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IMPORTANT NOTICE:

This report presents analysis prepared for the New Mexico Renewable Energy and Transmission Authority (NM
RETA) by ICF. The study is based on public data and forward-looking assumptions considered reasonable at the
time of the analysis. Neither ICF nor NM RETA make any assurances as to the accuracy of any such
information or any conclusions based thereon. Neither ICF nor NM RETA are responsible for typographical,
pictorial or other editorial errors.

The report is provided AS IS. NO WARRANTY, WHETHER EXPRESS OR IMPLIED, INCLUDING THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE IS
GIVEN OR MADE BY ICF OR BY NM RETA IN CONNECTION WITH THIS REPORT. You use this report
at your own risk. Neither ICF nor NM RETA are liable for any damages of any kind attributable to your use of
this report.
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1 Executive Summary

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

e 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.

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 export to areas of
demand while maintaining system reliability requirements. ICF's analysis also describes the
expected economic impact to New Mexico from developing renewable resources and the
supporting transmission capacity.

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. New Mexico has established a 50% renewable energy
standard by 2030, increasing to 100% zero-carbon electricity by 2045. The renewable resource
potential in New Mexico includes a prevalence of high-quality opportunities for wind and solar. In
particular, New Mexico's wind resources offer a potential “synergistic” benefit because wind
energy can be generated during periods which differ from renewable resources in many other
areas. This presents opportunities to move power generated in New Mexico, where resources and
development are potentially less expensive, to the coastal regions where demand growth for
renewables is high.

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 a
series of phases: Planning would include detailed costing and routing studies; followed by a
Permitting and Approval land and materials acquisition phase; Financing; and finally,
Construction. The Permitting and Approval phase is often quite lengthy when new land areas are
impacted. To the extent possible, ICF designed the collector plans to minimize the use of new
right-of-way, because the permitting and land approvals for new right-of-way can be complex and
time consuming.



See Table 1 for a summary of key study findings subdivided into three state-wide development
plans: Collector Plans 1, 2, and 3.

Table 1. Key Study Conclusions

Collector Plan 1

Collector Plan 2

Collector Plan 3

Page Ilt'"(:ar;le;rence Centralized Centralized Decentralized
9 Renewables Renewables’ Renewables
Renewable capacity _

potential (megawatts, Up .to 11,500 MW; ,

Transmission added by . . .

2030: Pages 23,25,27 911 miles 929 miles 1,276 miles

Cost of transmission $1,127,183,920 $1,802,121,035 $1,577,023,070
Collector; O&M cost O&M cost O&M cost

Cost during O&M phase
($2018)3; Page 32

By 2040: $117,600,000
By 2050: $201,600,000

By 2040: $163,800,000
By 2050: $280,800,000

By 2040: $168,000,000
By 2050: $288,000,000

Cost of Wind/Solar
plant;

Cost during O&M phase
($2018); Page 33

$7,537,700,000

O&M cost

By 2040: $2,221,800,000
By 2050: $3,808,800,000

Renewable energy
generated (Megawatt-
hours, MWh); Page 9

By 2030: Export 22,910,020 MWh;
By 2030: In-state 11,085,790 MWh;
Cumulative export (2023-2030): 125,254,050 MWh

Annual jobs created

Construction phase: Up to 3,678 jobs; O&M phase: Up to 765 jobs

(Temporary and GSP Gain GSP Gain GSP Gain
Permanent); By 2030: By 2030: By 2030:
Gross State Product $5,914,200,000 $6,307,000,000 $6,144,000,000
(GSP) gain for New By 2040: By 2040: By 2040:
Mexico’s economy $13,666,200,000 $14,306,000,000 $14,162,000,000
($2018); Pages 32-33 By 2050: By 2050: By 2050:
$21,418,200,000 $22,305,000,000 $22,180,000,000
Tax revenue accrued By 2030: By 2030: By 2030:
from Collector and $207,081,700 $234,796,800 $221,218,200
Wind/Solar Plant By 2040: By 2040: By 2040:
investments $251,137,750 $279,943,900 $266,492,800
($2018)*; Page 37 By 2050: By 2050: By 2050:
$295,193,800 $325,091,000 $311,767,400

Rather than consider a specific siting strategy, this study focused on designing collector plans
under alternate siting conditions, i.c., Centralized and Decentralized, to allow the plan design to
exhibit some flexibility to accommodate multiple resources sited at alternate locations. This

! This plan includes a currently proposed transmission project (the Sunzia Southwest Transmission Project or
“SunZia”), which has already made significant progress toward acquiring the necessary right-of-way.

2 Projected energy sales are discussed in Section 3.

3 Construction takes place between 2021-2025 and 2028-2030, recurring O&M expenditures take place from 2024-
2050; includes routine maintenance for Collector investments.

4 Tax impacts include state and local (excludes Federal).




approach to planning accommodates certain development risks without forcing any particular
siting strategy. Collector Plans 1, 2, and 3 reflect new transmission projects which are not
currently in development. Development of new facilities, particularly for the first construction
phase through 2026, will not be without challenges.

This study found that investment in transmission networks and associated investments in clean,
renewable generation has the potential to generate significant economic benefits for the state's
economy. ICF identified the greatest value for transmission would be to expand capabilities to
export electricity to the western states. The investment made in support of renewables and
transmission are projected to total up to $11 billion through 2032, committed by project
developers to in-state investments. By 2050, cumulative Gross State Product (GSP) gain for New
Mexico’s economy would exceed $21 Billion.

Over the next decade, by adding transmission infrastructure to support exports, New Mexico
could expand from 2,500 Megawatts (MW) of renewable capacity as of the end of 2019 to 11,500
MW by 2030. This capacity would satisfy New Mexico's clean energy goals as well as support the
goals of other states by exporting renewable energy.

1.1 Features of this Report

The four major topical divisions of ICF’s study have been summarized in Sections 2, 4, 5 and 6 in
this report. Each section discusses assumptions, modeling details, key findings and observations
related to the topic heading. Sections 3 and 5 contain background material related to in-state
energy policy and the current configuration of New Mexico’s transmission and generation system.

ICF’s report content is extensively referenced by footnote page numbers, providing a link to
source material if needed.

All findings and observations are presented as-stated by ICF with no change in content. NM
RETA has presented derivative content related to several ICF findings in this report, Sections 2, 3
and 4; in these instances, each item has been footnoted to indicate attribution.

The following supplemental sections are attached to this report:

e Glossary- technical terms, acronyms and units of measurement
e Appendix A- New Mexico’s Renewable Development Potential

e Appendix B- Renewable Siting Options.

Appendices A and B provide additional content that is relevant to topics discussed in Sections 2
and 5.
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2 Developable Renewable Resources in New Mexico

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. This screening assessment
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.

This study utilized a Geographic Information System (GIS) to identify constraints and
opportunities for renewable development. Free, publicly available data were used. 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.

Figures A-1, A-2 shown in Appendix A display the state-wide renewable potential for developable
wind and solar resources minus constrained areas.

2.1 Key Findings

The renewable potential in New Mexico is significant, and given available land and technical
development timelines, it would be possible to develop roughly 48,000 MW of wind and solar
capacity over the next dozen years®. A significant fraction (approximately 12,000 MW®) is likely
to become operational prior to 2032, based on committed or late-phase project evaluations.

Most of the potential solar capacity is located 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. 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 period 2020-20327. In comparison, the majority of Wind Power
Class (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®. Additionally, the Southwest Power Pool (SPP) area, particularly Roosevelt county,
has strong potential. Like solar, the maximum development capacity per year for wind is assumed
to be 2,000 MW for use over the study period for a total of 24,000 MW of incremental wind
additions’.

SPage 37; this estimate is further detailed in Appendix A, Table A-1.

® Includes 3,000 MW of advanced stage development, 7,000 MW in select utility interconnection queues and the
2,200 MW Corona portfolio.

"Page 25; 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.

8Pages 31-32

Pages 32-33; 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.
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2.2 Siting and Permitting Considerations

The time period considered in this analysis was twelve years, through 2032. 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 most likely to be developed.
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
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.

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. However, 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.

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'!. However, there are not many areas
of contiguous tracts of state trust lands available. For wind and solar developments, New Mexico
requires zoning approval by the respective county and Construction Industries Division (CID) of
the New Mexico Regulation and Licensing Department.

Currently, there are no counties in New Mexico that prohibit wind or solar development'?. County

zoning approvals vary, ranging from the requirement of a formal hearing to deference to the state
requirements. Some counties require a Special Use Permit or Conditional Use Permit. Some
counties also require electrical, building, and floodplain development permits prior to construction.
Notably, 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.

