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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 energy storage in New Mexico. The 2020 New
Mexico Renewable Energy Transmission and Storage Study (Study) 1, which used a multi-step approach and
relied on industry standard modeling tools and expert knowledge, had four goals:

•

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

•

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

•

Assess transmission (Collector Plan) development needs to support integration
of expanded renewables on New Mexico’s electric network.

•

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

ICF evaluated the development potential for renewables to serve in-state and out-of-state demand over the
next 10 years. Transmission system alternatives were identified that could support the interconnection of
those renewables, for New Mexico customers as well as export to areas of demand in other states, while
maintaining system reliability requirements. ICF's analysis described the expected economic impact to
New Mexico from developing renewable resources and the supporting transmission capacity.

Purpose of this report

This report details updates to ICF’s key assumptions; it describes a re-evaluation of the Collector Plan
designs and incorporates new study topics. Additionally, it begins the process of providing regularly-issued
updates which build on ICF’s baseline analysis. ICF’s original Study with baseline analysis, issued in June
2020, serves as a source document containing detailed findings related to Collector features and
development. A second report titled “Summary of Key Findings” was compiled by NM RETA to highlight
topics of general interest to all readers.

1.1

NM RETA’s Role in Project Development

NM RETA is chartered to facilitate the development of electric transmission projects that can unlock and harvest
New Mexico’s renewable energy resources in the state. Key roles are to provide strategic focus and partnership
opportunities specifically targeted to transmission projects that carry a minimum 30% of project capacity from
renewable energy generating facilities.
The Western Spirit transmission project is a recent example of NM RETA’s effort to identify development partners
and bring project concepts to completion. This project required extensive analysis, permitting and construction of
345-kV line corridors (155 miles), to provide a rated capacity of 800 Megawatts (MW). NM RETA and Pattern
Energy are co-developers of the $285 million project which yields $28 million in property taxes to NM counties
over its first 40 years. The line was sold to Public Service Company of New Mexico and began operation in
December, 2021 2.
1

2

See Ref. 1 (references listed in Section 9).
Initial line energization occurred on Oct 26, 2021; see Ref. 2.
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1.2

Introduction and Background

New Mexico has historically been an exporter of thermal-sourced power supply
using coal, oil and natural gas fuels 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. Wind, solar, geothermal, hydro, and
biomass resources account for 25% of New Mexico's generation mix in 2020,
compared with 7% in 20133.
The renewable resource potential in New Mexico includes a prevalence of highquality 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 western
coastal regions where demand growth for renewables is high. Over the next
decade, by adding transmission infrastructure to support exports, New Mexico
could expand from 2,500 -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 other states’ goals by exporting renewable energy.
ICF analyzed three transmission plans based on differing assumptions (Collector
Plans 1,2,3) 4. Each plan proposes transmission line projects in various stages of
development, from early-stage feasibility to constructed and fully operational.
Development of new projects, particularly for the first construction phase
through 2026, will not be without challenges.

Collector Plan
A Collector Plan is defined
by a renewable siting
scenario and associated
high-voltage grid additions
which consist of new
transmission lines, upgrades
of existing lines, new
substations, control devices
and transformers.
These additions require
multiple development stages
extending over a series of
years. The system map
shown below depicts a set of
line additions proposed by
ICF; Red indicates upgrades
of existing lines, Green
indicates new construction.

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 four steps: Scoping includes
planning and analysis performed by utilities; followed by Permitting and
Design, Development and finally, Construction and Operation. The first and
second steps are 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 approvals for new right-of-way can be complex and time
consuming.

1.3

Key Technical Findings

Four new study topics were added in this 2021 update; Table 1 summarizes a variety of key findings that were
reported by ICF. See page references for more detail relating to specific topics.

3
4

ICF Page 44.
The key features of each Collector Plan are described in more detail in Section 4; see Figures 3,4,5.
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Table 1. Key Technical Findings - New Topics, 2021 Update

Item;
Page Reference
New Mexico’s Power System
(RTO or RTO-like structure);
Pages 17-18
ETA, Renewables and
Storage
(Utility-scale energy storage
technologies);
Pages 23-29
Transmission Collector Plan
Designs
(Two Case studies);
Pages 36-39

Technical Findings
ICF recommends New Mexico utilities should evaluate
the costs and benefits of RTO membership.
The energy storage market in New Mexico could
increase to over 525 MW by 2030. Each storage
technology is positioned in different development phases,
with batteries probably offering the most economic nearterm option for deployment.
Case 1 (New Export Hub): Adding an extra transmission
corridor to connect New Mexico to the neighboring markets
has been identified as the top priority for Collector
Plans5. This requires construction of a new 345-kV
substation with a phase angle regulating transformer
(PAR) 6 near the Arizona border, in southwest New Mexico;
Four Corners Hub will still serve as the highest-utilized
hub to deliver New Mexico renewable energy to
neighboring markets.
Case 2 (ETA In-state renewables): The legacy grid
exhibits design features which limit the ability of renewable
plants to efficiently deliver power to in-state customers. In
some locations, only a small fraction of renewable
power can actually be delivered in-state.

Expediting Transmission
Development
(Construction Impediments
and Case Studies);
Pages 40-46

New Mexico should consider enacting up to ten
actions at the Legislative and Agency-specific levels to
expedite transmission development, as discussed in this
section. Three actions may be the most effective to
implement early.

