1.4.1 Methodology for Screening Sites with Developable Renewable Potential

This study utilized a geographic information system (GIS) to identify constraints and
opportunities for renewable development. Free, publicly available data were used for the GIS
analysis. Most data were obtained directly from the source websites and were used with
minimal pre-processing. Other data were derived from publicly available sources either through
digitization or manipulation of the data using standard practices. Finalized datasets were
combined in the GIS to determine constrained areas within the state. Once constrained areas
were determined, the remaining areas were determined to be areas with potential for
development. These potentially developable areas were then intersected with renewable
resource potential data obtained from the National Renewable Energy Laboratory (NREL). This
enabled the team to determine areas with highest potential for development based on the
highest resource potential with minimal permitting constraints.

Exhibit 14 documents the inputs into the renewable development potential model. Each of these
inputs were combined within a GIS to determine areas of constraint and opportunity for
renewable development.
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Exhibit 14. Inputs to Renewable Development Potential Model

Subject

Land Use

Topography

Lesser Prairie

USFWS

Chicken

Critical

=

Habitat

Resource

General jurisdiction

Specially

Designated Areas
on Federal Lands

Military Flight Paths

Airport Obstruction

Surfaces

Department of
Defense Special

Use Areas (SUA)

Solar PEIS
Terrain

Slope

Crucial Habitat

Known leks
Conservation
Easements
Critical Habitat

Source

New Mexico
BLM State
Office
Protected
Areas
Database of
the U.S.
(PADUS)
SNMEPJLUS

Federal
Aviation
Administration
Department of
Defense

BLM

United States
Geological
Survey
(USGS) Digital
Elevation
Model (DEM);
Morgan, 2005
USGS DEM

Western
Association of
Fish & Wildlife
Agencies
(WAFWA)
WAFWA
CEHMM

FWS

Applicable To
Solar and Wind

Solar and Wind

Solar and Wind

Solar and Wind

Wind

Solar
Solar and Wind

Solar and Wind

Solar and Wind

Solar and Wind
Solar and Wind

Solar and Wind

Compatibility
BLM, Tribal, State of New Mexico,
and Private

Outside areas designated as ACEC,
CONE, FORE, HCA, IRA, LCA,
LHCA, LOTH, LP, LREC, MIL, NCA,
NP, NRA, NWR, SP, WA, WSA,
WSR?

Outside areas with Designated
Ground Siting Difficulty = Red
Outside Airport Obstruction Surfaces

High and Low Altitude Corridors

Outside designated siting constraints
Relatively flat

Slope less than 8% (solar) and 28%
(wind)

Crucial Habitat Assessment Tool
values <>1or2

Outside known leks
Outside CCA/CCAA easements

Outside critical habitat designations

ACEC: Area of Critical Environmental Concern; CONE: Conservation Easement; FORE: Forest Stewardship
Easement; HCA: Historic or Cultural Area; IRA: Inventoried Roadless Area; LCA: Local Conservation Area;
LHCA: Local Historic or Cultural Area; LOTH: Local Other or Unknown; LP: Local Park; LREC: Local
Recreation Area; MIL: Military Land; NCA: National Conservation Area; NP: National Park; NRA: National
Recreation Area; NWR: National Wildlife Refuge; SP: State Park; WA: Wilderness Area; WSA: Wilderness

Study Area; and, WSR: Wild and Scenic River.
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1.1.4.2 Land Use Constraints

Most constraints to renewable energy development within New Mexico are jurisdictional and
based on land use. This study looked at only land jurisdictions that are easiest to develop with
the shortest permitting times. As discussed in Section 1.1, private and state lands typically have
the shortest permitting times, as they only need state, county, and local permits. Federal and
tribal lands typically require more rigorous study of effects and permitting under federal
environmental laws, including NEPA. The federal lands with the most potential are those
managed by the BLM, which tend to have the least topographic and land use constraints. Other
federal lands, such as those administered by the U.S. Forest Service, were considered but are
highly restricted by topography, special designations such as wilderness areas and inventoried
roadless areas, and critical habitat.

Within BLM lands, there are areas that cannot be considered for renewable development as
discussed in Section 1.1. The Solar Energy Development Programmatic EIS (PEIS) finalized in
2012 outlines areas where solar development is constrained on BLM lands. Such areas include
those designated as specially managed lands such as Areas of Critical Environmental Concern
(ACECQ), Historic or Cultural Areas (HCA), National Conservation Areas (NCA), National
Recreation Areas (NRA), Wilderness Areas (WA), Wilderness Study Areas (WSA), and Wild
and Scenic River (WSR) corridors. These areas were removed from consideration in our
screening.

U.S. military land within New Mexico limits development throughout the state with most
constraints in the area near White Sands Missile Range. Military lands were not considered for
development potential; however, military training use extends beyond military land boundaries.
The available information on siting projects near DoD installations shows the SNMEPJLUS
created overly conservative buffers at jurisdictional county lines to conceal mission-critical
information. However, the option of going by the county lines would exclude substantial non-
military land areas. There are existing and proposed wind development facilities within the
counties shown as excluded from wind development that have higher quality wind resources in
the northern regions.

Another option was to consider a reasonable buffer zone around airports and military
installations (e.g., 10 miles for structures over 200 feet). The buffer approach may include areas
designated as restricted, but it captures potential developable areas near existing wind projects
that may have a higher likelihood for approval through coordination with the DoD. The buffer
approach can also be applied to military installations and airports that do not have publicly
available information on incompatibility areas for renewable development. The model used a 10-
mile buffer around DoD installations as a restriction for wind development and the SNMEPJLUS
ground incompatibility designations for both wind and solar development.

Construction of wind turbines and solar arrays is also considered a hazard within certain areas
surrounding New Mexico airports. Airport Obstruction Surfaces were digitized from the 2017
New Mexico Airport System Plan Update prepared for the New Mexico Department of
Transportation. These obstruction surface polygons were considered a constraint for both wind
and solar development. The assumption for using these surfaces as constraints is wind turbines
and reflection from solar developments have the potential to be flight hazards.
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1.1.4.3 Topographical Considerations (i.e., Prohibitive Slope Gradients)

Development of renewable projects is further constrained by construction considerations. Wind
and solar are limited to slopes of less than 28% and 8%, respectively. Areas that are overly hilly
or mountainous, or with high slopes, were not considered for renewable potential. Overly hilly or
mountainous areas were determined using a methodology that utilizes USGS digital elevation
models to develop macro landform classifications.?

1.1.4.4 Biological Considerations

Biological considerations include FWS-designated critical habitat and habitat for the LPC. FWS
critical habitat does not constrain renewables significantly because much of this habitat is
constrained by topography or other land use considerations. Of the 23 species with FWS-
designated critical habitat in the state, 15 are riparian or riverine (e.g., southwestern willow
flycatcher and Rio Grande silvery minnow), five have mountain habitat (Mexican spotted owl,
Jemez Mountains salamander, Chiricahua leopard frog, jaguar, and New Mexican ridge-nosed
rattlesnake), and three are terrestrial plant populations (gypsum wild-buckwheat, Pecos
sunflower, and Todsen’s pennyroyal) with very small extents.

The LPC hinders development of renewables in large portions of eastern and south eastern
New Mexico. Development of wind and solar is restricted within two miles of known leks and
crucial habitat with scores of 1 and 2 as determined by the WAFWA Southern Great Plains
Crucial Habitat Assessment Tool (CHAT), which is used in the range-wide plan. Additionally,
landowners in LPC range that entered CCA/CCAAs were excluded from both wind and solar
development. CCA/CCAA boundaries were not available digitally. In order to incorporate these
constraints, boundaries for CCA and CCAAs were digitized from mapping found in the CEHMM
Candidate Conservation Agreements for the Lesser Prairie-Chicken and the Dunes Sagebrush
Lizard in New Mexico 2018 Annual Report.

1.1.45 Determination of Constrained Lands

All renewable constraints data were combined using GIS. These data were categorized as
federal and non-federal constraints for wind and solar. Federal and non-federal lands were
removed from consideration using the combined constraint layers, leaving only areas that have
development potential regardless of renewable resource potential. An area filter of 40 acres was
used to remove any small areas that would not be feasible to develop. Exhibit 15 and Exhibit 16
show the renewable potential for wind and solar minus constrained areas.®

8 This methodology is discussed in “Developing Landform Maps Using ESRI's Model Builder” by Dr. John
M. Morgan, 2005.

9 Wind Power Classes shown on Exhibit 15 are groupings of wind resources based on the wind power
density at a given hub height.
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Exhibit 15. Potential Wind Development
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Exhibit 16. Potential Solar Development

| | Solar Development Constrained
Solar Potential (kWh/sq. m/day)

Bl 4+7-50 52-55 1 57-59
B s0-5255-57
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1.2 Development of Technical Resource Potential Through NREL
Data

National Renewable Energy Laboratory (NREL) data depicting wind and solar potential over the
state was used to determine total potential developable energy. Realistic solar and wind energy
capacities were calculated from the solar and wind resource potentials based on estimations for
the number of solar photovoltaic (PV) panels or wind turbines that could be installed within an
area, the technology efficiencies and current commercial availabilities, needed spacing, and
access requirements. . Solar and adjusted wind potential data were intersected with respective
non-constrained areas and counties.

For solar potential, NREL Global Horizontal Irradiance (GHI) data were used, and for wind
potential, NREL 50-meter (50-m) hub height Wind Power Class (WPC) designations were used.

1.2.1 Solar

GHI is the amount of solar energy striking a given area (e.g., wattage per square mile over
time). The GHI is categorized based on intensity into “bins” for a given area (data bins). The
units of GHI are kilowatt hours per square meter per day (kWh/m?/day). For example, a county
may have 5 square miles worth of one level of solar irradiance energy and 10 square miles of a
different amount of solar irradiance energy. Each bin represents a different level of available
solar energy for the geographic location and has its own capacity factor®.

Solar potential values were binned into five categories of irradiance for each county in New
Mexico. The solar resource data bins were then used to develop the technical solar potential for
a given land classification.

Several technical assumptions were made in the calculations of the maximum solar energy
capacities on the available land area by resource potential class:

e The available area in each land classification assumed to be useable for solar panel
arrays was 25% based on industry typical practices for utility-scale solar farms. This
assumption reflects observations from industrial development experience to account for
the need for access ways, right of ways, etc.

e An average panel size of 2m x 1m (2m?) was assumed with an average power
production of 400 watts per panel, based on current industry trends.

e Panel efficiency was assumed to be 24%, based on module efficiencies continuously
improving over time. Manufacturer roadmaps for projects deployed in 2022 and beyond
indicate 24% efficiency will be the standard. These projections are reasonable based on
historic product performance and our experience with the technology advancements.

e A panel performance ratio of 80% was assumed to represent a typical performance ratio
for the region. This ratio considers all loss factors, including inverters, panels, soiling,
shading, alternating current (AC) / direct current (DC) cabling, transformers, and thermal
conditions.

10 Capacity factor is defined as a ratio the actual energy production over the maximum possible energy
production in a given time period.
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¢ Annual degradation of module efficiencies was not included in the solar calculations for
maximum solar energy capacity because capacity is an instantaneous value.

Maximum instantaneous solar energy capacity was calculated based on the number and
efficiency of potential solar panels in each area combined with the available solar irradiance
accounting for the land space needed for installations (inclusive of hardware, access roads,
fencing, drainage, and other infrastructure).

Exhibit 17 provides a summary of solar capacity potential by county for New Mexico expressed
in both DC and AC. The DC rating provides the installed nameplate capacity of the solar
systems. To connect to the utility transmission system, it is converted to AC. The conversion
uses NREL’s recommended invertor load ratio (ILR) of 1.3*%. As shown, most of the solar
potential is on private and state lands, with 73% of the total. The strongest irradiance is in the
southwestern corner of the state; however, given land availability and high irradiance in most
areas of the state, potential output based on area is not a limiting factor to solar development.
As such, the developable areas do not fall into clusters based on resource potential, but rather
will be based on site specific conditions and opportunities existing throughout the state. The
total potential is 8,761,374 MW-DC (7,009,009 MW-AC). While this value is large, the realistic
developable potential is limited further based on supply chains, labor force, materials
availability, overall demand, and competitive economics. For example, based on historical solar
installation trends in nearby states, the maximum development capacity per year is 2,000 MW,
limiting the potential considered in this study to 24,000 MW (over the 12-year period 2020—
2032). An installation upper limit of 2,000 MW per year considers limited availability of heavy lift
machinery, transportation challenges, manpower limitations, and the historical installation trends
from California and Texas. California has installed greater than 2,000 MW of solar capacity per
year since 2012 while Texas had a maximum installation rate of 1,400 MW of solar capacity
from 2018 to 2019. Exhibit 18 provides further detail regarding the county level maximum
potential solar energy capacity in all counties for both federal/tribal and private/state lands.
Exhibit 19 provides the land area estimates used to generate the potential capacity estimates.

11 Available at https://ath.nrel.gov/electricity/2019/index.html?t=su. Accessed May 1, 2020.
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Exhibit 17. County-Level Solar Potential in New Mexico

Total Potential Total Potential Share on Federal Share on Private
County Solar Capacity Solar Capacity and Tribal Lands and State Lands
(MW-DC) (MW-AC) (%) (%)
Bernalillo 89,872 71,897 41% 59%
Catron 457,267 365,814 42% 58%
Chaves 493,733 394,987 20% 80%
Cibola 330,133 264,107 48% 52%
Colfax 243,592 194,873 1% 99%
Curry 96,786 77,429 0% 100%
De Baca 279,350 223,480 3% 97%
Dona Ana 164,975 131,980 52% 48%
Eddy 292,008 233,606 40% 60%
Grant 246,366 197,093 20% 80%
Guadalupe 346,781 277,425 2% 98%
Harding 231,779 185,423 5% 95%
Hidalgo 254,410 203,528 30% 70%
Lea 397,693 318,155 5% 95%
Lincoln 329,401 263,521 22% 78%
Los Alamos 1,677 1,342 82% 18%
Luna 302,255 241,804 28% 72%
McKinley 458,673 366,938 71% 29%
Mora 146,571 117,257 0% 100%
Otero 124,480 99,584 27% 73%
Quay 330,125 264,100 0% 100%
Rio Arriba 205,146 164,117 59% 41%
Roosevelt 131,258 105,006 0% 100%
San Juan 447,156 357,725 90% 10%
San Miguel 375,051 300,041 4% 96%
Sandoval 223,588 178,870 70% 30%
Santa Fe 128,209 102,567 13% 87%
Sierra 209,859 167,887 37% 63%
Socorro 433,420 346,736 34% 66%
Taos 87,951 70,361 29% 71%
Torrance 373,723 298,978 4% 96%
Union 406,948 325,558 3% 97%
Valencia 121,139 96,911 23% 77%
New Mexico 8,761,374 7,009,099 27% 73%
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Exhibit 18. Maximum Solar Capacity by County

Solar - Federal and Tribal Solar - Private and State
Max Power Capacity (MW-DC) Max Power Capacity (MW-DC)
Irradiance
~ 472 - | 4.97 - 5.21 - 5.69 - 472 - 4,97 - 5.69 -
((jkg/;/)h/m 2/ 4.97 591 5 45 5.45-5.69 594 Total 4.97 591 5.21-5.45 | 5.45-5.69 5 94 Total
Bernalillo 0 198 36,491 0 36,689 0 10,403 42,779 0 53,182
Catron 0 124,276 67,056 0 191,332 0 117,970 147,965 0 265,935
Chaves 0 177 99,269 0 99,446 0 3,575 390,712 0 394,287
Cibola 21 67,775 89,626 0 157,422 570 99,296 72,846 0 172,712
Colfax 1,837 1,021 0 0 3,268 26,915 211,790 0 0 240,323
Curry 0 0 73 0 0 73 0 0 35,180 61,534 0 96,714
De Baca 0 0 0 6,992 0 6,992 0 0 0 272,358 0 272,358
Dona Ana 0 0 0 0 85,655 85,655 0 0 0 137 79,182 79,319
Eddy 0 0 0 114,672 707 115,379 0 0 0 176,448 181 176,629
Grant 0 0 70 19,247 29,153 48,470 0 0 0 62,206 135,690 197,896
Guadalupe 0 0 0 8,393 0 8,393 0 0 17,723 320,665 0 338,388
Harding 0 0 7,590 4,443 0 12,033 0 0 67,574 152,172 0 219,746
Hidalgo 0 0 0 204 76,655 76,859 0 0 0 663 176,889 177,552
Lea 0 0 0 18,113 0 18,113 0 0 0 379,580 0 379,580
Lincoln 0 0 8,046 63,578 468 72,092 0 9 65,452 191,532 316 257,309
Los Alamos 0 431 947 0 0 1,378 0 202 97 0 0 299
Luna 0 0 0 0 83,410 83,410 0 0 0 0 218,844 218,844
McKinley 0 2,772 171,951 152,344 0 327,067 0 5,925 84,261 41,420 0 131,606
Mora 51 23 387 31 0 492 465 26,755 114,735 4,125 0 146,080
Otero 0 0 11,647 8,689 12,886 33,222 0 0 3,281 11,753 76,225 91,259
Quay 0 0 27 29 0 56 0 0 136,271 193,799 0 330,070
Rio Arriba ,98 48,202 69,282 0 0 120,468 3,251 42,229 39,199 0 0 84,679
Roosevelt 0 0 15 0 0 15 0 0 24,222 107,021 0 131,243
San Juan 0 12,116 161,477 226,934 0 400,527 0 0 24,967 21,663 0 46,630
San Miguel 0 11 14,938 385 0 15,334 415 7,613 126,082 225,609 0 359,719
Sandoval 0 491 58,650 97,701 0 156,842 0 575 15,340 50,831 0 66,746
Santa Fe 0 92 11,600 4,364 0 16,056 0 0 44,440 67,714 0 112,154
Sierra 0 0 4,772 12,316 60,630 77,718 0 0 524 36,694 94,922 132,140
Socorro 0 0 11,298 94,376 40,800 146,474 0 0 9,369 235,383 42,196 286,948
Taos 20 2,395 22,945 0 0 25,360 296 22,675 39,621 0 0 62,592
Torrance 0 0 3,051 12,876 0 15,927 0 0 61,891 295,906 0 357,797
Union 0 0 10,905 0 0 10,905 0 1,137 388,337 6,569 0 396,043
Valencia 0 0 0 27,812 0 27,812 0 0 0 93,093 233 93,326
Total 3,465 | 68,391 763,118 1,165,941 390,364 2,391,279 6,045 134,605 1,741,600 3,663,177 824,678 6,370,105
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Exhibit 19. Available Solar Developable Land Area by County

Solar - Federal and Tribal Solar - Private and State
Available Land (square miles) Available Land (square miles)

Irradiance 4,72 - 4.97 - 5.21 - 5.45 - 5.69 - 4,72 - 4.97 - 5.21 - 5.45 - 5.69 -
(kWh/m”2/day) 4.97 5.21 5.45 5.69 5.94 4.97 5.21 5.45 5.69 5.94
Bernalillo 0 0 2 282 0 0 0 80 330 0
Catron 0 0 960 518 0 0 0 911 1,143 0
Chaves 0 0 1 767 0 0 0 28 3,017 0
Cibola 0 0 523 692 0 0 4 767 563 0
Colfax 3 14 8 0 0 13 208 1,636 0 0
Curry 0 0 1 0 0 0 0 272 475 0
De Baca 0 0 0 54 0 0 0 0 2,103 0
Dona Ana 0 0 0 0 661 0 0 0 1 611
Eddy 0 0 0 886 6 0 0 0 1,363 1
Grant 0 0 1 149 225 0 0 0 480 1,048
Guadalupe 0 0 0 65 0 0 0 137 2,476 0
Harding 0 0 59 34 0 0 0 522 1,175 0
Hidalgo 0 0 0 2 592 0 0 0 5 1,366
Lea 0 0 0 140 0 0 0 0 2,931 0
Lincoln 0 0 62 491 4 0 0 505 1,479 2
Los Alamos 0 3 7 0 0 0 2 1 0 0
Luna 0 0 0 0 644 0 0 0 0 1,690
McKinley 0 21 1,328 1,176 0 0 46 651 320 0
Mora 0 0 3 0 0 4 207 886 32 0
Otero 0 0 90 67 100 0 0 25 91 589
Quay 0 0 0 0 0 0 0 1,052 1,497 0
Rio Arriba 23 372 535 0 0 25 326 303 0 0
Roosevelt 0 0 0 0 0 0 0 187 826 0
San Juan 0 94 1,247 1,752 0 0 0 193 167 0
San Miguel 0 0 115 3 0 3 59 974 1,742 0
Sandoval 0 4 453 755 0 0 4 119 393 0
Santa Fe 0 1 90 34 0 0 0 343 523 0
Sierra 0 0 37 95 468 0 0 4 283 733
Socorro 0 0 87 729 315 0 0 72 1,818 326
Taos 0 19 177 0 0 2 175 306 0 0
Torrance 0 0 24 99 0 0 0 478 2,285 0
Union 0 0 84 0 0 0 9 2,999 51 0
Valencia 0 0 0 215 0 0 0 0 719 2
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1.2.2 Wind

NREL provides (50-m) WPC data publicly. However, as hub heights for most modern turbines
exceed this level, the 50-m data was adjusted to be in line with current industry hub heights of
100-m. To do this, the 50-m wind speed data was adjusted by applying the 1/7t" wind profile
power law to a 100-m hub height. The wind profile power law is a mathematical relationship
between wind speeds at two different heights. To adjust wind profiles from 50-m hub height to
100m, the ratio of the heights is raised to the 1/7™" exponent, which is based on industry
practices for neutral stable conditions in the atmosphere. This results in the 50-m wind velocities
being multiplied by 1.104 to create the 100m wind velocities. Wind power classes were also
adjusted based on the need of 1% more wind velocity per 1000 feet of elevation. An example of
this is a location at 5000 feet above mean sea level would need 5% greater wind velocity to
have equivalent energy at mean sea level due to decreased atmospheric density at altitude. A
USGS DEM was used to uniformly adjust wind power classes based on elevation for the state.
These adjustments to the WPC data are recommended by NREL and suggested for use of the
dataset.'?

Like solar, the wind speed variation was also categorized based on velocity into “bins” in much
the same method. For example, a county may have 7 square miles worth of 5 m/s wind and 9
square miles worth of 10 m/s wind. Wind potential was reported in WPC/mile? on a county by
county basis. The wind resource data bins were then used to develop the technical wind
potential for a given land classification. Areas with potential to develop wind were reported in
WPC/mile? on a county-by-county basis.

Several technical assumptions were made in the calculations of the maximum wind energy
capacities on the available land area by resource potential class:

e The wind turbine power rating and rotor size for a given wind speed bin was determined
based on the top 3 major turbine OEMs’ (GE, Vestas, Siemens Gamesa) current
onshore fleet offerings. Average power ratings and rotor sizes were assumed from the
full range of onshore turbines currently offered for commercial sale. Currently available
turbines were assumed for the full timeline of this study. In this way, the study was not
made dependent on unpredictable or unreliable potential future technology
developments that may or may not occur in the next 10 years.

e A turbine spacing of 8 rotor diameters was assumed based on wind industry practices.*®

e Turbine capacity factors were assumed based on 2019 NREL data for the wind speed
bins adjusted for actual performance observations.**

NREL has estimates for expected performance by WPC; however, anecdotal evidence indicated
that the NREL data underassessed the New Mexico performance expectations. Actual capacity
factor observations for wind facilities that came online in the last 5 years and had at least 1 year

2 wWind Energy Resource Atlas of the United States, Appendix A. D.L. Elliott, C.G. Holladay, W.R.
Barchet, H.P. Foote, and W.F. Sandusky, October 1986.
https://rredc.nrel.gov/wind/pubs/atlas/appendix_A.html Accessed on May 15, 2020.

Pacific Northwest Laboratory

13 Wind Turbine Separation Distances Matter, June 2014, Prepared by: Peter R Mitchell, AM, BChE.
142019 Annual Technology Baseline, 2019, Prepared by: National Renewable Energy Laboratory.
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of operational data available were mapped to their actual WPC to compare to NREL'’s
assumptions. This resulted in a performance factor on average of 49% in 2018 for WPC 4
resources as compared to NREL'’s assumption of 40%. Since coming on-line, these same
projects have operated at roughly a 48% capacity factor. Given this large difference, the NREL
capacity factors by WPC were adjusted as shown in Exhibit 21. This adjustment is further
supported by performance guarantees for the Sagamore wind project, a facility currently under
construction in the eastern part of New Mexico. According to Xcel Energy (Xcel) / Southwestern
Public Services (SPS) testimony in support of the project, preliminary analysis indicates that the
Sagamore facility, which is in a WPC 4 location based on Task 1 mapping, can be expected to
operate at a 52.2% capacity factor. SPS has furthermore agreed to a minimum 48% capacity
factor as a performance guarantee.!®

Exhibit 20. Observed Capacity Factor

Plant Name Online 2018 Capacity Long-term WPC
Year Factor Capacity Mapping

Factor

Anderson Wind 2014 48% 45% (2015- Class 4
2018)

Broadview Wind 2017 49% 49% (2018) Class 4

Milo Wind Project 2016 48% 48% (2017- Class 4
2018)

Roosevelt County 2015 48% 49% (2016- Class 4

Wind 2018)

Sterling | Wind Farm 2017 51% 51% (2018) Class 4

Note: Longer-term capacity factor shows annual average capacity factor for years in which the facility

operated for the full calendar year.

Source: Capacity factor calculated from EIA facility-level, reported annually for generation for 2018.

For wind power classes that did not have existing facilities in New Mexico to inform performance
assumptions, NREL performance assumption deltas between wind power classes were used to
determined performance assumptions for all wind performance classes.

1515 Capacity factors for renewable facilities depend a number of variable factors, such as wind speed,
location, specific technology deployment etc. The assumptions listed above reflect historic data as well as
supporting evidence from ongoing planning and contracting processes. Actual performance of units will
vary from year to year and will need to be determined through assessments of locational characteristics,
technology selection and detailed weather assessments.
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Exhibit 21. Adjusted Capacity Factor Assumption by WPC

WPC NREL Capacity Factor Adjusted Capacity Factor
7 48% 57%
6 45% 54%
5 43% 52%
4 40% 49%

Sources: NREL capacity factor from the NREL Annual Technology Baseline states performance by
Technology Resource Groups (TRG), which are then mapped to Wind Performance Classes based on
wind speed data. TRG 1 is mapped to WPC 7, TRG 2 to WPC 6, the average of TRG 3 and 4 to WPC
5, and TRG 5 to WPC 4. Adjusted capacity factors derived by ICF.

Maximum instantaneous wind energy capacity was calculated based on the wind turbine rating,
rotor diameter, and capacity factors for each wind speed bin. Note the two lowest wind speed
bins were excluded from the calculations due to commercial considerations and the prohibitive
cost to develop such low wind regimes. WPCs 1 and 2 were not included in this estimate due to
limited interest in these sites by developers due to the limited output and higher relative
development costs. Overall, 152,842 MW of potential capacity exists. Of this, 5,146 MW exists
at the best quality wind sites of WPC 5 and above as shown in Exhibit 22.

Exhibit 22. Maximum Wind Capacity by WPC

WPC Resource Wind Velocity Max Power Cumulative Max Power
Potential (m/s) Capacity (MW) Capacity (MW)

7 Superb > 8.8 31 31

6 Outstanding 8.0-8.8 537 568

5 Excellent 7.5-8.0 4,578 5,146

4 Good 7.0-7.5 34,952 40,098

3 Fair 6.4-7.0 112,744 152,842

2 Marginal 5.6—-6.4 199,917 Not included due to limited

1 Poor 00-5.6 228 340 commercial application

Economics favor developing WPC 5 and above due to the economies achieved at higher output;

however, development of these sites could be stymied by higher site-specific costs based on
the site conditions and the often more remote locations. While WPC 4 sites offer lower output
potential, the economics are often more viable due to better siting conditions. Exhibit 23
illustrates the concentration of wind potential geographically across New Mexico. As can be
seen, the majority of WPC 4 and above wind potential is concentrated within three counties in
the central area of New Mexico—Guadalupe, Torrance, and Lincoln—with over 64% of the
WPC 4 and above total potential. Most of the remainder of the potential wind capacity (29%) is
within five additional counties; in the east/northeast area, Union and Quay; in the south, Eddy
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County; and in or bordering the central area, De Baca and San Miguel. Additionally, the SPP
area, particularly Roosevelt county, has strong potential.'®

Exhibit 23. New Mexico Wind Potential

Indian
Reservation
1 Navap
2 Ute Mountain
3 | Jcanila Apache
4 Toeos
S Piurs
6 San Juan
. 7_ Santa Clara
36 8 San lidefonso
9 Pojoaque
24
3z - Wind Power Classification
) f Transmission Line* Wind Resource  WindPower  Wind Speed® Wind Spoed®
ey A Power Potential Densityat50m at50m atSOm
9 Existing wind farms Voltage (kV) Class Wim? m's mph
g - 115-138
Under construction — 230 1 Poor 0- 200 00- 59 0.0-132
i 2 Marginal  200- 300 59- 67 132150
wind farms - 345 3 Fair 300 - 400 67-74 150- 166
Plant locations and SPP / WECC territori —— S Comtet %0600  79.84  177-108
ant locations an erritories t . . .
5 * Source: POWERmap, ©2002 6 600 - 800 84-93 188-208
approximate only. rﬁw..mamm&» 7 Superd > 800 >93 >208
. . Il Compan
Derived from NREL Wind Resource 50-m. - ® Wind speeds are based on a Weibull k_of 2.0 at 1500 m elevation

Most existing wind sites have been developed in WPC 4 areas (Exhibit 24), largely in the
counties identified above.

In total, WPC class potential in New Mexico is nearly 35,000 MW. When combined with the
higher wind classes, this provides more than 40,000 MW of very strong wind resource potential
in the state. While this value is large, the realistic developable potential is limited further based
on supply chains, labor force, materials availability, overall demand, and competitive economics.
Like solar, the maximum development capacity per year for wind is assumed to be 2,000 MW
for use over the 12-year study period for a total of 24,000 MW of incremental wind additions.

16 SPP overlaps several counties listed in the East/Northeast area.
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The upper limit of 2,000 MW per year considers limited availability of heavy lift machinery,
transportation challenges, skilled manpower limitations, and historical installation trends from
California and Texas. From 2011 to 2012, California achieved its highest wind capacity
installation of 1,625 MW over the past 20 years, while Texas had a maximum installation rate of
3,615 MW of wind capacity from 2014-2015.

Exhibit 24. Existing Wind Capacity in New Mexico

Plant Name Online Capacity .
Year (MW) County (City) WPC
Anderson Wind | and Il 2014 15 Chaves (Hagerman) Class 4
Aragonne Wind LLC 2006 90 Guadalupe (Santa Rosa) Class S/Flass 3to6
adjacent
Broadview Energy 2017 324 Curry (Texico) Class 4
Caprock Wind Farm 2005 80 Quay Class 5
= MInCIERETEY 2018 51 Quay (near House) / De Baca Class 4
Center
El Cabo Wind 2018 298 Torrance (Encino) Class 3
Class 5 (Sitting on a
High Lonesome Mesa LLC 2009 100 Torrance (Willard) thin ridge)/Quickly
dropping to Class 3
Macho Springs Power | 2011 50 Luna (Deming) Class 2
Mesalands Community .
College Wind Turbine 2 Quay (Tucamari) NA
Milo Wind Project LLC 2016 50 Roosevelt (Dora) Class 4
New Mexico Wind Energy 2003 204 Guey [Heuss) J Be Baw Class 3 an.d 4
Center boundaries
Red Mesa Wind LLC 2010 102 Cibola (Seboyeta) Class 3 an.d 4
boundaries
Roosevelt County 2015 250 Roosevelt (Elida) Class 4
ffg Juan Mesa Wind Project 2006 120 Roosevelt (Elida) Class 4
Sterling | Wind Farm 2017 30 Lea (Tatum) Class 4
Texico Wind Ranch LP 2003 2 Curry (Texico) NA
Wildcat Wind 2012 27 Lea (Lovington) Class 4
Grady Wind Energy Center 2019 221 Curry (Broadview) Class 4

Exhibit 25 illustrates the maximum wind energy capacity in each county broken out by
federal/tribal and private/state land. Like solar capacity potential, most of the capacity is found
on state and private land. Exhibit 26 further defines county-level potential by wind power class.
Exhibit 27 provides the land area available by wind speed for each county.
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Exhibit 25. Total Developable Wind Capacity in New Mexico

Total Potential Wind

Capaciy Gz wpe3) SRS S T
Bernalillo 44 0% 100%
Catron 24 89% 11%
Chaves 6,324 25% 75%
Cibola 1,208 70% 30%
Colfax 1,599 1% 99%
Curry 3,840 0% 100%
De Baca 6,759 3% 97%
Eddy 4,851 62% 38%
Grant 297 16% 84%
Guadalupe 19,713 3% 97%
Harding 5,396 5% 95%
Hidalgo 253 40% 60%
Lea 13,104 0% 100%
Lincoln 19,186 23% 77%
Los Alamos - 0% 100%
Luna 263 51% 49%
McKinley 541 22% 78%
Mora 321 5% 95%
Otero 1,388 82% 18%
Quay 16,659 0% 100%
Rio Arriba 258 84% 16%
Roosevelt 5,754 0% 100%
San Juan 121 100% 0%
San Miguel 8,635 6% 94%
Sandoval 229 50% 50%
Santa Fe 2,051 0% 100%
Sierra 360 12% 88%
Socorro 675 57% 43%
Taos 43 88% 12%
Torrance 11,989 3% 97%
Union 20,772 3% 97%
Valencia 102 51% 49%
Dona Ana 86 79% 21%
New Mexico 152,842 10% 90%
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Exhibit 26. Maximum Wind Capacity by Class and County

Wind - Federal and Tribal Wind - Private and State

Max Power Capacity (MW) Max Power Capacity (MW)
Wind
Velocity 0.0-5.6 56-6.4|64-70|7.0-75|75-8.0({8.0-8.8|>8.8| Total 0.0-56 | 56-64 | 64-70 |70-75|75-8.0/8.0-8.8(>8.8 Total
(m/s)
Bernalillo 1,906 73 0 0 0 0 0 0 1,474 458 44 0 0 0 0 44
Catron 10,624 650 18 3 0 0 0 21 15,486 1,513 3 0 0 0 0 3
Chaves 530 5,049 1,331 221 11 0 0 1,563 4,285 16,146 4,186 507 67 0 0 4,760
Cibola 8,372 3,130 666 134 34 17 0 851 10,176 1,609 250 81 20 7 0 358
Colfax 185 179 18 0 0 0 0 18 9,446 7,470 1,362 179 25 10 3 1,579
Curry 0 0 0 0 0 0 0 0 0 731 3,591 246 3 0 0 3,840
De Baca 5 213 151 76 0 0 0 227 81 9,061 4,443 2,019 70 0 0 6,532
Eddy 224 4,917 1,482 1,061 406 82 0 3,031 858 8,081 1,222 442 129 27 0 1,820
Grant 1,628 1,048 44 3 0 0 0 47 6,674 4,826 242 8 0 0 0 250
Guadalupe 0 39 114 378 20 0 0 512 26 2,595 8,512 9,528 1,123 37 0 19,200
Harding 44 406 283 0 0 0 0 283 575 8,481 4,823 238 45 7 0 5,113
Hidalgo 2,473 2,374 99 3 0 0 0 102 6,747 4,152 148 3 0 0 0 151
Lea 36 972 10 0 0 0 0 10 224 8,125 13,094 0 0 0 0 13,094
Lincoln 458 1,022 2,306 2,038 98 0 0 4,442 975 4,495 7,769 5,816 1,000 160 0 14,745
Los Alamos 257 0 0 0 0 0 0 0 31 0 0 0 0 0 0 0
Luna 1,453 3,796 125 8 0 0 0 133 3,887 8,705 127 3 0 0 0 130
McKinley 19,198 4,131 107 11 3 0 0 121 6,401 1,791 239 134 34 14 0 421
Mora 10 55 8 0 0 0 7 15 3,539 6,802 260 28 11 7 0 306
Otero 998 1,199 710 283 106 31 7 1,137 1,225 2,012, 195 39 14 3 0 251
Quay 0 3 0 0 0 0 0 0 16 3,786 13,757 2,612 218 65 7 16,659
Rio Arriba 14,625 1,191 179 34 3 0 0 216 8,013 507 39 3 0 0 0 42
Roosevelt 0 0 0 0 0 0 0 0 0 1,006 5,572 182 0 0 0 5,754
San Juan 25,680 2,642 101 17 3 0 0 121 3,656 65 0 0 0 0 0 0
San Miguel 281 582 296 193 50 3 0 542 4,592 14,674 6,048 1,789 221 34 0 8,092
Sandoval 9,714 3,294 109 6 0 0 0 115 3,468 2,015 88 20 3 3 0 114
Santa Fe 1,583 244 5 0 0 0 0 5 1,128 5,013 2,020 25 0 0 0 2,045
Sierra 2,811 1,082 42 3 0 0 0 45 4,537 2,015 304 11 0 0 0 315
Socorro 3,658 3,674 346 25 8 3 0 382 7,790 8,398 283 8 0 0 0 291
Taos 1,786 224 13 6 6 7 7 39 3,645 603 5 0 0 0 0 5
Torrance 221 619 325 53 25 0 0 403 525 10,244 6,360 4,393 812 20 0 11,585
Union 0 0 577 42 0 0 0 619 1,461 4,690 18,114 2,027 11 0 0 20,152
Valencia 822 239 47 6 0 0 0 53 4,358 1,183 49 0 0 0 0 49
Dona Ana 1,758 3,762 62 6 0 0 0 68 1,703 1,856 18 0 0 0 0 18
Total 111,340 46,809 9,574 4,610 773 143 21 15,121 117,000 153,109 103,168 30,344 3,805 394 10 137,718

Note: WPC 1 and 2 not included in Total values Note: WPC 1 and 2 not included in Total values
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Exhibit 27. Available Wind Developable Land Area by County

Wind - Federal and Tribal
Available Land (square miles)

Wind - Private and State
Available Land (square miles)

Wind

Velocity 0.0-5.6 56-6.4 6.4-7.0 70-75 75-8.0 80-8.8 | >8.8 | 0.0-5.6 5.6-6.4 6.4-7.0 70-75 75-8.0 8.0-8.8 | >8.8
(m/s)

Bernalillo 261 10 0 0 0 0 0 202 63 6 0 0 0 0
Catron 1,454 89 3 1 0 0 0 2,120 207 1 0 0 0 0
Chaves 73 691 183 28 2 0 0 586 2,210 573 65 9 0 0
Cibola 1,146 429 91 17 5 2 0 1,393 221 34 10 3 1 0
Colfax 25 25 3 0 0 0 0 1,293 1,023 187 23 4 1 0
Curry 0 0 0 0 0 0 0 0 100 492 31 1 0 0
De Baca 1 29 21 10 0 0 0 11 1240 608 257 9 0 0
Dona Ana 241 515 9 1 0 0 0 233 254 3 0 0 0 0
Eddy 31 673 203 135 52 9 0 118 1,106 167 57 17 3 0
Grant 223 144 6 1 0 0 0 914 661 33 1 0 0 0
Guadalupe 0 6 16 48 3 0 0 4 355 1,165 1,211 143 4 0
Harding 6 56 39 0 0 0 0 79 1,161 660 30 6 1 0
Hidalgo 339 325 14 1 0 0 0 924 569 21 1 0 0 0
Lea 5 133 2 0 0 0 0 31 1,112 1,792 0 0 0 0
Lincoln 63 140 316 259 13 0 0 134 615 1,063 739 127 17 0
Los Alamos 35 0 0 0 0 0 0 5 0 0 0 0 0 0
Luna 199 520 17 1 0 0 0 532 1,192 18 0 0 0 0
McKinley 2,628 566 15 2 0 0 0 876 245 33 17 5 2 0
Mora 2 8 1 0 0 0 1 485 931 36 4 1 1 0
Otero 137 164 97 36 14 3 1 168 276 27 5 2 1 0
Quay 0 1 0 0 0 0 0 2 518 1,883 332 28 7 1
Rio Arriba 2,002 163 25 4 0 0 0 1,097 70 5 1 0 0 0
Roosevelt 0 0 0 0 0 0 0 0 138 763 23 0 0 0
San Juan 3,515 362 14 2 0 0 0 501 9 0 0 0 0 0
San Miguel 39 80 41 25 6 1 0 629 2,008 828 228 28 4 0
Sandoval 1,329 451 15 1 0 0 0 475 276 12 3 1 1 0
Santa Fe 217 34 1 0 0 0 0 155 686 277 3 0 0 0
Sierra 385 148 6 0 0 0 0 621 276 42 2 0 0 0
Socorro 501 503 47 3 1 0 0 1,066 1,150 39 1 0 0 0
Taos 245 31 2 1 1 1 1 499 83 1 0 0 0 0
Torrance 30 85 45 7 3 0 0 72 1,402 871 558 103 2 0
Union 0 0 79 6 0 0 0 200 642 2,479 258 1 0 0
Valencia 113 33 7 1 0 0 0 597 162 7 0 0 0 0
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1.3 Renewable Resource Development Timing

As discussed in Section 1.2, the renewable potential in New Mexico is significant, and given
available land and technical development timelines, it would be possible to develop roughly
24,000 MW combined wind and solar over the next dozen years.’