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. 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.

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. While
species that are candidates for listing under the ESA'® do not have the same level of protection as

10 Pages 11-12

Pages 14-15

12Page 15

3Endangered Species Act (ESA) of 1973 is a key federal law for both domestic and international conservation.
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listed species, many states, industries, and private landowners have enacted local protections for
candidate species. The lesser prairie-chicken (LPC) is a candidate species with a broad range that
extends into the grasslands of eastern New Mexico'“. The LPC hinders development of
renewables in large portions of eastern and southeastern New Mexico.

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. 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.

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.

2.3 Renewable Resource Potential

One of the key factors affecting resource potential are the development of renewable economics as
well as changes to the state’s supply mix mainly through fossil generating plant retirements.
Renewable economics are influenced by technological developments, such as improving turbine
designs, associated cost reductions and performance improvements, and federal policies such as
the production and investment tax credits (PTC, ITC). A typical wind project may take five years
or more to progress through all development phases to reach operation; solar projects may average
slightly less.

As evidenced by more than 900 MW of wind farm capacity which have come in-service in New
Mexico in the last three years, developers have been active in the state. Notably the Corona, NM
portfolio of projects is one of the largest wind farm projects under development in the country.
This project 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 (Sun
Zia).'®

“Development of wind and solar is restricted within two miles of known leks and crucial habitat with scores of 1 and
2. Twenty-three species with FWS-designated critical habitat exist in New Mexico.

15Page 20
16Page 38



3 In- State Policy: The Energy Transition Act

The Energy Transition Act (ETA)!” established new renewable and zero-carbon emission
portfolio standards for both utilities and rural electric cooperatives in New Mexico. The ETA
renewable energy requirements'® are:

e  20% renewable energy by 2020
e  40% renewable energy by 2025
e  50% renewable energy by 2030.

The legislation establishes forward-looking goals through modification of New Mexico’s
renewable portfolio standard (RPS) and then provides assistance to transition away from coal-
fired generation and to develop new resources. For investor-owned utilities, ETA requires 80%
renewable energy by 2040 and 100% zero-carbon resources by 2045 as long as safety, reliability
and impacts to customer bills are considered. For rural electric cooperatives ETA requires 80%
renewable energy by 2040 and 100% zero-carbon resources by 2050, composed of at least 80%
renewable energy.

Table 2 summarizes approximate year-by-year requirements of the ETA, in terms of estimated
electricity delivered to end-use customers.

Table 2. New Mexico Market Assumptions- RPS and Export'®,2°
(Megawatt-hours MWh)

RPS-BAU RPS-High Export-BAU  Export-High
2020 3,735,440 3,749,860 4,018,350 4,003,930
2021 4,723,590 4,748,820 6,029,160 6,003,930
2022 5,732,890 5,775,350 8,018,810 7,976,350
2023 6,745,800 6,812,160 10,004,860 9,938,500
2024 7,729,370 7,828,820 10,298,710 10,199,260
2025 8,710,450 8,854,870 11,978,920 11,834,500
2026 9,129,870 9,328,290 14,220,790 14,022,370
2027 9,554,910 9,827,710 16,457,030 16,184,230
2028 10,062,470 10,437,220 18,610,760 18,236,010
2029 10,561,560 11,049,930 20,772,960 20,284,590
2030 11,085,790 11,701,880 22,910,020 22,293,930

Table 2 lists the energy profiles of two scenarios: Business-as-Usual and High Renewable

17 See full text of the legislation at https:www.nmlegis.gov/Sessions/19%20Regular/bills/senate/SB0489.html.

18 Stated as a percentage of annual electric energy sold to New Mexico’s electric customers; this program will be im-
plemented as an extension of existing RPS requirements.

19 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.

20 Export values were derived by NM RETA, they were not reported by ICF; assumes 11,500 MW of renewable ca-
pacity installed by 2030 including Firm Additions listed in Exhibits 38, 39.
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Deployment. To estimate renewable energy output needed to meet the in-state RPS targets, an
adjustment must be applied?!. With adjustment, the 2025 ETA energy requirement is estimated to
equal or exceed 9,679,880 MWh; the 2030 energy requirement is estimated to equal or exceed
12,557,820 MWh?2, Both values assume renewable generation will incur system delivery losses
equal on average to larger conventional generators due to high-voltage interconnections.

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 development
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. Notably, Public Service Company of New Mexico (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.g.,
Arizona Public Service announced a goal of achieving 100% carbon-free electricity by 2050).

2l Generator-to-meter delivery losses are added to estimate generator “injected” energy. This value was reported by
PNM as 4.47% of delivered MWh ref. PNM’s 07M_530 Schedule M Series filing for 2018, page 71, M-3 Demand
and Energy Loss Factors.

22 These values were derived by NM RETA, they were not reported by ICF.
10



4 New Mexico’s Renewable Energy Market and Future Scenarios

ICF 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 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 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.

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. The study 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.

4.1 Key Findings

Eight forward-looking market scenarios were analyzed by ICF. 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 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 ETA targets for utilities and co-ops. Most importantly, the BAU
scenario was adopted as a reasonable and realistic middle ground of the scenarios tested and is
based on projected capacity additions of 5,900 MW by 20302+,

The two alternative scenarios considered under BAU (Limited and Unlimited Transmission
capacity) clearly illustrate the need for access to transmission for new renewable facilities. To
meet ETA obligations through 2030, New Mexico has a sufficient 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?’.
Unlimited Transmission illustrates the economic potential to develop over 5,000 MW more than in
the Limited Capacity case for export.

Figure 1 summarizes the projected overall renewable capacity in New Mexico over time,
including existing, firm capacity additions and economic capacity additions.

23 A “status quo” scenario with no changes to current policy, transmission access or cost, and normal expected demand
growth.

24Page 62

ZPage 55
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Figure 1. New Mexico Renewable Capacity in a BAU Scenario —
Unlimited Transmission
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Wind additions are potentially more developable in the near-term with 2,700 MW of wind
installed by 2023. Solar energy becomes attractive in the longer term with 3,200 MW of solar
capacity potentially developable by 2030.

4.2 Regional Competition for Renewables

Ambitious RPS and clean energy standard targets already exist in many states adjacent to New
Mexico, particularly to the west. ICF concluded that development of wind and solar resources to
serve the SPP market to the east through 2030 was not found to be a significant driver of
renewable development. In part, this is due to the competition with a strong renewable supply
market located in Oklahoma, Texas, and other parts of SPP.

The competitiveness of New Mexico’s renewables will be based on the cost of development
(including land, labor, materials, and transmission fees), availability of transmission capacity, and
the potential performance advantages of resources. Some of the key factors affecting New
Mexico’s competitive position in the region include:

e Economic expansion is increasing demand for renewable energy across
neighboring markets with growing Renewable Portfolio Standards or Clean
Energy Standards, such as California.

e New Mexico’s wind resource has an advantage over many other areas in the

west due in part to higher capacity factors™®.

Capacity factor can be used as a key indicator of relative competitiveness among adjacent states,

26 Ref. US DOE Office of Energy Efficiency/Renewable Energy, 2018 Wind Technologies Report, 2019; Recent wind
additions in the state achieved capacity factors close to 50% and planned project capacity factors are upwards of 50%.
This compares to a US average of 35% across the wind fleet in the US.

12



as shown in Table 3%7.
Table 3. Wind Plant Performance by State (2018)

Capacity Gain in Energy PPA Prices

State Factor % Generated % $/MWh
Arizona 22.6 0 -
Nevada 235 4.0 -
Utah 24 .4 8.0 -
California 28.5 26.1 37.1-49.0
Wyoming 34.0 50.4 -
Colorado 36.0 59.3 -
Texas 38.0 68.1 13.0-14.4
New Mexico 40.9 81.0 -
Oklahoma 427 88.9 12.7-15.5

The column titled “Gain in Energy Generated” provides a measure of additional energy output per
year, assuming Arizona's reported 22.6% capacity factor represents the regional baseline level of
operation. New Mexico's wind resources yield 81% more energy generated per year than Arizona
and 21.7% more energy generated per year than Colorado on average®®. Regionally, New Mexico
offers wind energy generated at top-tier capacity factors, among the highest values reported in the
continental U.S. In contrast, New Mexico's solar capacity factors are consistent with much of the
southwest U.S. and California but exceeds that to the north and the easternmost areas of SPP?°.