Additional technical findings and observations presented in Sections 2 through 5 were derived from ICF’s 2020
Study, which serve as the basis for Table 1’s key technical findings. They include the following items:
Section 2: New Mexico’s Power System
• The 2020 Study reported 2,400 MW as the available total energy flow into WECC,
but decreased modeled capacity to 900 MW to reflect the limited availability of
firm transmission 7. Available firm transmission in 2030 will depend on
transmission upgrades and additions.
Section 3: Study Scenarios for the ETA, Renewables, and Energy Storage
• Given the mid-term focus only, the Study is not intended to serve as a roadmap to
achieve full compliance with the ETA targets through 2045.
The extra transmission corridor could be modified to replace the proposed Rio Puerco – Springerville 345-kV circuit with an
upgrade of the existing 230-kV Rio Puerco – Ambrosia – Pillar – Four Corners corridor.
6
PARs reduce power losses and control voltage delivered on the transmission system, making New Mexico’s renewables more
attractive for the export market.
7
Firm transmission service is the contractual right to utilize capacity consistent with the transmission path’s rated
5

ability to transfer power; it is acquired on a first-come, first-served basis.
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•

New Mexico’s incremental exports to other markets are constrained 8; 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 Transmission9. Renewable expansion was found to be economic in
each scenario tested.

•

Two ICF scenarios are applicable to the ETA: Business-as-Usual (BAU) and
High Renewable Deployment. 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 203010.

•

Limitations to Firm transmission service were identified as a critical factor for
renewable development to serve markets outside New Mexico.

•

In the early phase of planning for ETA renewable energy targets in 2030, electric
utilities will be faced with the reality that upgrading flexibility of transmission
networks is cost-effectively achieved by adding more transmission lines, not
adding dedicated storage.

Section 4: Transmission Collector Plan Designs
• ICF’s Update analysis indicated no incremental overloading issues in the 230and 345-kV system in New Mexico for any Collector Plan.
•

Retirement of the Four Corners coal plant releases transmission capacity
through Four Corners Hub and allows more power to flow from New Mexico
towards the 500-kV Moenkopi substation in northern Arizona.

•

Connecting non-exporting substations via new lines within new or upgraded
corridors is timed for later construction.

•

Further 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.

Section 5: Expediting Transmission Development
• Proposed line construction projects are comprised of more than 65% of mileage
located in existing rights-of-way. Four transmission lines are also labeled as
“Common,” which indicates that these projects have been identified as highestpriority builds.
•

In general, more planning activity is likely to be focused on east-west routes since
these lines are needed to move power towards export markets.

8

ICF Page 55.
ICF Page 57.
10
ICF Page 62.
9
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1.4

Key Economic Findings

As discussed in Section 6, 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 is projected to total up to $11 billion through
2032. Project dollars will not be spent exclusively in-state which represents “leakage” of benefits to the state’s
economy, notably manufacturing of turbines, towers, transmission and substation equipment, etc. By 2050,
cumulative Gross State Product (GSP) gain for New Mexico’s economy would exceed $21 Billion.
Table 2 summarizes state-wide economic impacts for Collector Plans 1, 2, and 3.
Table 2. Collector Economic Impacts (2020 Dollars)
Item;
Page Reference
Transmission mileage
added (new plus upgrade);
Pages 32,33,34
Cost of Collector;
O&M cost;
Page 46
Cost of Wind/Solar
plant; O&M cost;
Page 47
Annual jobs created
(Temporary and
Permanent);
Gross State Product
(GSP) gain for New
Mexico’s economy;
Pages 48-49
Tax revenue accrued
from Collector and
Wind/Solar Plant
investments;
Page 50
Value of Collector to access
renewable export markets,
Return-on-Investment ROI
accrued by 2035; 12
Page 50-51

Collector Plan
1 Centralized
Renewables

Collector Plan
2 Centralized
Renewables 11

911 miles

929 miles

$1,162,126,630
$1,857,986,790
By 2040: $121,245,600 By 2040: $168,877,800
By 2050: $207,849,600 By 2050: $289,504,800

Collector Plan 3
Decentralized
Renewables
1,276 miles

$1,625,910,790
By 2040: $173,208,000
By 2050: $296,928,000

$7,771,368,700
By 2040: $2,290,675,800; By 2050: $3,926,872,800
Construction phase: Up to 3,678 jobs; O&M phase: Up to 765 jobs
GSP Gain
GSP Gain
GSP Gain
By 2040:
By 2040:
By 2040:
$14,089,852,200
$14,749,486,000
$14,601,022,000
By 2050:
By 2050:
By 2050:
$22,082,164,200
$22,996,455,000
$22,867,580,000
By 2040:
$258,923,030
By 2050:
$304,344,810

By 2040:
$288,622,170
By 2050:
$335,168,830

9% Low to 28% High

12% Low to 38% High

By 2040:
$274,754,080
By 2050:
$321,432,190

9% Low to 28% High

All Collector Plan construction is assumed to occur between 2022-2026 and 2028-2030, recurring O&M
expenditures take place from 2024-2050; includes routine maintenance for Collector investments. Tax impacts
include state and local (excludes Federal).