To understand the near-term development opportunities, particularly in the early part of this
study’s time horizon, it is important to understand the typical project development timeline and
the current status of project development.

1.3.1 Renewable Project Development Status in New Mexico
The typical phases of renewable project development include:

e Prospecting and land securing

e Resource assessment

¢ Interconnection and transmission studies
e Design and permitting

e Power purchase agreements

¢ Financing

e Construction and operations

A typical wind project could take 5 to 10 years to move through all these phases to reach
operation; solar projects may average slightly less. As evidenced by the over 900 MW of wind,
which has come in-service in New Mexico in the last three years, developers have been active
in the state for several years. This activity has continued with a steady stream of projects
already in various stages of development. Looking forward, another 3,000 MW of renewable
capacity, primarily wind, are in advanced development, having already completed
interconnection and permitting processes and with off-takers in place (details are discussed in
Section 2.3.3).

Beyond the advanced development stage projects, addition renewable projects in New Mexico
are in various stages of development. Currently, the interconnection queues of PNM, El Paso
Electric (EPE), Tri-state Generation and Transmission (TSGT), and SPS show over 10,000 MW
of capacity in various stages of developments ranging from early drafting of initial documents to
advanced interconnection and project studies.® The facilities in the queue are in various phases
of planning, permitting and/or interconnection. Based on their queue status, it would typically
take 2 to 9 years of additional development to reach an operational stage, well within the time
horizon of this study. The sites indicated in the interconnection queues are helpful for identifying
possible siting locations and possible interconnection points for facilities required for Task 3.

7 The 24,000 MW reflects the physical development potential after applying a 2,000 MW per year limit on
each wind and solar land development. It does not reflect the actual outlook for renewable project
development, nor is it reflective of market and policy drivers.

18 PNM Interconnection Queue January 2020. Development Cluster #9, 10, and 11 were included in the
capacity totals referenced above and in Appendix 3. Units with executed Interconnection agreements
were not included in the totals. Totals listed above also include information from EPE dated January 20,
2020, TSGT January 20, 2020, and SPS accessed on May 20, 2020. Of this, 6,800 MW are in WECC
and 3,200 MW are in SPP.
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The queues however do not provide a comprehensive indication of all projects currently in
development in the state. For example, the Corona portfolio of projects is one of the largest
projects under development in the country. The Corona portfolio includes several nearby sites in
central New Mexico with up to 2,200 MW of wind capacity. The portfolio is linked to the
proposed SunZia Southwest Transmission Project (SunZia) aimed at increasing New Mexico’s
export potential. This project is in advanced stages of the permitting process and are ready to
move to interconnection and contracting stages pending the status of SunZia. Other projects
that are not in the interconnection queue have begun land acquisition processes in discussions
with the state or other land holders.

Altogether, there is significant capacity (roughly 12,000 MW, which includes the 3,000 MW of
advanced stage development, the roughly 7,000 MW in select utility interconnection queues
[reflecting part of the state only], and the 2,200 MW Corona portfolio) with the potential to
become operational prior to 2032 (i.e., within this study’s time horizon).

The interconnection queues are utilized in Task 3 to identify likely interconnection points to the
transmission network for renewable projects. As these projects are already significantly
advanced in the interconnection queue, the ability to develop within the 10 to 12-year study
horizon is more likely than for unidentified interconnection points. In addition, as discussed in
1.1.1.1, federal and tribal permitting can add significant time to the development process. As
this study is focused on primarily near- to mid-term opportunities, only projects sited on state or
private lands were considered. While this does not preclude the potential to develop on federal
or tribal lands within the next 10 to 12 years, it is does provide for a reasonable location of
resources in the given time horizon.

1.3.2 Drivers for Incremental Renewable Additions

Task 2 of this study examines the potential for renewable capacity additions in New Mexico over
the next 10 to 12 years in addition to the existing and firmly planned additions. The timing of
additions over that period is driven by a range of different factors. One of the key factors
determining the renewable additions are the development of renewable economics as well as
changes to the supply mix through firm retirements. Renewable economics are influenced by
technological developments, such as improving turbine and associated cost reductions and
performance improvements, and federal policies, such as the production and investment tax
credits for renewable facilities. With the PTC expiring in 2024, near-term economics of
especially wind facilities can support and drive developments of facilities over the next 3 to 4
years. Task 2 will further describe the projected additions over time and provide details on the
components driving the timing of additions.

1.4 Application of Results in Additional Tasks

The results of Task 1 illustrate the quantity of developable solar and wind resources. The large
guantity of solar and wind resource potential in the state represent significant opportunity. While
the technical potential after screening is large, competitive economics and transmission access
limit the opportunity for developers. The economic viability to develop capacity is examined in
Task 2 under various scenarios, including scenarios considering the competitiveness of
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resources from New Mexico to serve other states, should transmission constraints be
completely removed. Based on the economic potential, Task 3 further examines siting of
resources based on the potential identified within Task 1.

1.5 Potential Additional Analysis

While the results presented for county-level capacity present a realistic view of resource
capability for the purposes of this study, additional enhancements could be made to refine the
data for more detailed and site-specific analysis. There are several suggested future
enhancements:

e Coordination with the DoD to better inform areas that truly are constrained from
development because of DoD activities.

¢ Identification of lands currently committed to proposed or in-progress wind and solar
development would further refine the model.

e Utilizing NREL 100-m wind data could refine estimates of potential wind energy
production.

e Coordination with developers and inclusion of their site-specific measurement data could
enhance the quality of the NREL data through providing more granular and refined data.
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2 Task 2: New Mexico’s Economic Potential for
Renewable Energy

The assessment of the technical potential for renewable energy across New Mexico under Task
1 identified significant potential for solar and wind facilities in the state. The ability to realize this
potential and develop renewable energy projects will depend on policy, economic, and
technological developments in New Mexico as well as the neighboring regions. Task 2 utilized a
scenario process to identify the economic potential for renewable facilities to be developed in
New Mexico to support both in-state and out-of-state demand. The analysis focused on
evaluating both New Mexico and other markets in WECC and in SPP to identify the amount of
new renewable generation that could be developed economically in New Mexico.

To do so, the scenario analysis focused on analyzing alternate potential scenarios for electricity
markets to identify key drivers and limitations of the economic development of renewable
energy within New Mexico. The first step in this process was establishing a Business as Usual
(BAU) scenario based on a large body of assumptions that characterizes the New Mexico
electricity market, neighboring states, and the broader regional markets. ICF worked with the
NM RETA Advisory Group to develop scenario outlooks to assess the sensitivity of renewable
development to alternative market outlooks. This chapter provides a discussion of the key
assumptions for general market conditions, the components considered in each scenario, and
the identified economic renewable development potential identified for each. Background
characterization of the New Mexico electricity grid common across scenarios is provided first,
followed by a discussion of key scenario inputs and assumptions. Additionally, given the
importance of transmission to the development of renewable energy, in each scenario, a
sensitivity was considered to identify how economic renewable development in New Mexico
would be impacted should no out-of-state transmission constraints exist.

2.1 New Mexico Electricity Market Background

The assessment of New Mexico’s renewable energy potential requires an understanding of how
renewable energy deployments have shaped the region over the past decade, and how growing
renewable portfolio standards, clean energy standards, and utility targets will increase the
demand for renewable energy in the future. Over the last decade, the energy landscape in New
Mexico and the broader western United States has shifted from a fossil-fuel dominated supply
mix towards a system with an increasing share of renewable energy.

2.1.1 Evolution of New Mexico’s Renewable Energy Targets and Policies

While New Mexico’s electricity supply today is still predominantly fossil fuel based, the share of
renewable generation has increased from 5% in 2010 to close to 25% in 2019.%° This expansion
in renewable energy supply is due to several factors. New Mexico adopted a renewable portfolio
standard (RPS) in 2004 which was further amended in 2007 with a target to achieve 20% of
retail sales for New Mexico’s Investor-Owned Utilities and 10% for cooperatives by 2020. Since
then, the Energy Transition Act (ETA) of 2019 established a zero-carbon resources standard for

19 Derived from data reported by the Energy Information Administration in form EIA-923.
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investor-owned utilities by 2045 and rural electric cooperatives by 2050. The ETA sets interim
targets of The ETA sets a statewide renewable energy standard of 50% by 2030 for investor-
owned utilities and rural electric cooperatives, and a goal of 80% by 2040, Utility targets have
also expanded, with PNM in New Mexico announcing a 100% target by 2040, prior to the state-
wide target date of 2045. Xcel, which operates Southwest Public Service Company in New
Mexico and Texas, committed to 100% carbon-free electricity by 2050 across its portfolio of
utilities.

2.1.2 Evolution of Out-of-State Renewable Energy Targets and Policies

In addition to New Mexico’s own policies, other neighboring and nearby states have passed
ambitious renewable policies. WECC includes states with some of the most aggressive clean
energy goals and standards in the United States:

¢ New Mexico, California and Washington have among the country’s most ambitious targets
with 100% Clean Energy Standards or zero carbon standards by 2045.

¢ Nevada and Oregon have increased their existing RPS programs (Nevada increased it to
50% by 2030; Oregon increased it to 50% by 2040). Nevada also identified aims to reach
100% clean energy by 2050, and Oregon’s political environment is quite similar to other
states that have adopted 100% standards or goals.

e Colorado has implemented a 30% RPS by 2030, with a more extensive roadmap to a goal
of 100% clean energy by 2040. Colorado furthermore has implemented emission reductions
targets of 50% of 2005 levels by 2030 and 90% by 2050.

e Montana and Arizona have near-term targets similar to New Mexico’s 2020 RPS targets.

e Voluntary standards exist in Utah.

Of the 22 states to which New Mexico has integrated transmission access (the WECC and
SPP), only Idaho, Wyoming, Nebraska, Louisiana, and Arkansas have no form of RPS. Exhibit
28 shows the WECC and SPP state level renewable energy goals in 2030 and where applicable
beyond as a share of sales as well as the MWh targets in 2030.
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Exhibit 28. WECC and SPP State Level Renewable Energy Goals*

RPS/CES Goals 2030 RPS Qualifying Generation Requirements
I . ew Mexico —
California
‘Washington
Nevada —
I Colorado I
I Oregon I
I Minnesota I

mmmm——— Arizona I

e Missouri -

I Montana u
Utah
Kansas
Oklahoma
North Dakota
South Dakota
lowa
Texas

100% 80% 60% 40% 20% 0% 0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000
% of Retail Electricity Sales 1,000 MWh

M RPS Goal in 2030 Voluntary RPS/CES Goal M RPS/CES Goal in Terminal Year

* RPS and CES procurement targets shown are drawn from public information and ICF data. lowa and Texas RPS
are Capacity goals, and not a percentage of retail sales. The RPS for lowa is 105 MW. The RPS for Texas is 10,000
MW. The Kansas RPS is 20% of peak demand, not retail sales.

Also, as in New Mexico, individual utilities are moving to establish their own goals. In
neighboring Arizona, Arizona Public Service announced in January 2020 a new target of
eliminating carbon-based generation by 2050. Similarly, Xcel Energy corporate goals apply to its
Colorado operations. A listing of corporate entities with internal clean energy goals is shown in
Exhibit 29.

NM RETA Renewable Energy Transmission and Storage Study 42



Exhibit 29. Western Utilities with Clean Energy Goals

Utility (Areas of Operation) Type of Goal
Goal
Arizona Public Service Emission 100% carbon-free power by 2050. 65% clean energy by 2030
Company (AZ) Reduction
Avista Utilities (ID, WA) Emission Carbon-neutral electricity supply by the end of 2027
Reduction  100% clean energy by 2045
El Paso Electric (NM, TX) Emission 25% reduction in carbon footprint from 2015 levels by 2025
Reduction  40% reduction in carbon footprint from 2015 levels by 2035
Holy Cross Energy (CO) Emission 70% reduction in GHG emissions from 2014 levels by 2030
Reduction
Idaho Power Company (ID, Emission Average CO2 emissions intensity of energy sources from 2010
OR) Reduction to 2020 is 15% to 20% lower than 2005 levels, 100% clean
energy by 2045
Los Angeles Dept of Water Emission 100% net-zero emissions by 2050
and Power (CA) Reduction
Pacific Gas & Electric (CA) Emission Reduce 1 million tons of GHG emissions from company
Reduction  operations by the end of 2022. 40% reduction in GHG
emissions from 1990 levels by 2030
PacifiCorp (OR) Emission 60% reduction from 2005 levels by 2030
Reduction
Platte River Power Authority Renewable 100% non-carbon energy mix by 2030
(CO) Energy
Portland General Electric Emission Eliminate coal from energy mix by 2050; 80% reduction in
(OR) Reduction  GHG emissions by 2050
Poudre Valley Rural Electric ~ Emission 80% carbon-free energy by 2030
Association (CO) Reduction
Public Service Company of Emission 70% emissions-free energy by 2032 100% emissions-free
New Mexico (NM) Reduction  energy by 2040
Puget Sound Energy (WA) Emission 50% reduction in carbon footprint by 2040
Reduction
Sacramento Municipal Emission Net-zero carbon emissions by 2040
Utility District (CA) Reduction
Salt River Project (AZ) Emission 62% reduction in CO2 emissions from 2005 levels by 2035;
Reduction  90% reduction in CO2 emissions from 2005 levels by 2050
Southern California Edison Emission 40% reduction in GHG emissions from 1990 levels by 2030,
(CA) Reduction  and 80% reduction in GHG emissions from 1990 levels by
2050
Xcel Energy (CO, MI, MN, Emission 35% emissions reduction by 2017 (achieved); 80% below
NM, ND, SD, TX, WI) Reduction 2005 levels by 2030; and zero-carbon by 2050
/ Carbon
Reduction

Source: Smart Electric Power Alliance (SEPA) as of May 2020.
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2.1.3 Existing and Firm Renewable Supply in New Mexico

As shown in Exhibit 30, renewable capacity in New Mexico has experienced steady growth in
recent years. Data from the U.S. Energy Information Administration shows that renewables in
Exhibit 30. Historical Electric Generating New Mexico have been growing as a share of
Capacitv (MW) in New Mexico the generation mix with wind, solar,
_ geothermal, hydro, and biomass resources
wOil wRenewables* »Coal wGas . .

14,000 accounting for 23% of New Mexico's
generation mix in 2018 compared with 7% in
2013. Historically, most of supply in New
10,000 Mexico has been thermal based, but the
increase in renewables combined with the
closure of thermal plants has helped
=~ 6,000 renewables achieve a stronger share of the

resource mix.

12,000
_. 8,000

4,000
Going forward, renewable capacity in New

= . l I I Mexico is positioned to reach over half the
0 N . capacity mix in the next few years. At the time

2013 2014 2015 2016 2017 2018 2019 this study was commissioned, New Mexico’s

*Renewable energy sources include biomass, geothermal, solar, hydro renewable energy Capacity was

and wind. Only one hydro resource, which was brought online after July

1, 2007 was considered. Excludes non-renewable resources accounting appl‘OXImate|y 2,500 MW. In Comparison,
for 1 MW of capacity 2013 to 2019. e

Source: S&P Global Market Intelligence, April 15, 2019, renewable facilities currently under

construction or in advanced planning stages
are expected to add around 3,000 MW of renewable supply to the state. As a result, by 2023,
New Mexico is positioned to have approximately 6,000 MW of renewable capacity. Over the
same period, 847 MW of coal will retire at San Juan. These combined developments will result
in a capacity mix of roughly 50% renewables in 2023.

2.1.4 New Mexico Clean Energy Compliance

These renewable developments have placed New Mexico well on its way to meet the interim
targets of the ETA. However, the development in New Mexico is largely spurred by clean energy
goals of other states. For example, facilities such as the Grady Wind and the Broadview
portfolio are contracted into the California market, supplying California load serving entities with
Renewable Energy Credits (RECs) for compliance with state requirements. Those facilities
which are contracted for RECs elsewhere may not be utilized to serve the ETA requirements. Of
the 5,600 MW of capacity expected to be in place in 2023, it is estimated that nearly 4,200 MW
will be available to provide renewable energy credits to support the New Mexico ETA. With an
output of over 12,000,000 MWHh, this capacity can satisfy the ETA goals through 2030 (50% of
gualified retail sales) as illustrated in Exhibit 31.
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Exhibit 31. New Mexico Expected Generation from Qualifying Generation Versus ETA Goals
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Additional qualified in-state resources would be required to meet the zero carbon standard of
the state by 2045 as well as PNM’s target of 100% clean supply by 2040. This incremental need
is further explored in Section 2.8.1.

2.2 Modeling Approach

The objective of Task 2 was to provide a high-level review of the realistic market potential for
renewable development in New Mexico, considering competitive economics of resources in
New Mexico and against facilities able to serve areas outside of New Mexico. As identified in
Task 1, the technical potential for solar and wind in New Mexico is significant and of good
guality, with recent wind additions in the state achieving capacity factors close to 50% and
planned additions projecting capacity factors upwards of 50%. This compares to a US average
capacity factor of 42% for facilities constructed between 2014 and 2017 and 35% across the
wind fleet in the US.?° The higher the capacity factor achievable, the lower the amount of
capacity needed to achieve targets such as the ETA.

However, the competitive landscape to provide resources to neighboring markets must be
examined as well. The competitiveness of resources will be based on the cost of development
(including land, labor, materials, and transmission fees) and the potential performance
advantages of resources. As illustrated in Exhibit 32, the competitive landscape for wind is very
strong in the SPP market with significant area available for development in high speed wind
areas. Indeed, Oklahoma and Texas are two of the leading states for wind production, not just in
the SPP but the entire country. At the same time, New Mexico wind has an advantage over
many other areas in the west. In contrast, the New Mexico solar quality is consistent with much
of the southwest U.S. and California and exceeds that to the north and the easternmost areas of
SPP.

20 United States Department of Energy Office of Energy Efficiency $ Renewable Energy, 2018 Wind
Technologies Report, 2019
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Exhibit 32. Solar Irradiance and Wind Speed for WECC and SPP
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To assess the amount of capacity that could be economically developed in New Mexico, this
study utilized ICF’s Integrated Planning Model (IPM®). IPM simulated electricity market
operation on a forward basis solving for capacity entry and exit over time while determining
economic dispatch of facilities and considering compliance with environmental policies and
clean energy goals. IPM has been extensively used in the assessment of environmental and
renewable policies across North America. IPM uses a zonal market construct to simulate
multiple market areas simultaneously, and for this application considers the full United States
and Canadian contiguous power system. New Mexico is modeled reflecting its participation in
the WECC and SPP markets and capturing the expected policy goals for all states.

A scenario approach was utilized to consider potential development opportunities under
different situations. This initially considered a BAU scenario, as well as several other scenarios
considering implications of alternate costs, alternate demand levels, alternate policies, and
varying transmission access.

2.3 Key Assumptions

An overview of key assumptions driving the scenarios considered is provided herein. A detailed
description of the assumptions modeled is included in Appendix 5.

2.3.1 Study Timeframe

Consistent with NM RETA'’s objective of considering development opportunities for the next 10
to 12 years, the timeframe of the IPM modeling horizon is from 2020 to 2032. This period
captures the 2030 interim target of the ETA: 50% of retail sales from renewable energy sources.
Given the mid-term focus only, this study is not intended to serve as a roadmap to achieve full
compliance with the ETA targets through 2045. The implications of the study timeframe on the
results and opportunities for renewable development beyond the study period are further
explored in Section 2.8.
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2.3.2 New Mexico Transmission System

A central aspect of this study is the ability of the transmission system in New Mexico to support
the development of renewable resources and to identify markets for the potential exports of the
additional renewable resources. New Mexico has several main utility transmission systems
including PNM, TSGT, EPE in WECC, and SPS in SPP, to which a developer can interconnect.
To access the broader WECC market, the key for any generation developer using New Mexico
transmission is access to Four Corners on PNM’s system. Four Corners is a major electricity
hub in the Southwest connecting New Mexico with Arizona, California, Colorado and Nevada.
For a power plant developer in New Mexico to market its supply to major load centers in SPP, it
has to either connect with Xcel/SPS’s transmission system or if connecting to the WECC
system, try to get through the 200 MW gateway at Blackwater Substation near Clovis or the 200
MW gateway at Eddy Substation near Carlsbad. The zones for New Mexico in IPM reflect the
400 MW combined gateway limit to SPS, as well as the available total transmission capability
limits to WECC of 2,400 MW.2!

Developers seeking to export power outside of New Mexico also need to acquire firm
transmission service. Transmission service is the contractual right to utilize transmission
capacity consistent with the total transfer capability and is acquired on a first-come, first-served
basis. Currently, the firm transmission services are highly subscribed, limiting the ability of
developers to acquire firm transmission, which is a requirement for several state RPS programs
including California, the largest demand area for renewable energy credits in the western U.S.
While the contractual subscription is high, the operational ability of the pathways is not affected
by contractual determinations and the pathways are not over-utilized in operation. For modeling
purposes, it was assumed that 2,400 MW were available for energy flows into WECC, while
capacity was limited to 900 MW to reflect availability of firm transmission. Actual available
transmission will vary based on transmission system upgrades and additions (including Western
Spirit and BB2, for example), as well as contracts and operations of facilities, and therefore
could change from period to period. The 900 MW assumed is representative only, estimated as
an average for long-term modeling, and based on feedback provided by the NM RETA Advisory
Group and a review of facilities assumed to have firm transmission (see Exhibit 33).

21 2016 WECC Power Supply Assessment, December 2016.
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Exhibit 33. Wind Facilities in New Mexico Contracted Out-of-State

Facility Capacity Contract Off- Online Year
Taker/Region
El Cabo Wind 298 MW Southern California Edison 2018
(SCE)
Grady Wind Sacramento Municipal
220 MW Utility District (SMUD) 2019
Broadview Wind 324 MW SCE/SMUD Mid 2010’s
Portfolio
Western Spirit Wind 816 MW — partially Callfqrnla Community Early 2020s
Farm contracted Choice Aggregators
Oso G'rzzr::ine Wind 247 MW Tucson Electric Power Early 2020s

Limitations to firm transmission service were identified as a critical factor for renewable
development to serve markets outside New Mexico. As such, for every market scenario
considered in this zonal modeling, a parallel case was considered assuming that no
transmission limitations applied for either capacity or energy flow. This sensitivity for each
scenario was generated to identify the full economic potential and competitive position of New
Mexico resources should transmission limitations not be binding. The sensitivity was not
intended to reflect any specific transmission expansion projects or to optimize transmission
pathways, but rather was used to identify the generation project economic potential, absent
binding transmission constraints.

2.3.3 Firm Capacity Additions and Retirements

New Mexico’s energy supply portfolio is undergoing a transformation from a primarily fossil fuel-
based supply dominated by coal towards a clean energy economy as defined in the ETA. The
analysis conducted assesses the potential for economic expansion of renewable energy
technology beyond firm changes that are expected to occur in the next few years. These firm
near-term changes to the supply mix are assumed across all scenarios modeled and are
summarized in Exhibit 34. As discussed above, with the addition of the renewables currently
under construction or in final stages of development and the retirement of large coal capacity,
renewables are expected to equal about half of the generating capacity in the state by 2023.
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Exhibit 34. Planned New Mexico Capacity Additions and Retirements by Type
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2.3.3.1 Fossil Retirements

Historically, New Mexico’s annual electricity supply has largely been provided by coal
generation. The Four Corners, San Juan, and Escalante coal plants supply both New Mexico
and neighboring states with a capacity of over 2,600 MW. These major coal plants are all in
various stages of retirements (scheduled or already implemented). San Juan is partially retired
with two of the four units previously going offline in 2017 and the remaining units scheduled for
retirement in 2022. Tri-State announced the closure of Escalante in 2020 and in the longer term,
the retirement of Four Corners is scheduled for 2031.

Exhibit 35. Firm Coal Retirements — MW Retired by Year

Proje ame Bala g A 0 Re ed B 020 0 0 ota

Escalante Tri-State 2020 257 257

San Juan PNM 2022 847 847

Four Corners* PNM 2032 200 200
Total Coal Retirements 257 847 200 1,304

* Four Corners Units 4 and 5 have a combined capacity of 1,636 MW, a portion of which is contracted by PNM. The
entire facility is modeled as retired in 2031, with PNM's share only listed above.

In addition to the retirement of large coal facilities in the states, utilities in their supply plans are
scheduling natural gas facilities for retirement in the near-term. The analysis conducted in Task
2 captures the planned retirements across the utilities in the state. These facility retirements are
focused for the most part on smaller peaking facilities, such as the Rio Grande and Newman
retirements in EPE’s territory and the Cunningham and Maddox retirements in SPS’s territory.
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Exhibit 36. Firm Natural Gas Retirements — MW Retired by Year
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Rio Grande 6 EPE 2020 45 45
Rio Grande 7 EPE 2023 46 46
Newman 1 EPE 2023 74 74
Newman 2 EPE 2023 76 76
Newman 3 EPE 2028 97 97
Newman 4 EPE 2028 227 227
Cunningham 1 SPS 2019 73 73
Cunningham 2 SPS 2025 183 183
Maddox 1 SPS 2028 112 112
Maddox 2 SPS 2025 61 61

Total Natural Gas Retirements 118 196 | 244 | 436 994

2.3.3.2 Fossil Firm Additions

While utilities in New Mexico are planning for retirements of fossil capacity across the state,
both PNM and EPE are planning to add fossil capacity to the supply mix as part of near-term
supply plans. PNM, in its San Juan Replacement Plan, included 280 MW of combustion turbine
capacity, while EPE included 226 MW of combustion turbine capacity at the Newman site as
part of its competitive 2017 All Source RFP awards.

Exhibit 37. Fossil Firm Additions — MW Added by Year
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San Juan Replacement PNM 2023 280 280
Solicitation Combustion Turbine | EPE 2023 226 226
Total Natural Gas Additions 506

2.3.3.3 Renewable Additions

Beyond firmly assumed capacity additions, New Mexico has developed into a U.S. hot spot of
renewable development, with additional wind capacity in various stages of development
amounting to several gigawatts. As an example, one of the country’s largest wind development
projects is under development in central New Mexico. The Corona portfolio of wind facilities
would add over 2,000 MW of supply in New Mexico.

New Mexico’s renewable supply mix is projected to grow over the next three years. For the
purpose of this analysis, facilities were considered as firm additions based on status of
development. Factors that were incorporated into the determination of firm resources include
the utility solicitations and near-term plans, such as EPE’s All Source Request for Proposal
(RFP) awards, PNM'’s San Juan Replacement Plans, status of Power Purchase Agreement
(PPA) awards, and interconnection agreements.

In early 2020, the Sagamore wind project in the SPS service territory will add over 500 MW of
renewable supply to New Mexico. PNM is planning to add 300 MW of capacity at the La Joya
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project, which includes capacity that is part of PNM’s replacement plan for the San Juan coal
facility, scheduled to retire in 2022. Even larger capacities are projected to enter service as part
of the Western Spirit Wind Farm, a project linked to the Western Spirit transmission line
currently under development by RETA, Pattern Energy, and PNM. In total, wind additions to
New Mexico’s supply mix by 2023 amount to over 2,000 MW, doubling the existing capacity in
the state.

Not only wind is slated for growth in the near-term. Utilities are also planning to add solar
resources across the state. EPE in recent solicitations awarded 200 MW of solar capacity in the
state to meet expected capacity and energy needs in the 2022/2023 timeframe. PNM included
350 MW of solar in the San Juan replacement plans and there are additional developments of
solar projects to support renewable electricity needs for corporate customers’ applications, such
as data centers. Combined, solar additions are assumed to amount to 950 MW between 2020
and 2023.

Exhibit 38. Firm Renewable Additions — Solar and Storage — MW Added by Year
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Escalante Solar Tri-State 2023 200 200
Jicarilla Solar PNM 2023 50 50
San Juan Replacement Solar PNM 2020 350 350
Route 66 Solar PNM 2020 50 50
Britton Solar PNM 2020 50 50
Rio Puerco Solar PNM 2020 50 50
Solicitation Solar Otero County EPE 2023 100 100
Solicitation Solar San Teresa County EPE 2023 100 100
San Juan Replacement Battery Storage | PNM 2023 130 130

Total Solar PV and Storage Additions 280 800 950

Exhibit 39. Firm Renewable Additions — Wind — MW Added by Year
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La Joya PNM 2023 300 300
Western Spirit Wind Farm (Mesa Canyons) | PNM 2023 816 816
Oso Grande Wind Project Tucson Electric 2023 247 247
Great Divide Wind Farm EPE 2023 252 252
Sagamore Wind Project SPS 2023 522 522

Total Wind Additions 012,137 | 2,137

2.4 Scenario Analysis

A range of scenarios were modeled to determine the impact of different potential future market
conditions on renewable capacity expansion in New Mexico. The range of scenarios explore the
impacts of varying assumptions on energy markets, economics, and regulatory components of
the energy system and provide context for and boundaries of the BAU analysis. The scenarios

NM RETA Renewable Energy Transmission and Storage Study 51



considered were guided by input from the NM RETA Advisory Group and focused on key drivers
for:

¢ Electric demand and renewable demand growth scenarios (high and low demand
outlooks).

¢ Renewable energy generation outlook for New Mexico (high and low generation
outlooks).

e Alternative policy outlooks (impacting demand and cost for renewables)

¢ Transmission capability and cost (impacting market access and competitiveness of
renewables).

The scenario analysis results provide important insights into specific results drivers to further the
understanding of market dynamics and drivers for renewables in New Mexico at a high level.
These scenarios are not intended to identify location specific development opportunities.

2.4.1 Scenario Matrix

In total, four scenarios were considered, each with two transmission capability sensitivities, for a
total of eight forward looking market cases. These scenarios encompass a set of potential
market-based outcomes reflecting high and low renewable development in New Mexico under
high and low demand conditions both in-state and out-of-state. The scenarios and their
components are further described in Exhibit 40.

2.4.2 Scenario Components and Assumptions

The BAU Scenario considered a status quo outlook for the key parameters with no changes to
current policy, transmission access or cost, and normal expected demand growth. This base
BAU scenario is reflective of a low demand (status quo growth, no electrification) — low
generation (renewable development limited by transmission constraints) scenario. The BAU was
also run with a sensitivity of unlimited transmission representing a low demand — high
generation scenario.

Under the Cleaner Economy Scenario, higher loads from the electrification of non-electric
sectors would drive higher RPS requirements throughout the United States. In addition, New
Mexico’s ETA targets would increase from 50% in 2030 to 56% in 2032 as New Mexico
continues to progress on its path to the zero carbon target by 2045 for IOUs and 2050 for rural
electric cooperative. This scenario is reflective of higher load growth across market areas and
higher renewable generation in New Mexico due to higher ETA targets. The transmission
sensitivity further varies the overall generation with the unlimited case reflecting the highest
generation outlook for this scenario.

The Regional Transmission Organization (RTO) Proxy Scenario is identical to the BAU case
except for the hurdle rates across the WECC. For this scenario, hurdle rates across the WECC
were removed starting in 2025 to approximate the potential benefits from the creation of a more
optimized regional energy system.?? While this scenario does not modify demand, it does reflect

22 Hurdle Rates reflect charges to transfer power between balancing authorities, increasing the cost of
transferring power from New Mexico to other regions in WECC
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a potentially higher demand for New Mexico resources due to decreased costs to transfer
energy. This scenario is reflective of High Demand - Low Generation under the limited
transmission sensitivity and High-Demand-High Generation under the unlimited transmission
scenario.

Exhibit 40. Scenario Analysis Matrix

Scenario 2: Scenario 3: Scenario 4:

Scenario Levers Scenario 1: Cleaner Economy RTO Proxy High Renewable

L Scenario Scenario Deployment

WENSIES NS  Tariff Pancaking Tariff Pancaking No Ta.rlff No Ta.rlff
Pancaking Pancaking
Broad Area Electrification of Electrification of
Electric Load Reference Load Other Sectors Reference Load Other Sectors

. Exceed 2030
SIETCH Y SA APV Meet 2030 Target Meet 2030 Target Meet 2030 Target target by 10%

Federal Tax Credits BAU BAU BAU PUS 2

through 2030
Transmission a. BAU a. BAU a. BAU a. BAU
Capability b. Unlimited b. Unlimited b. Unlimited b. Unlimited

Notes:

Tariff Pancaking indicates for long-distance movements, transmission tariffs must be paid for each balancing authority
crossed.

BAU = Business as Usual.

ETA = Energy Transition Act.

Other sector electrification is indicative of transitioning from the use of thermal fuel sources in transporation, heating, and
industrial to use of electricity.

PTC = Production Tax Credit.

The High Renewable Deployment Scenario combines the higher load and RPS targets from the
Cleaner Economy scenario with the hurdle rate elimination of the RTO Proxy Scenario and
furthermore includes an extension of the Federal Production Tax Credits for wind facilities
through 2030. This scenario reflects the most favorable case for renewable development with
both high load conditions and reduced net costs for renewables. The High Renewable
Deployment Scenario with current transmission limits reflects a High Demand (economy-wide
renewable drivers in place) — Low Generation (limited opportunity to develop in New Mexico)
scenario, while the sensitivity with unlimited transmission reflects a High Demand — High
Generation outlook.

Each of the scenario components are described in further detail below.

e Transmission Costs — Hurdle Rates — There is currently no RTO in the western United
States. Although California has formed its own Independent System Operator (ISO), the
other states in the WECC do not have an RTO coordinating electricity sales between the
states and setting a regional tariff on electricity sales crossing state lines and service
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zones. This results in large hurdle rates from “tariff pancaking,” in which consecutive
tariffs are applied to energy that is wheeled across multiple service territories. These
compounded charges make selling energy into California from New Mexico more
expensive. If balancing authorities in WECC were to adopt such an RTO-like structure,
these hurdle rates may potentially be optimized, limiting the effects of tariff pancaking. In
order to simulate this, an “RTO-Proxy” structure in the WECC where the hurdle rate was
set to $0 starting in 2025, meaning energy from different balancing authorities would no
longer be impacted by tariff pancaking, was modeled.

o Broad Area Electric Load — While renewable energy policies such as the New Mexico
ETA are increasing the share of renewables in the electricity supply, policies in many
states are now targeting economy-wide reduction targets. California, Colorado and
Nevada are just some examples of states with emission reduction targets beyond
electricity sector targets. With the electric sector featuring lower emission intensities than
other major energy end use sectors such as the transportation or building sectors, and
with the continued expansion of renewable electricity targets, the achievement of
economy-wide targets is expected to be at least in part achieved through electrification
of the economy. This electrification would — all else equal — increase electric load and
consequently renewable energy targets that are defined as a percentage of sales or
load. To capture the potential impacts of increasing load through electrification, two of
the scenarios analyzed include an increase in the BAU load and RPS requirements.
These load increases were adopted from NREL'’s Electrification Futures Study Mid-Case
increase over the Reference Case Load Forecast. By 2032, this increase in load
amounts to 7.6%.

e State Policy (ETA) — The BAU scenario assumes the achievement of the 2030 ETA
target of 50% of sales. In order to capture the expansion of the ETA beyond 2030, the
Cleaner Energy Economy and High Renewable Deployment scenarios continue the
expansion of the ETA beyond 2030, modeling a path towards achieving the 2045 and
2050 ETA targets for utilities and co-ops respectively.

o Federal Tax Credits — An extension of the Federal Production Tax Credit was modeled
through 2030 in the high renewable deployment scenario. The PTC improves the
economics of wind energy by allowing project owners to recoup an amount based on the
facility output from their tax liability based on how much a project generates. In the past
the PTC has been extended, renewed, or even allowed to expire. By extending the PTC
in the High Renewable Deployment Scenario, which would require Congressional action
to preserve the status quo beyond 2020, an extension of the current PTC was simulated
through 2030. Currently, project eligibility extends to the end of 2020 based on the
development status.

e Transmission Constraints — As discussed in the transmission assumptions, each
scenario was analyzed under two transmission conditions: The estimated existing
transmission limits between regions were maintained or transmission constraints were
removed to determine the economic outlook for renewables in New Mexico assuming
unlimited transmission capacities.
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2.5 Scenario Results

2.5.1 BAU Key Findings

The two sensitivities considered under BAU (limited and unlimited transmission) clearly illustrate
the need for access to transmission for new renewable facilities to expand to levels reflecting
the competitive outlook for New Mexico. The limited transmission scenario shows adequate
development to meet ETA obligations through 2030 as New Mexico has enough supply of
renewable energy credits available from the current portfolio of existing and planned renewable
energy resources. However, the ability to develop for incremental exports to other markets is
constrained. The relaxation of transmission limitations clearly illustrates this impact as shown in
Exhibit 41, which illustrates the economic potential to develop over 5,000 MW more than in the
constrained case for export. Under the constrained assumption, renewable expansions in New
Mexico are limited to the estimated limit of firm transmission of just over 900 MW of wind
capacity. Under relaxed transmission assumptions, renewable capacity expands to 5,900 MW of
economic new wind and solar additions by 2030. The capacity additions are split between wind
and solar with 2,700 MW of wind additions by 2023 and 3,200 MW of solar additions by 2030.

Exhibit 41. BAU Economic Renewable Additions
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Wind additions are found to be more desirable to develop in the near-term with 2,700 MW of
wind desired by 2023. Solar energy becomes attractive in the longer term with 3,200 MW of
solar capacity desired by 2030. The near-term economics of wind are supported by the PTC,
which wind facilities constructed by 2023 would have access to at 40% of the initial PTC. This
result is reflective of a rush to develop given the benefit of the PTC to project economics.
Although this analysis does not include the recent expansion of the PTC to 2024 at 60% of the
original credit, it does provide slack for the development timeline shown here for wind such that
one would expect to see the same quantity of wind, but online timing may be extended one year
to 2024.
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Solar timing is less dependent on tax credits, as a 10% investment tax credit is assumed to be
available throughout the study timeline. Most solar development therefore occurs closer to the
end of the study period.

Exhibit 42 summarizes the projected overall renewable capacity in New Mexico over time,
including existing, firmly assumed capacity additions and economic capacity additions. In the
BAU scenario, overall New Mexico renewable capacity by 2030 is projected to reach over
11,000 MW.