Table 3 also lists average power purchase agreement (PPA) prices for a subset of wind generation
contracts in 2018-20193°. Although a partial list is shown, the comparison indicates higher prices
in California trending to lower capacity factor. Texas and Oklahoma offer similar wind regimes
to eastern New Mexico, suggesting PPA pricing, capacity factors and actual cost of operation are
likely to be similar. The value proposition offered by exporting New Mexico's wind-generated
energy to the west coast market is clearly supported by this data.

Other factors affecting New Mexico’s competitive position in the region, include:

e Near-term economics of wind are favored by the Production Tax Credit (PTC);
plants constructed by 2023 would have access to 40% of the initial PTC. Solar
timing is less dependent on tax credits, because a 10% investment tax credit is
available throughout the study timeline>!.

e Available transmission capacity for export from New Mexico is currently

27 This comparison was derived by NM RETA, the data was not reported by ICF.

28 Identical wind turbines, tower hub heights, turbine array spacing and maintenance schedules are assumed to be uti-
lized in all states as simplifying assumptions; the reported capacity factors are averaged across each state's entire fleet
of wind turbines, some sites will operate at higher capacity factors.

2 Page 45

30 Data available at https://leveltenenergy.com/blog/ppa-price-index/; Table 3 includes 10% percentile price ranges
from Q3/Q4 2018, Q1/Q2/2019.

31 Page 56
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constrained by gateway limits imposed on new development: 400 MW to SPP and
2,400 MW to WECC*.

e Large hurdle rates from “tariff pancaking” are applied in which consecutive tarifts
are applied to energy that is wheeled across multiple service territories. These
compounded charges make selling energy into California from New Mexico more
expensive?. ICF assumed path-specific hurdle rates based on WECC planning
cases>*.

Developers seeking to export power outside of New Mexico 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,
firm transmission services in New Mexico’s vicinity are highly subscribed, limiting the ability of
developers to acquire firm transmission, which is a requirement for several state RPS programs,
including California®. 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 ICF’s modeling, an alternate scenario was considered assuming
that no transmission limitations applied for either capacity or energy flow.

4.3 New Mexico Electricity Market Background

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 an 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 increased the goal for clean electricity supply to 100% by 2045.

Renewables in New Mexico have been growing as a share of the generation mix, with wind, solar,
geothermal, hydro, and biomass resources accounting for 23% of New Mexico's generation mix in
2018, compared with 7% in 2013%’. By 2023, New Mexico is positioned to potentially install over
5,600 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. It

32 Page 47; Ref. 2016 WECC Power Supply Assessment, December 2016- 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.

33 Page 55; however, removal of hurdle rates was found to directly affect renewables in other WECC markets to a
greater degree than benefitting New Mexico.

34 Hurdle Rates across WECC were modeled consistent with the WECC 2026 Planning Case from West
Connect; stated in 2016 dollars.

35 Operational capacity of pathways is not affected by contractual limitations, so they are often not over-utilized in
operation.

3%Page 40; derived from data reported by Energy Information Administration in form EIA-923.
3"Page 44

3The San Juan Generating Station is a coal-fired electric power plant located near Waterflow, New Mexico; Units 2,3
(369 and 555 MW) were retired in 2017. Units 1,4 (also 369 and 555 MW) may be retiring in 2022.
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is estimated that nearly 4,100 MW will be available to provide renewable energy credits to
support the New Mexico ETA3°. With an output of over 12,000,000 MWh, this capacity can
satisfy the ETA goals through 2030.

New Mexico offers several main utility transmission systems, including WECC and SPP*’, to
which a developer can interconnect. To access the broader WECC market, the key is access to
Four Corners Hub within PNM’s system. To access major load centers in SPP, a connection with
the Xcel/Southwestern Public Service (SPS) transmission system is required. If connecting within
the WECC system, access through the 200 MW gateway at Blackwater Substation near Clovis*!
or the 200 MW gateway at Eddy Substation near Carlsbad is required.

This study 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.

4.4 Firm Capacity Additions/Retirements

Historically, New Mexico’s 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*?. While utilities in New Mexico are planning for retirements of fossil capacity across
the state, both PNM and El Paso Electric Company (EPE) are planning to add fossil capacity to
the supply mix as part of near-term supply plans. 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 awards, PNM’s San Juan Replacement Plans, status of PPA
awards, and interconnection agreements.

Larger capacity additions 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 NM 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 wind capacity in the state. EPE in recent solicitations
awarded 200 MW of solar capacity in the state to meet expected capacity and energy needs in the
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.

4.5 Description of Scenario Analysis
The scenarios considered by ICF focused on key drivers for:

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

39 Those facilities which are contracted for RECs elsewhere may not be utilized to serve the ETA requirements.
40 PNM, TSGT, EPE and SPS operate service territories in New Mexico.

4'PNM has determined that the Total Transfer Capability (TTC) of the line is 640 MW; PNM has noted that the TTC
of the line downstream of Blackwater can be increased by roughly 400 MW by installing voltage control equipment.

“Page 49
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e Renewable energy generation outlook for New Mexico (high and low generation
outlooks).

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

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

Four scenarios were considered, each with two bounding conditions on transmission (Limited
Capacity, Unlimited Capacity), 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®.

Each scenario is summarized in Table 4. “Component” refers to specific assumptions which can
be varied to create features of the scenario.

Table 4. Summary of Scenario Analysis

High
Cleaner Renewable

BAU Economy RTO Proxy Deployment
Component Scenario Scenario Scenario Scenario
Regional Electrification of Electrification of

: Reference load Reference load

Electric Load other sectors other sectors
State Policy Exceed 2030
(ETA) Meet 2030 target target by 10%
Federal Tax . I PTC extended
Credits Project eligibility extends to the end of 2020 through 2030
Transmission . . . .
Costs Tariff pancaking No tariff pancaking
Transmission a. Limited Capacity or b. Unlimited Capacity

Constraints

The scenario descriptions are:
e 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.

e Cleaner Economy Scenario assumes higher loads from the electrification of non-
electric sectors would drive higher RPS requirements throughout the United
States.

e RTO* Proxy Scenario is identical to the BAU case except for transmission
hurdle rates across the WECC®. For this scenario, hurdle rates were removed

4Page 51-52; These scenarios are not intended to identify location-specific development opportunities.
4 A regional transmission organization designed to operate the grid and its wholesale power market over a broad re-
gion.
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starting in 2025 to approximate the potential benefits from the creation of a more
optimized regional energy system.

e 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 an extension of the federal PTC for wind facilities through
2030. This scenario reflects the most favorable case for renewable development.

These scenarios indicate the resulting capacities may range from under 1,000 MW in Limited
Transmission scenarios to over 11,000 MW in cases with higher load, expanded federal incentives
and Unlimited Transmission*. Renewable expansion was found to be economic in each scenario
tested. Access to transmission services was proven to be a limiting factor under all scenarios
tested.

“Hurdle rates reflect charges to transfer power between balancing authorities, increasing the cost of power supplied
by New Mexico to other regions in WECC. Significantly, 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).

46page 57
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5 Analysis of New Mexico’s Power 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
electric power transmission system primarily consists of 345 kilovolt (kV), 230 kV and 115 kV
transmission corridors, as shown in Figure 2.

Figure 2. New Mexico’s Power System
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The backbone power 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, plus out-of-state power exports to the rest of the WECC through
Arizona. New Mexico’s transmission system is maintained and owned by four major utilities,
including PNM, EPE, Tri-State Generation & Transmission (TSGT), and SPS, respectively. Based
on a combination of transmission, generation facilities, and load, four distinct areas were

47 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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identified for New Mexico:

1. Four Corners Hub serves primarily as an export area for generation in New
Mexico to Arizona and, more broadly, to WECC. New Mexico has been a
large exporter of electricity, with major volumes flowing out of Four Corners
to the west. It is connected to Arizona and the U.S. West by one 500 kV, six
345 kV, and two 230 kV circuits.

2. Eastern New Mexico represents the SPP area of New Mexico. This area is not
operated as synchronous to the rest of New Mexico and has DC
interconnections at Blackwater and Eddy, between WECC and SPP.

3. Central and Northern New Mexico, which serves the Albuquerque 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.

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.
There are four small hydroelectric facilities in the state, in the northern and Four Corners areas.
Solar plants are distributed throughout the state, with a concentration of facilities around the
Albuquerque area. Wind farms are mostly located in the northern and eastern zones. There is also
a small biomass facility in western New Mexico and a geothermal power plant in southwestern
New Mexico.