11

This plan includes a currently proposed transmission project (Sunzia Southwest Transmission Project or “Sun Zia”), which
has already made significant progress toward acquiring the necessary right-of-way.
12
Low range assumes ICF’s proposed Collector and renewable buildout by 2035; High range assumes buildout by 2030. See
Section 6 for discussion.
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Outputs from NREL's Jobs and Economic Development Impact (JEDI) models, and the Impact Analysis for
Planning (IMPLAN) economic input-output model were used. Default JEDI data provides a mean estimation of
costs which were applied uniformly in this study. ICF has not performed a comprehensive study that would
indicate the likely range of costs to be incurred, so a cost interval is not reported.

1.5

Features of this Report

The four major topical divisions of ICF’s original Study are summarized in Sections 2 through 813. Each section
discusses assumptions, modeling details, key findings and observations related to the topic heading. Study 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; in these instances, each
item has been footnoted as “ICF page (number)” to indicate attribution. URL references are numbered in various
footnotes and are listed in Section 9. A short Glossary is presented after this section. A complete Glossary listing
technical terms, acronyms and units of measurement is contained in a companion report titled SUPPLEMENT:
Glossary, Collector Plan Descriptions and Case Studies. This document includes summary descriptions of each
Collector plan including line additions, substations and other key features; ten case studies related to RTO formation
and transmission impediments are also summarized.
Box sidebars appear in various sections of this report to provide background for a non-technical reader. This
information is intended to enhance content in the main body of the report by discussing planning concepts and
techniques, offering cautions or different perspectives on study approaches that may need further consideration.
The following Appendices are attached to this report:
•

Section 7- New Mexico’s Renewable Development Potential

•

Section 8-Modifications to 2020 Study Assumptions and Analysis
Methods

•

Section 9-URL References

Section 7 provides additional content that is relevant to topics discussed in Section 3. Section 8 lists major
changes in ICF’s 2020 study assumptions. Section 9 contains a list of documents and websites cited within
the report’s footnotes.

Technical Renewable Potential (ICF Task 1) is discussed in Section 7; Economic Renewable Potential (ICF Task 2) is
discussed in Section 3; Transmission Collector Designs (ICF Task 3) are discussed in Sections 2,4,5,8; Economic Benefits (ICF
Task 4) are discussed in Section 6.

13

10

Glossary
BAU

Business-as-Usual (scenario), the basis for ICF's analysis in this report.

Capacity

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

Demand

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.

Dispatching

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.

EIM

Energy Imbalance Market; utilities pool their variable and conventional
generation resources to improve operational efficiency over a wider area.

ETA

Energy Transition Act [§62-18 NMSA 1978], enacted in 2019; expanded
statewide RPS requirements and establishes a pathway for a low-carbon
energy transition in New Mexico.

FERC

Federal Energy Regulatory Commission, regulator of interstate
transmission service.

Firming

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

GSP

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.

MW

A Megawatt equals 1000 kilowatts or 1 million watts.

ICF

Technical author of this study; ICF International Inc., Fairfax, VA.

MWh

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

NM RETA

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

O&M

Operations and Maintenance.

REC

Renewable energy certificate; issued when one MWh of electricity is
generated and delivered to the grid from a renewable energy plant.

ROW

Right-of-Way for transmission corridors.

RTO

A regional transmission organization designed to operate the grid and its
wholesale power market over a broad region and with independence from
commercial interests; an RTO would also coordinate with other RTOs.

WECC

Western Electricity Coordinating Council, primary planning organization
for the 14-state Western US.
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2 New Mexico’s Power System
New Mexico is split into two asynchronous14 interconnected power systems: Western Electricity Coordinating
Council (WECC) in the northern, central areas and southern (including the southwest) and Southwest Power
Pool (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 1.
Figure 1. Power System Overview

Four
Corners
Central and
Northern
New
Mexico

Southern
New
Mexico

Eastern
New
Mexico

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-of14

AC networks are operated at a synchronized utility frequency and are 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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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
the Public Service Company of New Mexico (PNM), El Paso Electric (EPE), TriState Generation & Transmission (TSGT), and Southwestern Public Service
Company of New Mexico (SPS), respectively. Based on a combination of
transmission, generation facilities, and load, four distinct areas were 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

New Mexico’s
Electric Utilities
The state hosts three
Investor-owned utilities
(IOUs) and nineteen
electric cooperatives. The
IOUs Public Service of
New Mexico (PNM),
Southwest Public Service
(SPS) and El Paso Electric
(EPE) together serve over
1.3 million customers
across the state. PNM’s
2020 Integrated Resource
Plan (IRP) outlined a
transition of the state’s
generation portfolio to
meet requirements of the
ETA. PNM will become
approximately 65% carbon
emissions free by the end
of 2023.

with two 345-kV circuits.

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 retirements15. 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.
Natural gas-fired power plants are spread throughout the state, with the larger gas-fired 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. A small biomass facility operates in western New Mexico and a
geothermal power plant operates in southwestern New Mexico.