Exhibit 42. New Mexico Renewable Capacity in a BAU Scenario — Unlimited Transmission
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The largest demand for New Mexico wind resources is from California. Exhibit 43 illustrates the
ambitious RPS and clean energy standard (CES) targets of many of the states in the vicinity of
New Mexico, particularly to the west. Access to transmission that enables the delivery of power
to the west is identified as a critical given the hard limit in the BAU limited transmission
sensitivity.

Development of incremental wind and solar resources in New Mexico to serve the SPP market
through 2030 was not found to be a significant driver of renewable development for New
Mexico, even with the removal of transmission limitations. In part, this is due to the competition
with strong renewable resources located in Oklahoma, Texas, and other parts of SPP, which
would be closer to SPP load centers. However, continued development to serve Xcel/SPS load
in Texas and New Mexico is expected as Xcel begins to retire its Texas coal facilities. Xcel
expects to retire the 1,076 MW Tolk coal plant in Texas by December 31, 2032. The Harrington
coal plan, also in Texas, at 1,031 MW, would be the only remaining coal capacity in the service
area. By 2032, Harrington will have reached over 50 years of operation and represents another
large potential replacement for renewable and storage capacity to continue to service the SPS
area going forward. While Xcel currently or soon will have 1,162 MW of wind and solar in New
Mexico (including contracts and owned facilities) and 1,760 MW of renewables in Texas and
Oklahoma, and can easily achieve its current RPS obligations, with the loss of operating
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capacity, new opportunities for development of renewables and storage to serve SPS needs will

exist.

Exhibit 43. Clean and Renewable Energy Standards in WECC and SPP States (excluding voluntary

standards)
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Scenario analysis was used to quantify the impact of the market, regulatory, and policy drivers
identified above, with the resulting renewable capacities ranging from approximately 1,000 MW
of renewables in transmission-constrained cases, to over 10,000 MW, in cases with higher load,
expanded federal incentives and unlimited transmission capacity. The capacity addition results

for the non-BAU scenarios are summarized in Exhibit 44.
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Exhibit 44. Economic Wind and Solar Additions in 2030 by Scenario
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2.5.2.1 Cleaner Economy Scenario
In the Cleaner Economy Scenario, where sector electrification leads to increased load and RPS

requirements across WECC, the renewable capacity identified is similar to the build-out to the
BAU case, with close to 6,000 MW of renewable resource additions in New Mexico by 2030.
3,300 MW of wind and 2,600 MW of solar were found to be economic in the unconstrained
transmission sensitivity. Compared to the BAU case, the overall renewable buildout is similar,
but wind generation is more attractive given the higher potential output to serve the increased

demand.

Exhibit 45. Cleaner Economy Scenario Economic Renewable Additions
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2.5.2.2 RTO Proxy Scenario

Although regulatory policies such as tariff pancaking affect the economics of New Mexico
renewables, they are not as limiting as the unavailability of transmission capacity. Introducing an
RTO structure to eliminate tariff pancaking did not affect the renewable build-out compared to
the transmission-constrained BAU scenario. Once transmission constraints are removed,
renewable capacity additions in New Mexico increased to 3,700 MW of wind capacity, while
solar builds amounted to 1,300 MW of solar by 2030. Under the RTO Proxy, the removal of
hurdle rates impacting other areas of WECC was found to directly affect renewables in other
WECC markets to a greater degree than benefitting New Mexico.

The RTO Proxy scenario was intended to capture the impact to renewable competitive positions
should a transition to an RTO-like market occur. Discussion of RTOs in the WECC and
southwest U.S. have been ongoing for many years but have failed to gain significant traction
given historical market and political positions. However, the California ISO balancing market has
expanded considerably in recent years to allow for synergies across market areas under more
extreme balancing needs brought on by greater renewable penetration. PNM recently joined the
California ISO Energy Imbalance Market (EIM), which now extends to include entities in
Arizona, Utah, Nevada, Idaho, Washington, Oregon, and Wyoming (as well as California). While
not providing full coordination, the EIM does indicate a movement toward more coordination to
optimize efficiencies across balancing areas. However, even with such positive indicators, a
larger scale RTO does require significant time to establish, as well as significant coordination
across various stakeholders outside the New Mexico direct domain.
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Exhibit 46. RTO Proxy Scenario Economic Renewable Additions
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2.5.2.3 High Renewable Deployment Scenario
Combining non-electric sector electrification, a WECC RTO-Proxy and an extension of the

Federal PTC through 2030 results in the most substantial increase in renewable builds, at over
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11,500 MW of wind builds by 2030. Under these conditions, wind is more economic than solar
and fully accounts for economic renewable builds over the study timeframe as the extended
production tax credit improves the economics of the wind facilities. The High Renewable
Deployment Scenario also shows expansions of renewable capacity in the transmission
constrained case, with over 5,000 MW of wind capacity being added with existing transmission
limitations in place, indicating that significant additions are driven by increases of in-state load
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and RPS requirements and improved economics of wind facilities compared to existing facilities
in the state. The extension of the Federal PTC also delays the construction of the wind facilities
in New Mexico, as the economic advantage of the PTC no longer require the facilities to be
operational by 2023.

The High Renewable Energy Deployment Scenario combined several factors on the federal,
regional and state level such as tax credits, sector electrification, and an RTO in the west,
leading to the 11,000 MW “High Renewables” scenario. While the High Renewables scenario
does not reflect the most extreme outlook, considerable developments would need to occur in a
relatively short time period to achieve this scenario outlook.

Exhibit 47. High Renewable Deployment Scenario Economic Renewable Additions
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2.6 Economic Potential for New Mexico Renewable Additions — Key
Results

The economic renewable expansion assessment analyzed a range of scenarios to determine
the impact of the existing market environment and other potential combinations of assumptions
on the renewable potential for New Mexico. The analysis considered the firmly expected
expansion of renewables in New Mexico through the inclusion of near-term projects such as
planned San Juan replacement options for PNM which will add solar, wind, battery and gas
capacity to the system over the next years. Given the recent and projected near-term renewable
additions, the analysis indicates that while the goals of the Energy Transition Act are expected
to increase to 50% of retail sales by 2030, qualifying generation from the existing renewable
system and near-term additions along is expected to be sufficient to satisfy the 2030 ETA
requirement.

At the same time, renewable energy expansion was found to be economic in each scenario
tested, with a wide range of additions from just under 1,000 MW in transmission constrained
scenarios to over 11,000 MW in a more aggressive scenario favoring renewables. Transmission
export capability was proven to be a limiting factor in renewable energy development under all
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scenarios tested. The unconstrained BAU case was adopted as a reasonable and realistic
middle ground of the scenarios tested and projects capacity additions of 5,900 MW by 2030,
split into 2,700 MW of wind capacity added by 2023 and 3,200 MW of solar capacity added by
2030. With the ETA targets satisfied through capacity additions assumed in all cases, the main
driver for economic expansion is increasing demand for renewable energy across neighboring
markets with targets with growing Renewable Portfolio Standards or Clean Energy Standards,
such as California.

2.7 Application of Results in Additional Tasks

To conduct the transmission infrastructure assessment in Task 3, the BAU case with unlimited
transmission was adopted as a reasonable and realistic middle ground of the scenarios tested.
It presents most conditions in the west under the status quo, with the sole adjustment of
allowing for the simulation of an expansion transmission capability to allow New Mexico
renewable energy resources to more adequately compete to meet demand both at home and
out-of-state. As a result, the impact of adding 2,700 MW of wind capacity and 3,200 MW of solar
capacity in New Mexico under Task 3 was examined. Results from Task 2 also serve as input
into the economic impact analysis of Task 4.

2.8 Uncertainties and Aspects not Covered in this Study

The focus of the economic renewable expansion assessment is to identify a range of potential
futures of the energy system in New Mexico over the coming decade and the associated
renewable energy expansion under these scenarios. These task results then provide input into
the transmission assessment for the selected renewable build-out of the BAU. While the
scenario definitions include various policy, market, and regulatory conditions, aspects outside of
the considerations of this study can further impact the developments of renewables in the state;
several additional considerations are discussed below.

2.8.1 Long-Term Renewable Targets

With the focus of this study the next 10 to 12 years, achievement of the 2030 ETA goals is
captured. At the same time, much more expansive renewable energy and decarbonization
targets are in place at the state and utility level beyond that timeframe. PNM has committed to
achieve 100% carbon-free electricity by 2040, which is a faster timeline than the New Mexico
ETA. Other utilities have announced ambitious decarbonization targets even since this study
began (e.qg., in January, Arizona Public Service announced a goal of achieving 100% carbon-
free electricity by 2050). Under the ETA, New Mexico will need to double the penetration of
renewable energy as a percentage of sales beyond 2030. These goals will drive increasing
renewable energy deployment beyond the timeframe in this study in New Mexico and its
neighboring states. For New Mexico alone, several thousand megawatts of in-state renewable
additions beyond the existing and firmly planned facilities will be required to achieve the ETA
targets by 2045 and utility targets by 2040, without considering the potential for the supply of
out-of-state programs and markets identified in this study.
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2.8.2 Drivers for Load Projections

An approximation of potential electric load and associated RPS demand increases due to
electrification of non-electric sectors is captured through two scenarios in this analysis. The
extent of electrification measures, the measure bundles implemented, and the timeframe for
implementation will vary regionally, with nuanced impacts on electric load depending on the
measures implemented. Studies in New York and California have shown the potential for
substantial increases in electric load, especially as measure adoption intensifies as states move
closer to achieving their longer term (e.g. 2040 through 2050) targets. Under these high
electrification scenarios utilities will need to procure even larger amounts of renewable and
carbon-free energy to comply with state RPS/CES. That increase in demand could create
opportunities for renewable development in states like New Mexico.

On the downside of potential changes to electric load, more pronounced adoption of energy
efficiency or behind-the-meter distributed generation and rooftop solar, especially in a state like
California, would reduce electric load and sales that utilities are required to cover with
renewable credits. This relaxation of the RPS requirements compared to the assumptions
modeled in this study could lead to an overall reduction of renewable deployments and a
reduced demand in other regions for renewables from New Mexico.

As the coronavirus disease (COVID-19) pandemic reduces economic activity and commercial
operations across the country, load reductions stand to be substantial in 2020. It is likely that
RPS requirements for renewable generation will be lower than anticipated in 2020 and beyond
as the decline in load results in a smaller requirement for renewable generation as a percentage
of retail electricity sales. Likewise, power facility and transmission development timelines may
be impacted by supply chain disruptions, including the temporary closures of manufacturing
plants. The impact on long-term economic activity and electric load remains uncertain at this
time. The impact of COVID-19 on demand and supply chains were not considered in this
analysis.
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3 Task 3: New Mexico’s Transmission Infrastructure
Needs

In Task 3, three transmission expansion options (collector plans?®) were developed to
accommodate the BAU renewable supply outlook for New Mexico’s electricity grid identified
under Task 2. Collector Plans 1 and 2 were designed to accommodate a centralized renewable
siting scenario with builds concentrated in certain areas, whereas Collector Plan 3 was
designed to accommodate a decentralized renewable siting scenario with builds spread
throughout the state. These siting scenarios reflect the uncertainty in the distribution of
incremental renewable penetration in New Mexico. The collector plans serve to provide a
reliable transmission network while simultaneously serving local demand and energy sales to
neighboring markets. The transmission expansion options were designed to support the same
level of renewable capacity development, which was identified from the Task 2 economic
renewable potential review. Applicable transmission system reliability criteria®* from the North
American Electric Reliability Corporation (NERC) Reliability Standards were factored in when
assessing the transmission options. The transmission options were then stress-tested under two
sensitivity cases, with assumptions of alternative renewable capacity mix and alternative energy
delivery respectively, to evaluate the robustness of the options. Based on the collector plans
identified, elements that were identified as beneficial in both renewable sitting scenarios were
identified as a set of common elements that could work together synergistically in multiple
development environments. These common elements could serve as the basis or framework
design for future transmission expansion.

3.1 Overview of the New Mexico Transmission System

New Mexico is split into two asynchronous?® interconnected power systems: WECC in the
northern and western areas (including the southwest), and SPP in the southeast. In WECC, the
New Mexico electric power transmission system primarily consists of 345 kilovolts (kV), 230 kV,
and 115 kV transmission as shown in Exhibit 48. The backbone system (345 kV and 230 kV)
serves two major load centers: the Albuquerque-Santa Fe metro area in northern New Mexico,
and El Paso, Texas across the Southern New Mexico border, and out-of-state power exports to
the rest of the WECC through Arizona. The backbone system consists of several 345 kV lines
and one 230 kV line that run southeast from the Four Corners area in northwest New Mexico
and into the central New Mexico load center around Albuquerque and Santa Fe. The Four

23 A collector plan in this report refer to a complete set of transmission expansion solutions which may
include new transmission lines, upgrades of existing lines to increase line capacity, transformers,
substations and reactive control devices if any are needed.

24 For the contingency analysis, any monitored line loaded at 100% or higher will signify a need for a
transmission upgrade and any nodal voltage outside a £10% band of the nominal voltage will signify a
voltage violation. If any incremental violations are observed resulting from the addition of the 5,900 MW of
renewable buildout, the mitigation upgrades required to alleviate the constraints will be determined and
the power flow analysis will be re-run until no reliability violation is observed. Exceptions apply to regions
with existing Remedial Action Schemes as depicted in Appendix 5.2

25 A synchronous AC network is operated at a synchronized utility frequency and is electrically tied
together during normal system conditions. DC ties are needed to connect two asynchronous AC systems
to allow power exchange without requiring the tight coordination of a synchronous network.
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Corners area is also connected to western New Mexico and southern New Mexico by two 345
kV lines that run along the western border of New Mexico and the eastern border of Arizona,
with interconnecting transmission lines that carry power towards southern New Mexico and El
Paso. Lower voltage lines provide a portion of the transmission capability to deliver resources
and distribute power to outlying smaller load areas distant from Albuquerque and El Paso.

Eastern New Mexico represents the SPP area in New Mexico while the rest of the state belongs
to WECC. The New Mexico transmission system is maintained and owned by four major
utilities, including PNM, EPE, TSGT, and SPS, respectively.

Based on a combination of Exhibit 48. Overview of the New Mexico Transmission
transmission, generation facilities, 1 : )
and load, four distinct areas were ~
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3. Central and Northern New Mexico, which serves the Albuquergue and Santa Fe areas.
This region has interconnections to the Four Corners area (three 345 kV and two 230 kV
circuits), with southern New Mexico (one 345 kV circuit and one 115 kV circuit), and to
SPP with one 345 kV interconnect (200 MW) at Blackwater. New Mexico’s largest load
centers are within northern New Mexico, Albuquerque, and Santa Fe/Los Alamos.

4, Southern New Mexico, serving the EPE area, connecting to Arizona with two 345 kV
circuits.

115KV lines
230KV lines
345KV lines

3.1.1 Electric Supply Interconnection

A large amount of generation is sited in the Four Corners area, with three coal-fired plants
located in San Juan and McKinley counties. Natural gas-fired power plants are spread
throughout the state, with the larger combined-cycle plants in the southern and eastern zones.
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There are four small hydroelectric facilities in the state in the northern and Four Corners areas.
Solar plants are spread throughout the state, with a concentration of facilities around the
Albuquerque area; and 16 wind plants mostly in the northern and eastern zones. There is also a
small biomass facility in western New Mexico. Exhibit 49 provides an illustration of the
interconnection locations for the generation facilities currently in New Mexico.

Exhibit 49. Location of Generation Interconnections in New Mexico
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Source: Image generated from EIA State Profile and Energy Estimates; map query dated May 17, 2020.
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3.2 Analytical Approach for Scenario-Based Transmission Planning

In designing alternative expansion plans to integrate renewables, a deterministic power flow
modeling analysis approach was used to ensure applicable standards, and criteria specified by
NERC for reliability were addressed. A power flow analysis was done to determine the voltages,
current, and real and reactive power flows in a system under various hypothetical situations. GE
Consulting’s Positive Sequence Load Flow (PSLF)?® model was used for power flow
assessment under normal and contingency conditions. The reliability analysis used a steady
state power flow assessment to assess the performance of the collector plans under normal (all
facilities in operation) and N-1 contingency conditions.?’

The overall analysis was framed by three major steps: 1) develop case to reflect the New
Mexico grid with existing capacity, transmission network, and firm projects in future years; 2)
assess change cases with the expected economic renewable additions, and design collector
plans to accommodate these additions; and 3) stress-test the collector plans through sensitivity
cases to examine the performance and robustness of each collector plan under alternative grid
conditions.

Exhibit 50 illustrates the assessment process and key outcomes. As a first step, a power flow
was developed to reflect the expected future grid conditions. Two representative grid snapshot
cases representing the off-peak conditions in 2025 and on-peak conditions in 2030 were
examined. In the next step, BAU resource buildout from Task 2 were added to develop the
Change Case power flow database. Two illustrative renewable siting scenarios, centralized and
de-centralized scenarios, were considered. They are differentiated by the conceptual siting of
new renewable additions in New Mexico. For each renewable siting scenario, collector plans
were designed and tested to withstand N-1 contingencies of the major transmission elements at
and above 115 kV without introducing significant overloads on the existing network.
Furthermore, the alternative transmission expansion options were compared to identify a set of
common elements in both centralized and de-centralized renewable sitting scenarios. This set
of common elements represents a base framework design helpful to accommodate renewable
development regardless of how the future renewable builds are sited. The transmission
expansion options were then examined through sensitivity analysis in Step 3 in consideration of
alternate constructs for the renewable energy capacity mix as well as alternative energy delivery
analyses.

26 PSLF is a power flow tool license by GE Consulting. “Energy Management System.” GE Consulting.
Information available at https://www.geenergyconsulting.com/practice-area/software-products/pslf as of
May 17, 2020.

27 N-1 contingencies reflect the loss of a single element such as a generator, transmission element,
reactive device; different phases of two adjacent transmission circuits on a multiple circuit tower; or any
two circuits on a multiple circuit tower, a breaker failure, or both poles of a direct current bipolar facility.
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Exhibit 50. Flow Chart of the Scenario-based Transmission Planning Assessment Process
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3.2.1 Step 1: Base Case Power Flow Database

The power flow was developed for future years by first aggregating the 2018 Federal Energy
Regulatory Commission (FERC) Form 715 filling for WECC, PNM planning cases for summer
peak demand (peak load) winter off-peak (light load) demand conditions. These cases were
expanded to reflect forward-looking conditions for 2025 and 2030 including accounting for
demand growth, power plant additions and retirements, and in development transmission
projects such as Western Spirit?® and BB2?°..

3.2.2 Step 2: Alternative Transmission Expansion (Collector) Plans

In Task 2, the economic renewable resource potential for renewable development under
unconstrained transmission conditions in a BAU environment was identified as roughly 5,900
MW of incremental capacity over the next 10 to 12 years. This renewable build-out includes

28 The Western Spirit Transmission Line is a proposed approximately 150 mile, 345 kilovolt transmission
line that will collect renewable power from wind-rich central New Mexico and deliver approximately 1,000
megawatts (MW) of power to the existing grid in north western New Mexico.” Information available at
https://westernspirittransmission.com/project-overview/ as of May 20, 2020.

2% The BB2 Line runs from the BA 345kV Switching Station (BA Station) north of Albuquerque to the PNM
Clines Corner 345kV Switching Station (BA2 Station) east of Albuquerque. It will provide opportunities for
new wind farms in eastern New Mexico to supply up to 342 MW of additional renewable energy to PNM's
customers, as well as delivering more power to western regional markets. Information available at
http://www.oatioasis.com/PNM/PNMdocs/2nd_BB_Line_SIS Final.pdf as of May 20, 2020.

NM RETA Renewable Energy Transmission and Storage Study 68



2,700 MW of new wind capacity and 3,200 MW of new solar capacity, resulting in 11,500 MW of
installed wind and solar capacity in New Mexico by 2030 (including existing renewable
resources). Based on the resource potential identified in Task 1, candidate locations for
renewable interconnection to the transmission system were identified prior to identifying
potential transmission solutions.

3.2.2.1 Scenarios for Locating Capacity Additions

The BAU results for Task 2 identified that incremental capacity additions in New Mexico would
largely be driven by growing demand in the western states including California. Based on these
results and the siting potential identified in Task 1, two alternative siting scenarios were
developed to reflect the uncertainty in how resources could be developed going forward.

e Siting Scenario 1 (Centralized): The first scenario reflects a centralized development
option with resources developed in nearby clusters within key renewable zones. The
main areas considered for wind development were within the central area, while the
main areas for solar development were within the central and southwest regions.

e Siting Scenario 2 (Decentralized): The second scenario reflects a decentralized
approach in which development spans a much broader area and may be more localized
to specific high value sites. This development scenario anticipates that renewable
generation will be added in a relatively dispersed manner across most areas with
economically attractive renewable development potential.

Consideration of these alternative locational patterns was important because the location of the
renewable capacity additions directly affect how power flows across the grid and thus has direct
implications on the resulting transmission that would be needed. While these two alternative
approaches were considered, siting resources under each approach relied on similar factors,
including proximity to load, access to existing transmission lines, expected performance, cost,
and ease of land acquisition and siting.

To identify specific sites in these alternative development outlooks, technical potential by type
and county was used as an initial screen (for example, areas below WPC 4 were not considered
for wind projects, as the economic analysis indicated WPC 4 and above sites were preferred).
With the exception of the SunZia Project and given the relatively short timeline for development
considered (within the next 5-10 years), development options were limited to state and private
land to avoid permitting challenges. Also, sites that have already been identified and are in pre-
development phases were identified from the interconnection queues® of major utilities in the
state. Exhibit 52 and Exhibit 51 show the approximate siting and size of renewable additions by
development outlook scenario.

30 EPE interconnection queue as of January 20, 2020, PNM interconnection queue as of January 1, 2020,
and TSGT interconnection queue as of January 20, 2020 were used. The active renewable projects in
each queue were listed in Appendix 3.
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Exhibit 51: Centralized Renewable Capacity Addition Outlook
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Exhibit 52. De-centralized Renewable Capacity Addition Outlook
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3.2.2.2 Collector Plan Designs

The next step was to identify collector plan alternatives to support the expected buildout under
the centralized/decentralized renewable siting scenarios. This involved creating transmission
solution sets from the applicable transmission upgrade candidates and assessing and refining
those solution sets to consider non-transmission alternatives. A single solution (i.e., collector
plan) was identified for the decentralized outlook, while two solutions (collector plans) were
identified for the centralized outlook.

Transmission elements that were considered include AC and high voltage DC (HVDC) lines for
potential upgrades, new lines along existing corridors, and new greenfield corridors.
Infrastructure upgrades, such as substations, transformers, and reactive control equipment,
were also considered.

To minimize the environmental impact from a conceptual planning perspective, options on
existing transmission corridors were considered preferred over new corridors; this would
minimize the need for acquisition and permitting of new right of way (ROW). Options for adding
new transmission were considered if upgrades and new lines on existing corridors were
insufficient. Ratings of 1557 MVA and 1038 MVA for 345 kV and 230 kV transmission lines,
respectively, were assumed. The same ratings were used for both existing line upgrades to
increase line capacity and new transmission lines. The actual rating of transmission lines for
implementation may vary based on the selection of the conductor material and other
parameters.

Once a traditional solution was identified for centralized and decentralized renewable outlook,
non-traditional transmission solutions were considered for their viability in replacing or deferring
transmission elements. Alternatives, such as demand response, energy efficiency, microgrids,
and storage, were considered in this context. Important criteria, including the high-level cost
comparison, locations of the load centers, and severity and frequency of the reliability violations
identified in the base case power flow analysis, were considered to screen appropriate
transmission alternatives (see Section 3.2.2.4).

3.2.2.3 Consideration of Planned Transmission Projects

SunZia began planning, permitting and development activities in late 2008. It consists of two
500 kV transmission lines and related stations and facilities and will originate in the wind energy
resource area near Corona, NM at a new station called SunZia East, and span approximately
514 miles to its western terminus at the existing 500 kV station called Pinal Central near
Coolidge, Arizona.

SunZia's western terminus has multiple 500 kV paths to stations within Arizona to reach the
state’s electric utilities, and to the Palo Verde Hub that provides an interface with the California
Independent System Operator (“CAISO”). These strategic interconnections within Arizona that
SunZia creates provide tremendous market opportunity for large scale development of New
Mexico’s significant wind energy resources. Exporting energy through southern New Mexico
and into Arizona avoids the west-bound congestion and lack of available transmission capacity
at the Four Corners Hub.
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In SunZia’s Annual Progress Report to the Western Electricity Coordinating Council (“WECC”)
dated February 10, 2020, SunZia provides a detailed project history, project description, plan of
service and project status. The indicated in-service date is 2023. As of June 2020, SunZia’'s
website indicates planned commercial operation by 2024. SunZia has retained its primary
construction contractor, EC Source, and is currently finalizing engineering design.

SunZia's WECC-approved rating is 3,000 MW from New Mexico to Arizona for two 500 kV
transmission lines configured as alternating current (“AC”) facilities. SunZia also identified a
direct current (“DC”) option for one of its two lines and carried both options through its federal
permitting (Record of Decision issued by the Bureau of Land Management in January 2015) and
its Arizona Certificate of Environmental Compatibility (order issued by the Arizona Corporation
Commission in February 2016). If this option is utilized, the transfer capacity of the combination
of one 500 kV DC line and one 500 kV AC line will increase from 3,000 MW to 4,500 MW.

SunZia has been in development for over 12 years and its project sponsors have invested $100
million in its development.3! In addition to already receiving most of its permits, SunZia has
acquired most of the right of way it needs. SunZia has signed a lease agreement for 184 miles
of federal land, is in the process of agreeing leases with the Arizona State Land Department and
the New Mexico State Land Office for a combined 224 miles and is in the process of negotiating
agreements with private landowners for 109 miles of land easements needed to build the
project.®?

SunZia selected Pattern Energy as its anchor tenant customer in 2016 and awarded Pattern
1,500 MWs of transmission capacity from New Mexico to Arizona on its first line.3® Pattern
Energy is developing over 3,000 MW of wind generation projects in central New Mexico for
export to customers in Arizona and California using the SunZia Project. Pattern Energy’s
experience and success with their 325 MW Broadview/Grady and 1,000 MW Western Spirit
wind generation projects along with their co-development of the 150-mile Western Spirit
Transmission project with RETA adds significant support for the success of the SunZia Project.

With the potential size of up to 4,500 MW, there are no other known planned regional
transmission projects that can match this level of expansion into key markets for New Mexico’s
wind resources.

Collector Plan 2 benefits from the inclusion of SunZia given the significant development
progress already made on the project. SunZia is a well-advanced project with much greater
potential to be developed in a timely manner given its long-term commitment to development of
the project.

31 See
https://www.nmlegis.gov/handouts/STTC%20070819%201tem%204%20SunZia%20%20and%20Pattern
%20Energy%20Group%20--%20Transmission%20and%20Renewable%20Energy.pdf page 6 available
as of June 27, 2020.

32 See https://www.myheraldreview.com/news/willcox/sunzia-transmission-project-moves-to-
preconstruction-phase/article _b09f1933-96a5-5cec-a242-55b5¢383f365.html as of June 27, 2020.

33 See
https://www.nmlegis.gov/handouts/STTC%20070819%20Item%204%20SunZia%20%20and%20Pattern
%20Energy%20Group%20--%20Transmission%20and%20Renewable%20Energy.pdf as of June 27,
2020.
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3.2.2.4 Consideration of Non-Transmission Alternatives (NTA)

Technologies, such as storage, demand response (DR), and energy efficiency (EE) programs,
may be applied as non-transmission alternatives and were considered as alternatives or
supplements to the collector plans designed.

3.2.2.4.1 Demand Side Alternatives

DR and EE programs can support improved grid reliability by mitigating transmission overloads
caused by load growth, alleviating unserved load, and deferring transmission and distribution
investment. DR and EE programs can be targeted to specific customers to address locational
issues driven by increased load or generation retirement in the vicinity of those end users. In
contrast to this, the reliability issues identified in this assessment result from renewable energy
additions to be exported through the backbone system. DR and EE were not found suitable to
resolve the conditions observed in this study.

3.2.2.4.2 Storage Alternatives

Storage typically provides support to the generation system by charging during lower-
priced/lower-load hours and discharging during higher-priced/higher-load hours. This ability to
arbitrage prices provides the primary revenue stream for storage in many power markets and
was considered in Task 2, which identified limited price arbitrage value in the energy markets
over the timeframe considered in this study. Task 3 further considers the additional value
streams for storage as a transmission asset in supporting system reliability by:

1. Mitigating transmission overloads.

2. Addressing transmission line tripping.

3. Responding to transmission lines taken off-line for maintenance.
4. Reacting to voltage dips on transmission line segments.

An example of storage providing both arbitrage and reliability value is when it is paired with
solar to mitigate well-publicized “Duck Curve” issues resulting from large solar volumes. In that
situation, storage can absorb excess solar generation, which would otherwise overload the
system during certain hours, and shift output to hours when solar is not available. Storage
applications for wind are not as attractive as for solar because the wind generation profile is less
diurnal in nature.

To assess transmission benefits of storage, the potential to utilize storage in place of new
elements of the collector plans was considered in both a peak demand and a light demand
case, which represent the grid condition at daylight hours and nighttime hours, respectively. The
peak load case is characterized by maximum levels of solar generation and medium levels of
wind generation based on the typical resource conditions combined with a high demand level.
The light load case is characterized by no solar generation (no output at night) and maximum
output for wind under a low demand condition. In both cases, the resulting system conditions
reflect high supply levels, which stress the transmission system and result in thermal overloads.
To provide value for transmission relief, storage would need to be able to absorb (charge)
energy in both daytime and nighttime conditions without increasing output (discharging) in those
same conditions. This is contrary to the technical capabilities for storage, which provides value
through cycling charge and discharge modes. To relieve the thermal overloads in both
conditions, duplicative storage would need to be available to charge in both daytime and
nighttime, while discharging only in medium load conditions when thermal overloads are not
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present. It would be necessary to consider discharge in periods when both solar output and
wind output is at low or medium conditions. While solar is highly predictable in the hours it
provides the greatest output and is generally consistent in its daily output pattern, wind is less
predictable and could be at high output levels in both day and nighttime conditions. Medium
load conditions were not examined for thermal conditions to assess feasibility of this type of
operation. However, the cost of storage as a reliability resource would be prohibitive due to the
duplication of resources versus a single wired solution. Storage as a transmission solution was
not found applicable in this assessment.

Another aspect to consider in developing storage is the timing for the build-out. In the BAU,
development of wind is preferred in the near-term. Since storage is not as well matched with
wind, the combined energy market and reliability value is limited. The development timeline
implies upfront needs driven by wind integration for export are best supported by building extra
transmission infrastructure to support the additional wind energy in New Mexico. Longer term
and heavier concentrations of solar could reverse this.

In addition, the analysis included currently available technology only and did not consider that
significant advancements in long-term storage would be made during the study timeline.
Longer-term storage could be more attractive for balancing needs on the system, and continued
developments in technology including information available from pilot installations should be
monitored and assessed for future consideration.

3.2.2.4.3 Microgrids

Microgrids are localized grids that can disconnect from the traditional grid to operate
autonomously. At a transmission level, microgrids can help reduce transmission losses through
locating resources closer to load. They can also assist in facilitating reduction of overloads in
isolated areas of the grid through locating capacity closer to the load. In high-price areas
(particularly due to congestion), microgrids may provide an alternative power source at lower
pricing, which does not further overload the transmission system.

Optimal sites for these alternatives were not identified, in part, because the majority of load in
New Mexico is concentrated in the two major load centers, which have strong transmission
system connections.

While this analysis did not find value for transmission reliability purposes, it is possible that
incremental value could be identified beyond traditional reliability benefits.
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3.2.2.5 Collector Plans
Exhibit 53 summarizes the components for the three collector plans. The notional visualization of
each collector plan design is illustrated in Exhibit 54 - Exhibit 56 in the following subsections.

Exhibit 53. Collector Plan Descriptions

| Collector Plan 1 ‘ Collector Plan 2 ‘ Collector Plan 3
Renewable = 2,700 MW of Wind Resources to come online between 2020 and 2025.
Capacity = 3,200 MW of Solar Resources to come online between 2026 and 2030.
= Wind is assumed to generate at nameplate capacity during off-peak hours and at
Renewable 50% capacity factor during on-peak hours.
Injection = Solar is assumed to not generate at all during off-peak hours and at nameplate

capacity during on-peak hours.

Distributed Renewable Siting
across most renewable
development zones.

Renewable Centralized Renewable Siting in key renewable
Siting development zones.

Transmission
Expansion Without SunZia. With SunZia in service. | Without SunZia.
Solutions

3.2.2.5.1 Collector Plan 1 — Centralized Renewable Siting

Collector Plan 1 has been designed to support centralized renewable capacity additions,
assuming SunZia will not move forward or interconnect to New Mexico’s grid. The key features
of the plan are:

= Create interconnection between existing 345 kV infrastructure in central New Mexico to
reinforce local delivery reliability.

= Add a new high capacity transmission corridor to interconnect New Mexico’s key
renewable zones to the Springerville substation in Arizona.

= Add a new circuit adjacent to the existing transmission corridor from southern New
Mexico to the Greenlee substation in Arizona.

= Add two new 345 kV substations near the New Mexico border to enable additional
transmission corridors to Springerville and Greenlee Substations in Arizona.

Two substations near the state border were designed to be connected to the adjacent
Springerville and Greenlee substations in Arizona, these substations are referred to as
“Springerville NM” and “Greenlee NM” to distinguish the new substations in New Mexico from
the existing Springerville and Greenlee substations in Arizona. To maintain the power export
control rights within New Mexico’s boundaries and avoid underlying interstate regulation
challenges, the alternative of connecting the new 345 kV corridors to the existing substations in
Arizona directly was not considered in this assessment.
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Exhibit 54. Centralized Renewable Siting - Collector Plan 1

\(

r

\

\
——————] g
Nava am \
£ Colf i
San Jpian 230 ¢ T \-\ . -
) Rio Arriba \
/ illar Taos sb(inger
M e
— lack -+ Gladston Claphanj
. Ojo > 4 :
\ Mora ardin \
s e el |
Mckinl or e Bravo Dojme
p— Sandoval #Amba Lake
Yah-Ta . . " 9| Rowe,/
o[Pue 3 . . San Miguel
Bllfewaier \/ lines Corners
_""Qs s uadalupe 1 Quay
Cibola 1 1 \
! ) Guadalupe
illagdly, O A
/El N Taiban Curry
ernard > - estern) Spirit 3
— g Debaca
Blgckwatel
Catron Socor 1 | oosevel "
Socorro
=7
/ Lincoln
/ Chaves
| T e S
( Sierra P
Elepant B (
1]
/f) Otero A
s . /-/
\’\ /
\ Anyga
Picac R
SYArToy
Luna
Chaparral
—— EXisting Line Upgrade (2025)

New Transmission Line (2025)

= s e e = « New Transmission Line (2030)
— Existing Lines

The collector plan for centralized renewable siting scenario includes the construction of new
transmission lines as well as upgrade of existing ones to increase line capacity. Two categories
based on reliability benefits were established.

» Local reliability reinforcements, driven by overloading issues along the 115-kV system in
central New Mexico and the 345-kV system from Guadalupe to Sandoval. This includes:

= New Guadalupe — Western Spirit — Pajarito — Rio Puerco line (268 miles, 345

kV).
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=  New Western Spirit — Willard — Sandia line (84 miles, 345 kV).
* New Guadalupe — Clines Corners line (40 miles, 345 kV).
= New Clines Corners — Norton — Ojo line (79 miles, 345 kV).

» Increase in deliverability to hub, driven by the overloading issues along the 345-kV
northwest and southwest corridors. This includes:

= New Rio Puerco — Springerville NM — Springerville line (172 miles, 345 kV).
» Uprate®* existing Ojo — Jicarilla — San Juan line (157 miles, 345 kV).
= New Luna — Greenlee NM — Greenlee line (110 miles, 345 kV).

All identified upgrades, except the new 345 kV Luna to Greenlee line, were designed to come in
service in the 2020 to 2025 timeframe. The proposal of a new line connecting Luna to Greenlee
aimed to accommodate the incremental solar buildout in the 2026 to 2030 period and hence
was expected to come online in the 2026 to 2030 timeframe.

3.2.2.5.2 Collector Plan 2 — Centralized Renewable Siting with SunZia Included as a Firm
Project

The centralized renewable siting scenario has been further evaluated by modelling SunZia to be

in-service in 2022. The key features of this collector plan are:

= Create interconnection between existing 345 kV infrastructure to reinforce the delivery
reliability within New Mexico.

= Connect high capacity transmission paths in the key renewable development zones to
the SunZia project for deliverability to the western states.

34 The definition of uprate means the upgrade of existing lines to increase line capacity through line
reconductoring.

NM RETA Renewable Energy Transmission and Storage Study 77



Exhibit 55. Centralized Renewable Siting (with SunZzia) - Collector Plan 2
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SunZia was included as a firm project and served as an incremental interstate transmission path
to the existing network in Collector 2. The project was expected to provide up to 3,000 MW of
transfer capacity addition to the interstate energy deliverability. Consequently, the enhancement
of local reliability reinforcement solely has been identified as needed in Collector Plan 2 for the
centralized renewable siting scenario. The construction of new transmission lines is detailed

below.

in central New Mexico and the 345 kV system from Guadalupe to Sandoval. This
includes:

Local reliability reinforcement driven by the overloading issues along the 115 kV system
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» New Guadalupe — Western Spirit — Pajarito — Rio Puerco line (268 miles, 345
kV).

= New Western Spirit — Willard — Sandia line (84 miles, 345 kV),

= New Guadalupe — Clines Corners line (40 miles, 345 kV).

= New SunZia East — Western Spirit double circuit (14 miles, 345 kV).
= New Luna — SunZia South double circuit (9 miles, 345 kV).

All identified upgrades except the new 345 kV Luna to SunZia South line were designed to
come in service in the 2020-2025 timeframe. The proposal of a new line connecting Luna to
SunZia South aimed to accommodate the incremental solar buildout and, hence, was expected
to come online in the 2026—2030 timeframe.

3.2.2.5.3 Collector Plan 3 — Decentralized Renewable Siting
Collector Plan 3 is designed for the decentralized renewable siting scenario and includes
several key features:

= Create interconnection between existing 345 kV and 115 kV infrastructure to reinforce
the delivery reliability in the best resource counties.

= Create high capacity transmission paths to interconnect New Mexico’s central
transmission system to Arizona.

= Create a continuous 345 kV collector transmission loop in eastern and northern New
Mexico for future renewable development.

= Add two new 345 kV substations near the New Mexico border to enable additional
transmission corridors to the Springerville and Greenlee substations in Arizona.
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Exhibit 56. Distributed Renewable Siting - Collector Plan 3

1 { % &
——— ™
Navap»éam ;
/ ) Y Colfa ;
San Jjian 230 NS _ Taos \ . Union
) Rio Arriba X
illarg Taos Springer
. lack # Gladston lapha
Ojo 2o
® )
{ Mora ,u?rding
] Nortopn (I “Bravo Poime
z‘f"inley Sandoval |/ MArriba Lake
Yah-Ta fef '* aisd \\‘F A ows,
) ; o[Puer San Miguel
Blllewater i Climes Corners
~——WeshMes; uadalupe Quay
Cibola ja % \
I /) ' Guadalupe
illa Torr§nce S
— R0 __(’ Tai - Curry
Bernard e i -5 .
-l T Debaca
| B kwate[f'
Catron Socorko® L[ Joosevel
! Socorro
; Lincoln
= / Chaves
] . " 3
l" Sierra \
Grant
| \rtesia
Yurquoise, A
Y (! \ 4 ;
Hi¢lalgo arkl
Eddy
72
Hidal{
Existing Line Upgrade (2025)
New Transmission Line (2025)
= e w ==« New Transmission Line (2030)
m—— Existing Lines

The collector plan for the de-centralized renewable distributed scenario includes the
construction of new transmission lines, as well as upgrades of existing ones to increase line
capacity as detailed below.