5.1 Key Findings

The collector plans presented in this report are intended to provide a reliable transmission network,
while simultaneously serving local demand and exporting energy to neighboring markets. Each
plan was designed to support the same level of renewable capacity. This includes 2,700 MW of
new wind capacity and 3,200 MW of new solar capacity, resulting in 11,500 MW of wind and
solar capacity in New Mexico by 2030 (including existing or nearly-commissioned capacity).
Transmission system reliability criteria*® from the North American Electric Reliability
Corporation (NERC) Reliability Standards were also factored in when assessing transmission
options. The development timeline implies early-phase collector design will be driven by adding

48 Criteria applied in this study: any monitored line loaded at 100% or higher will require a transmission upgrade, any
nodal voltage outside a +10% band of the nominal voltage signifies a voltage violation. If violations are observed
resulting from the addition of renewable generation, upgrades required to alleviate the constraints will be determined
and power flow analysis will be re-run until no reliability violation is observed.
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wind capacity for export out-of-state. However, later-phase, more aggressive development of solar
capacity could reverse this requirement*’.

Adding an extra transmission corridor to connect New Mexico to the neighboring markets has
been identified as the top priority for all collector plans, whereas connecting substations to
develop new lines connecting those corridors is timed for later construction®®. Collector Plans 1
and 3 propose to construct two 345 kV substations near the New Mexico-Arizona border that are
tied to adjacent 345 kV substations in Arizona>'.

ICF concluded the cost of storage as a reliability resource would be prohibitive due to the
duplication of resources versus a single-wired solution>2. Storage as a transmission solution was
not found applicable in this assessment. The analysis included currently available technology only
and did not consider that significant advancements in long-term storage would be made during the
study timeframe. Long-term storage could be more attractive for balancing needs on the system.

Detailed technical assessments of the existing transmission system that can be potentially utilized
for upgrades, cost, acquisition of lands, environmental impact, and the development plan of
renewables should be conducted to provide insights on potential development sequences. Those
assessments have not been considered in this study and are recommended as follow-up studies for
a thorough implementation design®3.

5.2 Analysis Process

ICF conducted transmission system analysis to create “collector” plans>* based on the BAU
scenario for New Mexico’s electricity grid described in Section 4. Voltages, current, real and
reactive power flows in New Mexico’s transmission and generation system were quantified under
various hypothetical scenarios. GE Energy Consulting’s Positive Sequence Load Flow (PSLF)>>
model was used for power flow assessment under normal and contingency conditions.

One collector plan was designed to accommodate a centralized renewable siting with builds
concentrated in certain areas, while an alternate collector plan was designed to accommodate a
decentralized renewable siting with builds spread throughout the state. These siting alternatives
reflect the uncertainty over the study timeframe for distribution of renewable development in New
Mexico.

The transmission analysis process was framed by three major steps: 1) Develop a power flow
model which reflects New Mexico's grid with existing capacity, transmission network and

YPage 74
S0page 82

S1Pages 90-91; 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 avoid underlying inter-
state regulation challenges.

S2Page 73
SPage 94

54A collector plan refers to a complete set of transmission system components which may include new transmission
lines, upgrades of existing lines, transformers, substations and reactive control devices (if any).

35 PSLF is a power flow tool licensed by GE Energy Consulting. “Energy Management System.” Information availa-
ble at https:www.geenergyconsulting.com/practice-area/software-products/pslf as of May 17, 2020.
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committed projects; 2) Assess changes based on expected economic renewable generation
additions and design collector plans to accommodate these additions; and 3) Stress-test the
collector plans to examine the performance and robustness of each plan under alternative grid
conditions.

Two power flow models representing an off-peak grid snapshot in 2025 and an on-peak grid
snapshot in 2030 were created>® during Step 1. Each model was then extended for future years in
Step 2, by first aggregating the 2018 Federal Energy Regulatory Commission (FERC) Form 715
filling for WECC and PNM planning cases for summer peak demand (peak load) and winter off-
peak (light load) demand conditions. These models reflect forward-looking conditions for 2025
and 2030, including demand growth, power plant additions and retirements, and in-development
transmission projects, such as Western Spirit>’ and BB2°%,

5.3 Siting of Renewable Generation

Two siting options were developed as input to ICF's power flow models to reflect the uncertainty
in how renewable generation could be developed going forward, as described below:

e Siting Option 1: The first siting reflects centralized development with resources
located in nearby clusters within key renewable zones.

e Siting Option 2: The second siting reflects decentralized development which
spans a much broader area but potentially more dispersed among specific high-
value sites.

As a further refinement, ICF excluded development areas below WPC 4 for wind projects, as the
economic analysis indicated higher WPC sites were preferred. Given the relatively short timeline
for development considered (within the next 5-10 years), development options were also limited
to state and private land to avoid permitting challenges.

Appendix B, Figures B-1 and B-2 display the locations of renewable generation assumed for both
siting options.

5.4 Collector Plan Designs

A single power flow solution, i.e., collector plan, was identified for the decentralized outlook,
while two solutions 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,

Page 67

57 Western Spirit Transmission Line is a 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 north western
New Mexico.” Information available at https:westernspirittransmission.com/project-overview/.

58 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.
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transformers, and reactive control equipment, were also considered. Existing transmission
corridors were preferred over new corridors; this approach minimizes the need for acquisition and
permitting of new right-of-way (ROW). Options for adding new transmission were therefore only
considered if upgrades and new lines on existing corridors were insufficient. 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 11,500 MW of
renewable capacity by 2030.

Figures 3, 4 and 5 depict added components for the three collector plans using a map format;
Tables 5, 6 and 7 identify proposed lines, function of each line (Collector or Hub), reliability
ranking®, type (New or Uprate), mileage, and in-service year.

5.5 Collector Plan 1- Centralized Renewable Generation

Collector Plan 1 has been designed to support centralized renewable capacity additions. 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 key features of Collector Plan 1 are:
e C(Create interconnection between existing 345 kV infrastructure in central New
Mexico to reinforce local delivery reliability.

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

e Add anew circuit adjacent to the existing transmission corridor from southern
New Mexico to the Greenlee substation in Arizona.

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

This transmission plan is characterized by two separate 345 kV single-circuit builds®'. A 345 kV
single-circuit build of 643 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 new line miles, with one new substation, is scheduled for construction
from 2028 through 2030.

Two substations near the state border were designed to be connected to the adjacent Springerville
and Greenlee substations in Arizona. A new line connecting Luna to Greenlee is aimed to
accommodate the incremental solar buildout in the 2026 to 2030 period and, hence, was expected
to come online in this timeframe. The map shown in Figure 3 identifies locations of major
transmission additions associated with Collector Plan 1. Reactive shunts (15 MVAr rating at 115
kV Phelps Dodge and 115 kV Apollo) are required additions not listed in Table 5.

SReliability rankings are based on ICF's phase-in implementation analysis as discussed in section 5.8.1.
0page 75
%Page 104
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Figure 3. Transmission Additions: Collector Plan 1
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Table 5. Proposed Collector Plan 1 Additions

Addition

(L1) 345 kV Rio
Puerco to
Springerville

Function

Hub

Rank

Type

New

Miles

172

By Year

2025

(L2) 345 kV Ojo
to San Juan

Collector

Uprate

157

2025

Y Guadalupe 1 =

j Siritl

Lincoin

Taiban

Debaca

(L3) 345 kV
Clines Corner to
Ojo

Collector

Uprate

79

2025

(L4) 345 kV
Guadalupe to
Clines Corner

Collector

Uprate

40

2025

(L5) 345 kV
Western Spirit to
Sandia

Collector

New

84

2025

(L6) 345 kV
Guadalupe to Rio
Puerco

Collector

Uprate

268

2025

(L7) 345 kV Luna
to Greenlee NM

Collector

Uprate

110

2030

Existing Line Upgrode (2025)

New Ti ission Line {2025)
* New Transmission Line (2030)
Existing Lines

(SS) 345 kV
Springerville
Substation;
(SS) 345 kV
Greenlee
Substation;

(T) 345-115 kV
Willard

Ancillary

New/
Uprate

2025-
2030

Notes:

TOTAL

911

1. “WS” 345 kV Western Spirit transmission line shown as (dashed) grey line now
under development
2. (L) Transmission Line; (SS) Substation; (T) Substation transformer
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5.6 Collector Plan 2- Centralized Renewable Generation (SunZia)

The centralized renewable siting scenario has been further modified by modelling SunZia to be in-
service in 2022. All identified upgrades except the new 345 kV Luna to SunZia South line were
designed to come in service in the 2025 timeframe. The proposal of a new line connecting Luna to
SunZia South will accommodate incremental solar buildout and, hence, was expected to come
online in the 2026-2030 timeframe.