2.1

New Mexico Electricity Market Background

New Mexico operates a net summer generating capacity of approximately 9,000 MW; the state produced 34
million MWh of electric energy in 2020 with 25 million MWh of retail sales. While New Mexico’s electricity
supply today is still predominantly fossil fuel based, the share of renewable generation has increased
substantially16. This expansion is due to several factors. New Mexico adopted a Renewable Portfolio Standard
15
16

ICF Page 49.
ICF Page 40; derived from data reported by Energy Information Administration’s form EIA-923
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(RPS) in 2004, which was further amended in 2007, with a target to achieve 20%
of retail sales for Investor-Owned Utilities and 10% for cooperatives by 2020.
New Mexico’s Energy Transition Act (ETA) of 2019 increased the goal for clean
electricity supply to 100% by 2045.
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 power plant17. These combined developments will result in a capacity mix
of roughly 50% renewables in 2023. It is estimated that nearly 4,100 MW will be
available to provide renewable energy credits to support the New Mexico ETA18.
New Mexico offers several main utility transmission systems, within WECC and
SPP 19 to which a developer can interconnect. The key access point to WECC is
Four Corners Hub within PNM’s system. Balancing Authorities (BAs) are
responsible for maintaining load-generation balance by dispatching thermalsourced plants within their footprints. Historically, there has been less reliance on
market structures in WECC. Since 2011, there has been a gradual expansion of
market participation by BAs, with a majority of western BAs participating in
either the CAISO or the SPP markets. One of the greatest benefits of the Western
Interconnection is its geographic diversity as it relates to demand and resources.
When one part of the interconnection is experiencing peak demands, other areas
may not be. While resources may not be available in one subregion due to
weather, fuel, etc., other subregions may have plenty of resource availability.
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 to SPP through the 200 MW gateway at Blackwater
Substation near Clovis20 or the 200 MW gateway at Eddy Substation near
Carlsbad is required.

Dispatching,
Displacement,
Firming
Dispatching refers
to the adjustment of
thermal-sourced generating
plants by grid operators. It
is based on operating costs,
power flow and reliability
factors. Non-thermal
renewable plants are not
typically dispatched but
their energy output has a
low operating cost which
may cause Displacement
of higher-cost dispatchable
generators or in some
periods, curtailment.
Firming refers to the
control of renewable plant
variability by a variety of
methods; the goal is to
stabilize output at a
constant level for an
extended period of time.

Over half of New Mexico’s electricity sales are supplied by three investor-owned
utilities (IOUs): Public Service Company of New Mexico, El Paso Electric, and
Southwestern Public Service Company (Xcel Energy). The remainder of the
state’s electricity sales are served by cooperatives, municipal providers, and federal agencies. These suppliers
meet the bulk of their customers’ electricity demands by dispatching their own resources, or by purchasing energy
from other suppliers in the region. Most of New Mexico’s electricity providers are members of or have access to
services provided by wholesale power market organizations. Nevertheless, there remain ample opportunities for
these utilities to further integrate into regional wholesale markets.
Table 3 summarizes the market status of key electric service companies in New Mexico.

The 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.
18
Those facilities which are contracted for Renewable Energy Certificates (RECs) elsewhere may not be utilized to serve the
ETA requirements; RECs are issued when one MWh of electricity is generated from a renewable energy plant.
19
PNM, TSGT, EPE and SPS operate service territories in New Mexico.
20
PNM determined that the Total Transfer Capability (TTC) of the line is 640 MW; TTC can be increased by roughly 400 MW
by installing voltage control equipment.
17
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Table 3. NM Service Providers and Market Access
Public
Service
Company
of New
Mexico

El Paso
Electric

Utility
type;
Customer
base and
service
area

Fully
Integrated
IOU with
525,000
customers.

Current
market
access

Joined
EIM21 in
2021.

Feature

Future
market
access

Southwestern
Public
Service
Company

Tri-State
Generation/
Transmission
Association

Western Area
Power
Administration

Fully
Integrated
IOU with
443,300
customers.

Fully
integrated
IOU,
subsidiary of
Xcel Energy.
393,000
customers.

G&T coop
serving 42
electric
distribution coops and public
power districts
in NM and
three other
states.

Serves New
Mexico and 14
other western
and central
states through
five customer
service
territories
(CST).

Western
Reliability
Coordinator
Service,
SPP, since
2019.

Participant in
SPP’s
Integrated
Marketplace;
Transmission
Owner in SPP.

Participant of
SPP
Integrated
Marketplace
and WEIS;
Transmission
Owner and
Transmission
Using Member
in SPP.

Markets and
transmits
wholesale
electricity from
57 federal
hydro plants
with 17,000
miles of
transmission
lines. 3 CST
participate in
WEIS.

Committed
to joining
EIM in
2023.

One CST
joining EIM in
2023.

Notably, there are two existing power markets in the vicinity of New Mexico that currently function in accordance
with FERC’s mandates: California Independent Service Operator (CAISO) and Southwest Power Pool (SPP).
CAISOs markets include energy (Day-ahead and Real-time), ancillary services, and congestion revenue rights in
California and parts of Nevada. The Energy Imbalance Market (EIM) extends the CAISO real-time market to
other BAs in the West. Along with the geographic expansion of the EIM, in 2019 a stakeholder process (Extended
Day-Ahead Market, EDAM) opened to contemplate expansion of the EIM to include day-ahead market activities.
It would expand optimized dispatch and delivery from 5% of the power flows in Western electricity markets to
almost 100%.
Five case studies provide context for the market access process described in this section and identify key lessons
learned from regional activities. They include: Southwest Power Pool (SPP); California ISO (CAISO); Western
Markets Exploratory Group (WMEG); Western Flexibility Assessment; and Colorado Markets Study. Each of
these cases is described in more detail in Sections 4.1 to 4.3 of the report SUPPLEMENT.
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PNM’s expected savings from EIM participation are $10-20 Million per year.
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2.2

Regional Transmission Organization (RTO)