» Local reliability reinforcement driven by the overloading issues along the 115 kV system
in central New Mexico and 345 kV system from Guadalupe to Sandoval. This includes:

New Taiban Mesa — Western Spirit — Pajarito — Rio Puerco line (267 miles, 345
kV).

New Western Spirit — Willard — Sandia line (84 miles, 345 kV).
New Ojo — Valencia — Clapham loop (341 miles, 345 kV).
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= New Taiban Mesa — Clapham line (130 miles, 345 kV).
* New PEGS — Ambrosia line (14 miles, 230 kV).

= Increase in deliverability to the hub driven by the overloading issues along the 345 kv
lines, northwest and southwest corridors. This includes:

= New Rio Puerco — Springerville NM — Springerville line (172 miles, 345 kV).
= Uprate existing Ojo — Jicarilla — San Juan line (157 miles, 345 kV).
= New Luna — Greenlee NM — Greenlee line (110 miles, 345 kV).

All identified upgrades except the new 345 kV Luna to SunZia South line and the new 230 kV
PEGS to Ambrosia were designed to come in service in the 2020-2025 timeframe. The
proposal of a new line connecting Luna to SunZia South and a new line connecting PEGS to
Ambrosia aimed to accommodate the incremental solar buildout and, hence, was expected to
come online in the 2026 to 2030 timeframe.

3.2.2.6 Analysis of Phased-In Implementation through Reliability Ranking of Individual
Upgrades
The phasing of renewable capacity development would ideally be gradual, consistent with
demand growth as projected in Task 2, beginning in the early- to mid-2020s and continuing over
time. Each transmission collector plan was required to satisfy the condition of supporting 5,900
MW of renewable capacity by 2030 and designed with this final system orientation in mind. A
next step was to consider phasing the elements of each collector plan, in order to better
accommodate gradually increasing renewables in an actionable manner. In this subtask, the
reliability impact of each element in the collector plans to the New Mexico grid was analyzed,
through power flow analysis, and ranked in the order of importance as reference for the
development sequence design. The higher ranked upgrade elements were expected to produce
more reliability benefits to the grid and hence should be considered as prime builds ahead of
others.

To understand the impact of each individual element in the collector plans, the total count of
thermal violations arising from the absence of each element from each collector plan was
assessed. For each element to be examined, it was removed from the complete collector plan
design and any arising reliability violations under both steady state and N-1 contingency
conditions were assessed. This process was repeated for each upgrade element in each
collector plan. The total count of thermal violations among transmission elements at 115 kV and
above is used as the measurement factor to rank the proposed upgrade elements in the order of
reliability benefits.

The subsections below summarize the recommended development sequence of proposed line
upgrades for the centralized and decentralized renewable scenarios based on the reliability
assessment.

3.2.2.6.1 Collector Plan 1 Phasing

The recommended development sequence of transmission upgrades for the Centralized
Renewable siting scenario (without Sunzia) ranked by the benefits provided for reliability
reinforcement is:
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New 345 kV AC line from Rio Puerco to Springerville.
Uprate existing 345 kV line from Ojo to San Juan.

New 345 kV AC line from Clines Corner to Ojo.

New 345 kV AC line from Guadalupe to Clines Corners.
New 345 kV AC line from Western Spirit to Sandia.
New 345 kV AC line from Guadalupe to Rio Puerco.

New 345 kV AC line from Luna to Greenlee.

3.2.2.6.2 Collector Plan 2 Phasing

The recommended development sequence of transmission upgrades for the Centralized
Renewable siting scenario (with SunZia), ranked by the benefits provided for reliability
reinforcement, is:

500 kV AC SunZia.

New 345 kV AC lines from SunZia East to Western Spirit.
New 345 kV AC line from Guadalupe to Rio Puerco.

New 345 kV AC line from Guadalupe to Clines Corners.
New 345 kV AC line from Western Spirit to Sandia.

New 345 kV AC lines from Luna to SunZia South.

3.2.2.6.3 Collector Plan 3 Phasing
The recommended development sequence of transmission upgrades for the Decentralized
Renewable siting scenario, ranked by the benefits provided for reliability reinforcement, is:

New 345 kV AC line from Rio Puerco to Springerville.
New 345 kV AC loop from Ojo to Clapham.

Uprate the existing 345 kV line from Ojo to San Juan.
New 345 kV AC line from Western Spirit to Sandia.
New 345 kV AC line from Taiban Mesa to Rio Puerco.
New 345 kV AC line from Taiban Mesa to Clapham.
New 345 kV AC line from Luna to Greenlee.

New 230 kV AC line from PEGS to Ambrosia.

In general, adding an extra transmission corridor to connect New Mexico to the neighboring
markets has been identified as the top priority for all three collector plans, whereas connecting
substations to develop new lines connecting those corridors comes afterwards.

In addition to the reliability impact, factors such as the construction timeline of the proposed
transmission lines, ROW and environmental permitting, and the construction cost of each stage
of the collector system will also determine the phased implementation of the collector system. It
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is noted that a combination of these factors should be considered to determine the actual
implementation design.

3.2.2.7 Common Collector Upgrades

The scenario-based transmission expansion analysis shows that three collector plans account
for alternate hypothetical renewable siting scenarios. It is worthwhile exploring the commonality
among those individual upgrades to identify elements that can support renewable development
in both centralized and decentralized siting scenarios. Those upgrades are expected to serve as
the foundation framework of transmission expansion in New Mexico to support renewable
development in the state regardless of the siting locations of the incremental renewable
resources. Given that context, the set of common collector upgrades reflect high values to the
grid under uncertainties and can be considered as “least-regrets” set of upgrades that account
for various hypothetical future scenarios.

3.2.2.7.1 Criteria of Common Collector Upgrades

Two screens were used to identify a set of beneficial common elements. First, to account for
alternate siting scenarios, the common upgrades must be included in both the centralized and
distributed resource siting scenarios (i.e., either of Collector Plan 1 or 2, and Collector Plan 3).
The following five upgrades were identified based on the first-step screening:

= New Guadalupe - Western Spirit — Pajarito - Rio Puerco line (268 miles, 345 kV).
= Uprate the existing 345 kV line from Ojo to San Juan (157 miles, 345 kV).

= New Western Spirit — Willard - Sandia line (84 miles, 345 kV).

= New Rio Puerco - Springerville NM - Springerville line (172 miles, 345 kV).

= New Luna - Greenlee NM - Greenlee line (110 miles, 345 kV).

As those upgrades are part of various collector plans, simply putting together those upgrades
does not guarantee the utilization of each element. Given that limitation, as a second step,
connection among those upgrades and proximity to the renewable capacity additions were
further examined to identify upgrades that together could support delivery of the generation from
incremental renewable builds. Elements that were isolated from other elements or that were not
directly connecting incremental renewables were excluded. Specifically, although the Ojo to San
Juan line upgrade is included in Collector Plans 1 and 3, it was excluded in this analysis
because it is not connected to any remaining upgrades nor renewable additions. This second-
step examination aims to ensure each individual element would be useful and well utilized within
the context of the set of common elements.

Based on the two screening steps, four elements were selected as complementary elements
within the set of common upgrades. Details of the common collector upgrades are listed below
and visualized in Exhibit 57.

= New Guadalupe - Western Spirit — Pajarito - Rio Puerco line (268 miles, 345 kV).
= New Western Spirit — Willard - Sandia line (84 miles, 345 kV).
= New Rio Puerco - Springerville NM - Springerville line (172 miles, 345 kV).

New Luna - Greenlee NM - Greenlee line (110 miles, 345 kV).
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Exhibit 57. Common Collector Upgrades
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Although the set of common collector elements do not make a complete solution to
accommaodate the 5,900 MW renewable capacity addition, they are considered as foundational
elements among all three collector plans. The commonality of individual collector upgrades
indicates that the incremental benefits of adding those elements in New Mexico’s transmission
system are applicable under various system situations.

3.2.2.7.2 Renewable Capacity Supported by Common Collector Upgrades

As discussed in the previous section, all three collector plans are designed to accommodate
5,900 MW of renewable capacity addition over the 2020 to 2030 horizon. With the common
collector upgrades, which represent a part of the complete collector plan, it is expected that the
total renewable capacity supported by those elements will be limited. To understand the extent
to which the common collector upgrades can accommodate new renewable generation, iterative
reliability analysis was conducted by removing the renewable capacity incrementally until there
were no major reliability issues observed in the system. The following steps depict the detailed
approach:
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e An initial step assumed the inclusion of 5,900 MW renewable capacity and identified
common collector upgrades into New Mexico’s transmission system.

o Power flow analysis under normal and N-1 contingency conditions were performed to
identify the locations of thermal violations arising from the incremental renewable
additions.

e For each thermal violation identified, analysis of renewable capacity addition in the
vicinity was conducted to estimate the amount of renewable injection to be reduced to
alleviate the violation. After reducing the renewable capacity being interconnected, the
power flow analysis was rerun to examine any remaining violations. In case of remaining
violations, corresponding renewable capacity was further reduced followed by the power
flow analysis. This step was repeated until all violations were alleviated.

As the location and renewable addition capacity in each siting scenario vary, the common
collector upgrades were examined against both centralized and decentralized scenarios. Exhibit
58 depicts the effective renewable capacity that can be accommodated by the common collector
upgrades under different renewable siting scenarios.

Exhibit 58. Renewable Capacity Supported by Common Collector Upgrades

Solar
Capacity
(MW)

Wind Capacity Total Renewable Capacity

(MW)

(Mw)

Central.lzed Renewable Siting 1,750 3,100 4.850
Scenario

D.e.centrallzed. Renewable 1,350 2,950 4,300
Siting Scenario

Since the common collector upgrades are concentrated in central and southern New Mexico,
the bottleneck of transfer capacity in eastern New Mexico are not addressed. Renewable
additions in the remote counties, such as Curry County, Quay County and Union County, in the
decentralized siting scenario were excluded to alleviate major overloading issues. The common
collector elements combined can accommodate 550 MW more renewable in the centralized
scenario than in the decentralized scenario.

3.2.3 Step 3: Sensitivity Analyses
The collector plans were stress-tested under alternative delivery and alternative renewable
development scenarios. The two sensitivities considered were:

1) Alternative Renewable Capacity Mix.

2) Incremental Local Consumption of Renewable Energy.

The goal of the sensitivity analyses was to further examine the performance of the collector
plans under different grid outlooks while keeping the total renewable capacity the same as in the
BAU renewable build-out. Specifically, the first sensitivity identified the renewable capacity that
could be accommodated by each collector plan with alternative renewable mix. The second
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sensitivity analysis assumed increased local consumption of renewable energy and examined
any reliability issues that cannot be mitigated by each collector plan.

3.2.3.1 Sensitivity Analysis # 1 — Alternative Renewable Capacity Mix
In the prior section, three distinct collector plans that can support the BAU renewable build-out

with 2,700 MW of wind capacity additions by 2025 and 3,200 MW of solar capacity additions by

2030 were reviewed. Wind energy is expected to be generated throughout the day and usually
peaks during evening hours, whereas solar is dependent on sunlight and usually peaks during
early afternoon. Therefore, wind generally has the peak impact on the grid during off-peak

periods, while solar has peak impact during on-peak periods. As a result, equal amounts of wind
and solar capacity additions will affect grid reliability in different ways and drive the transmission

upgrades differently.

The economic analysis in Task 2 indicated a general preference for developing wind in the near

term and solar over the course of the study horizon. To test the capability of the collector plans
should the renewable resource mix have a contribution from wind and solar capacity additions,
an alternative to the incremental resource mix was considered to test if the 5,900 MW in total
could still be accommodated. The starting point for this analysis was to assume that the solar
capacity was reduced by 1,000 MW while maintaining the 5,900 MW total. Reliability analysis
was then performed to identify any violations under each collector plan. The collector plans
were unable to reliably accommodate the full 5,900 MW; as such, wind capacity was reduced,
and the power flow analysis was re-run until reliability issues were no longer observed. This
step identified the level that each plan could absorb under the alternative renewable capacity
mix. Exhibit 59 summarizes the renewable capacity that can be accommodated by each
collector plan under the alternative capacity mix. All cases result in a reduction of total
capability.

Exhibit 59. Total Renewable Capacity Accommodated by Each Collector Plan under Alternative
Renewable Capacity Mix

Original Collector Collector Plan Capability under Change in
Plan Capability (MW) Alternative Ren(el\\;lv\;a\l/t))le Capacity Mix Capability (%)

Collector 5.900 5,400 -11

Plan 1

Collector

Plan 2 5,900 5,500 -9
Collector

Plan 3 5,900 5,200 -16
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Exhibit 60. Total Wind and Solar Capacity Accommodated by Each Collector Plan under
Alternative Renewable Capacity Mix

BAU Renewable Capacity Mix (MW) Alternative Ren(el\\;lv\:;lvt))le Capacity Mix

Wind Solar Total Wind Solar Total
Collector
Blan 1 2,700 3,200 5,900 3,200 2,200 5,400
Collector 2,700 3,200 5,900 3,300 2,200 5,500
Plan 2
Collector 2,700 3,200 5,900 3,000 2,200 5,200
Plan 3

Exhibit 60 illustrates that wind capacity was able to increase by 300 MW to 600 MW in the
collector plan designs with the reduction of 1,000 MW of solar. It is possible that incremental
solar could be supported as the analysis indicates the impact to the system of wind is greater
than that of solar and as such the total capabilities may be understated. Further evaluation is
suggested to identify the maximum solar capacity that can be accommodated in the case of
higher wind capacity in the alternative renewable mix.

3.2.3.2 Sensitivity Analysis # 2 — Delivery Scenario: Increased Local Consumption of
Renewable Energy

In the BAU renewable build-out analysis discussed previously, 5,900 MW economic renewable

energy was assumed to be exported into the neighboring markets. The assumption of out-of-

state delivery scenario is expected to lead to pressures on the major high-voltage transmission

corridors that are used to transfer power out of New Mexico. Various delivery scenarios may

drive different needs of transmission upgrade.

This sensitivity analysis aimed to test the collector plan designs with 5,900 MW of renewable
partially absorbed locally and identified potential local reliability issues caused by the in-state
consumption of renewable energy. To achieve that, the renewable power totaling 15% to 31% of
the 5,900 MW constructed was “forced” to stay within the state by reducing the dispatch of in-
state conventional generation resources. The reduction in the conventional generation was
assumed to be made up by the renewable energy, whereas the remainder of the 5,900 MW
renewable energy will still be exported out of state for market sales revenue. Review of the
thermal generation results among various cases in Task 2 indicates minimum dispatch of
peaking resources and 50% capacity factor of combined cycled units on average. Thermal re-
dispatch based on the following assumptions was then considered.

= For the off-peak case, all peaking units were set as off-line.

» For the on-peak case, all online combined cycle units were re-dispatched at an average
50% capacity factor and all online peaking units were generating at their minimum
operating level.

As the in-state consumption of renewable addition and out-of-state sales have different
economic impacts, it is valuable to quantify the ratio of renewable energy consumed locally
versus that exported out-of-state. Exhibit 61 shows the share targeted for out of state, the
remaining is targeted for on in-state consumption.
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Exhibit 61. Renewable Capacity Targeted for Export
Total Capacity (MW) Amount Committed to Export (%)
Case 2025 2030 2025 Off-Peak 2030 On-Peak
Case Case
BAU 100 100

2700 5,900

Increased Local
Consumption of 2700 5,900 85 69
Renewable Energy

For each collector plan, the 5,900 MW renewable capacity addition considered re-dispatch of
the thermal generation based on the in-state consumption share. Steady state analysis and N-1
contingency analyses were performed to identify any reliability issues arising from the shift in
renewable energy consumption. As summarized in Exhibit 62, all three collector plans have
observed several overloading issues in the 115-kV system under N-1 contingency condition.
Although the transmission lines that are overloaded vary among individual collector plans, they
are generally concentrated in central and southern New Mexico close to the load centers. Most
overloads are moderate issues in the 115-kV system with max overloading ratio less than 120%
and can be mitigated by local thermal re-dispatch and generation curtailment. No new
transmission upgrades are required to address these reliability issues. The details of the
overloaded lines for each collector plan have also been included in 0.

Exhibit 62. Thermal Violations from Increased Local Consumption of Renewable Capacity Addition

Collector Plan 1 Collector Plan 2 Collector Plan 3

Moderate overloading issues in Moderate overloading issues in Moderate overloading issues in
the 115 kV system in central the 115 kV System in central and | the 115 kV system in central and
New Mexico southern New Mexico southern New Mexico

3.3 Comparisons of Alternative Collector Plans

One goal of the analysis is to map the transmission solutions to the potential delivery scenarios
of the renewable development in New Mexico, listed as follows:

= Northern New Mexico — Rio Grande Valley.

= Southern New Mexico.

= Delivery to Arizona, Utah, and Colorado at Four Corners.
= Other Western States.

= Eastern Grid.

The economic potential analysis (Task 2) indicated that the incremental renewable development
in New Mexico is driven by demand in the western states, which was the basis for the collector
plans discussed above. The analysis further indicated that to support the external demand,
additional interstate transmission pathways would be required. To accommodate exports to
areas of demand, each collector plan was designed with incremental export routes into Arizona
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to support sales to Western States including Arizona. Collector Plans 1 and 3, added two 345
kV AC lines connecting central and southern New Mexico to Arizona though the new
Springerville NM and Greenlee NM substations, while Collector Plan 2 added the 3,000 MW
SunZia Southwest Transmission project.

The collector plans were also reviewed for their ability to support delivery to northern and
southern New Mexico; Arizona, Utah, and Colorado at Four Corners; and other western states.
Each plan provided some incremental capability to support delivery to these areas as described
in Exhibit 63.

Exhibit 63. Incremental Delivery Scenarios Mapped to Each Collector Plan

Delivery Area Included Description ‘
North New Mexico — Rio Loc?al relnforcgment in all .thr.ee collegtor plans including
Yes creating a beneficial transmission loop in the north supports
Grande Valley . . . .
incremental delivery and grid reliability
. New capacity added in all three Collector supports local
Southern New Mexico Yes P y_ . . N PP
delivery capacity and grid reliability
In all plans, transfer of incremental renewables through Four
Delivery to Arizona, Corners occurs due to expected thermal retirements. In
Utah, and Colorado at Yes Collector Plans 1 and 3, limited upgrades of existing lines
Four Corners were found necessary to support the expected increase in
increase flow to and through Four Corners.
Other western states Yes All collector plans add incremental capacity to Arizona.
Task 2 results indicated that competitive economics of New
. Mexico renewables favored exports to the west versus the
Eastern grid No . o .
east. No incremental transmission paths were considered to
connect to the SPP grid to the east.

3.3.1 Infrastructure Requirements Vary between Collector Plans

Exhibit 64 summarizes the physical infrastructure requirements for each collector plan, followed
by subsections further depicting the details by infrastructure categories.

Exhibit 64. Physical Infrastructure Requirements for each Collector Plan

Collector 1 Collector 2 Collector 3 ‘
Estimated total length (miles) 910.5 929.4 1276.3
Count of new substations 2 2 2
Count of new transformers 1 5 1
Count of new shunt reactors 2 3 2
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3.3.1.1 Transmission Lines

The total length of transmission lines needed in the next 10 years by voltage class and by
upgrade type for each collector plan is identified in Exhibit 65 and Exhibit 66. These are

estimates only but provide a relative reference for purpose of comparison and for use macro-

economic impact to the state conducted in Task 4.

Exhibit 65. Line Upgrades by Voltage Class for each Collector Plan

Collector 1 Collector 2 Collector 3
Total length of 230 kV lines (miles) - - 14.5
Total length of 345 kV lines (miles) 910.5 415.4 1261.8
Total length of 500 kV lines (miles) - 514* -

* Approximately 314 miles of roughly 514 miles are within New Mexico, the remainder is located in

Arizona.

Exhibit 66. Line Upgrades by Upgrade Type for each Collector Plan

Collector 1 Collector 2 Collector 3
Total length of new lines (miles) 753.6 929.4 1081.9
Total length of uprated lines (miles) 156.9 - 194.4

3.3.1.2 Substations

Exhibit 67 lists new substations proposed for each collector plan. Collector Plans 1 and 3

introduced two substations near the state border that are being connected to the adjacent 345

kV substations in Arizona. The alternative of connecting the substations in New Mexico and
Arizona directly was not adopted, in order to maintain the power export control rights within New
Mexico’s state boundaries and to the most extent avoid underlying inter-state regulation

challenges.

Exhibit 67. New Substations for each Collector Plan

Collector Plan 1

= 345 kV Springerville NM "
Substation

= 345 kV Greenlee NM =
Substation

Collector Plan 2

500 kV SunZia East
Substation

500 kV SunZia South
Substation

Collector Plan 3

345 kV Springerville NM

Substation
345 kV Greenlee NM
Substation
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3.3.1.3 Transformers

Exhibit 68 lists the new transformer proposed for each collector plan. All transformers except the
two at SunZia South are expected to come online before 2025.

Exhibit 68. New Transformers for each Collector Plan

Collector Plan 1 Collector Plan 2 Collector Plan 3
=  One 400-MVA 345/115 kV
Transformer at Willard =  One 400-MVA

= One 400-MVA 345/115

=  Two 1500-MVA 500/345 kV 345/115 kV
kV Transformer at .
Willard Transformers at SunZia East Transformer at
=  Two 1500-MVA 500/345 kV Willard

Transformers at SunZia South

3.3.1.4 Reactive Control Infrastructure
Exhibit 69 lists the new shunt reactors and relevant capacity proposed for each collector plan.
Shunt devices identified for all collector plans are expected to come in service before 2025.

Exhibit 69. New Shunt Reactors®® for each Collector Plan

Collector Plan 1 Collector Plan 2 Collector Plan 3
= 15 MVAr Shunt at 115
= 15 MVAr Shunt at 115 = 15 MVAr Shunt at 115 kV Phelps Dodge
kV Phelps Dodge kV Phelps Dodge = 15 MVAr Shunt at 115
= 15 MVAr Shunt at 115 = 15 MVAr Shunt at 115 kV Apollo
kV Apollo kV Apollo = 35 MVAr Shunt at 345
kV Gladstone

Note: MVAr = megavolt ampere (reactive).

3.3.1.5 ROW

Proposed new transmission lines in the collector plans are either adjacent to an existing
transmission corridor or added as a new transmission corridor in the system. Depending on the
ROW characteristics and transmission tower structures, new transmission lines that are
adjacent to an existing transmission corridor may be able to utilize the existing ROW, to build a
parallel transmission system, or even utilize existing towers to add new lines. It should be noted
that existing ROW may need to be expanded to include the new collector system lines. The
detailed characteristics of the existing ROWSs were not investigated. Further analysis to explore
utilization of existing ROWSs is recommended, since it could be less time consuming and less
costly than obtaining new ROW in undeveloped locations.

Exhibit 70 identifies existing ROWSs that could potentially be used for some of the new lines in
each collector plan. Transmission lines are listed in the order of reliability ranking discussed in
Section 3.2.2.6.

35 A shunt reactor is a piece of electrical equipment used for reactive power compensation in high-voltage
transmission lines and ultimately improving the voltage profiles of the power system.
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Exhibit 70. Use of Existing ROWSs

In Collector Mileage Existing ROW  Existing ROW that

Transmission Line

Plan (miles) used? could be used
345 kV Rlo Pugrco to 13 172.2 NG i
Springerville
345 kV Cllngs Corner to 1 785 Yes Clines Corne_r -
Qjo Norton — Ojo
345 ky Guadalupe to 12 40.3 ves Guadalupe — Clines
Clines Corner Corner
345 kV Weste.rn Spirt to 123 84.1 No i
Sandia
. Guadalupe —
345 kV Guadalupe to Rio 1,2 268 Yes Western Spirit —
Puerco . )
Pajarito — Rio Puerco
345 kV Lunato Greenlee 1,3 110.5 Yes Luna — Hidalgo —
Greenlee NM
345 kV SunZia East to
Western Spirit 2 14 Al i
345 kV SunZia South to 5 9 No i
Luna
345 kV AC Loop from Ojo 115 kV/AC Loop from
. 3 303.6 Yes Ojo to Valencia to
to Clapham to Valencia
Clapham
345 kV Taiban Mesa to . Western Spirit —
Rio Puerco 3 267 ves (in part) Pajarito — Rio Puerco
345 kV Taiban Mesa to 3 130 No i
Clapham
230 kV PEGS to Ambrosia 3 14.5 Yes PEGS — Ambrosia

3.4 Transmission System Findings

Task 3 involves designing three reliable collector plans capable of either transferring all 5,900
MW of renewable out of New Mexico or partially consuming the renewable addition locally and
selling the remaining into the neighboring markets. Power flow analysis was conducted for each
design to ensure that the designed collector plans were able to withstand N-1 contingencies of
the major transmission elements at and above 115 kV without introducing significant overloads
on the existing network. Two sensitivity analyses were further performed to stress-test the three
collector plans in a scenario of different renewable mix and a scenario of increased local
renewable consumption. Key findings of the assessment are:
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e Counties in central New Mexico with high quality wind and solar resources are preferred
interconnection locations for both centralized and decentralized renewable siting
scenarios. Consequently, the analysis has identified a common need among all three
collector plans to enhance local deliverability in central New Mexico to accommodate the
incremental renewable addition in central and eastern New Mexico.

e The assessment has identified a common need to add extra transmission corridors to
transfer the incremental renewable energy out of New Mexico. Two new corridors
connecting central New Mexico and southern New Mexico to Arizona were proposed in
both Collector Pan 1 and 3. Adherent to those two corridors, two new 345 kV
substations, Springerville NM and Greenlee NM substations, close to the state border
were included as well. In Collector Plan 2, SunZia connecting Central New Mexico to
Arizona was included as a firm project. SunZia is expected to add up to 3,000 MW of
incremental interstate transfer capacity and therefore substitutes the needs of adding the
aforementioned new transmission corridors as in Collector Plan 1 and 3.

e Considering the common needs discussed above, a set of common collector elements
needed in both centralized and decentralized renewable siting scenarios were identified.
Those elements can serve as the foundation framework of transmission expansion in
New Mexico to support the incremental renewable development in various scenarios.
The commonality among those individual collector upgrades indicates high value to the
New Mexico grid. In that sense, those individual transmission elements can be
considered as “least-regrets” upgrades given uncertainty regarding future conditions.

e The three collector plans can support a total renewable capacity of 5,900 MW in the
BAU renewable buildout analysis. The total capacity in the alternative renewable
capacity mix sensitivity analysis varies, between 5,200 MW and 5,500 MW. The
difference was attributed to the higher wind penetration in the alternative renewable mix
sensitivity case. With the same amount of total renewable capacity added to the grid,
higher wind penetration is expected to result in more thermal violations as the wind
potential is relatively condensed in certain areas. Specifically, high-performance wind
resources are isolated in central and eastern New Mexico and hence it becomes critical
to expand the network in that area to accommodate the large amount of wind additions.
In contrast, solar resource in New Mexico is more dispersed. Incremental solar builds at
a smaller magnitude can be distributed across the State to fully utilize the available
headroom in transfer capacity of the existing transmission system. This implies a strong
need of optimal siting strategy for both renewable developers and electricity utilities to
develop renewable economically and efficiently in the state.

e Storage as transmission alternatives were not found suitable in this analysis. The
reliability issues identified were consistent in both the peak demand and light demand
cases which restricted the application of storage due to its duration limitation. Further,
the identified upgrades are all 345 kV transmission solutions. Storage in that case will be
less economical to provide the same amount of capacity compared to the traditional
transmission solutions.

e Demand response and energy efficiency programs as non-transmission alternatives
were not found suitable in this assessment. The reliability issues identified were all
caused by the incremental renewable energy to be exported through the backbone
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system. Directly managing the end-user load was not expected to address the thermal
violations due to generation growth.

The assessment performed in this analysis is only the first step in designing a reliable and
secure transmission plan. Before finalizing a specific transmission expansion plan, the following
technical analyses and staged-implementation design are recommended:

e The assessment has only examined the 2025 off-peak and 2030 on-peak shapshot grid
conditions. The in-service date of all identified transmission upgrades was assumed to
be either 2025 or 2030. It is noteworthy that the implementation of a transmission
expansion plan should be a phased-in process. An analysis of phased-in implementation
was conducted in this assessment through ranking of reliability impact of each individual
upgrade in each collector plan. The higher ranked upgrade elements were expected to
produce more reliability benefits to the grid and hence should be considered as prime
builds ahead of others. In addition, detailed technical assessments of the existing
infrastructures that can be potentially utilized for upgrades, cost, acquisition of lands,
environment impact, and the development plan of renewable should be further
conducted to provide insights on potential development sequence. Those assessments
have not been considered in this study and are recommended as follow-up studies for a
thorough implementation design.

e The conceptual transmission planning analysis in this study examined New Mexico’s grid
without in-depth consideration of individual transmission operators’ operation. Potential
operational hurdles on transmission upgrade implementation were not considered in this
assessment. Coordination with transmission operators in New Mexico is recommended
to further understand the feasibility and implementation challenges for those designed
transmission expansions solutions, especially for those upgrades that may affect the
operation of existing joint-owned infrastructures.

3.5 Application of Results in Additional Tasks

The results of Task 3 illustrate three distinct collector plans designed to support 5,900 MW of
renewable development in New Mexico in the next 12 years. Based on the economic potential
identified in Task 2 and the transmission upgrade identified in Task 3, Task 4 further examined
the economic impacts to New Mexico resulting from the development of the BAU renewable
buildout and each of the three collector plans in various scenarios.

3.6 Future Study Recommendations

3.6.1 Non-Transmission Alternatives

In this analysis, demand-side resources, microgrids, and storage to support the transmission
system needs under renewable development scenarios were considered. No options were
found that could directly support the proposed collector plans, if implemented. However, all
these technologies should be considered for future studies in 3—5 years when the decision on
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renewable tax credit extension gets settled and, consequently, the grid outlook becomes
clearer.

3.6.1.1 Microgrids

Microgrids are localized grids that can disconnect from the traditional grid to operate
autonomously. At a transmission level, microgrids can help reduce transmission losses through
locating resources closer to load. This analysis did not identify such transmission level benefits
given the system construct. However, non-transmission reliability rationale for Microgrids were
not considered. Because they can operate while the main grid is down, microgrids can
strengthen grid resilience and help mitigate grid disturbances, as well as function as a grid
resource for faster system response and recovery. This is particularly true at the distribution
system level, where microgrids have a strong potential to enable renewables interconnecting at
distribution voltages. Microgrids also benefit some commercial and industrial applications
beyond resiliency (e.g., a DC network fed by a microgrid in a commercial building avoiding the
multiple and inefficient AC-DC conversions, usually for solar systems). Another application for
microgrids may be specifically in areas where grid security is critical, such as defense
installations.

Examination of resilience benefits, distribution systems, and locational grid security were not
considered because they were outside the direct scope of this analysis. These areas may
provide further benefit and assist in enabling renewables in New Mexico, but further study would
be needed in the specific areas to provide such an assessment (e.g., a case study for grid
security or distribution application would provide the insight to understand such benefits).

3.6.1.2 Storage Solutions

3.6.1.2.1 Storage as Non-Transmission Alternatives

The non-transmission alternatives analysis did not find storage as a suitable alternative solution
to the wired lines in this study. However, since only a snapshot-based power flow analysis was
performed, the comprehensive time characteristics of line overloading were not fully
investigated. It is worth noting that storage can benefit the grid from different perspectives
including Transmission and Distribution Deferral, peak shaving, voltage control, and ancillary
service. Further study to look at the reliability and economic benefits of integrated storage and
maximizing the value proposition to end users is recommended.

To explore potential storage solutions, the following criteria are recommended:

e Frequency and persistence of overloads — Storage may not be the most viable
solution if the transmission element is constraining for significant hours, where storage is
required to operate beyond standard durations, such as greater than 6—8 hours of
discharge each day.

e Peak-to-average demand ratio — Areas with higher peak-to-average demand rations
indicate greater needs of peak-shaving capability. Those locations may benefit from
deploying storage as a transmission alternative instead of building new transmission
lines.
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3.6.1.2.2 Storage as Flexible Resource

Embracing the trends of high renewable penetration, the grid becomes tight on the flexibility in
contrast to the uncertainty and variability underlying in the renewable generation. A follow-up
study of the requirements of flexible resources to support the resource adequacy (RA) becomes
critical. Benefiting from its nature of flexibility and fast ramping capability, storage is well-suited
to support the resource adequacy in a high renewable penetration system.

The California Independent System Operator (CAISO) has defined “Flexible capacity need” as
the quantity of resources needed by the ISO to manage grid reliability during the greatest three-
hour continuous ramp in each month. New RA framework®¢ proposed by the ISO even further
refined the RA products by different time granularities, namely day-ahead RA, 5 minutes RA,
and 15 minutes RA. A similar approach to assess the multi-time frame resource adequacy at
both hourly and sub-hourly resolutions is suggested. A Monte-Carlo approach is well-suited to
identify the requirements of flexible resources to account of the uncertain nature of renewable
energy. In particular, netload, which is the effective load net of total renewable generation, is the
core element of the ramping requirement calculation. The process will start with the data
cleansing and analysis of historical load and renewable generation profiles. Minute-by-minute
variability will be estimated and used to randomize the stochastic forecasts of future load and
renewable profiles. The “Worst-Case” ramping needs at different time intervals in the stochastic
samples will be considered as the requirements of the flexible capacity to accommodate the
ramping needs. The last step is to compare the requirements against existing ramping
capabilities in the system and analyze the size and duration of storage resources needed to
address any ramping shortfalls.

3.6.1.3 Demand Side Alternatives

Demand side resources were considered as non-transmission alternative in this study. Like
microgrids, locational aspects of DR and EE that were not apparent at the transmission level
may exist at the distribution level. As a next step, additional analysis to assess the cost-effective
conservation potentials to alleviate the need for additional distribution in the region should be
conducted. The analysis should review the technical, economic, and achievable potential for the
energy efficiency, demand response, and behind the meter distributed energy resources such
as CHP, storage and PV. These resource alternatives should then be compared to the system
upgrade cost expectations and a decision should be made based on the comparison. This type
of potentials study provides dual purpose in consideration of the long-term goals for a clean
energy environment in New Mexico. The potential study would serve as an input to resource
planning processes and investment review for their value in helping to reach the goals of the
ETA.

36California ISO, “Second Revised Flexible Capacity Framework”,
http://www.caiso.com/Documents/SecondRevisedFlexibleCapacityFrameworkProposal-
FlexibleResourceAdequacyCriteriaMustOfferObligationPhase2.pdf, accessed on June 23, 2020.
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3.6.2 HVDC Solution

HVDC and AC solutions can both serve as candidates for new transmission lines. Research on
the economics of both solutions indicates a breakeven mileage of 250 miles®” and above,
depending on the voltage class. As all new lines identified in the three collector plans are less
than 200 miles, the assessment did not find the HVDC solutions cost-competitive in this
analysis. Therefore, the HDVC solution was not selected.

However, as the supply mix evolution in New Mexico has been directly impacted by out-of-state
targets, such as the Clean Energy Standard in California, a significant portion of renewable
energy developed in New Mexico is expected to be directly sold into the California market. This
implies potential needs of long-distance transmission to directly transfer the power from New
Mexico to load centers in California. A long AC cable transmission bears great losses, which
consequentially limit the transfer capacity, whereas HVDC faces no such limitation. It would be
worth exploring HVDC solutions for potential transmission projects that cross multiple states in a
future analysis.

37 Dirk Van Hertem, Oriol Gomis-Bellmunt, Jun Liang; Wiley-IEEE Press, “HVDC Grids: For Offshore and
Supergrid of the Future” by, Page 88
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4 Task 4: New Mexico’s Economic Benefits from
Transmission and Renewable Development

4.1 Introduction

The objective under this task was to estimate the expected economic benefits of transmission
expansion and renewable energy development within New Mexico over the Study period 2020
to 2032. Given that benefits of investments made in this period continue to the long term,
permanent benefits were calculated through 2050. Task 4 provides an analysis of these
economic benefits based on detailed estimates of employment, economic output (measured as
Gross State Product [GSP]), and labor income. Economic benefits are derived from the
investments needed for transmission to support renewable development as well as from the
renewable development itself. Task 4 also provides estimated benefits for the associated
investments in renewable generation to accompany the various transmission scenarios.

Economic benefits were analyzed using data from various sources, including the modeling
outputs from IPM and PSLF under Tasks 2 and 3, the NREL Jobs and Economic Development
Impact (JEDI) models, and the Impact Analysis for Planning (IMPLAN) economic input-output
model. These analytical tools were used to estimate the overall economic benefits from
investments in transmission expansion and renewable energy builds. Economic models, such
as IMPLAN, allow for the estimation of impacts related to employment, output, value added,
personal incomes, and state, local, and federal tax revenues. Additionally, project-specific data
from IPM was used to estimate total construction phase and operations and maintenance
(O&M) phase investment costs for wind and solar generation builds.38

4.2 Methodology and Data

This section provides an overview of the economic impact modeling methodology, including an
introduction to the IMPLAN and JEDI models, and an overview of the model inputs. Exhibit 71
displays an overview of how this economic assessment fits in the overall project.

38 All dollar values in this chapter are in 2018 dollars, unless otherwise noted.

NM RETA Renewable Energy Transmission and Storage Study

98



Exhibit 71. Task 4 Economic Benefits Analysis and the Overall Process

Task 1: RE Task 2: RE
Technical Economic C 4 Transmission
Potential Potential

IMPLAN

Task 4: JEDI
Estimating Cost estimates
Benefits/Costs Sector cost
shares

Input-output
model
Local impacts

Outputs
Jobs
GSP
Taxes

4.2.1 Economic Models

4.2.1.1 IMPLAN

The IMPLAN model was used to estimate state-level economic impacts for New Mexico.
IMPLAN is an economic input-output model that combines a set of extensive databases related
to economic factors, economic multipliers, and demographic statistics with a refined and
detailed system of modeling software. IMPLAN allows for the development of local-level input-
output models that can estimate the economic impact of investments on local communities. The
model identifies direct impacts by sector and then develops a set of indirect and induced
impacts by sector using industry-specific multipliers, local purchase percentages (LPPs),
income-to-output ratios, and other factors and relationships. The model is comprehensive in its
level of detail, with a breakdown of the economy into roughly 500 sectors, based on the North
American Industry Classification System (NAICS).

For this analysis, a New Mexico-specific IMPLAN model was used. IMPLAN uses state-specific
data from the U.S. Bureau of Economic Analysis, the USDA, the U.S. Bureau of Labor
Statistics, and the U.S. Census Bureau to generate a customized baseline profile for New
Mexico’s economy that incorporates the unique characteristics of the state’s businesses and
households. This profile is unique and specific to New Mexico. All estimates in this report are a
product of New Mexico specific data used in IMPLAN. The use of the IMPLAN model allows for
the estimation of the combined impact of wind, solar, and transmission line development on the
regional economy. There are three primary types of impact in IMPLAN:

e Direct — The impact on onsite construction and transmission and renewable generation
development-related industries.
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¢ Indirect — The impact on inter-industry purchases resulting from spending on materials,
equipment, and other services. These results represent the supply chain impacts that are
created due to the industry linkages caused by transmission and renewable generation
development-related industries purchasing from other industries.

e Induced — The impact created in all local industries due to consumers’ consumption
expenditures arising from the new household incomes generated by direct and indirect
effects.