The key features of Plan 2 are:
e Create interconnection between existing 345 kV infrastructure to reinforce the de-
livery reliability within New Mexico.

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

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

This transmission plan is characterized by varying voltage levels, constructed in different years.
Construction of 392 new line miles (345 kV single-circuit transmission lines) and the upgrade of
one existing 345 kV substation are scheduled for 2023 through 2025. Construction of 14 new line
miles (345 kV double-circuit transmission lines) are scheduled for construction in 2023 through
2025; 9 new line miles of additional double-circuit transmission are scheduled for construction in
2028 through 2030. Two new 500 kV substations are further scheduled for 2023 through 2025.

SunZia serves as an incremental interstate transmission path to the existing network in Collector
Plan 2. The transmission path consists of up to 314 line miles in New Mexico and 200 line miles
in Arizona. The project provides up to 4,500 MW ®? of transfer capacity via two 500 kV transmis-
sion lines and related facilities and will originate in the wind energy resource area near Corona,
NM at a new station SunZia East. Its western terminus will be located at the existing 500 kV sta-
tion Pinal Central near Coolidge, Arizona. Due to substantial capacity additions to New Mexico’s
system, the enhancement of local reliability reinforcement solely has been identified as needed in
Collector Plan 2.

The map shown in Figure 4 identifies locations of major transmission additions associated with
Collector Plan 2. Reactive shunts (15 MVAr rating at 115 kV Phelps Dodge and 115 kV Apollo)
are required additions not listed in Table 6.

62 Planned capacity reported by NM RETA, an update to 3,000 MW reported by ICF.
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Figure 4. Transmission Additions: CoIIector Plan 2
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Addition

(L1) 500 kV AC
SunZia

Function

Hub

Rank

1

Type

New

Table 6. Proposed Collector Plan 2 Additions

Miles

Upto
514

By Year

2025

(L2) 345 kV

SunZia East to
Western Spirit
(double circuit)

Collector

New

14

2025

(L3) 345 kV
Guadalupe to Rio
Puerco

Collector

Uprate

268

2025

(L4) 345 kV
Guadalupe to
Clines Corner

Collector

Uprate

40

2025

(L5) 345 kV
Western Spirit to
Sandia

Collector

New

84

2025

(L6) 345 kV Luna
to SunZia South
(double circuit)

Collector

New

2030

(SS) 500 kV
SunZia East
Substation;
(SS) 500 kV
SunZia South
Substation;

(T) 345-115 kV
Willard

(T) 500-345 kV
SunZia East
(T) 500-345 kV
SunZia South

Ancillary

New/
Uprate

2025-
2030

TOTAL

929




5.7 Collector Plan 3- Distributed Renewable Generation

Collector Plan 3 has been designed to support decentralized renewable capacity additions. All
identified upgrades, except the new 345 kV Luna to Greenlee and 230 kV PEGS®® to Ambrosia
lines, were designed to come in service in the 2020 to 2025 timeframe®*.

The key features of Plan 3 are:
e Create an incremental series of upgrades to 345-, 230- and 115-kV circuits within
New Mexico with low to moderate reserve-capacity levels for future renewable
development.

o Allow existing 345-kV radial transmission lines to remain radial, with minimal
impacts on in-state power delivery reliability.

e Distribute transmission capacity across all renewable development zones.

e Upgrade existing line capacity from Rio Puerco and Ojo substations to support
higher power inflow to Four Corners hub.

This transmission plan is characterized by two 345 kV single-circuit builds and a 230 kV single-
circuit build®. The development of 957 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 new line miles and one new substation of 345 kV single-circuit is scheduled for
construction in 2028 through 2030. The construction of 15 new line miles of 230 kV single-
circuit line was scheduled for 2028 through 2030.

The map in Figure 5 identifies locations of major transmission additions associated with Collector
Plan 3. Reactive shunts (15 MVAr rating at 115 kV Phelps Dodge and 115 kV Apollo; 35 MVAr
rating at 345 kV Gladstone) are required additions not listed in Table 7.

3prewitt Escalante Generating Station
%4Page 81

%Page 106
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Figure 5. Transmission Additions: Collector Plan 3

Table 7. Proposed Collector Plan 3 Additions

Notes:

1. “WS” 345 kV Western Spirit transmission line shown as (dashed) grey line now

under development
2. (L) Transmission Line; (SS) Substation; (T) Substation transformer

% { N By
=== W o |NavajaDam __ 3 Addition Function Rank Type Miles Year
san Jian 330 .r\—— —— Taos \,__\ Colfax Union (L1) 345 kV RIO
Pillarg™ Spanger Puerco to Hub 1 New 172 2025
/ Ia‘a-s't'on A =.Claphan Springerville
(L2) 345 kV Loop
Hgrding Ojo to Valencia to Collector 2 Uprate 341 2025
Mckinley - Clapham
Yah-Ta fle] ™~ (L3) 345 kV Ojo to
o San Miguel -6 San Juan Collector 3 Uprate 157 2025
— e - (L4) 345 KV Western
_— %~ Spirit to Sandia Collector 4 New 84 2025
\ = i (L5) 345 kV Taiban
.. Mesa to Rio Puerco Collector 5 New 267 2025
GGoseve (L6) 345 kV Taiban | o yoior | 6 New 130 | 2025
Mesa to Clapham
(L7) 345 kV Luna to
— ’ . Greenlee NM Collector 7 New 110 2030
ha) (L8) 230 kV PEGS 2025-
G Elopant B \ (| | toAmbrosia. Collector | 8 New 15 2030
iz (SS) 345 kV
| B Sel Springerville
" [ s Substation;
Hig r (S) 345 kV
A \- Greenlee Ancillary - UN?:;/e - 22%2350'
“Yeraparan substation P
— Existing Line Upgrade (2025) (T) 345-115 kV
New Tr Line (2025) Wl”ard
------ New Transmission Line (2030)
— Existing Lines
TOTAL 1,276 -




5.8 Collector Design Robustness

ICF conducted a series of analyses to ensure the proposed collector designs will operate within
normal range under a range of expected future conditions; this can be accomplished by
configuring robust power flow solutions. The analyzed features included 1) phased-in
implementation; 2) identifying common collector upgrades; and 3) stress-testing. Each analysis
is described separately below.

5.8.1 Phased-in implementation

Phasing of renewable development would ideally be gradual, consistent with growth of other
factors such as electric demand. This process would begin in the early- to mid-2020s and
continue over time. Each transmission collector plan was required to satisfy the condition of
supporting 11,500 MW of renewable capacity by 2030 and was designed with this system
capability in mind. In phasing analysis, the reliability impact of each transmission line in the
proposed collector plan was analyzed through power flow analysis and ranked in the order of
importance. Higher ranked lines were expected to produce more reliability benefits to the system
and hence should be considered as prime builds ahead of others®®. ICF estimated the total count
of thermal violations arising from the absence of each proposed line. The total count of
violations at 115 kV and above is used to rank lines in the order of reliability benefits.

5.8.2 Common collector upgrades

A set of common line upgrades can serve as the foundation framework of transmission expansion
in New Mexico. This set can be considered as “least-regrets” upgrades that ensure more system
robustness and enables a variety of hypothetical development futures. To be included the
upgrades must be identified in both the centralized and distributed siting cases. Lines that were
isolated from other lines or that were not directly connected to new renewable resources were
excluded®’.

Four transmission elements were selected as the set of common upgrades. Details of the common
collector upgrades are listed below.

e New Guadalupe - Western Spirit — Pajarito - Rio Puerco line (345 kV)

e New Western Spirit — Willard - Sandia line (345 kV)

e New Rio Puerco - Springerville NM - Springerville line (345 kV)

e New Luna - Greenlee NM - Greenlee line (345 kV).

Notably, the set of common collector elements do not form a complete power flow solution to
accommodate all renewable capacity additions, but they are considered as foundational elements
among all collector plans which improve robustness.

%Page 81
’Page 83
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5.8.3 Stress-testing

To further explore robustness, ICF stress-tested the proposed collector plans under two sets of
development assumptions®®. The goal of this analysis was to further examine the performance of
each plan under different conditions while keeping total renewable capacity the same as in the
BAU scenario. Specifically, the first set of assumptions identified the amount of renewable
capacity that could be accommodated by each collector plan with a different mix of wind/solar
capacity; the second set of assumptions modeled increased in-state consumption of renewable
energy and examined any reliability issues that could not be mitigated by each collector plan's
proposed design.