This section provides an assessment of New Mexico’s status toward moving into
a regional transmission organization (RTO) or RTO-like structure to identify
possible avenues that could be pursued in establishing the state’s grid within an
RTO. A variety of Federal-level initiatives have been underway since the late
1990s to expand state-level activities related to market access. Federal Energy
Regulatory Commission (FERC) Order No. 200022 encouraged the voluntary
formation of RTOs to administer regional transmission grids and ensure nondiscriminatory access by all market participants to the transmission grid, while
maximizing the efficiency of operations.
Order No. 2000 outlined four minimum characteristics for RTOs:
•

Independence from market participants

•

Appropriate scope and regional configuration

•

Operational authority for all transmission facilities under RTO
control
Exclusive authority to maintain short-term grid reliability

•

In addition, seven major RTO functions were identified by FERC23 24.
A recent multi-state study considering the benefits of a single western-regional
RTO identified savings of up to $1.3 billion in annual gross benefits mainly by
reducing energy production costs25. In the long-term, the study found that an
RTO increases load diversity which in turn drives future cost savings. This can
be accomplished by reducing capital investment needed for resource buildout. By
2030, these capacity savings from load diversity represent 65% of total RTO
benefits.

Electricity Market
Structures
EIM, Bilateral, Realtime, Day-ahead, ISO
and RTO are possible
market structure options.
Regional Transmission
Organizations (RTOs)
and Independent System
Operators (ISOs) serve
similar functions; other
activities are less
structured, with fewer
services. EIMs pool
generation to improve
operational efficiency
over a wider area. RTOs
use centrally optimized
real-time dispatch and
day-ahead markets with
control of energy
transactions.

Table 4 summarizes potential costs and benefits attributable to formation of an
RTO or RTO-like structure in New Mexico.

FERC Order No. 2000, issued December 1999; see Ref. 3.
Tariff administration and design; Congestion management; Management of parallel path flows; Provision of last resort for
ancillary services; Development of an open access same-time information system OASIS; Market monitoring; and
Responsibility for planning and expanding facilities under its control.
24
FERC has proposed to modify its original plan via a supplemental NOPR; it increases incentives for membership in
an RTO/ISO. A utility would be eligible for incentives for the first three years after transfer of operational control of its
facilities to the transmission organization.
25
See Ref. 5.
22
23

17

Table 4. RTO Costs and Benefits

Costs
- Reduced transmission revenues for
transmission owners within New
Mexico.
- Increased administrative costs.
- Increased dependence on others for
supplying New Mexicans with electricity.
- Governance decisions lie outside of
New Mexico.

Benefits
- Lowers transmission costs for generators by
eliminating “pancaking” of transmission tariffs.
- Reduced operating costs (energy and
capacity) through more efficient dispatch and
increased access to resources for reliability.
- Facilitates high levels of renewable
penetration in New Mexico.
- Provides coordinated transmission planning
among regional stakeholders.

Given the substantial benefits to be gained by RTO membership, ICF recommends New Mexico utilities should
evaluate the costs and benefits of this option, including consideration of membership in an existing RTO. The
efficiencies gained from joining an existing RTO likely outweigh the costs and complexity of standing up a new
RTO. The degree to which costs and benefits listed in Table 4 are realized by New Mexico’s utilities will depend
on the specific market structures implemented. For example, the Colorado Markets Study reported in 2021 that
three alternate RTO structures showed more significant statewide cost savings than just EIM participation;
variable costs could be reduced 7% to 15% and fixed capital recovery costs could be reduced 6% to 8%.
Colorado could also realize increased energy market sales through participation in RTO day-ahead markets.

2.3

Actions to Support RTO Formation

Table 5 lists actions to be taken to support RTO formation in New Mexico.
Table 5. Actions to Support RTO Formation

Legislative
1. Mandate IOUs study participation in an
organized wholesale market.
2. Mandate IOUs document a regularlyupdated transmission expansion plan
within IRP filings.

Agency-Specific
3. Form an inter-Agency Task Force to solicit
stakeholder input into RTO membership and
transmission expansion issues.

Note: Underlined actions may be the most effective to implement early.
Action 1 would mandate the investigation of costs and benefits related to IOU participation in an organized
wholesale market; at minimum, this should include EIM and RTO options and assess both monetary and
environmental impacts. Findings should address the ability of New Mexico’s utilities to achieve its clean energy
goals within regional energy markets in the most cost-effective manner.
Action 2 would provide a framework to provide continuous engagement and monitoring of utility transmission
investments. This action ensures the state’s backbone transmission system is able to support expansion of clean
energy resources in a reliable and resilient manner (regardless of RTO status).
Action 3 would extend investigation of RTO impacts to a broader set of stakeholders, building on utility studies
identified in Action 1. The Task Force would collect input from other participants in the energy sector including
parties such as independent generation and transmission owners, local communities and interest groups, and
ratepayer advocates.
18

3 Study Scenarios for the ETA, Renewables, Energy Storage
This section discusses a variety of factors that will influence New Mexico’s energy market in terms of likely
success: market-based scenarios, requirements established by the Energy Transition Act (ETA), potential for
development of large renewable capacity additions and installation of utility-scale energy storage within the
state’s grid.