Transmission expansion and renewable energy development involve the purchase of various
materials (e.qg., electrical equipment and wind turbines) that may not be produced within New
Mexico. In order to properly estimate the state-level economic impacts of investments under
each scenario, the potential for “leakage” 3 of the investment dollars to firms and businesses
outside New Mexico was analyzed. For example, the construction of a new transmission line
may be done by local workers, but the transmission wires used may be purchased from outside
the state. The investment needed to purchase these wires would then be considered a leakage
because it does not have an economic impact on New Mexico. IMPLAN utilizes an LPP to
attribute all investments as local (in-state) or regional (out-of-state). Modeling results discussed
here focus only on the economic impacts to New Mexico businesses and residents after
accounting for these leakages. When comparing the total cost of an individual transmission plan
with the in-state benefits of that plan, it is important to note that there are significant economic
benefits also occurring outside New Mexico not reflected in this analysis.

The IMPLAN model enabled an estimation of the total impact of transmission expansion and
renewable generation construction and O&M on the New Mexico economy. These types of
impacts were considered:

e Output — The contribution of the investments to local and state economic activity.

e Jobs — Employment supported by transmission, energy storage, and renewable capacity
development as measured by job-years. IMPLAN estimates employment by aggregated
sector, and these results were analyzed to present employment at a more detailed level.

e Personal income — Wages and salary (including benefits) paid to workers supported by
new development.

e Tax revenues — Revenues from businesses and sales, excise, and property taxes from all
project-related activity. Tax revenues were assessed at the federal, state, and local levels.

For each of the manufacturing sectors used in the cost shares (see Section 4.2.2.1), IMPLAN
margins were used to trace expenditures through the supply chain. Margins allow for purchases
in any given manufacturing sector to be linked back to the industries which provide product
services such as transportation, manufacturing, retail, or wholesale. Margins only apply to
manufacturing sectors as these sectors have a clear and defined supply chain capable of being

39 | eakage refers to capital or income that exits New Mexico’s economic system, rather than remaining
within it. Leakages occur because industries are highly interlinked across state borders and activities in
any given state can therefore affect businesses across multiple states. Using customized data for New
Mexico that accounts for these leakages thus allows this study to provide more reliable economic impact
estimates for New Mexico without concern for overestimation.
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traced. For example, the dollars used to purchase fabricated structural manufacturing will be
split between three sectors: fabricated structural manufacturing, wholesale, and truck
transportation. Specifically, 88.4% of purchase dollars would be allocated to fabricated structural
manufacturing, 9.66% to wholesale, and 1.90% to truck transportation.

After margining, the portion of each sector’s expenditure that will be purchased within the New
Mexico economy was assessed. This was achieved using IMPLAN Local Purchase Percentage
(LPP) figures; each LPP represents the share of a given expenditure which remains in the local
economy. Purchases outside of the New Mexico economy are defined as leakages of
expenditures leaving the state economy. Unlike margins, every IMPLAN sector has an LPP. For
example, the construction sector has an LPP of 100%, meaning all investment in this sector is
occurring in New Mexico. Conversely, the commercial and industrial machinery and equipment
rental and leasing sector has an LPP of 80.24%. This means 19.76% of investment in this
sector occurs outside of the state and leaks from the local economy. LPP sector values are
unique to each state based on IMPLAN databases, thus LPP values for New Mexico differ from
other states.

4.2.1.2 IPM

ICF’s IPM was used to estimate the economic wind and solar build capacity additions (MW)
based on assumptions regarding capital costs per kW, annual O&M costs per kW per year, and
under alternate forward-looking power market conditions including a BAU scenario. The results
of the BAU scenario were utilized for the transmission analysis to determine options for
Collector Plans. The economic impact analysis relied on the capacity cost and O&M
assumptions utilized in IPM which originate from NREL. An Alternative Renewable Capacity Mix
with different renewable generation mix was considered as a stress test for the collector plans.
The BAU wind and solar mix does not vary by collector plan because each plan can
interconnect all generation capacity described. Collector plan capabilities vary slightly under the
Alternative Renewable Capacity Mix sensitivity but for purposes of Task 4 modeling, a single
outlook for renewables was applied to all collector plans. The BAU and the Alternative
Renewable Capacity Mix buildouts are characterized by different levels of MW for solar and
wind power but use same cost assumptions. All discussion of the BAU and Alternative
Renewable Capacity Mix is in reference to wind or solar builds, not any of the collector plans.
Exhibit 72 displays the output generated by IPM used in Task 4 modeling.
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Exhibit 72. IPM Generated Inputs

New capacity Capital C-;c;)tiill O&M costs  Total O&M
additions costs per Investment per kW per Investment
((YA)) kw (SMM) year (SMM)*
New onshore wind — BAU 2,733 $1,469 $4,015 $42.30 $1,030
New onshore wind —
Alternative Renewable 3,732 $1,469 $5,483 $42.30 $1,406
Capacity Mix
New solar PV — BAU 3,186 $1,106 $3,523 $13.54 $65
New solar PV —
Alternative Renewable 2,186 $1,106 $2,417 $13.54 $40
Capacity Mix

Note: All costs in 2018 dollars.
*Represents total O&M investments through 2032

4.2.2 Supplemental Data Sources

Below is a detailed description of data sources used in ICF’s modelling procedure and how each
data source was used.

4.2.2.1 NREL JEDI Models

NREL JEDI models* are available in spreadsheet format for economic analysis of transmission
line and wind resource development, as well as many other types of electricity generation.
However, the common large-scale solar technology, photovoltaics (PV), is not represented with
a JEDI model. For solar development, previous NREL studies were used for this step of the
economic analysis process. See Section 4.2.2.2 for how this link in the process for solar
development was conducted.

JEDI models were used to estimate state-specific cost shares for the economic sectors involved
in transmission line and wind farm construction. The JEDI models establish the connection
between project construction, and direct and supply chain impacts. Specifically, JEDI factors in
construction costs, including overhead wires, steel structures and poles, installation labor, and
insurance; operational costs, such as labor, materials, and services; and taxes and payroll. A
customized version of a New Mexico-specific JEDI model was used to develop the cost shares
for wind and transmission line builds (and other necessary infrastructure, such as substations)
and allocate the investment dollars across specific sectors in the supply chain for use in
modeling the overall economic impacts.

To identify the distribution of costs associated with land-based wind development, JEDI’s land-
based wind model was used. The land-based wind model allows estimation of economic
development impacts from a wind power generation project. Based on assumptions specific to
New Mexico and user inputs, the model generates a series of project cost estimates for
equipment (turbine, blade, tower, etc.), labor, and other associated costs. Cost shares were
developed for two phases of the project: the construction phase and the O&M phase. As shown

40 https://www.nrel.gov/analysis/jedi/models.html
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in Exhibit 73, cost shares were developed for the construction phase of a wind farm build.

Exhibit 74 presents the cost shares for the O&M phase of the project.

Exhibit 73. JEDI Construction Phase Cost Shares for Land-based Wind Power Generation

IMPLAN Sector Cost Share
(%)
Architectural, engineering, and related services 1
Asphalt paving mixture and block manufacturing 2
Commercial and industrial machinery and equipment rental and leasing 4
Construction of new power and communication structures 7
Fabricated structural metal manufacturing (towers) 12
Fabricated structural metal manufacturing (rebar) 2
Legal services 1
Other communication and energy wire manufacturing 1
Power, distribution, and specialty transformer manufacturing 4
Ready-mix concrete manufacturing 2
Truck transportation 8
Turbine and turbine generator set units manufacturing 55
*Numbers may not add to 100% due to rounding.
Exhibit 74. JEDI O&M Phase Cost Shares for Land-based Wind Power Generation
IMPLAN Sector cost Share
(%)

Architectural, engineering, and related services 5
Insurance agencies, brokerages, and related activities 20
Maintenance and repair construction 5
Commercial and industrial machinery and equipment rental and leasing 22
All other miscellaneous electrical equipment and component manufacturing 22
Wind turbine and turbine generator set units manufacturing 22
Truck transportation 5

*Numbers may not add to 100% due to rounding.

4.2.2.2 Additional NREL Sources

Cost shares for the construction and O&M phases of a solar build were then developed. To
model the distribution of costs associated with a solar-based renewable energy project, cost
estimates were based on two studies by NREL.#! In these studies, NREL provided cost
estimates for solar PV systems of multiple sizes. The cost estimates were based on a 100-MW
Utility-Scale PV System with a single-axis tracker and 295-W modules. Both NREL studies were
compared in order to develop the most well-rounded estimates of PV costs.*? As shown in

41“Y.8. Solar Photovoltaic System Cost Benchmark: Q1 2018” available at

https://lwww.nrel.gov/docs/fy190sti/72399.pdf as of May 20, 2020 and “Expanding the Photovoltaic Supply Chain in

the United States: Opportunities and Challenges” available at
https://www.nrel.gov/docs/fy190sti/73363.pdf as of May 20, 2020.

42 Estimates in the NREL 2018 and NREL 2019 studies are combined. Any overlap in estimates was identified
between the two papers and the highest cost estimate for that item was selected. Once these estimates were
identified and condensed, certain soft costs were removed from the estimate, as they are not measured using
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Exhibit 75, the NREL combined cost estimate was used to create the construction phase cost
share for a utility-scale solar development. Exhibit 76 further shows the O&M cost share for a
solar build.

Exhibit 75. JEDI Construction Phase Cost Shares for Solar Power Generation

IMPLAN Sector cost Share ‘
(%)
Other electronic component manufacturing 15
Construction of new power and communication structures 15
Capacitor, resistor, coil, transformer, and other inductor manufacturing 15
Architectural, engineering, and related services 10
Electric power transmission and distribution 1
Other real estate 5
Other communication and energy wire manufacturing 1
Semiconductor and related device manufacturing 38
*Numbers may not add to 100% due to rounding.
Exhibit 76. JEDI O&M Cost Shares for Solar Power Generation
IMPLAN Sector cost Share
(%)*
Landscape and horticultural services 15
Commercial and industrial machinery and equipment repair and maintenance 30
Capacitor, resistor, coil, transformer, and other inductor manufacturing 30
Semiconductor and related device manufacturing 25

*Numbers may not add to 100% due to rounding.

Cost shares for each collector plan and their unique transmission lines were then developed
using JEDI. Each transmission line cost share differs due to varying substation construction and
upgrades, line miles, and other factors. To find each cost share, the specific characteristics
associated with each transmission line were put into JEDI to develop cost shares. Collector Plan
1 is characterized by two separate 345 kV single-circuit builds. A 345 kV single-circuit build of
643.1 new line miles with one new substation and the upgrade of one existing substation is
scheduled for construction from 2023 through 2028. Additionally, a 345 kV single-circuit build of
110.5 new line miles with one new substation is scheduled for construction from 2028 through
2030. Exhibit 77 displays the cost shares for each transmission line in Collector Plan 1.

Exhibit 78 shows the O&M cost share for both Collector Plan 1 transmission lines. Differences
between both cost shares can be attributed to the associated infrastructure requirements such
as substations (new and upgrades at existing existing) unique to both transmission lines.

IMPLAN. This included permitting fees, sales tax, and contingency costs. Once these costs were removed from the
overall estimate, they had an estimated cost of $1.08/Watt, only slightly lower than the NREL 2019 study estimate of
$1.13/Watt. The estimates were expected to be lower due to the removal of soft costs.

NM RETA Renewable Energy Transmission and Storage Study 104



Exhibit 77. JEDI Construction Phase Cost Shares, Collector Plan 1

345 kV 345 kV Single-
IMPLAN Sector Single-Circuit Circuit 2028 —
2023 — 2028* 2030*
Architectural, engineering, and related services 9% 10%
Construction of new power and communication structures 38% 34%
Environmental and other technical consulting services 3% 2%
Fabricated structural metal manufacturing 18% 16%
Other communication and energy wire manufacturing 25% 22%
Other real estate 2% 2%
Power, distribution, and specialty transformer manufacturing 2% 12%
Ready-mix concrete manufacturing 3% 2%

*Numbers may not add to 100% due to rounding.

Exhibit 78. JEDI O&M Phase Cost Shares, Collector Plan 1

345 kV Single- 345 kV Single-

IMPLAN Sector Circuit 2023 — Circuit 2028 —
2028* 2030*
Insurance agencies, brokerages, and related activities ' 9% 11%
Maintenance and repair of transmission lines 66% 65%
Power, distribution, and specialty transformer manufacturing 25% 25%

*Numbers may not add to 100% due to rounding.

Following the same method as Collector Plan 1, cost shares for Collector Plan 2 were
developed using JEDI. Collector Plan 2 is characterized by varying voltage levels, constructed
in different years. Construction of 392.4 new line miles and the upgrade of one existing
substation of a 345 kV single-circuit transmission line are scheduled for 2023 through 2025.
Construction of 14 new line miles for 345 kV double-circuit transmission lines are scheduled for
construction in 2023 through 2025 and 9 new line miles for 345 kV double-circuit transmission
lines are scheduled for construction in 2028 through 2030. A total of 628 new line miles (two
transmission lines over 314 miles) and two new substations of 500 kV single-circuit transmission
lines are further scheduled for 2023 through 2025. Exhibit 79 displays the cost shares for each
transmission line in Collector Plan 2.

Exhibit 80 shows the O&M cost share for both Collector Plan 2 transmission lines.
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Exhibit 79. JEDI Construction Phase Cost Shares, Collector Plan 2

345kV | 345kV | 345kV | 500 kV
Single- | Double- | Double | Single-
IMPLAN Sector Circuit | Circuit | -Circuit | Circuit

2023 - | 2023- | 2028 - 2023 -
2028 2025 2030 2025

Architectural, engineering, and related services 9% 9% 10% 7%
Construction of new power and communication structures 38% 26% 18% 39%
Environmental and other technical consulting services 3% 1% 1% 2%
Fabricated structural metal manufacturing 18% 12% 8% 18%
Other communication and energy wire manufacturing 25% 20% 12% 26%
Other real estate 2% 1% 1% 1%
Power, distribution, and specialty transformer manufacturing 4% 29% 48% 3%
Ready-mix concrete manufacturing 3% 2% 1% 3%

Note: Numbers may not add to 100% due to rounding

Exhibit 80. JEDI O&M Phase Cost Shares, Collector Plan 2

- 345kV  345kV  345kV 500 kV
Single- Double- Double- Single-
IMPLAN Sector Circuit  Circuit Circuit Circuit

2023- 2023- 2028- 2023 -
2028* 2025* 2030* 2025*

Insurance agencies, brokerages, and related activities 9% 18% 15% 9%
Maintenance and repair of transmission lines 66% 56% 58% 66%
Power, distribution, and specialty transformer manufacturing 25% 26% 27% 25%

Note: Numbers may not add to 100% due to rounding

Cost shares for Collector Plan 3 were developed using JEDI. Collector Plan 3 is characterized
by two 345 kV single-circuit builds and a 230 kV single-circuit build. The development of 956.9
new line miles, one new substation, and an upgrade of six existing substations of 345 kV single-
circuit is scheduled for construction in 2023 through 2025. Next, 110.5 new line miles and one
new substation of 345 kV single-circuit is scheduled for construction in 2028 through 2030. The
construction of 14.5 new line miles of 230 kV single-circuit line was scheduled for 2028 through
2030. Exhibit 81 displays the cost shares for each transmission line in Collector Plan 3. Exhibit
82 shows the O&M cost share for both Collector Plan 3 transmission lines.
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Exhibit 81. JEDI Construction Phase Cost Shares, Collector Plan 3

345 kV | 345 kV | 230 kV

IMPLAN Sector Single | Single | Single

2023 - | 2028 — | 2028 -
2028* | 2030* | 2030*

Architectural, engineering, and related services 9% 12% 12%
Construction of new power and communication structures 39% 21% 21%
Environmental and other technical consulting services 3% 3% 3%
Fabricated structural metal manufacturing 18% 20% 20%
Other communication and energy wire manufacturing 25% 13% 13%
Other real estate 2% 1% 1%
Power, distribution, and specialty transformer manufacturing 2% 27% 27%
Ready-mix concrete manufacturing 3% 2% 2%

*Numbers may not add to 100% due to rounding.

Exhibit 82. JEDI O&M Cost Shares, Collector Plan 3

IMPLAN Sector

Insurance agencies, brokerages, and related activities 9% 11% 11%
Maintenance and repair of transmission lines 66% 65% 65%
Power, distribution, and specialty transformer manufacturing 25% 25% 25%

*Numbers may not add to 100% due to rounding.

4.2.3 Inputs

The following discussion details the inputs for the economic modeling exercise. Inputs were
created for wind, solar, Collector Plan 1, Collector Plan 2, Collector Plan 3, the associated right-
of-way payments for each collector plan, and wheeling revenues. The introduction of the builds
is assumed to attract a growing number of manufacturing firms involved in the transmission and
renewable energy development supply chain to the New Mexico region. With this assumption in
mind, LPP growth rates were developed for each manufacturing sector in the analysis. LPP
growth rates were calculated by assuming an LPP in 2050 and then linearly interpolating LPP’s
from 2021 through 2050. From this, the growth rate is the yearly increase in LPP. Exhibit 83
displays the relevant LPP growth rates used in this analysis.
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Exhibit 83. LPP Growth Rates

Growth 2020

IMPLAN Sector R;(t’;”(% ) LPP

(%)
All other misc. electrical equipment and component manufacturing 0.61 1.56 20.00
Asphalt paving mixture and block manufacturing 0.89 33.21 60.00
Capacitor, resistor, coil, transformer and other inductor manufacturing 0.66 0.06 20.00
Electronic connector manufacturing 0.66 0.06 20.00
Fabricated structural metal manufacturing 1.07 8.03 40.00
Other electronic component manufacturing 1.64 0.67 50.00
Other communication and energy wire manufacturing 0.66 0.27 20.00
Power, distribution, and specialty transformer manufacturing 0.66 0.12 20.00
Ready-mix concrete manufacturing 0.44 81.70 95.00
Semiconductor and related device manufacturing 1.61 1.56 50.00
Wind turbine and turbine generator set units manufacturing 1.67 0.03 50.00

The growth rates for each manufacturing sector above were used in the calculation of yearly
construction phase and O&M phase inputs where appropriate. A more detailed description of
what is included in these inputs is provided in the sections below. All dollar values discussed in
this report are in 2018 dollars.

4.2.3.1 Collector Plan 1

Inputs for Collector Plans 1 through 3 were developed using JEDI’s transmission line model.
The model allowed for input line characteristics, such as existing substations, new substations,
and new line miles, to calculate IMPLAN inputs. Each collector plan has unique characteristics,
such as varying new line miles, number of circuits, number of new and existing substations, and
years of construction.

Collector Plan 1 involves the development of 753.6 new line miles of 345 kV single-circuit
transmission line over a 3-year construction period. In Collector Plan 1, 345 kV single-circuit is
the only type of transmission line under development, but new line construction takes place
under two separate time frames. A total of 643.1 new line miles are scheduled for construction
in 2023 through 2025 while 110.5 new line miles are scheduled for construction in 2028 through
2030. Further details can be found in Exhibit 84 including new and existing substation
development.

Exhibit 84. Planned Development, Collector Plan 1

Circuit New line (miles) New substations EX|st|pg
substations
345 kV Single 2023 - 2025 643.1 1 1
345 kV Single 2028 — 2030 110.5 1 0
Total 753.6 2 1

With these parameters established, IMPLAN inputs for the construction phase of Collector Plan
1 were developed. As Collector Plan 1’s construction phase takes place in 2023 through 2025
and 2028 through 2030, two separate three-year periods were modeled. Exhibit 85 displays the
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total construction phase inputs used for Collector Plan 1. Total in-state construction phase

spending is $573.9 million.

Exhibit 85. Construction Phase IMPLAN Inputs, Collector Plan 1

2023 — 2025 2028 — 2030 Total
IMPLAN Sector (SMM)* (SMM)* (SMM)*
Architectural, engineering, and related services $40.1 $8.0 $48.1
Construction of new power and communication structures $317.0 $54.5 $371.5
Environmental and other technical consulting services $20.9 $3.6 $24.5
Fabricated structural metal manufacturing $15.9 $3.9 $19.8
Insurance agencies, brokerages, and related activities $0.1 $0.1 $0.1
Other communication and energy wire manufacturing $4.6 $1.7 $6.3
Other real estate $12.3 $2.1 $14.4
Power, distribution, and specialty transformer manufacturing $0.4 $0.9 $1.3
Ready-mix concrete manufacturing $14.9 $2.6 $17.5
Truck transportation $23.5 $5.4 $28.8
Wholesale trade $34.6 $6.9 $41.5
Total $484.2 $89.6 $573.9

*In 2018 dollars.

Following the development of construction inputs, inputs for the O&M phase were developed.
The O&M phase begins in 2026, with annual costs from said year to 2030 representing solely
the 643.5 new line miles built in 2023 through 2025. In 2031, O&M begins for the 110.5 new line
miles built in 2028 through 2030. Therefore, annual O&M costs see an additional increase

starting in 2031, which represents new line miles coming online. As this phase is from 2024

through 2050 (26 years), a sample of 2 years, along with the total O&M for all years, is

displayed in Exhibit 86. Total in-state O&M spending is $157.2 million from 2026 through 2050.

Exhibit 86. O&M Phase IMPLAN Inputs, Collector Plan 1

2026 2031 Total
IMPLAN Sector CEMM MM (SMM)*
Insurance agencies, brokerages, and related activities $0.4 $0.5 $12.4
Maintenance and repair of transmission lines $4.7 $5.5 $133.3
Power, distribution, and specialty transformer manufacturing $0.1 $0.1 $4.7
Truck transportation $0.1 $0.2 $4.2
Wholesale trade $0.1 $0.1 $2.6
Total $5.4 $6.4 $157.2

* In 2018 dollars.

4.2.3.2 Collector Plan 2

Collector Plan 2 involves the development of 1,043.4 new line miles of transmission line over

two three-year construction periods.*? Collector Plan 2 requires three unique circuit types: 345
kV single-circuit, 345 kV double-circuit, and 500 kV single-circuit. Further details can be found in
Exhibit 87 including new and existing substation development.

43 For the economic analysis only transmission line miles within New Mexico are considered. Collector

Plan 2 has additional line miles outside of New Mexico borders.
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Exhibit 87. Collector Plan 2 Planned Development

Circuit New line (miles) New substations EX|st|pg
substations
345 kV Single 2023 — 2025 392.4 0 1
345 kV Double 2023 — 2025 14 0 0
345 kV Double 2028 — 2030 9 0 0
500 kV Single 2023 — 2025 628 2 0
Total 1,043.4 2 1

IMPLAN inputs for the construction phase of Collector Plan 2 were developed using these
parameters. As Collector Plan 2’s construction phase takes place in 2023 through 2025 along
with 2028 through 2030, two separate three-year periods were modeled. Exhibit 88 displays the
construction phase cost shares used for Collector Plan 2. Total in-state construction phase
spending is $1,025.34 million.

Exhibit 88. Construction Phase IMPLAN Inputs, Collector Plan 2

IMPLAN Sector 2023 - 2025 2028 — 2030 Total

(SMM)* ($MM)* ($MM)*
Architectural, engineering, and related services $72.1 $1.9 $74.0
Construction of new power and communication structures $672.0 $6.9 $678.9
Environmental and other technical consulting services $38.7 $0.5 $39.1
Fabricated structural metal manufacturing $33.7 $0.5 $34.2
Insurance agencies, brokerages, and related activities $0.2 $0.1 $0.3
Other communication and energy wire manufacturing $9.9 $0.2 $10.1
Other real estate $21.3 $0.3 $21.6
Power, distribution, and specialty transformer manufacturing $1.7 $0.9 $2.6
Ready-mix concrete manufacturing $31.5 $0.3 $31.9
Truck transportation $53.3 $2.0 $55.3
Wholesale trade $75.7 $1.7 $77.4
Total $1,010.1 $15.2 $1,025.3

* In 2018 dollars.

As in Collector Plan 1, inputs for the O&M phase were developed. The O&M phase begins in
2026, with annual costs from said year to 2030 representing solely the 1035.4 new line miles
built in 2023 through 2025. In 2031, O&M begins for the 9 new line miles built in 2028 through
2030. Therefore, annual O&M costs see an additional increase starting in 2031, which
represents new line miles coming online. As this phase is from 2024 through 2050 (26 years), a
sample of 2 years, along with total O&M phase spending, is displayed in Exhibit 89. Total in-
state O&M spending is $225.2 million from 2026 through 2050.
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Exhibit 89. O&M Phase IMPLAN Inputs, Collector Plan 2

2026 2031 Total
IMPLAN Sector (SMM)* (SMM)* (SMM)*
Insurance agencies, brokerages, and related activities $0.7 $0.7 $18.3
Maintenance and repair of transmission lines $7.5 $7.6 $190.5
Power, distribution, and specialty transformer manufacturing $0.1 $0.2 $6.7
Truck transportation $0.2 $0.2 $6.0
Wholesale trade $0.1 $0.1 $3.7
Total $8.7 $8.9 $225.2

* |In 2018 dollars.

4.2.3.3 Collector Plan 3

Collector Plan 3 involves the development of 1,081.9 new line miles of transmission line over a
three-year construction period. Collector Plan 3 requires two unigue circuit types: 230 kV single-
circuit and 345 kV single-circuit. Further details can be found in Exhibit 90 including new and
existing substation development.

Exhibit 90. Collector Plan 3 Planned Development

Existing

Circuit New line (miles) New substations .
substations

230 kV Single 2028 — 2030 145 0 0
345 kV Single 2023 - 2025 956.9 1 6
345 kV Single 2028 — 2030 110.5 1 0
Total 1,081.9 2 6

IMPLAN inputs for the construction phase of Collector Plan 3 were developed using these
parameters. As Collector Plan 3’s construction phase takes place in 2023 through 2025 and
2028 through 2030, two separate three-year periods were modeled. Exhibit 91 displays the
construction phase cost shares used for Collector Plan 3. Total in-state construction phase
spending is $804.4 million.

Exhibit 91. Construction Phase IMPLAN Inputs, Collector Plan 3

© 2023-2025 2028-2030 Total

IMPLAN Sector

(SMM)* (SMM)* (SMM)*
Architectural, engineering, and related services $59.1 $11.6 $70.7
Construction of new power and communication structures $471.7 $39.5 $511.2
Environmental and other technical consulting services $31.1 $4.7 $35.7
Fabricated structural metal manufacturing $23.6 $5.6 $29.2
Insurance agencies, brokerages, and related activities $0.1 $0.2 $0.3
Other communication and energy wire manufacturing $6.9 $1.2 $8.1
Other real estate $18.3 $2.3 $20.6
Power, distribution, and specialty transformer manufacturing $0.4 $2.3 $2.8
Ready-mix concrete manufacturing $22.1 $3.0 $25.2
Truck transportation $34.1 $7.2 $41.3
Wholesale trade $51.0 $8.3 $59.3
Total $718.5 $85.9 $804.4

* |n 2018 dollars.
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Inputs for the O&M phase were then developed. The O&M phase begins in 2026, with annual
costs from said year to 2030 representing solely the 956.9 new line miles built in 2023 through
2025. In 2031, O&M begins for the 125 new line miles built in 2028 through 2030. Therefore,
annual O&M costs see an additional increase starting in 2031, which represents new line miles
coming online. As this phase is from 2024—-2050 (26 years), a sample of two years, along with
total O&M phase spending, are displayed in Exhibit 92. Total in-state O&M spending is $227.53
million from 2026—2050.

Exhibit 92. O&M Phase IMPLAN Inputs, Collector Plan 3

2026 2031 Total
IMPLAN Sector GMM*  GMM) (SMM)*
Insurance agencies, brokerages, and related activities $0.6 $0.7 $17.8
Maintenance and repair of transmission lines $7.0 $7.9 $193.1
Power, distribution, and specialty transformer manufacturing $0.1 $0.2 $6.8
Truck transportation $0.2 $0.2 $6.1
Wholesale trade $0.1 $0.2 $3.7
Total $8.0 $9.2 $227.6

* |n 2018 dollars.

4.2.3.4 Wheeling Revenues

Inputs for the wheeling revenues associated with collector plan development were developed.
Inputs were developed by using the amount of exported electricity under each scenario with a
tariff rate of $5.79/MWh.44 The tariff rate is multiplied by the total amount of exported energy to
get total wheeling revenues. Revenues are modeled as additional sales for the electricity
transmission and distribution sector with direct impacts removed to reflect the fact that these
revenues will most likely not lead to additional hiring at the transmission companies but may
lead to indirect and induced impacts from the increased revenue. Exhibit 93 displays wheeling
revenue BAU and Alternative Renewable Capacity Mix figures in MWh. These values represent
exports of power from new wind and solar facilities.

Exhibit 94 displays the dollar inputs used to model wheeling revenue impacts. It is assumed that
these values remain constant following 2032.

Exhibit 93. Wheeling Revenues

Alternative Renewable

In-State Consumption Sensitivity

ACHG) Capacity Mix (MWh) (MWh)
2020 0 0 0
2023 12,531,000 17,080,000 10,649,000
2025 12,531,000 17,080,000 10,649,000
2028 12,531,000 17,080,000 10,649,000
2030 21,992,000 23,571,000 16,725,000
2032 21,992,000 23,571,000 16,725,000

44 Calculation: ($5.79/MWh [($6.587+($6.36+$3.63)/2)/2]) where $6.587 is the tariff in PNM territory and

$6.36 and $3.63 are the peak/off-peak tariffs in EPE territory.
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Exhibit 94. Wheeling Revenues Inputs for Select Years

Alternative Renewable

In-State Consumption Sensitivity

Year LACHEY) Capacity Mix (SMM)* (SMM)*
2020 0 0 0
2023 $72.6 $98.9 $61.7
2025 $72.6 $98.9 $61.7
2028 $72.6 $98.9 $61.7
2030 $127.3 $136.5 $96.8
2032 $127.3 $136.5 $96.8

* |In 2018 dollars.

4235 ROW

IMPLAN inputs for the associated ROW payments in each collector plan were developed. ROW
payments represent an annual or one-time payment to a private or public landowner in
exchange for development of transmission line through the property. Based on varying levels of
tribal, federal, private, and state ownership of land, each collector plan has unique parameters
for ROW payments. Exhibit 95 displays the distribution of land ownership in each collector plan
as measured by miles.

Exhibit 95. ROW Land Ownership by Collector Plan

Tribal, miles Federal, Private, State, miles

Collector Plan

Total, miles (%)

(%)

miles (%)

miles (%)

(%)

1 93.11 (12) 172.44 (22) | 420.78 (54) | 96.62(12) | 782.95 (100)
2 8.49 (2) 7356 (19) | 265.88 (68) | 42.98 (11) 390.91 (100)
3 99.83 (8) 22322 (19) | 728.95(61) | 137.32(12) | 1,189.33 (100)

The total private land ownership was calculated by adding tribal and private land together while
calculating public land ownership by adding federal and state land together. Collector Plan 1
had approximately 34.37% public land ownership and 65.63% private land ownership. Collector
Plan 2 had approximately 29.81% public land ownership and 70.19% private land ownership.
Collector Plan 3 had approximately 30.31% public land ownership and 69.69% private land
ownership. These percentages were then input into JEDI for each collector plan and individual
transmission line to obtain a ROW payment dollar value to use in IMPLAN. JEDI assumes
$100/acre annual payment for public land and $2,000/acre one-time payment for private land.
This results in each transmission line in each collector plan having unique private land ROW
IMPLAN inputs as shown in Exhibit 96.

Exhibit 96. Private ROW Payments by Collector Plan

Collector Plan 2023 - 2025 ($MM)* 2028 — 2030 ($MM)*

1 $16.4 $2.8

2 $30.5 $0.2

3 $25.9 $3.4
* In 2018 dollars.
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4.2.3.6 Wind

IMPLAN inputs for the development of a land-based wind build in New Mexico were generated.
Inputs were developed for two phases of the project: the construction phase (2021-2023) and
the O&M phase (2024-2050). As discussed in Section 4.2.1.2, two study options were
developed for the wind model with the characterizing difference being MW power. Inputs were
developed for the BAU, which is characterized by a capacity of 2,733 MW of power, capital
costs of $1,469 per kW for the construction phase, and $41.86 per kW per year for the O&M
phase. The Sensitivity Study is characterized by a capacity of 3,732 MW of power, capital costs
of $1,469 per kW for the construction phase, and $41.86 per kW per year for the O&M phase.
The values in the following table represent total in-state spending rather than total investment.

Inputs for the construction phase of the land-based wind build were developed over a three-year
period (2021-2023). Total in-state spending in the construction phase of a land-based wind
build is approximately $1.17 billion. Exhibit 97 displays the total 3-year construction phase input
for the land-based wind build. Dollar values are in 2018 dollars, unless otherwise noted.

Exhibit 97. Wind Construction Phase IMPLAN Inputs

IMPLAN Sector 2021 — 2023 ($MM)*

Architectural, engineering, and related services $26.7
Asphalt paving mixture and block manufacturing $24.4
Commercial and industrial machinery and equipment rental and leasing $139.9
Construction of new power and communication structures $262.4
Fabricated structural metal manufacturing (towers) $42.3
Fabricated structural metal manufacturing (rebar) $7.8
Legal services $11.5
Other communication and energy wire manufacturing $0.6
Power, distribution, and specialty transformer manufacturing $1.9
Ready-mix concrete manufacturing $57.6
Truck transportation $305.2
Turbine and turbine generator set units manufacturing $67.4
Wholesale trade $218
Total $1,165.8

* In 2018 dollars.

Inputs for the O&M phase (2024 to 2050) of the build were developed. As mentioned above,
manufacturing sectors with an increasing input represent growth of the sector in New Mexico.
As inputs for the wind build stretch over 26 years, a sample of 2 years (2024 to 2050) is shown
in Exhibit 98. Total in-state spending during the O&M phase of a land-based wind build is
approximately $1.71 billion. Exhibit 98 displays O&M inputs for selected years.

NM RETA Renewable Energy Transmission and Storage Study 114



Exhibit 98. Wind O&M Phase IMPLAN Inputs

2024 2050
IMPLAN Sector (SMM)* (SMM)*

All other miscellaneous electrical equipment and component manufacturing $0.8 $3.8
Architectural, engineering, and related services $3.0 $3.0
Commercial and industrial machinery and equipment rental and leasing $20.1 $20.1
Insurance agencies, brokerages, and related activities $14.9 $14.9
Maintenance and repair construction of nonresidential structures $5.8 $5.8
Truck transportation $9.0 $9.0
Wholesale trade $3.6 $3.6
Wind turbine and turbine generator set units manufacturing $1.3 $9.6
Total $58.5 $69.8

* |n 2018 dollars.

4.2.3.7 Solar

IMPLAN inputs for the development of a solar-based renewable energy build in New Mexico
were developed. Inputs were developed for two phases of the project, the construction phase
(2029 to 2030) and the O&M phase (2031 to 2050). As discussed in Section 4.2.1.2, two study
options were developed for the solar model with the characterizing difference being MW power.
Inputs were developed for the BAU, which is characterized by a capacity of 3,186 MW of power,
capital costs of $1,106 per kW for the construction phase, and $13.54 per kW per year for the
O&M phase. The Alternative Renewable Capacity Mix is characterized by a capacity of 2,186
MW of power, capital costs of $1,106 per kW for the construction phase, and $13.54 per kW per
year for the O&M phase. As IMPLAN is a linear input-output model, inputs for the BAU were
developed and the output results were appropriately scaled to The Alternative Renewable
Capacity Mix’s capacity to estimate the economic impacts.

Inputs for the construction phase of the solar build were developed over a two-year period (2029
to 2030). Total in-state spending during the construction phase of a solar-based renewable
energy build is approximately $1.43 billion. Exhibit 99 displays the 2-year total construction
phase input for the solar build.

Exhibit 99. Solar Construction Phase IMPLAN Inputs

2029 - 2030
IMPLAN Sector (SMM)*

Architectural, engineering, and related services $183.9
Capacitor, resistor, coil, transformer and other inductor manufacturing $25.9
Construction of new power and communication structures $528.4
Electric Power Transmission and Distribution $34.3
Electronic connector manufacturing $98.1
Other communication and energy wire manufacturing $74.0
Other Real Estate $1.8
Semiconductor and related device manufacturing $146.2
Truck transportation $174.2
Wholesale trade $167.3
Total $1,434.0

* In 2018 dollars.
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Inputs for the O&M phase (2031-2050) of the build were developed. Manufacturing sectors with
an increasing input represent growth of the sector in New Mexico. As inputs for the wind build
stretch over 19 years, a sample of 2 years (2031 and 2050) are shown in Exhibit 100. Total in-
state spending during the O&M phase of a solar build is approximately $318.9 million.

Exhibit 100. Solar O&M Phase IMPLAN Inputs

2031 2050
IMPLAN Sector (SMM)* (SMM)*
Capacitor, resistor, coil, transformer, and other inductor manufacturing $4.0 $4.0
Commercial and industrial machinery and equipment repair and maintenance $9.5 $9.5
Landscape and horticultural services $0.7 $2.0
Semiconductor and related device manufacturing $1.6 $4.2
Truck transportation $1.2 $1.2
Wholesale trade $2.1 $2.3
Total $19.1 $23.2

* In 2018 dollars.

4.3 Results

ICF’s analysis found that transmission network investments could significantly benefit New
Mexico’s economy by potentially supporting 5,000—9,000 short-term construction job-years (i.e.,
full time equivalents [FTEs]) and an additional 45—65 permanent jobs in in the state. The
analysis found that additional economic benefits could come from renewable energy
investments, which have the potential to support roughly 20,000 short-term construction job-
years and an additional 600—700 additional permanent job years in the state. Exhibit 101
provides an overview of total employment impacts by build. Note that wind and solar builds
come online in different years relative to Collector Plans 1 through 3.

Exhibit 101. Total Employment Impacts by Build
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4.3.1 Collector Plans

4.3.1.1 Construction

Incremental economic benefits from New Mexico’s investment in additional transmission power
in the state are detailed in this section. The estimated construction impacts described in Exhibit
102 are a result of Collector Plan 1 investment in construction-related employment and
procurement. Sector specific investments related to Collector Plan 1 construction phase can be
found in Section 4.2.3.1. As previously mentioned, the construction phase of Collector Plan 1
covers two separate time periods: 2023 to 2025 and 2028 to 2030. Impacts represent the sum
of both time periods.

Exhibit 102. Collector Plan 1 Construction Phase Impacts

Collector Plan 1 Construction — Economic Impacts

Total 1verag|e Total A/\Averagle
Employment nnua Labor nhua Total Average
(IMPLAN Employment Income Labor GSP Annual
Job-Years) (IMPLAN (SMM) Income (SMM)  GSP ($MM)
Job-Years) (SMM)
Direct 3,463 577 197.3 32.9 307.6 51.3
Indirect 1,025 171 46.7 7.8 86.7 14.5
Induced 1,282 214 51.5 8.6 99.2 16.5
Total 5,770 962 295.5 49.3 493.6 82.3

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

Construction and installation of transmission under Collector Plan 1 is expected to generate
over 3,400 direct FTEs during 2023 through 2025 and 2028 through 2030. Including indirect and
induced impacts, Collector Plan 1 could result in the creation of over 5,700 job-years in New
Mexico. In addition, Collector Plan 1 is expected to produce $197.3 million in direct labor income
and $307.6 million in direct GSP. With indirect and induced impacts included, construction and
installation of Collector Plan 1 is expected to generate $295.5 million in labor income and
$493.6 in GSP. Exhibit 103 shows the industries most impacted by construction under Collector
Plan 1.