The first stress-test assumed that solar capacity was reduced by 1,000 MW while wind capacity
was increased to maintain 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®. Table 8 summarizes the
renewable capacity that can be accommodated by each collector plan; this analysis indicates a
reduction of total collector capability under the alternative capacity mix.

Table 8. Wind/Solar Mix Accommodated by Collector Plans 1, 2, and 3

BAU Scenario Alternative Capacity Mix Scenario

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

The second stress-test assumed out-of-state exports would lead to pressures on the major high-
voltage transmission corridors that are used to transfer power out of New Mexico’’. This analysis
was used to test each collector plan, assuming 5,900 MW of renewable capacity would be
partially absorbed in-state. System reliability issues caused by the local consumption of
renewable energy were identified. Power totaling up to 31% of the 5,900 MW renewable
capacity newly-constructed was “forced” to be delivered within New Mexico’'. Table 9 shows
the share of energy targeted for out-of-state versus the share delivered for in-state consumption.

Table 9. Renewable Capacity Targeted by Share

Total Capacity MW Committed to Export %

Stress-test 2025 2030 2025 Off-Peak 2030 On-Peak
All export share 2,700 5,900 100 100
Share for in-state 2,700 5,900 85 69

%page 85
“Page 86
""Various export scenarios may drive different needs of transmission upgrade.

"IThis was accomplished by reducing the dispatch level of in-state conventional generation resources, specifically
minimum dispatch of peaking resources and 50% capacity factor of combined cycle units on average.
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Power flow analyses were performed to identify any reliability issues arising from the shift in
renewable energy consumption. All collector plans exhibited overloading issues in the 115-kV
system under an N-1 contingency condition’?. These lines are generally concentrated in central
and southern New Mexico close to load centers. Maximum overloading ratios of less than 120%
rated capacity’® were observed. ICF concluded these conditions can be mitigated by local
thermal re-dispatch and generation curtailment. No new transmission upgrades are required to
address these reliability issues.

5.9 Other Collector Design Issues

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.

Table 10 identifies existing ROWs that could potentially be used for some of the new lines in
each collector plan.

Table 10. Use of Existing Transmission Right-of-Ways
Collector Existing

Transmission Line Plan Miles ROW used? Candidate ROW

345 kV Rio Puerco to
Springerville 1.3 172 No ]
345 kV Clines Corner to 1 78 Yes Clines Corner —
Ojo Norton — Ojo
34_5 kV Guadalupe to 1.2 40 Yes Guadalupe — Clines
Clines Corner Corner
345 k_V Western Spirt to 12,3 84 No )
Sandia

Guadalupe — Western
245 KV Guadalupe to 12 268 Yes Spirit — Pajarito — Rio

io Puerco

Puerco
345 kV Luna to Luna — Hidalgo —
Greenlee 13 110 Yes Greenlee NM
345 kV SunZia East to
Western Spirit 2 14 No )
345 kV SunZia South to 2 9 No )
Luna
345 kV AC Loop from 115 kV AC Loop from
Ojo to Clapham to 3 303 Yes Ojo to Valencia to
Valencia Clapham
345 kV Taiban Mesa to : Western Spirit —
Rio Puerco 3 267 Yes (in part) Pajarito — Rio Puerco
345 kV Taiban Mesa to 3 130 No )
Clapham
230 kV PEGS to 3 14 Yes PEGS - Ambrosia
Ambrosia

A sequence of events consisting of the initial loss of a single generator or transmission component followed by
system adjustments.

"3Page 88.
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ICF recommended further examination of potential scheduling conflicts, especially for those
joint-owned infrastructures. Coordination with transmission operators in New Mexico is
recommended to further understand the feasibility and implementation challenges. Additionally,
demand-side resources, microgrids’*, and storage to support the transmission system needs were
considered. All these technologies should be considered for future studies in 3—5 years when the
decision on the federal PTC extension gets settled and, consequently, the grid outlook becomes
clearer.

As all new lines identified in the collector plans are less than 200 miles in length, the assessment
did not find the HVDC solutions cost-competitive in this analysis. However, 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.

"Microgrids are small-scale 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.
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6 Economic Benefits from New Mexico’s Renewable Development

ICF estimated 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. An analysis of these economic benefits is based on detailed estimates of
employment, economic output (measured as Gross State Product [GSP]), and labor income.
Benefits are derived from the investments needed for new transmission capacity to support
renewable development and the renewable development itself. Outputs from IPM and PSLF,
NREL's Jobs and Economic Development Impact (JEDI) models, and the Impact Analysis for
Planning (IMPLAN) economic input-output model were used.

In order to estimate state-level economic impacts of investments, the potential for “leakage” 7> of
the investment dollars to firms and businesses outside New Mexico was analyzed. For example,
construction of a new transmission line may be accomplished 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.

6.1 Key Findings

Transmission network investments could significantly benefit New Mexico’s economy by
potentially supporting 5,000 to 9,000 short-term construction job-years and an additional 45-65
permanent jobs in the state’®. Additional economic benefits will accrue from wind and solar
generation investments which could support roughly 20,000 short-term construction job-years
and an additional 600 to 700 additional permanent maintenance jobs in the state. Table 11
summarizes each collector plan with estimated costs, jobs, and GSP impacts listed for the
Construction and O&M project phases’’.

Table 11. Collector Plan Economic Impacts
($Millions, 2018 Dollars)

Item Collector Plan 1 Collector Plan 2 Collector Plan 3
Construction Phase- 2021 to 2030
Construction cost $1,127.2 $1,802.1 $1,577.0
Onetime private ROW cost $19.2 $30.7 $29.2
Annual public ROW cost $0.5 $0.7 $0.6
Construction & ROW job-years 5,899 9,257 7,248
Construction & ROW GSP $503.8 $797.8 $627.2
O&M Phase- 2024 to 2050
Annual O&M cost $8.4 $11.7 $12.0
Annual O&M jobs 41 59 60
Annual O&M GSP $3.1 $4.4 $4.5

5 Leakage 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.

"*Page 116; Job-year estimates can be equated to Full Time Equivalents (FTEs).

"Page 141-142
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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.

During the O&M phase, wheeling revenues are collected from 2023 to 2050. This could
additionally contribute up to $405.2 million in total GSP impacts and a potential for up to $154.6
million in total labor income’®,.

In-state economic impacts of new wind and solar generating capacity estimated by ICF are
summarized in Table 127°.

Table 12. Wind/Solar Generating Plant Economic Impacts
($Millions, 2018 Dollars)

Item Wind Solar
Construction Phase- 2021 to 2030
Construction cost $4,015.1 $3,522.6
Construction job-years 9,502 10,784
Construction GSP $877.0 $990.4
O&M Phase- 2024 to 2050
Annual O&M cost $115.6 $43.1
Annual O&M jobs 435 221
Annual O&M GSP $37.7 $14.6

6.2 IMPLAN Reportable Impacts

For this analysis, a New Mexico-specific model was used. IMPLAN uses 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. There are three
primary types of economic impact reported by IMPLAN:

e Direct — The impact on onsite construction and transmission and renewable
generation development-related industries.

¢ 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.

8Page 128
Page 142
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¢ 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.g., electrical equipment and wind turbines that may not be produced within New
Mexico. Therefore, the potential for “leakage” of the investment dollars to firms and businesses
outside New Mexico was analyzed®. Results discussed here focus only on the economic impacts
to New Mexico businesses and households after accounting for these leakages. It is important to
note that there are significant economic benefits also occurring outside New Mexico not
reflected in this analysis. The in-state impacts evaluated were:

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.

6.3 Analysis of Collector Plans

Inputs for Collector Plan 1, 2, and 3 were developed using JEDI’s transmission line model. The
model requires data on transmission line characteristics, existing substations, new substations
and new line miles to calculate IMPLAN inputs. Each collector plan has unique characteristics,
such as new or uprated line miles, number of circuits, number of new and existing substations,
and years of construction. Based on the overall features of each collector plan, inputs were
created for wind and solar generation, various construction and operating costs related to
transmission investments, the associated ROW payments, and wheeling revenues. Each
construction plan was assumed to attract a growing number of manufacturing firms involved in
the transmission and renewable energy development supply chain to the New Mexico region.
Dollar values are in 2018 dollars, unless otherwise noted.