3.1

Description of Market-Based Scenarios

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 scenarios considered by ICF focused on key drivers for:

•

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

•

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

•

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

•

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 marketbased outcomes reflecting high and low renewable development in New Mexico, under high and low demand
conditions, both in-state and out-of- state 26. Each scenario is summarized in Table 6. “Component” refers to
specific assumptions which can be varied to create features of the scenario.
Table 6. Summary of Scenario Analysis
Component
Regional
Electric Load
State Policy
(ETA)
Federal Tax
Credits
Transmission
Costs
Transmission
Constraints

BAU
Reference load

Cleaner
Economy
Electrification of
other sectors

RTO Proxy
Reference load

Meet 2030 target
Project eligibility extends to the end of 2020
Tariff pancaking

High
Renewable
Deployment
Electrification of
other sectors
Exceed 2030
target by 10%
PTC extended
through 2030

No tariff pancaking

a. Limited Capacity or b. Unlimited Capacity

The scenario descriptions are:
• BAU Scenario considered a status quo outlook for the key parameters with no
changes to current policy, transmission access or cost, and normal expected
26

ICF Page 51-52; These scenarios are not intended to identify location-specific development opportunities.
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demand growth.

•

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

•

RTO Proxy Scenario is identical to the BAU case except for transmission
hurdle rates across the WECC27. For this scenario, hurdle rates were removed
starting in 2025 to approximate the potential benefits from the creation of a
more optimized regional energy system.

•

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 production tax credit
PTC for wind facilities through 2030. This scenario reflects the most favorable
case for renewable development.

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 RECs available from the current portfolio of existing and planned
renewable energy resources. However, the ability to develop for incremental exports to other markets is currently
constrained 28. 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
Transmission29. Renewable expansion was found to be economic in each scenario tested.

3.2

The Energy Transition Act

The Energy Transition Act (ETA) 30 established new renewable and zero-carbon emission portfolio standards
for both utilities and rural electric cooperatives in New Mexico. Through implementation of the ETA, the state
can become a national leader in clean energy. The law transitions New Mexico away from coal and toward clean
energy, ensuring greater renewable energy production and reducing costs for consumers, and provides tens of
millions of dollars of economic and workforce support for communities impacted by coal plant closures, as well
as the development of renewable replacement power in San Juan County. The ETA renewable energy
requirements 31 are:
• 40% renewable energy by 2025

• 50% renewable energy by 2030
• 80% renewable energy by 2040
• 100% zero-carbon energy by 2045
Under the ETA, New Mexico will need to substantially increase the penetration of renewable energy as a

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).
28
ICF Page 55.
29
ICF Page 57.
30
See Ref. 4 for a full text of the legislation.
31
Stated as a percentage of annual electric energy sold to New Mexico’s electric customers; this program will be
implemented as an extension of existing RPS requirements.
27
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percentage of sales beyond 203032. 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.
The energy profiles of two ICF scenarios will be applicable to the ETA: Business-as-Usual and High Renewable
Deployment. On the basis of these scenario assumptions, an approximate year-by-year energy requirement of the
ETA can be estimated, representing electricity quantities delivered to end-use customers. Table 7 lists the
approximate volume of Megawatt-hours required for alternate years through 203033. Both scenarios assume
renewable generation will incur system delivery losses equal on average to larger conventional generators due to
high-voltage interconnections.
Table 7. Annual RPS and Export Energy (Thousand MWh)34

Year
2022
2024
2026
2028
2030

RPS-BAU
5,740
7,730
9,130
10,070
11,090

RPS-High
5,780
7,830
9,330
10,440
11,710

Export-BAU
8,020
10,300
14,230
18,620
22,920

Export-High
7,980
10,200
14,030
18,240
22,300

Similar fractions of renewable energy will be delivered for RPS and Export use for both ICF scenarios shown in
Table 7. Notably, this report’s study period captures the 2030 interim target of the ETA: 50% of retail sales from
renewable energy sources. Given the mid-term focus only, results presented in this report cannot serve as a
roadmap to achieve full compliance with the ETA targets through 2045.

3.3

Renewable Capacity Additions

Larger capacity additions are projected to enter service as part of the Western Spirit wind farm, a project linked
to the Western Spirit transmission. 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.
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. Ambitious RPS and clean energy standard targets already exist in many states adjacent to New Mexico,

ETA’s 80% milestone will consist primarily of renewable energy additions, however the remaining 20% is described as
“zero-carbon” which could include nuclear or clean coal/gas with sequestration.
33
Delivery losses must be added to estimate generator “injected” energy equaling 4.47% of delivered MWh, see Ref. 6.
34
Values were derived by NM RETA, they were not reported by ICF; total sales and RPS projections for each load serving
entity were calculated based on data reported for Renewable Energy Act (REA) compliance filings in 2020.
32
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particularly to the west35.
Factors affecting New Mexico’s competitive position in the region include:

•

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 timeline36.

•

Available transmission capacity for export from New Mexico is
currently constrained by gateway limits imposed on new
development 37.

•

Large hurdle rates from “tariff pancaking” in which consecutive
tariffs are applied to energy wheeled across multiple service
territories. These compounded charges make selling energy into
California from New Mexico more expensive38. ICF assumed
path-specific hurdle rates based on WECC planning cases 39.

•

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

•

New Mexico’s wind resource has an advantage over many other
western states due in part to higher capacity factors 40 averaging
40.9%. At this level of performance, the state’s wind plants offer
top-tier capacity factors among the highest values reported in
the continental U.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 SPP41.