Exhibit 103. Collector Plan 1 Construction Phase Most Impacted Industries

Collector Plan 1 Construction - Most Impacted Industries by Employment

Industry Total Employment (IMPLAN Annual Employment

Job-Years) (IMPLAN Job-Years
Construction 2,284 381
Engineering services 325 54
Technical consulting 303 51
Durable goods wholesale 266 44
Truck transportation 224 37
Restaurants 198 33
Real estate 188 31
Building and garden supply stores 80 13
Employment services 68 11
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Under Collector Plan 1, most of the jobs created are in the construction sector, with an
additional approximately 2,000 new job-years during 2023 through 2025 and 2028 through
2030. This results in approximately 381 jobs-years. Employment will also grow in other sectors,
although to a lesser extent. Professional services industries, such as engineering services and
technical consulting will see an increase in employment along with industries such as
restaurants which will hire additional workers to meet increased demand in the area.

Exhibit 104 describes the estimated construction impacts as a result of investment in Collector
Plan 2. Estimated construction impacts are a result of Collector Plan 2 investment in
construction related employment and procurement. Sector specific investments related to
Collector Plan 2 construction phase can be found in Section 4.2.3.2. As previously mentioned,
the construction phase of Collector Plan 2 covers two separate time periods: 2023 through 2025
and 2028 through 2030. Impacts represent the sum of both time periods.

Exhibit 104. Collector Plan 2 Construction Phase Impacts

Collector Plan 2 Construction — Economic Impacts

Average Average
Total Total
Annual Annual Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)
Direct 5,412 902 310.9 51.8 487.1 81.2
Indirect 1,616 269 73.9 12.3 137.8 23.0
Induced 2,022 337 81.2 13.5 156.5 26.1
Total 9,050 1,508 466.0 77.7 781.4 130.2

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

Construction and installation of transmission under Collector Plan 2 is expected to generate
over 5,000 direct job-years (FTEs) during 2023 through 2025 and 2028 through 2030. Including
indirect and induced impacts, Collector Plan 2 could result in over 9,000 new job-years in New
Mexico. Additionally, Collector Plan 2 is expected to produce $310.9 million in direct labor
income and $487.1 million in direct GSP. With indirect and induced impacts included, Collector
Plan 2 is expected to generate $466.0 million in labor income and $781.4 in GSP. Exhibit 105
describes the most heavily impacted industries in New Mexico by employment under Collector
Plan 2’s construction phase.
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Exhibit 105. Collector Plan 2 Construction Phase Most Impacted Industries

Collector Plan 2 Construction — Most Impacted Industries by Employment

Industry Total Employment Average Annual Employment
(IMPLAN Job-Years) (IMPLAN Job-Years)
Construction 3,665 611
Engineering services 451 75
Technical consulting 427 71
Durable goods wholesale 426 71
Truck transportation 373 62
Restaurants 308 51
Real estate 273 46
Building and garden supply stores 130 22
Employment services 105 18

Like Collector Plan 1, construction sector supports the largest number of job-years under
Collector Plan 2 with a total of 3,665 job-years added over the construction period. Professional
services, such as technical consulting and engineering services also add approximately 400 job-
years each. Retailers and wholesalers also see the addition of many new employees under
Collector Plan 2.

Exhibit 106 describes the estimated construction impacts as a result of investment in Collector
Plan 3. Estimated construction impacts are a result of Collector Plan 3 investment in
construction related employment and procurement. Sector-specific investments related to
Collector Plan 3 construction phase can be found in Section 4.2.3.3. As previously mentioned,
the construction phase of Collector Plan 3 consists of two separate time periods: 2023 through
2025 and 2028 through 2030. Impacts represent the sum of both time periods.

Exhibit 106. Collector Plan 3 Construction Phase Impacts

Collector Plan 3 Construction — Economic Impacts

Total Average Average Average
Annual Total Labor  Annual
Employment Employment Income Labor Total GSP Annual
('M'?("eg'l;"b' (IMPLAN ($MM) Income (SMM) (s(m)
Job-Years) (SMM)
Direct 4,195 699.2 244.6 40.8 380.4 63.4
Indirect 1,291 215.2 58.8 9.8 108.8 18.1
Induced 1,594 265.7 64.0 10.7 123.4 20.6
Total 7,080 1,180 367.4 107.9 612.6 102.1

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

Construction and installation of transmission under Collector Plan 3 is expected to generate
over 4,000 direct job-years during 2023 through 2025 and 2028 through 2030. Including indirect
and induced impacts, Collector Plan 1 could result in over 7,000 job-years in New Mexico.
Additionally, Collector Plan 3 is expected to produce $244.6 million in direct labor income and
$380.4 million in direct GSP. With indirect and induced impacts included, Collector Plan 3 is
expected to generate $367.4 million in labor income and $612.6 in GSP. Exhibit 107 shows the
industries which add the most jobs under Collector Plan 3’s construction phase.
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Exhibit 107. Collector Plan 3 Construction Phase Most Impacted Industries

Collector Plan 3 Construction — Most Impacted Industries by Employment

Industry Total Employment Average Annual Employment
(IMPLAN Job-Years) (IMPLAN Job-Years)
Construction 2,712 452
Engineering services 411 69
Technical consulting 382 64
Durable goods wholesale 328 55
Truck transportation 280 47
Restaurants 247 41
Real estate 236 39
Building and garden supply stores 99 17
Employment services 87 15

The construction industry adds the most job-years under Collector Plan 3, with more than 2,700

job-years created during the construction period. Other industries, such as engineering and

technical services, wholesale, restaurants, and real estate, will also add jobs under Collector

Plan 3.

The impacts of the collector plans are relatively like one another. Under every plan, the
construction industry gains the most jobs, from over 2,200 job-years under Collector Plan 1 to
approximately 3,700 job-years under Collector Plan 2. Collector Plan 2 also generates the most
jobs during the construction phase, adding over 9,000 total job-years to New Mexico’s economy

compared to approximately 7,000 total job-years under Collector Plan 3 and 5,800 total job-

years under Collector Plan 1. Exhibit 108 displays labor income, GSP, and employment
generated by each collector plan during the construction phase. Note that employment is
represented by the green bar and the secondary axis labeled as employment in job-years.

Exhibit 108. Collector Plan 1-3 Construction Phase Impacts (2023 — 2025 & 2028 — 2030)
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4.3.1.2 O&M

The following are incremental economic benefits that result only from New Mexico’s investment
in additional transmission power in the state. The estimated long-term O&M impacts described
in Exhibit 109 are a result of Collector Plan 1 investment in O&M-related employment and
procurement. Sector-specific investments related to Collector Plan 1’'s O&M phase can be found
in Section 4.2.3.1. As previously mentioned, the O&M phase of Collector Plan 1 begins in 2026
and was modeled to 2050. Impacts represent the total O&M impacts across this time frame.

Exhibit 109. Collector Plan 1 O&M Impacts

Collector Plan 1 O&M — Economic Impacts |

Total Average Average Average
Annual Total Labor Annual
Employment Employment Income Labor Total GSP Annual
('MF;LeAé'r\'S;Ob' (IMPLAN ($MM) Income (SMM) (gﬁﬁ)
Job-Years) (SMM)
Direct 611 24 31.1 1.2 43.1 1.7
Indirect 277 11 11.9 0.5 22.8 0.9
Induced 226 9 9.1 0.4 17.5 0.7
Total 1,114 45 52.1 2.1 83.4 3.3

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

O&M of transmission lines built under Collector Plan 1 is expected to generate over 600
cumulative direct job-years during 2026 to 2050, an average of roughly 24 permanent jobs
annually. Including indirect and induced impacts, Collector Plan 1 could result in over 1,000 new
job-years in New Mexico. Additionally, O&M under Collector Plan 1 is expected to produce
$31.1 million in direct labor income and $43.1 million in direct GSP, or approximately $1.2
million annually in direct labor income and $1.7 million annually in GSP. With indirect and
induced impacts included, Collector Plan 1 is expected to generate $52.1 million in labor income
and $83.4 in GSP. Exhibit 110 shows the employment impact of O&M of Collector Plan 1 of
select industries.

Exhibit 110. Collector Plan 1 O&M Phase Most Impacted Industries

Collector Plan 1 O&M — Most Impacted Industries by Employment

Total Employment Average Annual Employment

Industry (IMPLAN Job-Years) (IMPLAN Job-Years)
Maintenance and repair of structures 530 88
Insurance agencies and firms 82 14
Retail 78 13
Restaurants 36 6
Truck transportation 31 5
Real estate 19 3
Durable goods wholesale 12 2
Hospitals 12 2

Under Collector Plan 1, most of the jobs are added in the maintenance and repair industry, with
530 total job-years. These jobs are primarily related to the main activities associated with
maintaining the transmission lines. Insurance agencies, retail, and restaurants will also
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experience an uptick in total employment as a result of indirect and induced impacts from

Collector Plan 1.

The estimated long-term O&M impacts described in Exhibit 111 are a result of Collector Plan 2

investment in O&M related employment and procurement. Sector-specific investments related to
Collector Plan 2’s O&M phase can be found in Section 4.2.3.2. As previously mentioned, the
O&M phase of Collector Plan 2 begins in 2026 and was modeled to 2050. Impacts represent the
total O&M impacts across this time period.

Exhibit 111. Collector Plan 2 O&M Phase Impacts

Collector Plan 2 O&M — Economic Impacts |

Total Average Total Average
Annual Annual Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)
Direct 879 35 44.7 1.8 62.0 25
Indirect 398 16 17.2 0.7 32.9 1.3
Induced 325 13 13.1 0.5 25.2 1.0
Total 1,602 64 75.0 3 120.0 4.8

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

O&M of transmission lines built under Collector Plan 2 is expected to generate over 800 total
direct job-years during 2026 to 2050, or roughly 35 permanent jobs per year. Including indirect
and induced impacts, Collector Plan 2 could result in nearly 1,600 total job-years in New
Mexico. Additionally, O&M under Collector Plan 2 is expected to produce a total of $44.7 million
in direct labor income and $62.0 million in direct GSP, or approximately $1.8 million in average
annual labor income and $2.5 million in average annual GSP. With indirect and induced impacts
included, Collector Plan 2 is expected to generate a total $75.0 million in labor income and
$120.0 in GSP. Exhibit 112 describes the employment impact of Collector Plan 2 on select
industries in New Mexico.

Exhibit 112. Collector Plan 2 O&M Phase Most Impacted Industries

Collector Plan 2 O&M — Most Impacted Industries by Employment

Industry Total Employment Average Annual Employment
(IMPLAN Job-Years) (IMPLAN Job-Years)
Maintenance and repair of structures 761 30
Insurance agencies and firms 121 4
Retail 112 4
Restaurants 50 2
Truck transportation 45 2
Real estate 27 1
Durable goods wholesale 17 1
Hospitals 17 1

Like O&M under Collector Plan 1, the maintenance and repair industry generates the most job-
years under Collector Plan 2. The maintenance and repair industry could add over 760 total job-
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years. Other industries will also add jobs, primarily as a result of indirect and induced effects.
This includes the retail, real estate, and hospital industries.

The estimated long-term operation & maintenance (O&M) impacts described in Exhibit 113 are
a result of Collector Plan 3 investment in O&M related employment and procurement. Sector-
specific investments related to Collector Plan 3’'s O&M phase can be found in Section 4.2.3.3.
As previously mentioned, the O&M phase of Collector Plan 3 begins in 2026 and was modeled

to 2050. Impacts represent the total of this time period.

Exhibit 113. Collector Plan 3 O&M Phase Impacts

Collector Plan 3 O&M — Economic Impacts |

Total Average Total Average
Annual Annual Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)
Direct 885 35 45.1 1.8 62.4 25
Indirect 400 16 17.2 0.7 33.1 1.3
Induced 328 13 13.2 0.5 254 1.0
Total 1,613 65 75.5 3.0 120.9 4.8

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in

exhibit do not include contingencies.

O&M of transmission lines built under Collector Plan 3 is expected to generate nearly 900 direct
job-years between 2026 and 2050, or approximately 35 permanent jobs. Including indirect and
induced impacts, Collector Plan 2 could result in over 1,600 total job-years in New Mexico.
Additionally, O&M under Collector Plan 3 is expected to produce $45.1 million in direct labor
income and $62.4 million in direct GSP, which is approximately $1.8 million in direct labor
income annually and $2.5 million in GSP annually. With indirect and induced impacts included,
Collector Plan 3 is expected to generate $75.5 million in total labor income and $120.9 in total
GSP. Exhibit 114 shows the impact of Collector Plan 3 on employment in select industries in

New Mexico.

Exhibit 114. Collector Plan 3 O&M Phase Most Impacted Industries

Collector Plan 3 O&M — Most Impacted Industries by Employment

Industry Total Employment Average Annual Employment
(IMPLAN Job-Years) (IMPLAN Job-Years)
Maintenance and repair of structures 769 31
Insurance agencies and firms 118 5
Building and garden supply stores 96 4
Restaurants 51 2
Truck transportation 45 2
Real estate 27 1
General retail stores 17 1
Durable goods wholesale 17 1
Hospitals 17 1

The maintenance and repair industry generates the most jobs under the O&M phase of
Collector Plan 3, with more than 769 job-years created during the construction period. Other

NM RETA Renewable Energy Transmission and Storage Study

123



industries such as insurance agencies, truck transportation, and building and garden supply
stores will also add jobs under Collector Plan 3.

The impacts of the collector plans are relatively like one another. Under every plan, the repair
and maintenance industry adds the most jobs, from approximately 530 job-years under
Collector Plan 1 to approximately 770 job-years under Collector Plan 3. Collector Plan 3 also
generates the most jobs during the operations and maintenance phase, supporting over jobs 65
jobs per year. Exhibit 115displays labor income and GSP for the O&M phase of each collector
plan. Note that employment is represented by the green bar and the secondary axis labeled as
employment in job-years.

Exhibit 115. Collector Plan 1-3 O&M Phase Total Impacts (2026 — 2050)
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4.3.1.3 ROW Payments

The following are incremental economic benefits that result only from New Mexico’s investment
in additional transmission in the state. Exhibit 116 describes the impact of ROW payments
under Collector Plan 1. These impacts are a result of ROW payments by New Mexico to
landowners if the state were to invest in Collector Plan 1. Inputs used to generate these results
can be found in Section 4.2.3.5.
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Exhibit 116. Collector Plan 1 ROW Payments Impacts

ROW Payments — Collector Plan 1 Economic Impacts |

Emplc%rg_eg ;:SM)P'-AN Labor Income ($MM) GSP ($MM)
Direct 0 0 0
Indirect 0 0 0
Induced 129 53 10.2
Total 129 5.3 10.2

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

ROW payments under Collector Plan 1 occur in 2023 and could result in up to 129 induced job-
years, $5.3 million in induced labor income, and $10.2 million in induced GSP. Right of way
payments do not result in direct or indirect labor impacts under Collector Plan 1 as the payment
will be made directly to landowners and is not invested in construction or procurement of
materials. Instead, IMPLAN assumes a set of sector-level spending coefficients for households
that receive additional income due to ROW payments.

Exhibit 117 describes the impact of ROW payments under Collector Plan 2. These impacts are
a result of ROW payments by New Mexico to landowners if the state were to invest in Collector
Plan 2.

Exhibit 117. Collector Plan 2 ROW Payments Impacts

Right of Way Payments — Collector Plan 2 Economic Impacts

Empl?(/)?_eg é:S“gPLAN Labor Income ($MM) GSP ($MM)
Direct 0 0 0
Indirect 0 0 0
Induced 207 8.5 16.4
Total 207 8.5 16.4

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

ROW payments under Collector Plan 2 occur in 2023 and could result in up to 207 induced jobs,
$8.5 million in induced labor income, and $16.4 million in induced GSP. Like Collector Plan 1,
ROW payments do not result in direct or indirect labor impacts under Collector Plan 2 as the
payment will be made directly to landowners and is not invested in construction or procurement
of materials.

Exhibit 118 describes the impact of ROW payments under Collector Plan 3. These impacts are
a result of ROW payments by New Mexico to landowners if the state were to invest in Collector
Plan 3.
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Exhibit 118. Collector Plan 3 ROW Payments Impacts

ments — Collector Plan 3 Economic Im

Emplc;;grg_eg a(rls'\/')F"-AN Labor Income ($MM) GSP ($MM)
Direct 0 0 0
Indirect 0 0 0
Induced 196 8.1 155
Total 196 8.1 155

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

ROW payments under Collector Plan 3 occur in 2023 and could result in up to 196 induced job-
years, $8.1 million in induced labor income, and $15.5 million in induced GSP. Like the other
collector plans, ROW payments do not result in direct or indirect labor impacts under Collector
Plan 3 as the payment will be made directly to landowners and is not invested in construction or
procurement of materials.

Exhibit 119 displays the total labor income, GSP impacts, and employment impacts for each
ROW collector plan.

Exhibit 119. ROW Total Impacts (2021 — 2023)
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4.3.1.4 Cost Recovery

The following are the incremental results for the cost recovery phase of each collector plan. In
general, it is assumed that the cost of developing new transmission and renewable generation
would be borne largely by those who use the electricity i.e. customers in other states. The
following cost recovery calculations describe a hypothetical situation where New Mexican
electricity customers bear the cost of development in order to provide estimates for an extreme
case.
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To finance construction investment into each collector plan, a 20-year loan at a 3% interest rate
was assumed to be required. Two cost recovery options are outlined for each collector plan, the
50% cost recovery option and the 100% cost recovery option. Under the 50% option, 50% of
each annual loan payment is financed by New Mexico customers. Under the 100% option,
100% of each annual loan payment is financed by New Mexico electricity customers. Funds are
obtained through increases in the bill of each residential, commercial, and industrial customer.
For reference, the average bill for a residential sector customer in New Mexico was $81.08 in
2018. Further, the average bill for a commercial sector customer in 2018 in New Mexico was
$524.46; the average bill for an industrial customer was $4,259.23. Percentages outlined in the
following paragraph represent the percentage increase in total electric bill cost relative to these
2018 figures.

For Collector Plan 1, the total construction phase investment is $1,127,183,922. Using the loan
parameters outlined above, the final cost of the loan was assumed to be $1,515,289,298 with an
annual loan payment of $75,764,464. Under the 50% cost recovery option, residential
customers would experience a monthly electric bill increase of $1.01 (+1.2%), commercial
customers an increase of $8.24 (+1.6%), and industrial customers an increase of $114.82
(+2.7%). Under the 100% cost recovery option, residential customers would experience a
monthly electric bill increase of $2.01 (+2.5%), commercial customers an increase of $16.49
(+3.1%), and industrial customers an increase of $229.63 (+5.4%).

For Collector Plan 2, the total construction phase investment is $1,802,121,035. Using the loan
parameters outlined above, the final cost of the loan is assumed to be $2,422,616,810 with an
annual loan payment of $121,130,840. Under the 50% cost recovery option, residential
customers would experience a monthly electric bill increase of $1.61 (+2.0%), commercial
customers an increase of $13.18 (+2.5%), and industrial customers an increase of $183.57
(+4.3%). Under the 100% cost recovery option, residential customers would experience a
monthly electric bill increase of $3.22 (+4.0%), commercial customers an increase of $26.36
(+5.0%), and industrial customers an increase of $367.14 (+8.6%).

For Collector Plan 3, the total construction phase investment is $1,577,023,071. Using the loan
parameters outlined above, the final cost of the loan is assumed to be $2,120,014,432 with an
annual loan payment of $106,000,721. Under the 50% cost recovery option, residential
customers would experience a monthly electric bill increase of $1.41 (+1.7%), commercial
customers an increase of $11.53 (+2.2%), and industrial customers an increase of $160.64
(+3.8%). Under the 100% cost recovery option, residential customers would experience a
monthly electric bill increase of $2.82 (+3.5%), commercial customers an increase of $23.07
(+4.4%), and industrial customers an increase of $321.28 (+7.5%).

Exhibit 120 shows the monthly increase for each collector plan and cost recovery option.
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Exhibit 120. Collector Plan 1-3 Cost Recovery Payments

Cost Recovery — Monthly Rate Increases for Collector Plan 1-3 |

Collector Plan 1 Collector Plan 2 Collector Plan 3
Cost Recovery % 50% 100% 50% 100% 50% 100%
Residential ($MM/month) $1.01 $2.01 $1.61 $3.22 $1.41 $2.82
Commercial ($MM/month) $8.24 $16.49 $13.18 $26.36 $11.53 $23.07
Industrial ($MM/month) $114.82 $229.63 $183.57 $367.14 $160.64  $321.28

Note: Estimates assume a 20-year loan with 3.0% interest rate. All dollar values are in 2018 dollars.

4.3.2 Wheeling Revenues

The following are incremental economic benefits that result only from New Mexico’s investment
in additional transmission in the state. The estimated wheeling revenue impacts described in
Exhibit 121 are a result of wheeling revenues collected from the sale of electricity from New
Mexico to other states if New Mexico were to pursue generation the BAU Case for renewable
generation development.

Exhibit 121. Wheeling Revenues BAU Impacts

Wheeling Revenues — BAU Economic Impacts |

Average Average
Total Total
Annual Annual Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) ($MM)
Direct 0 0 0 0 0 0
Indirect 1,006 39 87.9 3.3 276.5 10.7
Induced 1,662 64 66.7 2.6 128.7 4.9
Total 2,668 103 154.6 5.9 405.2 15.6

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

Under the BAU, wheeling revenues are collected from 2023 to 2050. In this time frame,
wheeling revenues could contribute up to 2,668 total job-years, or approximately 103 direct,
indirect, and induced jobs combined annually. Additionally, under the BAU, wheeling revenues
could contribute up to $405.2 million in total GSP impacts and a potential for up to $154.6
million in total labor income. This would be approximately $5.9 million in labor income annually
and $15.6 million in GSP annually.
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Exhibit 122. Wheeling Revenues Sensitivity Case Impacts

Wheeling Revenues — Sensitivity Case Economic Impacts |

Average Average
Total Annugl Total Annugl Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)
Direct 0 0 0 0 0 0
Indirect 1,125 44 99.1 3.9 311.6 12.0
Induced 1,860 72 75.4 3.0 145.2 5.5
Total 2,985 116 174.4 6.8 456.8 17.5

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

Under the Sensitivity Case, wheeling revenues are collected from 2023 to 2050. In this time
frame, wheeling revenues could contribute up to approximately 2,995 job-years, or
approximately 115 job-years annually. Additionally, under the Sensitivity Case, wheeling
revenues could contribute up to $174.4 million in total labor income and up to $456.8 million in
direct GSP. This would be approximately $6.7 million annually in total labor income and $17.6
million annually in total GSP.

4.3.3 Wind

4.3.3.1 Construction

The following are incremental economic benefits that result only from New Mexico’s investment
in wind generation under the BAU. The estimated construction impacts described in Exhibit 123
are a result of the BAU investment in construction phase related employment and procurement.
Sector-specific investments related to the BAU’s construction phase can be found in Section
4.2.3.6. The construction phase of the BAU begins in 2021 and ends in 2023.

Exhibit 123. Wind BAU Construction Phase Impacts

Wind BAU Construction — Economic Impacts |

Total Average Total Average
Annual Annual Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)
Direct 5,129 1,710 313.7 104.6 520.3 1734
Indirect 2,189 730 102.2 34.1 187.7 62.6
Induced 2,185 728 87.7 29.2 169.1 56.4
Total 9,502 3,167 503.6 167.9 877.0 292.3

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

Construction and installation of wind generation under the BAU is expected to generate over
5,000 direct job-years during 2021-2023, or approximately 1,700 job-years annually. Including

NM RETA Renewable Energy Transmission and Storage Study 129



indirect and induced impacts, the BAU wind generation construction could result in over 9,500
total job-years in New Mexico, or approximately 3,200 jobs annually. Additionally, construction
and installation of wind generation under the BAU is expected to produce $313.7 million in direct
labor income and $520.7 million in direct GSP, or $104.6 million and $173.4 annually
respectively. With indirect and induced impacts included, the BAU is expected to generate
$503.6 million in labor income and $877.0 in GSP.

Exhibit 124 describes the estimated construction impacts as a result of investment in wind
generation under the Alternative Renewable Capacity Mix. The estimated construction impacts
are a result of the Alternative Renewable Capacity Mix investment in construction related
employment and procurement. As previously mentioned, the construction phase of the
Alternative Renewable Capacity Mix begins in 2021 and ends in 2023. Impacts represent the
total impacts of the construction phase.

Exhibit 124. Wind Alternative Renewable Capacity Mix Construction Phase Impacts

Wind Alternative Renewable Capacity Mix Construction — Economic Impacts

Total Average Total Average
Annual Annual Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)
Direct 7,004 2,335 428.4 142.8 710.5 236.8
Indirect 2,989 997 139.6 46.6 256.3 85.5
Induced 2,984 994 119.8 39.9 230.9 77.0
Total 12,975 4,325 687.7 229.3 1,197.6 399.1

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

Construction and installation of wind generation under the Alternative Renewable Capacity Mix
is expected to generate over 7,000 direct job-years during 2021 to 2023. Including indirect and
induced impacts, Alternative Renewable Capacity Mix wind generation construction could result
in nearly 13,000 job-years in New Mexico, or around 4,300 job-years annually. Construction and
installation of wind generation under the Alternative Renewable Capacity Mix is expected to
produce $428.4 million in direct labor income and $710.5 million in direct GSP, or $142.8 million
and $236.8 million annually, respectively. With indirect and induced impacts included, the BAU
is expected to generate $687.7 million in labor income and $1,197.6 million in GSP.

Exhibit 125 shows the industries which will gain the most employees from investing in wind
generation under the BAU and the Alternative Renewable Capacity Mix during the construction
phase.
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Exhibit 125. Wind BAU Construction Phase Most Impacted Industries

Wind BAU Construction — Most Impacted Industries by Employment

Average Annual
Industry (IMPELrRFI)\II(\)J)(/)rE-e\l(gars) Employment (IMPLAN
Job-Years)
Truck transportation 1,841 614
Construction 1,502 501
Machinery and equipment wholesale and rental 1,046 349
Durable goods wholesale 367 122
Real estate 203 68
Restaurants 184 61
Engineering services 183 61
Automotive maintenance 157 52
Structural metal manufacturing 171 57

Exhibit 126. Wind Alternative Renewable Capacity Mix Construction Phase Most Impacted
Industries

Wind Alternative Renewable Capacity Mix Construction — Most Impacted Industries by

Employment
Average Annual
Industry (IMPIT_n;FIiII?]):)rkT)]iPéars) Employment (IMPLAN
Job-Years)
Truck transportation 2,514 838
Construction 2,051 684
Machinery and equipment wholesale and rental 1,428 477
Durable goods wholesale 501 167
Real estate 277 93
Restaurants 251 83
Engineering services 250 83
Automotive maintenance 214 71
Structural metal manufacturing 234 78

The maintenance and truck transportation industry adds the most jobs under the construction
phase for wind generation, with more than 1,800 job-years created during the construction
period. Other industries such as insurance construction, machinery and equipment wholesale
and rental, and restaurants will also add jobs as a result of investment in wind generation via
direct, indirect, and induced impacts.

The impacts of wind construction are relatively similar under both studies. More jobs are
generated under the Alternative Renewable Capacity Mix, as there is more investment in wind
generation under the Alternative Renewable Capacity Mix. Under both studies, the truck
transportation industry adds the most jobs, from around 1,800 job-years under the BAU to
around 2,500 job-years under the Alternative Renewable Capacity Mix. The construction,
machinery and equipment wholesale and rental, and real estate sectors could also gain a
significant number of job-years during the construction phase of wind generation resources.
Exhibit 127 displays labor income, GSP, and employment for the construction of wind
generation.
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Exhibit 127. Wind Construction Phase Total Impacts (2021 — 2023)
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4.3.3.2 0&M

The following are incremental economic benefits that result only from New Mexico’s investment
in wind generation in the state. The estimated long-term O&M impacts described in Exhibit 128
are a result of the BAU O&M related investment in employment and procurement. Sector-
specific investments related to the BAU’s O&M phase can be found in Section 4.2.3.6. As
previously mentioned, the O&M phase of The BAU beings in 2024 and was modeled to 2050.
Impacts represent the total impacts of the O&M phase.

Exhibit 128. Wind BAU O&M Phase Impacts

Wind BAU O&M — Economic Impacts

Total Average Total Average
Annual Annual Average
Employment | Labor b Total GSP |
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)
Direct 6,238 231 317.4 11.7 607.5 22.5
Indirect 3,078 114 140.0 5.2 223.7 8.3
Induced 2,403 89 96.5 3.5 185.9 6.9
Total 11,719 435 553.7 20.5 1,017.3 37.7

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

O&M of wind generation built under the BAU is expected to generate over 6,200 direct job-years
between 2024 and 2050, or approximately 231 jobs annually. Including indirect and induced
impacts, the BAU could result in over 11,700 job-years in New Mexico, or roughly 435 jobs
annually. Additionally, O&M under the BAU is expected to produce $317.4 million in direct labor
income and $607.5 million in direct GSP. With indirect and induced impacts included, the BAU
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is expected to generate $553 million in labor income and $1,017.3 million in GSP, approximately
$20.5 million in labor income annually and $37.7 million in GSP annually.

The estimated long-term O&M impacts described in Exhibit 129 are a result of The Alternative
Renewable Capacity Mix investment in O&M related employment and procurement. It does not
include construction impacts. As previously mentioned, the O&M phase of the Alternative
Renewable Capacity Mix beings in 2024 and was modeled to 2050. Impacts represent the total
impacts of the construction phase.

Exhibit 129. Wind Alternative Renewable Capacity Mix O&M Phase Impacts

Wind Alternative Renewable Capacity Mix O&M — Economic Impacts

Total Average Total Average
Annual Annual Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) ($MM)
Direct 8,517 316 433.4 16.0 829.6 30.8
Indirect 4,203 156 191.1 7.1 305.5 11.3
Induced 3,281 121 131.8 4.9 253.9 9.4
Total 16,002 593 756.1 28.0 1,389.1 51.4

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

O&M of wind generation built under the Alternative Renewable Capacity Mix is expected to
generate over 8,500 direct job-years during 2024—2050. Including indirect and induced impacts,
the Alternative Renewable Capacity Mix could result in over 16,000 job-years in New Mexico,
approximately 593 jobs annually. O&M under the Alternative Renewable Capacity Mix is
expected to produce $433.4 million in direct labor income and $829.6 million in direct GSP. With
indirect and induced impacts included, the Alternative Renewable Capacity Mix is expected to
generate $756.1 million in labor income and $1,389.1 million in GSP, approximately $28.0
million and $51.4 million annually respectively. Exhibit 130 shows the impacts of investment in
wind generation under the BAU and the Alternative Renewable Capacity Mix on the
employment of select industries.

Exhibit 130. Wind BAU O&M Phase Most Impacted Industries

Wind BAU O&M — Most Impacted Industries by Employment

Industry Total Employment Average Annual Employment
(IMPLAN Job-Years) (IMPLAN Job-Years)

Insurance agencies and firms 2,919 108
Truck transportation 1,384 52
Machinery and equipment rental 1,375 51
Maintenance and repair of structures 781 29
Engineering services 418 15
Restaurants 399 15
Machinery wholesale 253 9

Other real estate 204 7

Employment services 150 5
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Exhibit 131. Wind Alternative Renewable Capacity Mix O&M Phase Most Impacted Industries

Wind Alternative Renewable Capacity Mix O&M — Most Impacted Industries by Employment

Industry Total Employment Average Annual Employment

(IMPLAN Job-Years) (IMPLAN Job-Years)
Insurance agencies and firms 3,986 148
Truck transportation 1,891 71
Machinery and equipment rental 1,877 69
Maintenance and repair of structures 1,067 40
Engineering services 571 20
Restaurants 545 20
Machinery wholesale 345 12
Other real estate 279 10
Employment services 204 7

The insurance industry adds the most job-years under the O&M phase of wind generation,
adding almost 4,000 job-years. Other industries such as restaurants, truck transportation, and
engineering services will also add a significant number of job-years during the O&M phase.

The economic impacts of the O&M of wind generation largely impact the same industries. There
is a greater economic gain from wind generation under the Alternative Renewable Capacity Mix
than under The BAU due to increased investment in wind. Investment in wind generation could
support from 430 to 590 job-years in New Mexico, depending on the study options. Under each
option, the insurance industry would gain the most job-years, from over 2,900 job-years under
the BAU to over 3,900 job-years under the Alternative Renewable Capacity Mix. The truck
transportation, machinery and equipment rental, and maintenance repair industries could also
gain many jobs from investment in wind generation. Exhibit 132 displays labor income, GSP,
and employment for the O&M phase of wind generation.

Exhibit 132. Wind O&M Phase Total Impacts (2024 — 2050)
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4.3.4 Solar

4.3.4.1 Construction

The following are incremental economic benefits that result only from New Mexico’s investment
in solar generation under the BAU. The estimated construction impacts described in Exhibit 133
are a result of the BAU investment in construction related employment and procurement.
Sector-specific investments related to the BAU construction phase can be found in Section
4.2.3.7. As previously mentioned, the construction phase of the solar build begins in 2029 and
concludes in 2030. Impacts represent the total impacts of the construction phase.

Exhibit 133. Solar BAU Construction Phase Impacts

Solar BAU Construction — Economic Impacts

o GO Tom e Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)
Direct 5,820 2,910 368.6 184.3 596.6 298.3
Indirect 2,445 1,223 110.9 55.5 198.9 99.5
Induced 2,518 1,259 101.1 50.6 194.9 97.5
Total 10,784 5,392 580.7 290.4 990.4 495.2

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

Construction and installation of solar generation under the BAU is expected to generate over
5,800 total direct job-years during 2029-2030, or roughly 2,900 jobs per year. Including indirect
and induced impacts, the BAU solar generation construction could result in over 10,700 total
job-years in New Mexico. Construction and installation of solar generation under the BAU is
expected to produce $368.6 million in direct labor income and $596.6 million in direct GSP. With
indirect and induced impacts included, the BAU is expected to generate $580.7 million in labor
income and $990.4 in GSP, or roughly $290.4 million annually in labor income and $495.2
million annually in GSP.

Exhibit 134 describes the estimated construction impacts as a result of investment in solar
generation under the Alternative Renewable Capacity Mix. The estimated construction impacts
are a result are a result of the Alternative Renewable Capacity Mix investment in construction
related employment and procurement. As previously mentioned, the construction phase of the
solar build begins in 2029 and concludes in 2030. Impacts represent the total impacts of the
construction phase.
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Exhibit 134. Solar Alternative Renewable Capacity Mix Construction Phase Impacts

Solar Alternative Renewable Capacity Mix Construction — Economic Impacts

Average Average
Total Total
Employment E Annual Labor Annual Total GSP Average
(IMPLAN mployment Income Labor (EMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)

Direct 3,993 1,997 252.9 126.5 409.3 204.7
Indirect 1,678 839 76.1 38.1 136.5 68.3
Induced 1,728 864 69.4 34.7 133.7 66.9

Total 7,399 3,700 398.4 199.3 679.5 339.8

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

Construction and installation of solar generation under the Alternative Renewable Capacity Mix
is expected to generate nearly 4,000 direct job-years during 2020-2030. Including indirect and
induced impacts, the Alternative Renewable Capacity Mix solar generation construction could
result in nearly 7,400 job-years in New Mexico, roughly 3,700 jobs annually. Construction and
installation of solar generation under the Alternative Renewable Capacity Mix is expected to
produce $252.9 million in direct labor income and $409.3 million in direct GSP. With indirect and
induced impacts included, the Alternative Renewable Capacity Mix is expected to generate
$398.4 million in labor income and $679.5 in GSP, approximately $199.3 million annually in
labor income and $339.8 million annually in GSP.

Exhibit 135 shows the industries which will add the most jobs from solar construction under the
BAU. Exhibit 136 further shows the industries which will experience the highest employment
related impacts under the Alternative Renewable Capacity Mix.

Exhibit 135. Solar BAU Construction Phase Most Impacted Industries

Solar BAU Construction — Top Industries by Employment

Industry Total Employment (IMPLAN Average Annual Employment
Job-Years) (IMPLAN Job-Years)
Construction 2,540 1,270
Real estate 937 469
Truck transportation 926 463
Engineering services 888 444
Restaurants 430 215
Electronics manufacturing 319 160
Solar panel manufacturing 280 140
Wholesale electronics 233 117
Building services 172 86
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Exhibit 136. Solar Alternative Renewable Capacity Mix Construction Phase Most Impacted
Industries

Solar Alternative Renewable Capacity Mix Construction — Top Industries by Employment

Industry Total Employment (IMPLAN Average Annual Employment
Job-Years) (IMPLAN Job-Years)
Construction 1,743 871
Real estate 643 322
Truck transportation 635 318
Engineering services 609 305
Restaurants 295 148
Electronics manufacturing 219 110
Solar panel manufacturing 192 96
Wholesale electronics 160 80
Building services 118 59

During the construction of solar generation resources, the construction industry will add the
most job-years. Other industries such as real estate, restaurants, electronics manufacturing,
and engineering services also will add a significant number of job-years.

The economic impacts of solar generation construction affect the same primary industries under
both the BAU and the Alternative Renewable Capacity Mix but adds more jobs under The BAU
due to an increased amount of investment in solar generation as compared to the Alternative
Renewable Capacity Mix. Under the BAU, solar generation construction could add up to about
10,800 job-years and under the Alternative Renewable Capacity Mix, solar generation
construction could add up to roughly 7,400 job-years. Across both scenarios, the construction
industry gains the most job-years, from about 2,500 under the BAU to about 1,700 job-years
under the Alternative Renewable Capacity Mix. The real estate, truck transportation, and
engineering services sector would also see a significant increase in job-years from investment
in solar generation under both scenarios. Exhibit 137 displays labor income, GSP, and
employment for the construction phase of solar generation.
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Exhibit 137. Solar Construction Phase Total Impacts (2029 — 2030)
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4.3.4.2 O&M

The following are incremental economic benefits that result only from New Mexico’s investment
in solar generation in the state. The estimated long-term O&M impacts described in Exhibit 138
are a result of the BAU investment in O&M related employment and procurement. Sector-
specific investments related to the BAU O&M phase can be found in Section 4.2.3.7. As
previously mentioned, the O&M impacts of the solar generation resources begins in 2031 and
were modeled through 2050. The impacts represent the total impacts of the O&M phase.

Exhibit 138. Solar BAU O&M Phase Impacts

Solar BAU O&M — Economic Impacts

ol R o RS Average
Employment Labor Total GSP 9
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)

Direct 2,979 149 146.7 7.3 178.4 8.9
Indirect 541 27 25.5 1.3 43.6 2.1
Induced 904 45 36.3 1.9 70.0 3.4

Total 4,424 221 208.5 10.5 292.0 14.6

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

O&M of solar generation built under the BAU is expected to generate over 2,900 direct job-
years during 2031-2050. Including indirect and induced impacts, the BAU could result in over
4,400 job-years in New Mexico, or roughly 221 jobs annually. O&M of solar generation under
the BAU is expected to produce $146.7 million in direct labor income and $292.0 million in direct
GSP. With indirect and induced impacts included, the BAU is expected to generate $208.5
million in labor income and $292.0 million in GSP, approximately $10.5 million per year in labor
income and $14.6 million per year in GSP.
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The estimated long-term O&M impacts described in Exhibit 139 are a result of the Alternative
Renewable Capacity Mix investment in O&M related employment and procurement. As
previously mentioned, the O&M phase of the solar build begins in 2031 and was modeled to
2050. Impacts represent the total impacts of the O&M phase.

Exhibit 139. Solar Alternative Renewable Capacity Mix O&M Phase Impacts

Solar Alternative Renewable Capacity Mix O&M — Economic Impacts

Average Average
Total Annugl Total Annugl Average
Employment Labor Total GSP
(IMPLAN Employment Income Labor (SMM) Annual
Job-Years) (IMPLAN (SMM) Income GSP ($MM)
Job-Years) (SMM)

Direct 2,044 102 100.7 5.0 122.4 6.1
Indirect 371 19 17.5 0.9 30.0 15
Induced 621 31 24.9 1.3 48.0 24

Total 3,036 153 143.1 7.2 200.4 9.9

Source: IMPLAN analysis. Note: Numbers may not add up to expected total due to rounding. Employment values are
in IMPLAN jobs (all full-time, part-time, and temporary positions). All other values are in 2018 dollars. Values in
exhibit do not include contingencies.