ROW payments represent an annual or one-time payment to a private or public landowner, in
exchange for development of a transmission line through the property. Based on varying levels
of tribal, federal, private, and state ownership of land, each collector plan has unique values for
ROW payments. ICF assumed $100 per acre annual payment for public land and $2,000 per acre
one-time payment for private land®'. Wheeling revenues were estimated by using the amount of
exported electricity under each scenario, costed at a tariff rate of $5.79/MWh32. These revenues

80page 100
81page 113
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will most likely not lead to additional hiring at the transmission companies but may lead to
indirect and induced impacts from the increased revenue.

For the development of new wind generation in New Mexico, two phases of the project were
analyzed: the Construction phase (2021-2023) and the O&M phase (2024-2050). The BAU
development scenario is characterized by a buildout capacity of 2,733 MW, capital costs of
$1,469 per kW for the Construction phase and $41.86 per kW per year for the O&M phase. Total
in-state spending during the Construction phase of wind generation builds is approximately
$1.17 billion and total in-state spending during the O&M phase is approximately $1.71 billion®.

For the development of new solar generation, two phases of the project were analyzed: the
Construction phase (2029 to 2030) and the O&M phase (2031 to 2050). The BAU development
scenario is characterized by a buildout capacity of 3,186 MW, capital costs of $1,106 per kW for
the Construction phase, and $13.54 per kW per year for the O&M phase.

6.3.1 Collector Plan Impacts
Construction and operation of new transmission under Collector Plan 1 is expected to generate:

e Over 3,400 direct job-years through 2030. Including indirect and induced impacts,
Collector Plan 1 could result in the creation of over 5,700 job-years in New
Mexico.

e $197.3 million in direct labor income and $307.6 million in direct GSP3*.

e Over 600 cumulative job-years attributable to O&M during 2026 to 2050, an
average of roughly 24 permanent jobs annually. Including indirect and induced
impacts, over 1,000 new job-years®’.

e ROW payments could result in up to 129 induced job-years, $5.3 million in
induced labor income, and $10.2 million in induced GSP*.

Construction and operation of new transmission under Collector Plan 2 is expected to generate:

e Over 5,000 direct job-years through 2030. Including indirect and induced
impacts, Collector Plan 2 could result in over 9,000 new job-years in New
Mexico.

e $310.9 million in direct labor income and $487.1 million in direct GSP¥’.

e Over 800 cumulative job-years attributable to O&M during 2026 to 2050,
an average of roughly 35 permanent jobs annually. Including indirect and
induced impacts, over 1,060 new job-years®®.

$Page 114
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e ROW payments could result in up to 207 induced job-years, $8.5 million in
induced labor income, and $16.4 million in induced GSP¥.

Construction and operation of new transmission under Collector Plan 3 is expected to generate:

e Over 4,000 direct job-years through 2030.Including indirect and induced impacts,
Collector Plan 3 could result in over 7,000 job-years in New Mexico.

e The construction industry adds the most job-years under Collector Plan 3, with
more than 2,700 job-years created during the construction period.

e $244.6 million in direct labor income and $380.4 million in direct GSP®°.

e Nearly 900 direct job-years attributable to O&M between 2026 and 2050, or
approximately 35 permanent jobs annually®’.

e ROW payments could result in up to 196 induced job-years, $8.1 million in
induced labor income, and $15.5 million in induced GSP.

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®2.

During the construction of solar generation, 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®>.

6.3.2 In-State Tax Revenue

ICF applied JEDI models 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, installation labor, and insurance; operational costs, such as labor, materials,
and services; and taxes and payroll. Tax revenues from businesses and sales, excise, and property
taxes from all project-related activity were estimated. Tax revenues were assessed at the federal,
state, and local levels.

Tables 13 and 14 summarize in-state tax revenue attributed to both project phases, Construction
and O&M**,

$Page 125
YPage 119
91Page 123
92Page 131
PPage 137

% Impacts include state and local taxes but excludes Federal taxes; this table does not appear in ICF’s report, it is
derived from supplemental IMPLAN reports.
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Table 13. Sources of Tax Revenue- Construction Phase
(2021 to 2030, 2018 Dollars)

Item Collector Plan 1 Collector Plan 2 Collector Plan 3
Employee Compensation $160,600 $287,500 $225,300
Proprietor Income - - -
Production and Imports $28,600,100 $51,597,200 $40,122,400
Households $4,339,900 $7,763,800 $6,086,800
Corporations $669,600 $1,209,500 $934,600
Right-of-way $1,022,100 $1,649,300 $1,559,700
Wind/Solar Plant $172,289,500 $172,289,500 $172,289,500
Total $207,081,700 $234,796,800 $221,218,200
Table 14. Sources of Tax Revenue- O&M Phase
(2024 to 2050, 2018 Dollars)
Item Collector Plan 1 Collector Plan 2 Collector Plan 3
Employee Compensation $23,900 $33,400 $34,500
Proprietor Income - - -
Production and Imports $4,747,600 $6,617,800 $6,838,000
Households $674,900 $941,900 $971,600
Corporations $89,900 $125,400 $129,400
Right-of-way - - -
Wind/Solar Plant $82,575,700 $82,575,700 $82,575,700
Total $88,112,100 $90,294,200 $90,549,200

ICF estimates tax revenue during the Construction phase will accrue up to an average of $27
million annually; during the O&M phase taxes will additionally accrue up to an average of $5
million annually through 2050%.

6.3.3 Collector Cost Recovery

For the cost recovery phase of each collector plan, it is assumed that the cost of developing new
transmission and renewable generation would be borne largely by those who use the electricity.
This is a hypothetical situation offered by ICF where New Mexican electricity customers bear
the cost of development. 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 discussed
for each collector plan: the 50% cost recovery option and the 100% cost recovery option. Under
the 100% option, 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 Collector Plan 1, the estimated bill increases are’®:

% Page 9

%Page 127; For reference, the average bill for a residential customer in New Mexico was $81.08 in 2018; the
average bill for a commercial customer was $524.46; the average bill for an industrial customer was $4,259.23.
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Residential customers would pay a monthly electric bill increase of $2.01
or 2.5%.

Commercial customers would pay an increase of $16.49 or 3.1%.
Industrial customers would pay an increase of $229.63 or 5.4%.

For Collector Plan 2, the estimated bill increases are:

Residential customers would pay a monthly electric bill increase of $3.22
or 4.0%.

Commercial customers would pay an increase of $26.36 or 5.0%.
Industrial customers would pay an increase of $367.14 or 8.6%.

For Collector Plan 3, the estimated bill increases are:

Residential customers would pay a monthly electric bill increase of $2.82
or 3.5%.

Commercial customers would pay an increase of $23.07 or 3.1%.
Industrial customers would pay an increase of $321.28 or 7.5%.

Under the 50% option, half of each annual loan payment is financed by New Mexico customers
which reduces all bill increases shown above by 50%. If recovery is less than 100%, costs would
be shared in some proportion between customers, renewable developers, and other collector
system beneficiaries.
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7 Glossary
Access

AC Alternating
Current

BLM
BAU
Biomass

Capacity

Capacity factor

Contingency

Cooperative (utility)

Demand

Dispatching
(generation)

DOE
DoD
EIA

ESA Endangered
Species Act

ETA Energy
Transition Act

EPE
EIM Energy Imbal-
ance Market

FERC

FTE
FWS

The contracted right to use an electrical system to transfer electrical energy.

Electrical current in which the direction of the flow switches back and forth
at regular intervals or cycles; flow in power lines is AC.

Bureau of Land Management, US Department of the Interior.
Business-as-Usual (scenario), the basis for ICF's analysis in this report.

Organic waste from agricultural livestock and lumber industry products,
dead trees, foliage, etc.; considered a renewable energy source.

Load carrying ability expressed in megawatts (MW) of generation trans-
mission or other electrical equipment.

Ratio of the electrical energy produced by a generating unit divided by the
electrical energy that could have been produced at continuous full power
during the same period.

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

Utility-owned entity operated by its members.

Rate at which electric energy is delivered 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.

Refers to operation of generating plants that can be used on demand and
adjusted at the request of power grid operators, according to market needs.

US Department of Energy.
US Department of Defense.

DOE's Energy Information Administration.

A key federal law for both domestic and international conservation. The
Act aims to provide a framework to conserve and protect endangered and
threatened species and their habitats.

Senate Bill 489 (2019), legislation that expanded statewide RPS require-
ments and establishes a pathway for a low-carbon energy transition in New
Mexico.

El Paso Electric Company, an IOU serving New Mexico and Texas.

Using an EIM, utilities pool their variable and conventional generation re-
sources to improve operational efficiency over a wider area.

Federal Energy Regulatory Commission, regulator of interstate transmis-
sion service.
Full-time Equivalent employee; also referred to as Job-Years.