Capacity Factors
Capacity factor (CF)
is used as a key indicator
of competitiveness
among different sources
of power; it provides a
measure of plant energy
output per metered
period (week, month,
year). CF is estimated by
dividing actual energy
produced by the plant’s
maximum energy
produced, if it operated
consistently at its rated
output. Based on a
comparison of turbine
outputs, New Mexico's
wind resources yield
81% more energy
generated than Arizona
and 22% more energy
generated than Colorado,
on average.

Two renewable 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 discussed in Section 7. Figure 2 below
summarizes the projected overall renewable capacity in New Mexico over time, including existing, firm capacity
additions and economic capacity additions, assuming Unlimited Transmission.

Development of wind and solar resources to serve the SPP market to the east through 2030 is not a significant driver. In part,
this is due to the competition with a strong renewable supply market located in Oklahoma, Texas, and other parts of SPP.
36
ICF Page 56.
37
ICF Page 47; WECC’s 2016 assessment reported limits as 400 MW to SPP and 2,400 MW to WECC. This study assumed
2,400 MW were available for energy flows into WECC, while capacity was limited to 900 MW.
38
ICF 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.
39
Hurdle Rates across WECC were modeled consistent with the WECC 2026 Planning Case from West Connect.
40
See Ref. 7; 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.
41
ICF Page 45.
35
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Figure 2. New Mexico Renewable Capacity in a BAU Scenario

Developers seeking to export power outside of New Mexico need to acquire Firm transmission service.
Transmission service is the contractual right to utilize capacity consistent with the transmission path’s rated
ability to transfer power; it is acquired on a first-come, first-served basis. FERC’s rules require open access to
unused reserve capacity, however access queues in New Mexico are currently oversubscribed which effectively
limits use of the existing lines at rated capacity for new generating projects.
Currently, transmission paths 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 California42.
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.
Application of realistic line ratings will be an important factor in decisions to develop specific sites. The capacity
of a transmission line varies with its operating voltage and length. For example, a 300 mile 345-kV single-circuit
line can be rated to carry 400 MW while the same line will carry 1,500 MW over a distance of less than 100
miles. These estimates assume a well-developed system at each terminal of the line and operating criteria
designed to promote system reliability.

3.4

Energy Storage Technologies

Since only a snapshot-based power flow analysis was performed in ICF’s 2020 study43, comprehensive time
characteristics of storage impacts were not investigated. However, development of grid-scale storage that
supports dispatchable and reliable electricity from renewables is an important regional trend in the western
U.S. 44; the key issue is predicting when technologies will transition from demonstration phase to deployment
phase. There are currently four battery-based storage demonstrations at grid-scale operating in New Mexico,
Operational capacity of pathways is not affected by contractual limitations, so they are often not over-utilized in
operation.
43
ICF concluded the cost of storage as a reliability resource would be largely prohibitive during the next decade
versus a single-wired solution (page 73). Therefore, information contained in this section was assembled by NM
RETA, the data was not reported by ICF.
44In some cases, new transmission projects may be deferred, derated or avoided through non-wires solutions such as energy
storage. The battery (or other technology) can be sited and operated to allow the grid to accommodate higher flow levels
than it could without the battery.
42
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with several projects tied to renewable generation; additional implementation of battery-based storage is planned
through 2025.

Technology Options
The ability to implement energy storage in New Mexico is constrained by technology costs, siting, policy,
incentives, and performance limitations. Four candidate technologies were selected for near- to mid-term
application in New Mexico: Battery, Renewables-sourced hydrogen, Natural gas-sourced hydrogen and Pumped
Hydro. Table 8 summarizes the key features of each storage technology.
Table 8. Storage Candidates for Development45
Rated
Capacity;
Duration
Less than
100 MW;
4 to 8 hours

Cost
$/kWh,
Spread
362-392
+/-30%

Grid, Commercial
and Residential;
Mid- to Long-term,
Seasonal, Slow

100 MW or
larger;
10 hours or
more

279-349
+/-50%

Possible
future
economic
opportunity

Grid;
Long-term,
Seasonal
Moderate (10
seconds to minutes)

Greater than
1000 MW;
8 hours or
more (limited
by reservoir)

168-264
+/-30%

Major
infrastructure
required;
water
resource
issue

Technology;
Phase
Batteries (Li
Ion, Flow,
other);
Deployed

Scale;
Response Time
Grid, Commercial
and Residential;
Mid-term (4 hours)
Fast (seconds)

Fuel Cells,
Natural gas or
Hydrogen;
Demonstration
Pumped Hydro;
Deployed

NM
Relevance
Most likely
economic
opportunity

Three phases of deployment can be used to describe the extent to which storage technology has reached
commercial viability: Deployed, Demonstration and Early-stage. “Deployed” indicates established technology at
scale; “Demonstration” indicates pre-commercial technology which is being tested for market application; and
“Early-stage” indicates technology which requires investments involving considerable risk but potentially
leading to later commercialization.
In the early phase of planning for ETA renewable energy targets, electric utilities will be faced with the reality
that upgrading flexibility of transmission networks is cost-effectively achieved by adding more transmission
lines, not by adding dedicated storage. However, as renewable generation grows, the net economic benefits of
adding storage capacity also increases. This is in part due to the fact that energy storage can operate at partial
output levels with low losses and can respond quickly to changes in electricity demand. Storing energy in offpeak hours and using that energy during peak hours saves money and prolongs the operating life of critical
infrastructure components. Adding fuel cell technology to the allowable set of options could potentially extend
cycle durations up to a week but at much higher cost.
The potential storage market can be conveniently subdivided into Export and In-state (RPS) fractions which are
likely to differ in relation to the types of technology that can be economically sited. They were selected in part