O&M of solar generation resources built under the Alternative Renewable Capacity Mix is
expected to generate over 2,044 direct job-years between 2031 and 2050. Including indirect and
induced impacts, the Alternative Renewable Capacity Mix could result in over 3,036 job-years in
New Mexico, or approximately 153 jobs per year. Operation and maintenance of solar
generation resources under the Alternative Renewable Capacity Mix is expected to produce
$100.7 million in direct labor income and $122.4 million in direct GSP. With indirect and induced
impacts included, the Alternative Renewable Capacity Mix is expected to generate $143.1
million in labor income and $200.4 million in GSP, approximately $7.2 million per year in labor
income and $9.9 million per year in GSP.

Exhibit 140. Solar BAU O&M Phase Most Impacted Industries

Solar BAU O&M — Most Impacted Industries by Employment

Industry Total Employment Average Annual Employment
(IMPLAN Job-Years) (IMPLAN Job-Years)
Machinery repair and maintenance 1,343 68
Groundskeeping services 1,174 58
Truck transportation 212 11
Restaurants 134 7
Electronic component manufacturing 138 7
Solar panel manufacturing 101 5
Real estate 70 4
Electronic goods wholesale 58 3
Hospitals 46 3
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Exhibit 141. Solar Alternative Renewable Capacity Mix O&M Most Impacted Industries

Solar Alternative Renewable Capacity Mix O&M — Most Impacted Industries by Employment

Industry Total Employment Average Annual Employment
(IMPLAN Job-Years) (IMPLAN Job-Years)
Machinery repair and maintenance 922 46
Groundskeeping services 805 40
Truck transportation 146 7
Restaurants 92 4
Electronic component manufacturing 94 4
Solar panel manufacturing 69 4
Real estate 48 3
Electronic goods wholesale 40 1
Hospitals 24 1

The impacts of O&M of solar generation could add between 2,300 and 3,300 total job-years
under the Alternative Renewable Capacity Mix and the BAU. Under both studies, the machinery
repair and maintenance industry gains the most job-years, from nearly 922 job-years under the
Alternative Renewable Capacity Mix to approximately 1,343 job-years under the BAU. Exhibit
142 displays labor income, GSP, employment for the O&M phase of solar generation.

Exhibit 142. Solar O&M Phase Total Impacts (2031 — 2050)
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4.4 Economic Impacts - Key Findings

ICF’s analysis found that investment in transmission networks and any supporting investments
in clean and renewable generation has the potential to generate significant economic benefits

for New Mexico’s economy by potentially supporting between 3,330 and 3,700 average annual
short-term construction job-years in New Mexico across eight years of construction, as well as
the potential for an additional 640 to 770 average annual permanent jobs in the state due in
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large part due to the maintenance requirements for these investments, depending on which
Collector Plan New Mexico invests in and the amount of wind and solar generation constructed.

Exhibit 143. Construction Phase and Permanent Average Annual Economic Impacts

Construction Phase* Permanent Impacts?®

Low High Low High
Jobs (Job-years) 3,257 3,678 639 765
GSP ($MM) $270 $332 $52 $63
Income ($MM) $172 $194 $30 $36
Tax*’ ($MM) $23 $27 $4 $5

ICF’s analysis found that investment in transmission networks has the potential to generate
significant economic benefits for New Mexico’s economy by potentially supporting nearly 6,000
to over 9,000 short-term construction job-years in New Mexico, as well as the potential for an
additional 40—-60 permanent jobs in the state due in large part due to the maintenance
requirements for these investments, depending on which Collector Plan New Mexico invests in.

For in-state renewable energy investments (wind and solar), ICF’s analysis found additional
economic benefits to New Mexico, with the potential to create roughly 20,000 short-term
construction job-years and an additional 600—700 permanent maintenance jobs.

The benefits to New Mexico will depend on which investment strategy is selected to pursue.
Each collector plans would net a different number of jobs, based on the work needed to
complete the expansion of transmission. For renewable energy generation, investing in the
Alternative Renewable Capacity Mix would mean more jobs associated with wind, but fewer
jobs associated with solar, as compared to the BAU build-out. Note that ICF does not include an
estimate of a benefit-cost ratio due to the assumption that the costs will largely be borne by
electricity customers outside of New Mexico who purchase the renewable generation.

Exhibit 144 summarizes each collector plan with relevant costs, jobs, and GSP figures for the
construction and O&M phase. Collector Plan 2, while the costliest in terms of construction and
ROW, provides the highest level of construction phase economic benefits to the New Mexico
economy. Collector Plan 3 is the costliest O&M phase option but provides the highest level of
O&M economic benefits to New Mexico. Collector Plan 1 is the lowest cost option which leads
to the lowest job and GSP impacts to New Mexico during the construction and O&M phase.

45 Construction takes place between 2021-2025 and 2028-2030.
46 permanent impacts (O&M) take place from 2024-2050.
47 Tax impacts include state and local (i.e. excludes Federal)
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Exhibit 144. Collector Plan Summary

Collector Plan 1 Collector Plan 2 Collector Plan 3

Line (miles)* 753.6 1,043.4 1,081.9
Construction Phase

Construction cost ($MM)** $1,127.2 $1,802.1 $1,577.0
Onetime private ROW cost (MM)** $19.2 $30.7 $29.2
Annual public ROW cost (SMM)** $0.5 $0.7 $0.6
Construction & ROW job-years 5,899 9,257 7,248
Construction & ROW GSP ($MM)** $503.8 $797.8 $627.2
O&M Phase

Annual O&M cost ($MM)** $8.4 $11.7 $12.0
Annual O&M jobs 41 59 60
Annual O&M GSP ($MM)** $3.1 $4.4 $4.5

* The line (miles) shown includes only the portion of plan falling within New Mexico borders.
** |n 2018 dollars.

In the renewable energy builds, both wind and solar developments have a BAU and Alternative
Renewable Capacity Mix option. For wind, the Alternative Renewable Capacity Mix is the
costliest option but provides the highest level of economic benefits during the construction and
O&M phase to the New Mexico economy. In the solar case, the BAU provides the highest cost
option but the highest level of economic benefit during the construction and O&M phase to the
New Mexico economy. Exhibit 145 summarizes wind and solar builds with relevant costs, jobs,
and GSP figures for the construction and O&M phase.

Exhibit 145. Wind & Solar Summary

Wind Solar
Alternative Alternative

Renewable Renewable

Capacity Mix Capacity Mix
MW 2,733 3,732 3,186 2,186
Construction Phase
Construction cost $4,015.1 $5,482.8 $3,522.6 $2,416.9
($MM)*
Construction job-years 9,502 12,975 10,784 7,399
Construction GSP $877.0 $720.0 $990.4 $679.5
($MM)*
O&M Phase
Annual O&M cost $115.6 $157.9 $43.1 $29.6
($MM)*
Annual O&M jobs 435 593 221 153
Annual O&M GSP $37.7 $51.4 $14.6 $9.9
($MM)*

*In 2018 dollars.

The total investment in transmission expansion and renewable energy generation varies
depending on which investment strategy is selected. Exhibit 146 details the total investments for
both a high and a low investment case through 2032. Total investment ranges from $9.8 to
$11.2 billion across 2020-2032. The low investment case is based on Collector Plan 1 and the
BAU renewable energy generation buildout, while the high investment case is based on
Collector Plan 2 and the Alternative Renewable Capacity Mix. O&M investments include
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estimated O&M spending for 9 years of wind generation (2024-2032), 7 years of transmission
(2026-2032), and 2 years of solar generation (2031-2032).

Exhibit 146. Total Investment Summary 2020 - 2032

Low Investment

High Investment

(SMM) (SMM)
Construction
Collector Plan $1,127.2 $1,802.1
Wind $4,015.1 $5,482.8
Solar $3,522.6 $2,416.9
0O&M
Collector Plan $58.5 $81.7
Wind $1,029.7 $1,406.0
Solar $65.1 $44.6
Total $9,818.2 $11,234.1

*In 2018 dollars.
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Appendix 1 Energy Term Glossary

A
Access - The contracted right to use an electrical system to transfer electrical energy.

Alternating Current (AC) - A type of electrical current, in which the direction of the flow of
electrons switches back and forth at regular intervals or cycles. Current flowing in power lines
and normal household electricity that comes from a wall outlet is alternating current.

Ampere (Amp) - The SI (International System of Units) unit of electric current.

B

Biomass—Organic waste from agricultural, livestock, and lumber industry products, dead trees,
foliage, etc., and is considered a renewable energy source. Biomass can be used as fuel and is
most often burned to create steam that powers steam turbine generators. It is also used to
make transportation fuels like ethanol and biodiesel, and chemicals like pyrolysis oil that can be
burned like oil to produce energy.

C

Capacity - The load-carrying ability expressed in megawatts (MW) of generation, transmission
or other electrical equipment.

Capacity factor - the ratio of the electrical energy produced by a generating unit for the period of
time considered to the electrical energy that could have been produced at continuous full power
operation during the same period.

Circuit - A path of conductors (wires) that an electric current follows.
Circuit Breaker - A device designed to open and close an electrical circuit.
Conductor - A material through which electric current flows easily, also referred to as wires.

Contingency - An outage of a transmission line, generator or other piece of equipment, which
affects the flow of power on the transmission network and impact other network elements.

Combined Cycle—An electric generating technology in which electricity and process steam is
produced from otherwise lost waste heat exiting from one or more combustion turbines. The
exiting heat is routed to a conventional boiler or to a heat recovery steam generator for use by a
steam turbine in the production of electricity. This process increases the efficiency of the electric
generating unit.

Control Area—An electric system bounded by transmission lines that are equipped with
metering and telemetry equipment to track and report power flows with adjacent control areas. A
control center for each control area controls the operation of generation within its portion of the
transmission grid, schedules interchanges with other control areas, and helps to stabilize the
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frequency of alternating current in the interconnection. Control centers are currently operated by
individual utilities, power pools, ISOs or RTOs.

Cooperative electric association or utility—utility owned and operated by its members.

D
DC—Direct current.

Demand—The rate at which electric energy is delivered to or by a system or part of a system,
generally expressed in kilowatts (kW), megawatts (MW), or gigawatts (GW), at a given instant or
averaged over any designated interval of time. Demand should not be confused with Load or
Energy.

Demand Charge—A fee based on the peak amount

Distributed Generation (DG)— (Also called distributed energy resources, distributed power,
distributed energy, distributed generation, on-site generation) Both electric demand reduction
(energy conservation, load management, etc.) and supply generated at or near where the power
is used. A distributed generation system involves amounts of generation located on a utility’s
distribution system for the purpose of meeting local (substation level) peak loads and/or
displacing the need to build additional (or upgrade) local distribution lines.

Distribution—The delivery of electricity to the retail customer’s home or business through low
voltage distribution lines.

DSM (Demand Side Management)—Programs to influence the amount or timing of customers’
energy use.

DOE—U.S. Department of Energy.

E
Easement - Legal right to use another person’s property; a right to use a part of land which is
owned by another person or organization.

EIA—The United States Department of Energy’s Energy Information Administration.

Electric Energy—The generation or use of electric power by a device over a period of time,
expressed in kilowatt-hours (kWh), megawatt-hours (MWh), or gigawatt-hours (GWh).

Energy Efficiency—Using less energy (electricity and/or natural gas) to perform the same
function at the same level of quality. Programs designed to use energy more efficiently — doing
the same with less. For the purpose of this paper, energy efficiency is distinguished from DSM
programs in that the latter are utility sponsored and financed, while the former is a broader term
not limited to any particular sponsor or funding source.

w
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F

Federal Energy Regulatory Commission (FERC)—The Federal Energy Regulatory Commission
regulates the price, terms and conditions of power sold in interstate commerce and regulates
the price, terms and conditions of all transmission services. FERC is the federal counterpart to
state utility regulatory commissions.

G

Generation - The act of converting various forms of energy input (thermal, mechanical, chemical
and/or nuclear energy) into electric power. Also, the amount of electric energy produced, usually
expressed in kilowatt hours (kWh) or megawatt hours (MWh).Gigawatt-hour (GWh)—The unit of
energy equal to that expended in one hour at a rate of one billion watts. One GWh equals 1,000
megawatt-hours.

Grid—A system of interconnected power lines and generators that is managed so that power
from generators is dispatched as needed to meet the requirements of the customers connected
to the grid at various points. Gridco is sometimes used to identify an independent company
responsible for the operation of the grid.

I
Investor owned utility (IOU)—Common term for a privately owned (shareholder owned) gas or
electric utility.

Independent System Operator (ISO)—A neutral and independent organization with no financial
interest in generating facilities that administers the operation and use of the transmission
system. ISOs exercise final authority over the dispatch of electricity from generators to
customers to preserve reliability and facilitate efficiency, ensure non-discriminatory access,
administer transmission tariffs, ensure the availability of ancillary services, and provide
information about the status of the transmission system and available transmission capacity. An
ISO may make some transmission investment decisions.

Interconnected System—A system consisting of two or more individual electric systems that
have connecting tie lines and whose operations are synchronized.

Interconnection—When capitalized, any one of the five major electric system networks in North
America: Eastern, Western, ERCOT (Texas), Quebec, and Alaska. When not capitalized, the
facilities that connect two systems or control areas. Additionally, an interconnection refers to the
facilities that connect a nonutility generator to a control area or system.

Investment Tax Credit (ITC)—The federal ITC is a 30% tax credit for installing a solar system in
your home. You can apply this credit to your tax bill in the following spring.

K
Kilovolt (KV)—A kilovolt equals 1,000 volts.

Kilowatt (kW)—This is a measure of demand for power. The rate at which electricity is used
during a defined period (usually metered over 15-minute intervals). Utility customers generally
are billed on a monthly basis; therefore, the kW demand for a given month would be the 15-
minute period in which the most power is consumed. Customers may be charged a fee (demand
charge) based on the peak amount of electricity used during the billing cycle. (Residential
customers are generally not levied a demand charge.)

NM RETA Renewable Energy Transmission and Storage Study Appendix Page 4



Kilowatt-hour (kWh)—This is a measure of consumption. It is the amount of electricity that is
used over some period of time, typically a one-month period for billing purposes. Customers are
charged a rate per kwWh of electricity used.

L

Load—An end use device or customer that receives power from an energy delivery system.
Load should not be confused with Demand, which is the measure of power that a load receives
or requires. See Demand.

Load Center or Load Pocket—A geographical area where large amounts of power are drawn by
end-users.

M
MVA—A megavolt-ampere equals 1,000 kVA.

Megawatt (MW)—A megawatt equals 1,000 kilowatts or 1 million watts.

Megawatt-hour (MWh)—The unit of energy equal to that expended in one hour at a rate of one
million watts. One MWh equals 3,414,000 Btus.

@)
Outage - The unavailability of electrical equipment; could be planned for maintenance of
unplanned (forced) by weather or equipment failures.

Overloads - Occur when power flowing through wires or equipment is more than they can carry
without incurring damage.

N

NERC—The North American Electric Reliability Cooperation is certified by FERC as the electric
reliability organization for the United States and oversees six regional reliability councils,
including the Western Electricity Coordinating Council, to ensure compliance with reliability
standards.

=]
Peak Load or Peak Demand—The electric load that corresponds to a maximum level of electric
demand within a specified time period, usually a year.

Power flows - Electricity moving through lines or other equipment.

Power Purchase Agreement (PPA)—A financing option for residential solar in which a solar
company owns (and installs, monitors, maintains) your solar panels; you pay for electricity. With
PPAs, you avoid the high upfront costs of installing solar and pay a monthly rate that depends
on how much energy your panels produce.

Power Pool—Two or more interconnected electric systems planned and operated to supply
power for their combined demand requirements.

Production Tax Credit (PTC)—The federal PTC is a per-kilowatt-hour tax credit for generating
electricity, for a certain period of the solar system’s operation. Those who are less interested in
PTCs can apply for an ITC, and vice versa.
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PV—Photovoltaic

R

Reliability—Electric system reliability has two components —adequacy and security. Adequacy
is the ability of the electric system to supply the aggregate electric demand and energy
requirements of the customers at all times, taking into account scheduled and unscheduled
outages of system facilities. Security is the ability of the electric system to withstand sudden
disturbances such as electric short circuits or unanticipated loss of system facilities. Reliability
also refers to the security and availability of natural gas and petroleum supply, transportation
and delivery.

Renewable Resources—Renewable energy resources are naturally replenishable, but flow-
limited. They are virtually inexhaustible in duration but limited in the amount of energy that is
available per unit of time. Some (such as geothermal and biomass) may be stock-limited in that
stocks are depleted by use, but on a time scale of decades, or perhaps centuries, they can
probably be replenished. Renewable energy resources include biomass, hydro, geothermal,
solar and wind. In the future they could also include the use of ocean thermal, wave, and tidal
action technologies. Utility renewable resource applications include bulk electricity generation,
on-site electricity generation, distributed electricity generation, non-grid-connected generation,
and demand reduction (energy efficiency) technologies.

Reserve Margin—Capacity over and above anticipated peak loads, maintained for the purpose
of providing operational flexibility and for preserving system reliability. Reserve margins cover
for planned and unplanned outages of generation and/or transmission facilities.

Right of Way The privilege granting a person or organization the legal right of passage over
land which that person does not own.

RPS - Renewable Portfolio Standard

RTO—A regional transmission organization designed to operate the grid and its wholesale
power market over a broad region and with independence from commercial interests. An RTO
would also have a role in planning and investing in the grid, though how it would conduct these
activities remains unresolved. An RTO would also coordinate with other RTOs.

S
Substation—A facility for switching electric elements, transforming voltage, regulating power, or
metering.

Switching Station Facility equipment used to tie together two or more electric circuits
through switches. The switches are selectively arranged to permit a circuit to be disconnected or
to change the electric connection between the circuits.

T
Tariff—A document, approved by the responsible regulatory agency, listing the terms and
conditions, including a schedule of prices, under which utility services will be provided.

Thermal Rating—The maximum amount of electrical current that a transmission line or electrical
facility can conduct over a specified time period before it sustains permanent damage by
overheating or before it violates public safety requirements.
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Transformer - An inductive electrical device for changing the voltage of alternating current. A
transformer consists of two magnetically coupled coils. Alternating current in one (called the

"primary") creates a changing magnetic field which induces a current in the second coil (the

"secondary").

Transmission- An interconnected group of lines and associated equipment for the movement or
transfer of electric energy between points of supply, and points at which it is transformed for
delivery to customers or is delivered to other electric systems.

Transmission structures- Poles or towers that support the conductors and separate the
overhead wires

Transmitting Utility (Transco)—This is a regulated entity that owns, and may construct and
maintain, wires used to transmit wholesale power. It may or may not handle the power dispatch
and coordination functions. It is regulated to provide nondiscriminatory connections, comparable
service and cost recovery.

U

Utility—A corporation, person, agency, authority, or other legal entity that owns or operates
facilities for the generation, transmission, distribution, or sale of electric energy or natural gas
primarily for use by the public and is defined as a utility under the statutes and rules by which it
is regulated. “Transmission utility” refers to the regulated owner/operator of the transmission
system only. “Distribution utility” refers to the regulated owner/operator of the distribution system
that serves retail customers.

\

Volt - The International System unit of electric potential and electromotive force, equal to the
difference of electric potential between two points on a conducting wire carrying a constant
current of one ampere when the power dissipated between the points is one watt.

Voltage - A type of ‘pressure’ that drives electrical charges through a circuit. Higher voltage lines
generally carry power over longer distances.

w
Watt—The unit of measure for electric power or rate of doing work. The rate of energy transfer
equivalent to one ampere flowing under pressure of one volt.

Wholesale Power Market—The purchase and sale of electricity from generators to resellers
(who sell to retail customers and/or other resellers) along with the ancillary services needed to
maintain reliability and power quality at the transmission level.
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Appendix 2 State and County Renewable Energy
Permitting Requirements — New Mexico

Appendix 2.1  Assessment of Local Permitting Requirements in
New Mexico

Permitting requirements for the state and counties were researched and compiled to assist in
categorizing the sites by ease of permitting and potential for other environmental issues.
Appendix Exhibit 1 provides an overview of required permitting for the State of New Mexico and
all counties in which requirements were identified. The information presented is based on
research from readily available information in the public domain as the review for this report.
Sources used are provided at the end Appendix 2.

Appendix Exhibit 1. Permitting Overview
Jurisdiction Project Permitting Requirements
Type

State of NM  Either Zoning approval by the county and building permits issued by the
Construction Industries Division (CID) for development anywhere in the state.

Bernalillo Solar Special Use Permit. Meeting with Planning & Zoning (P&Z). Meeting with the
Board of County Commissioners (BOCC). A Commercial Electric Permit may
be required.

Chaves Wind Special Use Permit. Meeting with P&Z. Meeting with the BOCC.

Cibola Solar Shapefiles to the County for floodplain determination.

Curry Wind Application for construction submitted to the Curry County Assessor’s Office.

De Baca wind Shapefiles to the County for floodplain determination.

Dona Ana Solar Permitted use in the 11, 12, and I3 zoning districts. District T2 requires a

Special Use Permit. Submit shapefiles to the County for floodplain
determination.

Eddy wind Shapefiles to the County for floodplain determination. Presentation to the
BOCC. Buried lines are permitted through the Public Works Department.

Grant Solar Shapefiles to the County for floodplain determination.

Guadalupe wind Presentation to the BOCC

Hidalgo Solar Government website is down. No response to voice mail.
Lea wind Shapefiles to the County for floodplain determination.
Lincoln wind WECS Site Permit and Road Repair Agreement.

Luna Solar Shapefiles to the County for floodplain determination.
Otero wind Shapefiles to the County for floodplain determination.
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Jurisdiction Project Permitting Requirements

Type
Quay wind Shapefiles to the County for floodplain determination.
Roosevelt wind Shapefiles to the County for floodplain determination. If a project is sited
within 3 miles of the city of Portales city ordinances would apply.
San Juan Solar Shapefiles to the County for floodplain determination.

San Miguel Wind Conditional Use Permit. Public hearing with P&Z. Public hearing with the

BOCC.
Sandoval Solar No information online. No response to voice mail.
Socorro Solar Shapefiles to the County for floodplain determination. Two areas in the

northern portion of the county are designated as special zoning districts and
may have zoning regulations that affect real property.

Torrance wind Permit to create a Special Use Zoning District and a Wind Energy Facility
Permit.
Union Wind Preliminary Plan review (optional) by the BOCC. Siting Approval Application

followed by a public hearing with the BOCC.

Valencia Solar Conditional Use Permit. Public hearing with the P&Z.

Appendix 2.1.1 State Permitting Requirements

New Mexico requirements for permitting wind energy development is summarized in AWS
Scientific, Inc., Guidelines for Developers/Investors Interested in the Wind Energy Sector in New
Mexico. The permitting process is a two-step process. It requires a permit or approval by the
respective county, as applicable, and then the developer would need to obtain a building permit
issued by the Construction Industries Division (CID) of the New Mexico Regulation and
Licensing Department in Santa Fe. Requirements differ among the counties. Irrespective of the
project location, the CID will permit all wind and solar power projects in the state. In general, all
work must be done by contractors licensed to do business in the state, and the work must be
done according to applicable codes. Copies of the codebooks and the schedule of permit costs
can be obtained at the CID office in Santa Fe. The CID requires plans stamped by a
professional engineer licensed to do business in New Mexico. In most cases, plan review is
expected to take approximately thirty business days to complete. While no firm policy has been
established, the CID has expressed a willingness to consider issuing one building permit for the
project, rather than issuing a separate building permit for each wind turbine generator and the
substation. It is anticipated that CID personnel will inspect the site during the construction
process.

For projects less than 300 MW in size and producing no emissions, there is no official process
for review by the New Mexico Public Regulation Commission, although they might review the
project. If the proposed project receives no federal funds, is not on federal land, and no federal
contracts are involved, there is no federal permitting.
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For counties that don’t permit or approve wind or solar developments, those projects would only
require a building permit issued by the CID.

In areas where of the Public Service Company of New Mexico is the sole electricity provider,
electrical generating projects that want to sell power to the public require their concurrence. This
applies to the PNM service area, located north of Interstate 40 and west of Interstate 25.

Appendix 2.1.2 County Permitting Requirements

The following is a summary of county permitting requirements for solar and wind development.
For counties with a formal approval process, the county will review the entire wind or solar
project and associated facilities, including associated substations and transmission lines. It is
assumed that project siting would be in rural areas that are not subject to the zoning and
ordinances of municipalities, which would have their own additional requirements in addition to
those listed below.

e Bernalillo County: Development on private lands will require a Special Use Permit. A
meeting will be required with Planning and Zoning (P&Z) for recommendation to the
Board of County Commissioners (BOCC), and then meet with the BOCC for final
approval. A Commercial Electrical Permit may be required depending on associated
facilities.

e Chaves County: Development on private lands will require a Special Use Permit. A
meeting will be required with P&Z for recommendation to the BOCC, and then meet with
the BOCC for final approval. The County permits structure foundations and third-party
inspectors approve structures.

e Cibola County: There is no zoning in Cibola County, therefore the county defers to the
CID for permitting and the county does not issue permits or approvals for proposed wind
and solar developments. The facility location will need to be cleared through the P&Z
Floodplain Department who will also communicate with the BOCC.

e Curry County: Wind energy development in Curry County is in accordance with
Ordinance No. 2019-05 which requires an application in the form approved by the Curry
County BOCC to be submitted and filed with the Curry County Clerk’s Office for each
individual Unit. Applications must include the following:

1. A descriptive statement of the objectives from the new facility or modification including
and expanding on a need for coverage and/or capacity requirements.

2. The name, address, phone number and email address of the individual submitting the
Application, the operator, and the landowner(s) where the Unit(s) will be placed and a
shape file where the Unit(s) will be located.

3. A survey/site plan (see Section 4 the Ordinance for additional detail).

4. The type, locations and dimensions of all proposed and existing landscaping, and
fencing on the property.
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5. A description of each proposed Unit(s) and all related fixtures, structures,
appurtenances and apparatus, including height above preexisting grade, materials, color
and lighting.

6. The actual intended transmission and the maximum effective radiated power of each
Unit.

7. Direction of maximum lobes and associated radiation of each Unit.

8. A decommissioning plan outlining the process for the removal of any and all turbines,
towers, units and other structures and property restoration plan before an Easement is
returned to the landowner.

9. Power Purchase Agreement, or similar Agreement, for the sale of power generated
from the facility, if any.

10. Evidence of a written transmission plan or other similar written Agreement for the
project or for each Unit.

11. A Road Use Plan that outlines designed and built roads that will be used to transport
equipment and workers to the site. This plan must include an assessment by an
Engineer of the selected roads and a plan for improving and/or repairing any potential
damage caused to roads by heavy machinery or equipment. A bond may also be
required from the applicant to fix or to repair any damage that may occur.

12. Written Notices from any and all State or Federal agencies showing that the
proposed project will not be a hazard to electronic communications, air traffic or create
any RF Interference.

13. Documentation of Easement Agreements or WIC or associated facilities, if
necessary.

De Baca County: There is no zoning in De Baca County and the county does not issue
permits or approvals for proposed wind and solar developments. Project facility
shapefiles will need to be submitted to the County to determine if a Floodplain
Development permit is required.

Dona Ana: Per the Unified Development Code Ordinance No. 287-2016 solar energy
development is a permitted use in the 11, 12, and 13 zone district (pg. 108) and requires a
Special Use Permit in the T2 zoning district. The requirements of the Special Use Permit
are as follows:

An applicant for a Special Use Permit shall complete and submit an approved
application form in accordance with the procedures established herein. The
applicant shall be the property owner or have the written consent and signature
of the property owner.

The applicant shall also submit the following information with the application:

a. Narrative indicating the reason for the request, the purpose and use of the
property, scope of work, hours of operation, number of clients and all
improvements to be made.
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b. Site plan meeting the specifications of Section 2.8.2 Detailed Site Plan
Standards.

c. Grading and drainage plan, Traffic Impact Analysis (TIA) or Environmental
Impact Statement (EIS) may be required by County staff.

d. The Zoning Administrator may place appropriate conditions on
environmentally sensitive areas, areas of historical significance or areas that
contain endangered or rare species of animal or plant life.

e. Any analysis required shall be undertaken and paid for by the applicant.

Project facility shapefiles will need to be submitted to the County to determine if a
Floodplain Development Permit is required.

Eddy County: There is no zoning in Eddy County and the county does not issue permits
or approvals for proposed wind and solar developments. Project facility shapefiles will
need to be submitted to the County to determine if a Floodplain Development permit is
required. A presentation will need to be given to the BOCC. Any buried lines would
require permitting through the Public Works Department.

Grant County: There is no zoning in Grant County and the county does not issue permits
or approvals for proposed wind and solar developments. Project facility shapefiles will
need to be submitted to the County to determine if a Floodplain Development Permit is
required.

Guadalupe County: There is no zoning in Grant Count and the county does not issue
permits or approvals for proposed wind and solar developments. There are no
floodplains in the county. A presentation will need to be given to the BOCC.

Hidalgo County: Given the lack of information and response, it is assumed that the
county does not issue permits or approvals for proposed wind and solar developments.
Lea County: There is no zoning in Lea County and the county does not issue permits or
approvals for proposed wind and solar developments. Project facility shapefiles will need
to be submitted to the County Environmental Department for a floodplain determination.
Lincoln County: Per Ordinance No. 2017-04 a WECS Site Permit must be submitted to
the BOCC. A Road Repair Agreement will likely be required by the County.

Luna County: There is no zoning in Luna County and the county does not issue permits
or approvals for proposed wind and solar developments. Project facility shapefiles will
need to be submitted to the County Environmental Department for a floodplain
determination.

Otero County: There is no zoning in Otero County and the county does not issue permits
or approvals for proposed wind and solar developments. Project facility shapefiles will
need to be submitted to the County for a floodplain determination.

Quay County: There is no zoning in Otero County and the county does not issue permits
or approvals for proposed wind and solar developments. Project facility shapefiles will
need to be submitted to the County for a floodplain determination.

Roosevelt County: There is no zoning in Roosevelt County and the county does not
issue permits or approvals for proposed wind and solar developments. Project facility
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shapefiles will need to be submitted to the County for a floodplain determination. If a
project is sited within 3 miles of the city of Portales, city ordinances would apply.

e San Juan County: There is no zoning in San Juan County and the county does not issue
permits or approvals for proposed wind and solar developments. Project facility
shapefiles will need to be submitted to the County for a floodplain determination.

e San Miguel County: Ordinance No. SMC-03-08-11-Wind requires a Conditional Use
Permit for the development of a WECS. The Conditional Use Application must include
the following (additional detail can be found in Section 6.2 of the Ordinance:

(A). Conditional use permit application form with a letter of intent and application
fee, technical review fee, and publication and notification fees.

(B). A detailed written statement explaining in full the proposed project.
(C). A site plan drawn in sufficient detail.

(D). Facility specifications.

(E). Noise report.

(F). Avian and Mammalian Species Impact Study Plan.

(G). Decommission and Removal Plan.

(H). Soils Report.

(). Plan for the intended protection and preservation of cultural properties,
national registered historic districts, archaeological sites and unmarked burials as
defined in the Cultural Properties Act.

(J). Construction Schedule.
(K). County Assessor's property tax identification code map for premises.
(L). Geo-hydrological report for the project site.

The County P&Z Division will require 90 days to review the application. The following
agencies will also review the application:

e The Historic Preservation Division of the Department of Cultural Affairs.

¢ The Soil and Water Conservation District located within San Miguel County.
e The New Mexico Game and Fish Department.

e The Board of Trustees of any Spanish or Mexican Land Grant.

e The United States Forest Service.

e The New Mexico Department of Transportation.

e The San Miguel County Public Works Division.

o Any affected Indian Tribes.

e The Federal Aviation Administration.

¢ The office of the State Engineer.

A public hearing before the P&Z Commission shall be held within 90 days from the date
the application is deemed complete by the P&Z Division to determine if a
recommendation will be made to the BOCC.
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Not later than 90 days after the resolution of recommendation rendered by the P&Z
Commission is filed a public hearing will be held before the BOCC where the Board will
make its decision to grant or deny the application.

e Sandoval County: Given the lack of information and response, it is assumed that the
county does not issue permits or approvals for proposed wind and solar developments.

e Socorro County: There is no zoning in Socorro County and the county does not issue
permits or approvals for proposed wind and solar developments. Project facility
shapefiles will need to be submitted to the County for a floodplain determination.

Two areas in the Northern part of the County (around the Veguita area) are designated
as special zoning districts and may have zoning regulations that affect real property. The
zoning commissions of these districts are responsible for any zoning and enforcement in
their respective areas. These districts are governed by independent boards outside of
County government. To determine if real property is subject to a special zoning district it
will need to ascertain if the land is within the boundaries of a named district in plat(s)
filed with the Socorro County Clerk’s Office. The plat for Zoning District | can be found in
Book AA, Page 2114 of the Clerk’s records. The plat for Zoning District Il can be found in
Book AA, Page 2171 of the Clerk’s record

e Torrance County: The Torrance County Zoning Ordinance permits wind energy
development in the Special Use Zoning District. This zone district provides for singular
developments which require special consideration on a case-by-case basis following an
amendment process through the County Commission. Each application for a zone
change to establish a Special Use District must declare the proposed use and, unless
otherwise specified, must be accompanied by a site development plan of sufficient size
and scale. If the County Commission approves a special use district for a Wind Energy
Facility, the County Commission shall also issue to the applicant a Wind Energy Facility
Permit. The Wind Energy Facility Permit shall specify additional conditions that apply to
the Wind Energy Facility.

¢ Union County: WECS projects in Union County are governed through Union County
Wind Energy Siting Ordinance #40. Applicants will request a Preliminary Plan review by
the County. A request for Preliminary Plan Review may be submitted to the County to
request approval of a preliminary plan for a potential WECS Project as an approved land
use. A Preliminary Plan Review Application must include the following:
¢ Project description
¢ Preliminary project plan
¢ Contact information for the Applicant
¢ Identification of real property owners whose real property is required for the

construction of the WECS Project
¢ Information regarding any Financial Security that the Applicant expects to be provided

The Preliminary Plan Review will be conducted during a meeting of the BOCC to provide
an opportunity for public awareness and comment. Each such meeting shall be held as
soon as practicable following the Applicant's submittal of a Preliminary Plan Review
Application. Approval of a Preliminary Plan Review does not imply that a WECS Project is
approved or that any particular structure will ultimately be approved by the County.
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An Applicant may elect to skip the Preliminary Plan Review process and proceed directly
to the full Siting Approval Application.

To obtain Siting Approval, the Applicant(s) must first submit a detailed application to the
County. The application must contain the following:

1. A summary of the WECS Project, including a general description of the project,
potential equipment manufacturers, types of WECS, proposed number of WECS and
expected name plate generating capacity of each WECS, the maximum height of the
WECS Towers and maximum diameter of the WECS rotors and the general location of
the project; and description of all Applicants, Owners and Operators.

2. The names, addresses, and phone numbers of all Applicants, Owners and
Operators, and all real property owners whose real property is required for the
construction of the WECS Project and real property owners whose real property abuts
the WECS Project.

3. A site plan for the installation of the WECS Project showing the planned location
of WECS Towers, guy lines and anchor bases, primary structures, real property lines
required for the construction of the WECS Project, setback lines, public access roads
and turnout locations, Substations, electrical cabling from the WECS Towers to the
Substation(s), ancillary equipment, transmission lines, and proposed layout of all known
WECS Project-related structures within the geographical boundaries of any applicable
setback.

4. All studies, reports, certifications and approvals required and applicable State
and Federal laws and regulations.

5. Documentation of consent from all real property owners whose real property is
required for the construction of the WECS Project and of notice concerning the WECS
Project to real property owners whose property abuts the WECS Project.

6. Certification by the Applicant that to the best of its knowledge the WECS Project
complies with applicable County Ordinances, Rules, and Regulations.

A public hearing shall be held by the BOCC at the earliest time practicable following
receipt of a Siting Approval Application and its consideration by the County Manager. The
application will then be reviewed at a meeting of the BOCC following the public hearing.
Siting Approval may be authorized by the BOCC upon the recommendation of the County
Manager. Siting Approval issued by the BOCC shall be valid for the life of the WECS
Project.

¢ Valencia County: Valencia County requires a Conditional Use Permit to construct a solar
energy project. The permit application must contain the following:

o A completed application, on the form provided by the Planning Department.

o A proposal letter that details the proposed use, the reason for needing the
Conditional Use, and how the request meets the criteria of Section 154.057 of the
Valencia County Zoning Ordinance.

¢ Property Record Card. This is a printout from the Assessor's Office which displays
the legal description of the property.

¢ Proof of ownership of the property (a copy of your deed or other conveyance) or
notarized written permission from the property owner.

e An aerial map from GIS which shows the property and general vicinity.
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¢ A site plan showing the property, surrounding properties, and details such as
distances, proposed buildings/structures, access, etc.; and
¢ A set of design plans for any buildings/structures being proposed.

The applicant will need to attend a public hearing before the P&Z Commission. At the
hearing, the applicant will be responsible to show, through written evidence and/or oral
testimony, that the request satisfies all applicable requirements of the Zoning Ordinance,
the proposed use is consistent with the goals, policies and any other applicable provisions
of the Comprehensive Plan, and the proposed conditional use is appropriate considering
the surrounding land uses, the density and pattern of development in the area, any
changes which may have occurred in the vicinity to support the proposed use and the
availability of utilities and services likely to be needed by the anticipated uses.

The P&Z Commission will decide whether to approve or to deny the application and will
send written notice. The decision will be final 15 days after the date on the written notice.

Sources

AWS Scientific, Inc. 2002. Guidelines for Developers and Investors Interested in the Wind Energy
Sector in New Mexico. September 4, 2002. Online:
http://www.emnrd.state.nm.us/ECMD/RenewableEnergy/documents/GuidelinesforDevelo
persandinvestors 000.pdf. Accessed on October 31, 2019.

Bernalillo County, NM. 2019. Ordinances and Codes Planning and Development Services. Online:
https://www.bernco.gov/planning/ordinances-codes.aspx. Accessed on November 4, 2019.

Chavez County, NM. 2018. Chavez County Zoning Ordinance No. 7 Revision 9. September 11, 2018.
Online: https://www.co.chaves.nm.us/210/Planning-Zoning-Department. Accessed on
November 4, 2019.

Cibola County, NM. 2019. Personal communication via telephone with the Planning Coordinator on
November 4, 2019.

Curry County, NM. 2019. Curry County 2019-05: Wind Ordinance Online:
https://www.currycounty.org/open-government/ordinances/-folder-198. Accessed on
October 31, 2019.

De Baca County, NM. 2019. Personal communication via telephone with the County on November 4,
2019.

Dona Ana County, NM. 2016. The Unified Development Code Ordinance No. 287-2016. Online:
https://donaanacounty.org/sites/default/files/pages/UDC.pdf. Accessed on October 31,
2019.

Eddy County, NM. 2019. Personal communication via telephone with the Planning and Development
Manager on November 4, 2019.

Grant County, NM. 2019. Personal communication via telephone with the Planning Director on
November 4, 2019.
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Guadalupe County, NM. Personal communication via telephone with the County on November 4,
2019.

Hidalgo County, NM. 2019. No information available on the website and no response to voicemails.
It is assumed that no county-level zoning and permitting is applicable.

Lea County, NM. Personal communication via telephone with the County Planner on November 4,
2019.