Critical Habitat for Threatened and Endangered Species Dataset.
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Firming

GHI

GSP Gross State
Product

HVDC
JEDI
IMPLAN

ISO Independent
System Operator

ITC Investment Tax
Credit

IOU Investor owned
utility
IPM

Irradiance
kV Kilovolt

kW Kilowatt
kWh Kilowatt-hour

Load

MW Megawatt

MWh Megawatt-
hour

NERC

NM RETA

NREL
Oo&M

Operating strategy to allow power output from a renewable power genera-
tion plant, such as wind or solar, to be maintained at a committed level for a
period of time.

Total solar radiation incident on a horizontal surface.

Gross State Product, a measure of the economic output of a state; it is the
sum of all value added by the combined industries within the state.

High Voltage Direct Current (transmission).
NREL’s Jobs and Economic Development Impact model used in this study.

Impact Analysis for Planning (IMPLAN) economic input-output model
used in this study.

An independent organization with no financial interest in generating facili-
ties that administers the operation and use of transmission systems; [SOs
exercise final authority over the dispatch of electricity from generators to
customers.

Federal ITC is a 30% tax credit for installing a solar system.

Common term for a privately owned (shareholder owned) gas or electric
utility.

ICF’s Integrated Planning Model (IPM®) simulates electricity market oper-
ation on a forward basis solving for capacity entry and exit over time.
The radiant flux (power) received by a surface per unit area.

A kilovolt equals 1000 volts.

A measure of demand for power; the rate at which electricity is used during
a defined period (usually metered over 15 minutes).

A measure of consumption; the amount of electricity that is used over some
period of time, typically one hour.

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.

A megawatt equals 1000 kilowatts or 1 million watts.

The unit of energy equal to that expended in one hour at a rate of one mil-
lion watts; one MWh equals 3,412,000 BTUs.

The North American Electric Reliability Corporation is certified by FERC
as the electric reliability organization for the United States and oversees six
regional reliability councils, including the WECC to ensure compliance
with reliability standards.

New Mexico Renewable Energy Transmission Authority, sponsor of this
study.

National Renewable Energy Laboratory, a DOE research facility.

Operations and Maintenance.
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Overloads

Peak Load, Peak
Demand

PPA Power Pur-
chase Agreement

PTC Production
Tax Credit

PNM
PSLF
PV
REC

ROW
RPS Renewable

Portfolio Standard

RTO

SPP

SPS

Tariff

Thermal Rating

Transformer

TSGT

USDA
Voltage

WECC

Wheeling

Occur when power flowing through wires or equipment is more than they
can carry without incurring damage.

Electric load that corresponds to a maximum level of electric demand with-
in a specified time period usually a year.

A contract between a seller generating electricity and a purchaser or buyer.
The PPA defines all of the commercial terms for the sale of electricity be-
tween the two parties.

Federal PTC is a per-kilowatt-hour tax credit for generating electricity, for a
certain period of the solar system’s operation.

Public Service Company of New Mexico, an IOU serving New Mexico
GE Consulting’s Positive Sequence Load Flow model used in this study.
Photovoltaic solar.

Renewable energy certificate; issued when one MWh of electricity is gen-
erated and delivered to the electricity grid from a renewable energy re-
source.

Right-of-Way for transmission corridors.

A regulation requiring increased production of energy from renewable
sources, such as wind, solar, biomass, and geothermal; Chapter 62, Article
16 NMSA 1978 established New Mexico's RPS.

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 coordinate with other RTOs.

Southwest Power Pool; oversees the bulk electric grid and wholesale power
market on behalf of utilities and transmission companies in 14 states.

Southwestern Public Service Company, a subsidiary of Xcel Energy, a utili-
ty holding company based in Minneapolis, Minnesota.

A document listing the terms and conditions including a schedule of prices
under which utility services will be provided.

Maximum amount of electrical current that a transmission line or electrical
facility can conduct over a specified time period.

An electrical device for changing the voltage of alternating current.

Tri-State Generation & Transmission Association, Inc., a cooperative utility
serving New Mexico and Colorado.

US Department of Agriculture.

A type of "pressure" that drives electrical charges through a circuit; higher
voltage lines generally carry power over longer distances.

Western Electricity Coordinating Council, primary planning organization
for the 14-state western US.

The transportation of electric energy from within an electrical grid to an
electrical load outside the grid boundaries.
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WPC Wind Power A site’s wind power class is related to its typical wind speed; ranges from 1
Class to 7, with WPC 1 offering the least wind power and WPC 7 the most.
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APPENDIX A: New Mexico’s Renewable Development Potential

All renewable constraints data were combined by ICF using GIS. National Renewable Energy
Laboratory (NREL) data depicting wind and solar potential over the state was used to determine
total potential developable energy. For solar potential, NREL Global Horizontal Irradiance (GHI)
data were used, and for wind potential, NREL 50-meter Wind Power Class (WPC) designations

were used. Figures A-1, A-2 show ICF’s estimated renewable potential for solar and wind minus

constrained areas”’.

Figure A-1. Potential Solar Development in New Mexico

Cihola

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

B 47-50 52-55 0 57-59
Bls0-5255-5.7

7 Areas with no potential solar development are shown on Figure A-1 as white spaces.
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Figure A-2. Potential Wind Development in New Mexico®

108*

Q Existing wind farms

Under construction
wind farms

Plant locations and SPP f WECC territories

approximate only.

Derived from MREL Wind Resource 50-meter

hub height.

104"

Transmission Line*
Vollage (k)
— 115138

Wind Wind Fower  Wine Spoed® Wind Spoed”
Piraal  Paledlia Drensity &l 50m &l S0 m 1 50w
Ciaes Wim# s
I Poor a- X0 oo- 58 0.0 132
2 Margmal 200 - 300 B - &7 1AL - I8
3 Fair 300 - 200 774 15,0 Mk
4 Good 400 - 500 T4-78 B6- 17T
5 Excelfpm 500 - 500 78- 84 TrT- 188
B Culstanding 600 - 500 B4 - 8.3 18.8 - 208
T Gupsit = B0 *»83 =208
| Wind spedts am Daed o0 & Weibull k of 20 BTS00 mesvation, |

44

Table A-1 lists solar and wind developable capacity apportioned to each New Mexico county.
Development categories include: Federal/Tribal land and Private/State land. Wind Power classes
1,2 have been excluded from these totals. In addition, ICF’s values for solar and wind capacity
shown in Exhibits 18 and 26°° have been reduced to “developable” values by the stated upper
limit of 48,000 MW by 2032.

%8 Wind Power Classes shown on Figure A-2 are groupings of wind resources based on the wind power
density at a given hub height.

% Page 27, 35; These values were derived by NM RETA, they were not reported by ICF.



Table A-1. Potential Wind/Solar Additions, 2020 to 2032 (MW

Wind- Wind- Solar- Solar- Subtotal by

Federal/Tribal Private/State Federal/Tribal Private/State County
Bernalillo 0 7 101 146 254
Catron 3 0 524 729 1,256
Chaves 245 747 272 1,080 2,344
Cibola 134 56 431 473 1,094
Colfax 3 248 9 658 918
Curry 0 603 0 265 868
De Baca 36 1,026 19 746 1,827
Eddy 476 286 235 217 1,214
Grant 7 39 316 484 846
Guadalupe 80 3,015 133 542 3,770
Harding 44 803 23 927 1,797
Hidalgo 16 24 33 602 675
Lea 2 2,056 211 486 2,755
Lincoln 698 2,315 50 1,040 4,103
Los Alamos 0 0 197 705 902
Luna 21 20 4 1 46
McKinley 19 66 228 599 912
Mora 2 48 896 361 1,307
Otero 179 39 1 400 619
Quay 0 2,616 9 250 2,957
Rio Arriba 34 7 0 904 945
Roosevelt 0 904 330 232 1,466
San Juan 19 0 0 360 379
San Miguel 85 1,271 1,097 128 2,581
Sandoval 18 18 42 985 1,063
Santa Fe 1 321 430 183 935
Sierra 7 49 44 307 407
Socorro 60 46 213 362 681
Taos 6 1 401 786 1,194
Torrance 63 1,819 69 171 2,122
Union 97 3,165 44 980 4,286
Valencia 8 8 30 1,085 1,131
Dona Ana 1" 3 76 256 346
TOTAL 2,374 21,626 6,550 17,450 48,000
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APPENDIX B: Renewable Siting Options

Figure B-1. Centralized Renewable Generation (Option 1) Figure B-2. Decentralized Renewable Generation (Option 2)
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