Lincoln County, NM. 2017. Ordinance No. 2017-04. Online:
https://www.lincolncountynm.gov/ordinances/. Accessed on November 4, 2019.

Luna County, NM. Personal communication via telephone with the County on November 4, 2019.
Otero County, NM. Personal communication via telephone with the County on November 4, 2019.
Quay County, NM. Personal communication via telephone with the County on November 4, 2019.

Roosevelt County, NM. Personal communication via telephone with the County on November 4,
2019.

San Juan County, NM. Personal communication via telephone with the County on November 4,
2019.
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Appendix 3 Federally Protected Species in New
Mexico

As part of Task 1, areas with federally protected species in New Mexico that could affect
renewable energy development were identified. Appendix Exhibit 2 provides an overview of our
findings as of January 2020.
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Appendix Exhibit 2. Federally Protected Species Considerations

Common Scientific Federal
Name Name Status Counties Other Loc Info | Habitat Description
black-footed Mustela Grasslands, co-located with
ferret nigripes E, E-NE Mora, Colfax  n/a prairie dog colonies
Colonial, cave dwelling bat that
usually inhabits deep caverns.
Favored habitat is the
Mexican mountainous pine-oak country
long-nosed Leptonycteris Peloncillo with elevations from five thousand
bat nivalis E Hidalgo Mountains to seventy-five hundred feet
| Lynx
Canada lynx" | canadensis T n/a n/a subalpine forest above 10,000 ft
Montane forests and woodlands
E (evergreen- and oak-dominant
(proposed woodlands, P/J forests) and
for adjacent grasslands above 4,500
Gray wolfi Canis lupus delisting) n/a n/a feet.
Caballo, Daitil,
Peloncillo and
San Andres Tropical savannas and forests
mountain including thornscrub, desertscrub,
Jaguar Pantheraonca E Hidalgo ranges and grasslands.
Cibola,
Bernalillo, County
Torrance, occurrences
Guadalupe, per NMNH
Quay and all | includes
Counties in Catron, Grant,
Canis lupus southern half = Hidalgo, Sierra, Montane woodlands and
Mexican wolf | baileyi E, E-NE of NM Socorro grasslands
Bernalillo,
Colfax, Los Nests in dry soils and utilizes
Alamos, County riparian community types
New Mexico Mora, Otero, = occurrences including persistent emergent
meadow Zapus Rio Arriba, per NMNH also  herbaceous wetlands and scrub-
jumping hudsonius Sandoval, includes Santa = shrub wetlands in elevations up to
mouse luteus E San Miguel, Fe and Taos 8,000 feet.
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Sandoval,
and
Socorro
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Common
Name

Penasco
least
chipmunk

Least tern

Mexican

spotted owl

Scientific
Name

Tamias
minimus
atristriatus

Sterna
antillarum

Strix

occidentalis

lucida

Federal
Status

Counties
Socorro,
Valencia

Lincoln,
Otero

Catron,
Chaves,
Curry, De
Baca, Dona
Ana, Eddy,
Otero, Quay,
Rio Arriba,
Socorro
Bernalillo,
Catron,
Cibola,
Colfax, Eddy,
Grant,
Hidalgo,
Lincoln, Los
Alamos,
McKinley,
Mora, Otero,
Rio Arriba,
Sandoval,
San Miguel,
Santa Fe,
Sierra,
Socorro,

Other Loc Info

County
occurrences
per NMNH also
includes Dona
Ana and Sierra
County
occurrences
per NMNH also
include
Bernalillo,
Colfax,
Guadalupe,
Lea, McKinley,
Roosevelt, San
Juan, San
Miguel, Santa
Fe, and Union

County
occurrences
per NMNH also
include Dona
Ana and San
Juan

Habitat Description

Ponderosa pine forest and in
open areas along fence rows
bordering agricultural fields and in
less dense stands of trees up to
12,650 feet

Colonial nesters that prefer flat,
sandy substrate mostly devoid of
vegetation. Sandbars, beaches,
spits, and alkali flats.

Ocecurs in riparian or conifer
communities including mixed
conifer, Madrean pine-oak,
Arizona cypress, encinal oak
woodlands, and associated
riparian forests provide habitat in
the small mountain ranges. Also
found in canyon habitat
dominated by vertical-walled
rocky cliffs within complex
watersheds. Rock walls with
caves, ledges, and other areas
provide protected nest and roost
sites.
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ITP Issued
per ECOS?

Y - Malpai
Borderlands
(includes
Hidalgo
County).

Critical
Habitat

Y -
Sandoval,
Santa Fe,

San

Miguel,
Mora,
Cibola,
McKinley,
Lincoln,
Torrance,
Socorro,
Catron,
Grant
Counties



Common
Name

Northern
aplomado
falcon

Piping plover

Southwestern

willow
flycatcher

Scientific
Name

Falco
femoralis
septemtrionalis

Charadrius
melodus

Empidonax
traillii extimus

Federal
Status

E, E-NE

Counties
Taos,
Torrance,
Valencia

Chaves,
Dona Ana,
Eddy, Grant,
Hidalgo, Lea,
Lincoln,
Luna, Otero,
Sierra,
Socorro
Chaves,
Colfax, Eddy,
Guadalupe,
Socorro
Bernalillo,
Catron,
Cibola,
Colfax, Dona
Ana, Eddy,
Grant,
Guadalupe,
Hidalgo,
Lincoln, Los
Alamos,
McKinley,
Mora, Rio
Arriba,
Sandoval,
San Juan,
San Miguel,

Other Loc Info

County
occurrences
per NMNH also
include
Bernalillo

County
occurrences
per NMNH also
include
Chaves, De
Baca, Harding,
Luna, Otero,
Quay, Torrence

Habitat Description

Includes palm and oak
savannahs, desert grasslands
associations, and open pine
woodlands.

Occur in sandflats or along bare
shorelines of rivers, lakes, or
coasts.

For nesting, requires dense
riparian habitats including
cottonwood/willow, and tamarisk
vegetation.
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ITP Issued
per ECOS?

Y - Malpai
Borderlands
(includes
Hidalgo
County).

Y - outside
NM

Y - outside
NM

Critical
Habitat

Y - outside
NM

Y - Catron,
Grant,
Hidalgo,
Mora, Rio
Arriba,
Socorro,
Taos, and
Valencia
Counties



Common
Name

Whooping
crane

Yellow-billed
cuckoo

Narrow-
headed
gartersnake

Scientific
Name

Grus
americana

Coccyzus
americanus

Thamnophis
rufipunctatus

Federal
Status

E, E-NE

T (western
DPS)

T

Counties
Santa Fe,
Sierra,
Socorro,
Taos,
Valencia

n/a
Bernalillo,
Catron,
Chaves,
Cibola,
Colfax, Dona
Ana, Eddy,
Grant,
Hidalgo,
Lincoln, Los
Alamos,
Luna,
McKinley,
Mora, Otero,
Rio Arriba,
Sandoval,
San Juan,
San Miguel,
Santa Fe,
Sierra,
Socorro,
Taos,
Torrance,
Velencia
Catron,
Grant,
Hidalgo,
Sierra

Other Loc Info

County
occurrence per
NMNH:
Roosevelt
county

Habitat Description

Migrate only through NM -
foraging areas include agricultural
fields and valley pastures,
particularly where there is waste
grain or sprouting crops.

Use wooded habitat with dense
cover and water nearby, including
woodlands with low, scrubby
vegetation, overgrown orchards,
abandoned farmland, and dense
thickets along streams and
marshes.

Restricted to montane and
adjacent regions of clear, cool,
rocky streams and occurs in
upland habitats including
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ITP Issued
per ECOS?

Critical
Habitat

Y - outside = Y - outside
NM NM

Y
(Proposed)
- San Juan,
Catron,
Grant,
Hidalgo,
Rio Arriba,
Santa Fe,
Sierra,
Socorro,
Valencia,
Y - outside Bernalillo,
NM Sandoval
Y
(Proposed)-
Catron,
N Grant,



Common Scientific Federal ITP Issued | Critical
Name Name Status Counties Other Loc Info = Habitat Description per ECOS? Habitat
coniferous woodlands and Hidalgo,
forests. Sierra
Pine and oak woodlands, Y
mesquite grasslands, low to (Proposed)
Northern Thamnophis Catron, middle elevational watercourses - Hidalgo,
Mexican eques Grant, with cottonwoods, willows, and Y - outside Grant,
gartersnake megalops T Hidalgo other riparian vegetation NM Catron
Y - Malpai
Occurs in montane woodland, Borderlands
New Mexico = Crotalus rocky canyons with intermittent (includes
ridge-nosed willardi streams or talus slopes from Hidalgo Y - Hidalgo
rattlesnake obscurus T Hidalgo 5,000 to 8,500 feet. County). County
Y - Catron,
Catron, Y - Malpai Grant,
Grant, Borderlands Hidalgo,
Hidalgo, Occurs in permanent waters in (includes Sierra, and
Chiracahua Rana Luna, Sierra, ponds, tanks, cienegas, and small Hidalgo Socorro
leopard frog chiricahuensis T Socorro streams and springs. County). Counties
Restricted to almost pure gypsum
Gypsum wild- | Eriogonum that is sparsely vegetated with Y - Eddy
buckwheat gypsophilum T Eddy other gypsophilous plants N County
Grows on relatively dry, steep,
west to southwest facing slopes in
open ponderosa pine or mixed
Holy ghost Ipomopsis conifer forest at 7,730 to 8,220
ipomopsis sancti-spiritus | E San Miguel feet N N
Occurs on rolling, gravelly hills in
Knowlton's Pediocactus pinyon/juniper sagebrush
cactus kwoltonii E San Juan communities at 6,300 feet N N
Occurs on gentle, gravelly to
rocky slopes and benches on
limestone or limy sandstone in
Chaves, Great Plains grassland, oak
Kuenzler Echinocereus Eddy, woodland, or pinyon-juniper
hedgehog fendleri var. Lincoln, woodland from 5,200 to 6,600
cactus kuensleri T Otero feet N N
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Common
Name

Lee
pincushion
cactus

Mancos milk-
vetch

Mesa Verde
cactus

Pecos
sunflower

Sacramento
mountains
thistle

Sacramento
prickly poppy

Sneed
pincushion
cactus

Todsen's
pennyroyal

Scientific
Name

Coryphantha
sneedii var.
leei

Astragalus
humullimus

Scelerocactus
mesae-verdae

Helianthus
paradoxus

Cirsium
vinaceum

Argemone
pleiacantha
ssp.
Pinnatisecta

Coryphantha
sneedii var.
sneedii

Hedeoma
todsenii

Federal
Status

Counties

Eddy

San Juan

San Juan
Chaves,
Cibola,
Guadalupe,

Socorro,
Valencia

Otero

Otero

Dona Ana,
Eddy

Otero, Sierra

Other Loc Info

Habitat Description

Occurs primarily in cracks in
limestone in areas of broken
terrain and steep slopes of
Chihuahuan desert scrub from
4,000 to 5,000 feet

Occurs in cracks or eroded
depressions on sandstone
rimrock ledges and mesa tops in
Point Lookout sandstone at 5,000
to 6,000 feet

Sparsely vegetated low rolling
clay hills formed from the Mancos
or Fruitland shale formations from
4,900 to 5,500 feet

Occurs in saturated saline soils of
desert wetlands. Usually
associated with desert springs or
wetlands created from modifying
desert springs from 3,300 to
6,600 feet

Wet soils at springs, seeps, and
along streams in meadows or
forest margins from 7,500 to
9,500 feet

Occurs in loose, gravelly soils of
open disturbed sites, canyon
bottoms and slopes and along
roadsides from 4,200 to 7,100
feet

Occurs primarily in cracks |
limestone in areas of broken
terrain and steep slopes usually
in Chihuahuan desert scrub
Grows in loose, gypseous-
limestone soils usually on steep
north or east-facing slopes in
pinyon-juniper woodland from
6,200 to 7,400 feet
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ITP Issued  Critical
per ECOS? Habitat

N N
N N
N N
Y - Chaves,
Cibola, and
Y - outside = Guadalupe
NM Counties
N N
N N
N N
Y - Sierra
N County



Common Scientific Federal ITP Issued | Critical

Name Name Status Counties Other Loc Info = Habitat Description per ECOS? Habitat
Chaves,
Eddy, Occurs in wet, alkaline soils in
Guadalupe, spring seeps and marshy edges

Wright's Cirsium Otero, of streams and ponds form 3,450

marsh thistle = wrightii C Socorro to 8,500 feet N N

Occurs in nearly barren detrital
clay hillsides with soils derived
from shales of the Chnle or Baca
formations, most often on north or

Catron, east-facing slopes in open
Erigeron Cibola, pinyon-juniper woodlands from
Zuni fleabane = rhizomatus T McKinley 7,300 to 8,000 feet N N

Table Key:
E = Endangered
T = Threatened
C = Candidate
E-NE = Endangered Non-essential
ITP = Incidental Take Permit
ECOS = U.S. Fish and Wildlife Service Ecological Services
"' Introduced 2008-2018. May be extirpated.
i No records in NMCIS.
il Extirpated in NM.
Sources:
U.S. Fish and Wildlife Service. Information, Planning, and Consultation System (IPAC System). Available online at:
https://ecos.fws.gov/ipac/location/AIRLE2JS75EV7LP74XJTIMQRQI/resources

Natural Heritage New Mexico. New Mexico Conservation Information System (NM CIS). Available online at: https://nhnm.unm.edu/bcd/query
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Appendix 4 New Mexico Interconnection Queue

Appendix Exhibit 3 depicts the active renewable projects with ongoing interconnection study in
the queue of Public Service Company of New Mexico (PNM) dated January 31, 2020, El Paso
Electric (EPE) dated January 20, 2020, and Tri-state Generation and Transmission (TSGT)
January 20, 2020.

Appendix Exhibit 3. Active New Mexico Renewable Projects in the Queue of Major Utilities

Utility Technology Capacity Location Study Status

(MW)

EPE Solar/ BESS 150 Dona Ana System Impact Study; Facility
Study
EPE Solar/Storage 120 Otero County System Impgct:ltjds;udy; Facility
EPE Solar 70 Dona Ana System Impact Study; Facility
Study

PNM Solar/ BESS 70/70 Sandoval Facility Study

PNM Solar/ BESS 400/100 San Juan Facility Study

PNM Solar 100 San Juan Facility Study

PNM Solar/ BESS 45/13.5 McKinley Facility Study

PNM Solar/ BESS 75175 McKinley Pending

PNM Solar 100 San Juan Pending

PNM wind 700 Torrance/Guadalupe Pending

PNM Solar 400 Bernalillo Pending

PNM Solar/ BESS 60/40 Santa Fe Pending

PNM Solar 75 Luna Pending

PNM Solar/ BESS 96 Santa Fe Pending

PNM Solar/ BESS 125 McKinley Pending

PNM Solar/ BESS 60 Santa Fe Pending

PNM Solar/BESS 500 San Juan Pending

PNM Solar 70 Bernalillo Pending

PNM Solar/BESS 400 Sandoval/Bernalillo Pending

PNM Solar/BESS 450 Bernalillo Pending

PNM Solar/BESS 200 Torrance Pending

PNM BESS 100 Bernalillo Pending
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Capacity Location Study Status

Utility Technology (MW)

PNM BESS 150 Bernalillo Pending

PNM Solar/ BESS 198 San Juan Pending

PNM Solar/ BESS 36 Santa Fe Pending

PNM BESS 50 Santa Fe Pending

PNM Solar /BESS 24 Luna Pending

PNM Wind 300 Torrance Pending
TSGT Solar 75 Hidalgo & Grant System Impact Study
TSGT Solar 52 Hidalgo & Grant Feasibility
TSGT Solar/ BESS 200/100 McKinley Feasibility
TSGT wind 78 Union System Impact Study
TSGT wind 40 Harding System Impact Study
TSGT Solar 200 McKinley Feasibility
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Appendix 5 Assumptions for Task 2 Assessment of
New Mexico’s Economic Renewable Potential

New Mexico State total load and peak projections are based on available information for each
load serving entity, including utility forecasts, Energy Information Agency (EIA) reports and
Renewable Energy Act (REA) compliance filings. Co-Op load was estimated based on 2018 EIA
Sales and loss factors to true up sales to load.

Appendix Exhibit 4. New Mexico Electric Load Assumptions

New Mexico Electric Demand NREL Energy Futures Mid-Case

Year

Load (MWh)

Percentage Growth over

New Mexico Electric Demand - Demand Growth Cases (2A, 2B, 4A, 4B)

Year Load (MWh) ‘ Peak (MW)
2020 23,876,000 4,649
2021 24,049,000 4,654
2022 24,297,000 4,697
2023 24,514 ,000 4,749
2024 24,640,000 4,778
2025 24,776,000 4,841
2026 24,870,000 4,872
2027 25,015,000 4,953
2028 25,357,000 5,038
2029 25,687,000 5,129
2030 26,112,000 5,235
2031 26,559,000 5,352
2032 27,063,000 5,474
Average Growth Rate
(5020_2032) 1.05% 1.37%

Reference

2020 23,784,000 4,631 2020 0.39%
2021 23,921,000 4,629 2021 0.53%
2022 24,118,000 4,663 2022 0.74%
2023 24,276,000 4,703 2023 0.98%
2024 24,327,000 4,718 2024 1.29%
2025 24,372,000 4,762 2025 1.66%
2026 24,341,000 4,769 2026 2.17%
2027 24,321,000 4,816 2027 2.86%
2028 24,447,000 4,857 2028 3.72%
2029 24,552,000 4,903 2029 4.62%
2030 24,737,000 4,960 2030 5.56%
2031 24,931,000 5,024 2031 6.53%
2032 25,161,000 5,090 2032 7.56%

Average Growth

Rate (ZgOZO-2032) 0.47% 0.79%
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Appendix Exhibit 5. New Mexico Market Assumptions — RPS Targets

Emissions Free

New Mexico Energy Transition Act Targets

IOU Target - High RPS

Co-Op Target

Co-Op Target

Generation 10U Target - BAU Cases - High RPS - High RPS
Cases
Percentage Cases Cases
2020 20% 20% 10% 10%
2025 40% 40% 40% 40%
2030 50% 50% 50% 50%
2032 50% 56% 50% 53%

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032

New Mexico RPS Target

(MWh) - BAU Cases
3,735,443
4,723,585
5,732,889
6,745,803
7,729,371
8,710,452
9,129,867
9,554,913
10,062,473
10,561,563
11,085,792
11,178,842
11,286,231

New Mexico RPS Target
(MWHh) - High RPS Case
3,749,864
4,748,817
5,775,345
6,812,159
7,828,817
8,854,867
9,328,285
9,827,709
10,437,224
11,049,925
11,701,883
12,538,643
13,422,756

Notes:

1) Total sales and RPS projections for each load serving entity were calculated based on the
load projections and the sales figures reported as part of the Renewable Energy Act (REA)
compliance filings for 2020.

2) For the High RPS Cases (Cases 2A, 2B, 4A, 4B), I0U trajectories were extrapolated to reach
zero carbon by 2045 for I0Us, whereas Co-Op trajectories were extrapolated to reach 80% by

2050.
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Appendix Exhibit 6. Gas Price Assumptions

WECC Gas Hub Basis

Henry Hub Natural Gas Price Assumptions

Delivered WECC Gas Hub Prices

(20185/MMBtu) (with LDC) (2018$/MMBtu)
Year AEO 2019 Reference & High WECC New Mexico WECC New Mexico
Gas Resource Average
2020 2.92 -0.23 2.73
2021 2.80 -0.22 2.62
2022 2.77 -0.22 2.60
2023 2.87 -0.21 2.70
2024 3.02 -0.21 2.86
2025 3.22 -0.20 3.06
2026 3.30 -0.21 3.13
2027 3.33 -0.23 3.14
2028 3.37 -0.24 3.17
2029 3.37 -0.26 3.16
2030 3.39 -0.27 3.16
2031 3.39 -0.26 3.17
2032 3.47 -0.24 3.27
Average
(2020- 3.17 -0.23 2.98
2032)
Notes:

All Values shown in $2018/MMBtu

Henry Hub (HH) Natural Gas prices based on EIA Annual Energy Outlook 2019.
WECC Gas Hub Basis prices based on EPA Platform v6. 2021 values adopted for 2020. Values

not designated in EPA v6 are interpolated by ICF.

WECC Local Distribution Charges Assumptions
Region LDC [20185/MMBtu]

New Mexico 0.04

LDC values based on EPA Platform v6
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Appendix Exhibit 7. New Mexico Market Assumptions — Renewable Build Costs

EPA Regionalization of NREL
Mainstreet Costs

Utility Solar NREL ATB 2019 Build Costs Utility Solar PV
PV Overnight Capital Cost FOM Mainstreet
(S/kw) (S/kW-yr) Year Costs New Mexico
2020 1,407 17 2020 1,407 1,379
2023 1,324 16 2023 1,324 1,298
2025 1,268 15 2025 1,268 1,243
2028 1,184 14 2028 1,184 1,161
2030 1,128 14 2030 1,128 1,106
2032 1,103 13 2032 1,103 1,081
Onshore NREL ATB 2019 Build Costs Onshore Wind
Wind Overnight Capital Cost FOM Mainstreet
($/kw) ($/kW-yr) Costs New Mexico
2020 1,526 43 2020 1,526 1,553
2023 1,443 42 2023 1,443 1,469
2025 1,388 42 2025 1,388 1,413
2028 1,306 40 2028 1,306 1,329
2030 1,251 40 2030 1,251 1,273
2032 1,227 39 2032 1,227 1,249
Offshore NREL ATB 2019 Build Costs Offshore Wind
Wind Overnight Capital Cost FOM Mainstreet
I (S/kw) (S/kW-yr) Costs New Mexico
2020 2,927 113 2020 2,927 2,980
2023 2,654 102 2023 2,654 2,702
2025 2,487 96 2025 2,487 2,531
2028 2,255 86 2028 2,255 2,295
2030 2,112 81 2030 2,112 2,150
2032 1,979 76 2032 1,979 2,015
Battery NREL ATB 2019 Build Costs Battery Storage
FOM VOM Mainstreet
4-H C
Storage oLy Gy ) (S/kW-yr) (S/MWh) Costs New Mexico
2020 1,186 30 0 2020 1,186 1,186
2023 914 23 0 2023 914 914
2025 733 18 0 2025 733 733
2028 591 15 0 2028 591 591
2030 496 12 0 2030 496 496
2032 477 12 0 2032 477 477
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NREL ATB 2019 Build Costs Biomass

Biomass Overnight Capital Cost FOM VOM Mainstreet
(S/kW) (S/kW-yr) (S/MWh) Year Costs New Mexico
2020 3,828 114 6 2020 3,828 3,828
2023 3,835 114 6 2023 3,835 3,835
2025 3,808 114 6 2025 3,808 3,808
2028 3,780 114 6 2028 3,780 3,780
2030 3,744 114 6 2030 3,744 3,744
2032 3,714 114 6 2032 3,714 3,714

NREL ATB 2019 Build Costs

Geothermal  oOvernight Capital Cost FOM
($/kw) ($/kW-yr)

2020 4,376 138
2023 4,311 138
2025 4,268 138
2028 4,204 138
2030 4,162 138
2032 4,120 138
Notes:

- CAPEX differs from Overnight Capital Costs in that it also includes grid connection costs,
capital costs of financing during construction and accounts for regional variations

- NREL Onshore Wind costs are representative of TRG 4 Mid Case values and Offshore Wind
costs are representative of TRG 3 Mid Case Values

- All solar costs converted to AC

- All costs presented in unsubsidized 2018 US$
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Appendix Exhibit 8. New Mexico Market Assumptions — Fossil Build Costs

EPA Regionalization EIA Base

Costs
. EIA AEO 2019 Build Costs Combustion Turbine
Combustion
Turbine Overnight Capital Heat Rate FOM VOM Mainstreet New
Cost ($/kW) (MMBtu/MWh)  (S/kW-yr) ($/MWh) Costs Mexico
2020 684 10 7 11 2020 684 794
2023 684 9 7 11 2023 684 794
2025 684 9 7 11 2025 684 794
2028 684 9 7 11 2028 684 794
2030 684 9 7 11 2030 684 794
2032 684 9 7 11 2032 684 794
. EIA AEO 2019 Build Costs Combined Cycle
Combined
Cycle Overnight Capital Heat Rate FOM \Vel\V| Mainstreet New
Cost (S/kW) (MMBtu/MWh) ($/kW-yr) (S/MWh) Costs Mexico
2020 786 6 10 2 2020 786 889
2023 786 6 10 2 2023 786 889
2025 786 6 10 2 2025 786 889
2028 786 6 10 2 2028 786 889
2030 786 6 10 2 2030 786 889
2032 786 6 10 2 2032 786 889
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Appendix Exhibit 9. New Mexico Market Assumptions — WECC Hurdle Rates

From To There Back
SW AZPS CA CISO 3.95 10.98
SW AZPS CAIID 3.95 3.32
SW AZPS CA LDWP 3.95 5.84
SW AZPS SW PNM 3.95 4.16
SW AZPS SW SRP 3.95 2.08
SW AZPS SW TEPC 3.95 357
SW AZPS SW WALC 3.95 1.91
SW NVE CA CISO 6.96 10.98
SW NVE CA LDWP 6.96 5.84
SW NVE SW WALC 6.96 1.91
SW PNM SW EPE 416 4.16
SW PNM SW WALC 4.16 1.91
SW SRP CA CISO 2.08 10.98
SW SRP SW TEPC 2.08 3.57
SW SRP SW WALC 2.08 1.91
SW TEPC SW PNM 3,57 4.6
SW WALC CA CISO 1.91 10.98
SW WALC CAIID 1.91 3.32
SW WALC CA LDWP 191 5.84
SW WALC SW TEPC 191 3.57
CA CISO CA BANC 1098 2.53
CAIID CA CISO 3.32 10.98
CA LDWP CA CISO 5.84 10.98
SW TH PV CA CISO 0 10.98
SW TH PV SW AZPS 0 3.95
SW TH PV SW SRP 0 2.08
SWTH Mead SW WALC 0 1.91
SW TH Mead SW NVE 0 6.96
SW TH Mead SW AZPS 0 3.95
SW TH Mead SW SRP 0 2.08
SW TH Mead CA CISO 0 10.98
SW TH Mead CA LDWP 0 5.84
CA CFE CA CISO 2.31 10.98

From To There Back ‘
AESO BC BCHA 214 711
AESO NW new 214 474
NW AVA NW BPAT 2.53 1.91
NW AVA NW PACW 2.53 3.08
NW AVA NW PGE 253 253
NW BPAT  BCBCHA 191 711
NW BPAT CA BANC 1.91 2.53
NW BPAT CA CISO 191 10.98
NW BPAT CA LDWP 1.91 5.84
NW BPAT  NW PACW 191  3.08
NW BPAT  NW PGE 191 253
NW BPAT NW PSEI 1.91 2.53
NW BPAT SW NVE 1.91 6.96
NW NWE BS PACE 4.74 3.08
NW NWE NW AVA 474 253
NW NWE NW BPAT 474 1091
NW NWE RM WACM 4.74 4.98
NW PACW  CACISO 3.08 10.98
NW PACW  NW PGE 3.08 2.53
BS IPCO NW AVA 267 253
BS IPCO NW BPAT 267 191
BS IPCO NW PACW 2.67 3.08
BS IPCO NW PGE 2.67 2.53
BS IPCO SW NVE 2.67  6.96
BS PACE BS IPCO 3.08 2.67
BS PACE CA LDWP 3.08 5.84
BS PACE RM WACM 3.08 4.98
BS PACE SW AZPS 3.08 3.95
BS PACE SW NVE 3.08 6.96
BS PACE SW WALC 3.08 1.91
RM PSCO SW PNM 3.09 4.16
RM WACM  RM PSCO 498 3.09
RM WACM SW PNM 4.98 4.16
RM WACM  SW WALC 4.98 1.91

Note:

1) All values listed in $2016

2) Hurdle Rates across WECC were modeled consistent with the WECC 2026 Planning Case

from WestConnect. For the cases with an assumed RTO policy going into effect, hurdle rates

were set to $0 starting in 2025
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ICF’s Reference Case analysis includes key federal incentives:

e The Investment Tax Credit (ITC) is a 30% credit available to solar units, distributed wind
systems, and geothermal heat pumps (distributed generation, aside from solar PV, is not
modeled in IPM®). In accordance with the December 2015 budget agreement, units will
receive the ITC according to Appendix Exhibit 10.

e A Production Tax Credit (PTC) is a production incentive of about $23/MWh available to
wind, geothermal, and closed-loop biomass projects. In accordance with the December
2015 budget agreement, units will receive the PTC according Appendix Exhibit 11.

Appendix Exhibit 10. New Mexico Market Assumptions — Federal Investment Tax Credit

Last Date to Begin Construction ITC Level

31-Dec-19 30%
31-Dec-20 26%
31-Dec-21 22%
Indefinite 10%

Appendix Exhibit 11. New Mexico Market Assumptions — Federal Production Tax Credit

Last Date to Begin Construction

31-Dec-16 100%
31-Dec-17 80%
31-Dec-18 60%
31-Dec-19 40%

Note: Wind and solar plants will have four full years after they have begun construction to come
online to be eligible for the PTC. For example: wind plants starting construction by end of 2016
may come online by 2020 and can avail 100% PTC. Similarly, solar plants starting construction
by end of 2019 may come online by 2023 and can avail 30% ITC. For modeling purpose
assumptions were 100% PTC until 2020, 80% for 2021, 60% for 2022 and 40% for 2023. For
solar modeling, assumptions were 30% ITC until 2023, 26% for 2024, 22% for 2025 and 10%
thereafter.
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Appendix 6 Assumptions for Task 3 Transmission
Expansion Planning

Appendix 6.1 Key Analytical Assumptions

Some of the key assumptions for this assessment are listed below:

= The technical parameters (e.g. resistance, inductance, etc.) of the lines that form the
collector system are determined using industry standard parameters based on the length
of each line.

= The length of each line is either an approximate value estimated from the locations of
substations, based on the GIS database in ABB Ability Velocity Suite*® or referencing to
the adjacent transmission corridor if available.

= The network collector systems are designed to withstand the loss of only one
transmission system element, such as a line or a transformer, without overloads in the
collector system. Two categories of elements were defined as follows:

o The contingent elements in the N-1 reliability analyses refer to those loss
elements. They were limited to the lines and transformers for voltages greater
than 115 kV.

o The monitored elements refer to those lines of which the power flow and voltage
were examined to ensure compliance with the reliability requirements. They
consisted of existing lines and transformers at 115 kV or greater in New Mexico,
and 230 kV or greater in the surrounding regions.

= Default Line ratings for the collector lines are assumed to be: 1,038 megavolt amperes
(MVA) for 230 kV system and 1,577 MVA for 345 kV system based on the assumption of
using double bundled ACSR 1272 Bittern conductor.

Appendix 6.2  Steps of Collector Plan Developments

Steady state power flow and N-1 contingency analyses were used to develop and test collector
plans for reliability using the following steps:

1. Run steady state analysis normal and N-1 contingency analysis to identify the thermal
violations and voltage violations.

2. Add new lines connecting existing or new substations, or uprate existing lines to
increase line capacity, and add new reactive control devices.

3. Repeat steps 1 and 2 until no major reliability violations are observed.

Two sets of transmission elements used in the reliability analysis were created:

48 Ability Velocity Suite is licensed by ABB. “ABB Velocity Suite”, https://new.abb.com/enterprise-
software/energy-portfolio-management/market-intelligence-services/velocity-suite, accessed May 17,
2020.
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= Contingent elements: This is the set of transmission lines and transformers that will be
tripped or taken out of service during N-1 conditions.

» Monitored elements*®: This is the set of transmission lines and transformers that should
not be overloaded. The limits on these lines were enforced to ensure that flow on the
lines did not exceed the limits under normal and N-1 conditions. If any of these lines

were overloaded, the collector system design was modified and/or renewable generation
curtailed.

For both the normal (no outage of lines or transformers) and the N-1 contingency case (outage
of one power system element), power flow limits on the monitored elements were observed and
the collector plan designs were modified as needed to ensure power flows were within the rated
capacities of these lines and transformers. In some cases, renewable generation curtailment
options were also identified as mitigation measures, to avoid overloads for regions with existing
Remedial Action Scheme® 5! designs covered.

4 Transmission circuits and transformers at and above 115 kV in New Mexico were monitored.

50 NERC's definition of Remedial Action Scheme: A scheme designed to detect predetermined System
conditions and automatically take corrective actions that may include, but are not limited to, curtailing or
tripping generation or other sources, curtailing or tripping load, or reconfiguring a System(s).

5! Eastern New Mexico Remedial Action Scheme is an existing scheme to control the power flow towards
the BA substation. Downstream renewable generation is expected to be curtailed in case of loss of either
Diamond Tail to Clines Corners 345 kV line and the total power flow into BA switching station greater than
1000 MW.
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Appendix 7 Thermal Violation Results for Increased
Local Consumption Sensitivity Study

There were no major overloading issues with increased renewable energy consumed locally.
Appendix Exhibit 12, Appendix Exhibit 13, and Appendix Exhibit 14 summarize the key thermal
violations for each collector plan. If the same line was overloaded under multiple contingencies,
the most server contingency event was recorded in the summary table.

Appendix Exhibit 12. Max Thermal Violations for Collector Plan 1 in the Increased Local
Consumption Study

Emergency
Monitored Line Contingency Line Rating Ma?<
Loading
(MVA)

NORTON_1 to NORTON_2 115 kV NORTON to OJO 345 kV 239 109.9%
NORTON_2 to HERNANDZ 115 kV NORTON to OJO 345 kV 186 106.2%
YORKCANY to VANBREMR 115 kV SPRINGER to BISON 115 kV 39 117.5%
YORKCANY to VANBREMR 115 kV BISON to VANBREMR 115 kV 39 117.5%
LAWRNCET to FOURHILL 115 kV SANDIA 1 to SANDIA 2 115 kV 159 116.1%

LAWRNCET to EAST_TAP 115 kV SANDIA 1to SANDIA 2 115kV 159 108.5%

MONTANOT to CLAREMNT 115 kV | SANDIA 345/115 kV Transformer 156 112.2%
NEWMAN 345/115 kV Transformer PICANTE to NEWMAN 345 265 128.4%

Appendix Exhibit 13. Max Thermal Violations for Collector Plan 2 in the Increased Local
Consumption Study

Emergency
Monitored Line Contingency Line Rating Ma?<
Loading
(MVA)
NEWMAN 345/115 kV Transformer PICANTE to NEWMAN 345 265 132.4%
IRVING to WAYNE 2 115 kV SANDIA 345/115 kV Transformer 156 106.8%
PRAGER to MONTANOT 115 kV SANDIA 345/115 kV Transformer 156 131.2%
FOURHILL to SANDIA 2 115 kV SANDIA 345/115 kV Transformer 156 121.8%
LAWRNCET to FOURHILL 115 kV SANDIA 1 to SANDIA 2 115 kV 159 111.5%
MONTANOT to CLAREMNT 115 kV | SANDIA 345/115 kV Transformer 156 115.8%
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Appendix Exhibit 14. Max Thermal Violations for Collector Plan 3 in the Increased Local
Consumption Study

Emergency
g Max
i i - i Rating
Monitored Line Contingency Line Overloading
(MVA)
BERNARDO to BELEN_PG 115 KV WESTMESA EVARROYO 345 74 117.7%
SOCORROP to EL_BUTTE 115 KV WESTMESA EVARROYO 345 59 117.6%
BERNARDO to SOCORROP 115 WESTMESA to ARROYO 345
74 114.9%
KV KV

NO_BERN to AVILA T 115 kV SANDIA 345/115 kv 155 107.5%
Transformer

WESTMESA to WESTMS 2 115 kV SANIDIR SHEIS [Y 450 121.8%
Transformer

B-A to NO_BERN 115 kV SANDIA 345/115 kv 156 113.7%
Transformer

LAWRNCET to EAST_TAP 115 kV | SANDIA 1 to SANDIA 2 115 kV 156 112.0%

LAWRNCET to FOURHILL 115 kV | SANDIA 1 to SANDIA_ 2 115 kV 159 119.5%

MONTANOT to CLAREMNT 115 kV SIANPIACH SIS 8 156 107.6%
Transformer
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Appendix 8 Correction Notices

Appendix 8.1 Correction Notice A

Version 2 of this report includes the following updates to the June 30, 2020 version.

Page iii: Table of Contents, added ‘Appendix 8, Correction Notices’.
Page 2: Exhibit 1, graphic updated to provide higher resolution.
Page 5: Exhibit 3, unit description in legend for solar potential corrected to reflect ‘kwh /
sq. m/ day’.
Page 22: Section 1.1.4.5, Exhibit 15, graphic updated to provide higher resolution.
Page 23: Section 1.1.4.5, Exhibit 16, unit description in legend for solar potential
corrected to reflect ‘kWh / sq. m / day’ and legend formatting adjusted.
Page 24: Section 1.2.1, ‘meters’ replace with ‘meter’.
Page 16: Section 1.1.2, ‘where’ replaced with ‘were’ in last sentence.
Page 21: Section 1.1.4.5, Footnote 9, reference updated to reflect ‘Exhibit 15’.
Page 45: Section 2.1.4, ‘stabdard’ corrected to be ‘standard ’.
Page 46: Section 2.2, Exhibit 42, graphic updated to provide higher resolution.
Page 71: Section 3.2.2.3, ‘520’ has been changed to ‘approximately 514’.
Page 90: Section 3.3.1.1, Exhibit 65, footnote added for Total length of 500 kV lines
(miles) for Collector Plan 2.
Page 105: Section 4.2.2.2, Collector Plan 2 description following Exhibit 78 corrected for
single and double circuit line mileage, and “kV kV” corrected to be “kV”.
Page 106: Section 4.2.2.2, Exhibit 79 revised to include a new column for 345 kV
double-circuit cost shares. A table note was also added to indicate rounding may result
in percentage summation errors.
Page 106: Section 4.2.2.2, Exhibit 80 revised to include a new column for 345 kV
double-circuit cost shares. A table note was also added to indicate rounding may result
in percentage summation errors.
Page 109: Section 4.2.3.2, footnote 43 added to first sentence indicating line miles
utilized for the economic analysis reflect s in state mileage only.
Page 110: Section 4.2.3.2, Exhibit 87 has been corrected to clarify that 9 miles of
transmission line constructed between 2028-2030 is double circuit and to clarify that just
one upgrade at existing substations is required for the 345 kV single circuit line.
Page 142: Section 4.4, Exhibit 144 revised to (i) correct Construction & ROW GSP
numbers for all Collector Plans; (ii) add a footnote for Collector Plan 2 Line (miles); and
(iii) correct Line (miles) for Collector Plan 3 as follows:
o Line (miles) for Collector Plan 3 originally stated as 1,091.9 has been updated to
1,081.9.
o Construction & ROW GSP ($MM) for Collector Plan 1 originally stated as
$1,079.7 has been updated to $503.8.
o Construction & ROW GSP ($MM) for Collector Plan 2 originally stated as
$1,709.5 has been updated to $797.8.
o Construction & ROW GSP ($MM) for Collector Plan 3 originally stated as
$1,423.0 has been updated to $627.2.
o Table footnote has been added to clarify the line miles shown reflect only the
portion of the plan within New Mexico.
Page 142: Section 4.4, Exhibit 145 revised to correct Construction GSP numbers for
Wind as follows:
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o Construction GSP ($MM) for Wind, BAU, originally stated as $1,458.8 has been
updated to $877.0.
o Construction GSP ($MM) for Wind, Alternative Renewable Capacity Mix,
originally stated as $1,197.6 has been updated to $720.0.
o Page 5 Appendices: NERC definition revised.
e Page 40 Appendices: Appendix 8, Correction Notices, added with all revisions for this
Correction Notice A.
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