45

See Ref. 8.
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due to their current status as Deployed or Demonstration phase as well as to
provide a wide range of capacity and duration for grid operation.
Table 8 indicates each storage technology is positioned in different development
phases, with batteries probably offering the most economic near-term option for
deployment. A wide range of delivered energy costs ($/kWh) are likely,
depending on the technology selected. Time frame response, rated capacity and
duration are also key metrics for valuing storage impact within grid operations.
The following subsections highlight specific features of each storage technology
in more detail.
Batteries
Lithium-ion batteries are one of the fastest-growing energy storage technologies
due to their energy densities, power rating, near 100% efficiency and low selfdischarge 46. The U.S. has several operational battery-related energy storage
projects based on lead-acid, lithium-ion, nickel-based, sodium-based, and flow
batteries. These projects account for 790 MW of rated power in 2021 and have
round-trip efficiencies (the ratio of net energy discharged to the grid to the net
energy used to charge the battery) between 60-95%. As compared to lithium-ion
batteries, flow batteries utilize liquid electrodes separated by a membrane. Flow
batteries have been tested to show little to no degradation over their long lifetime
– up to 25 years. Flow batteries can be constructed using a variety of different
chemistries, including redox flow, vanadium flow, iron flow, or other
chemistries. However, the market for flow batteries is not currently large enough
to realize economies of scale and compete with the cost of lithium-ion batteries 47.
Due to limited deployment of flow battery projects, operating data is not
available. Sodium sulfur batteries also rely on liquid electrodes in the form of
molten salt, and operate at high temperature with high round-trip efficiency. 48
Battery storage is more commonly considered within the set of available options
for utility storage siting in the near future. This choice will limit capacity to
ranges of less than 100 MW and less than eight hours duration for
charge/discharge cycles.

Energy Storage
Benefits
Storage can benefit New
Mexico’s grid through
firming, transmission/
distribution deferral, peak
shaving, voltage control,
and ancillary service.
Storage benefits are
measured in terms of
rated power (MW), stored
energy (MWh) and
duration of energy
discharge (hours).
Short-duration refers to 5
hours or less capacity;
medium-duration at least 10
hours; long-duration 100 or
more hours. Storage can be
sited at generation,
transmission and
distribution levels;
it can provide firming
capacity which partly
offsets the impact of
variable output from
renewable plants.

The degree to which batteries can economically benefit export power contracts is currently based mostly on
conjecture, not proven examples. One recent exception is the Townsite project (owned by Capital Dynamics) in
Nevada 49 which has secured a fixed sales contract with two local municipal utilities and a cooperative by
combining solar PV with on-site battery storage.
Renewable- and Natural Gas-sourced Hydrogen
Hydrogen is not currently used as an energy source because it is expensive relative to fossil fuels. However,
Power densities of 245-430 watts per kilogram are reported; lead-acid batteries exhibit densities of less than 180 watts per
kilogram.
47
Flow battery energy costs are currently at least 15% higher than comparably-sized Lithium-ion batteries; however, they can
offer longer-duration discharge.
48
See Ref. 9.
49
See Ref. 10.
46
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utilities are exploring the use of hydrogen, blended with natural gas, to power
existing electric generating facilities. Storing energy in hydrogen provides a
dramatically higher energy density than any other energy storage medium.
Hydrogen is also a flexible medium which can be used in stationary fuel cells
(electricity-only or combined heat and power), internal combustion engines, or
fuel cell vehicles. Hydrogen storage has a very low rate of self-discharge, and has
therefore been considered for seasonal storage.
Currently, most hydrogen is produced by steam reforming of methane in natural
gas (“gray hydrogen”), with high carbon dioxide emissions. Proposals to use
carbon capture and storage to reduce these emissions, producing so-called “blue
hydrogen,” have been promoted as low emissions. Efforts to develop this
technology are underway and its success will depend upon demonstrating both
the efficient capture and sequestration of the produced carbon dioxide as well as
the aggressive capture of fugitive methane. “Green hydrogen” can be produced
with a system termed Regenerative Hydrogen Fuel Cell (RHFC) that contains a
water electrolyzer and fuel cell. Power is supplied by either a co-located wind or
solar plant. In one study scenario 50, the round-trip efficiency of this system is
estimated to equal only 30%. This results in very high energy costs during
operation, and much lower overall energy efficiency than lithium-ion batteries.
Clearly round-trip efficiency must improve dramatically before these systems can
offer the same overall energy efficiency as batteries. Currently, approximately
one percent of all U.S. hydrogen production can be classified as green hydrogen.
RHFC may be able to provide similar energy benefits as batteries when storing
overgeneration from renewables to avoid power curtailments. The relative benefit
of storing overgeneration depends on the energy-to-power ratio (R). For RHFC
systems with low values of R, storing overgeneration from a photovoltaic system
provides a net energy benefit when more than 10% is curtailed 51.

Townsite SolarStorage Plant
The Townsite project in
Nevada will consist of
180 MW solar/90 MW
storage power; the battery
will provide four hours’
duration and discharge
up to 360 MWh. Capital
Dynamics, Tenaska
Power Services and (data
center) Switch are project
developers. It is the first
U.S. solar plus storage
project to secure fixed
volume power purchase
agreements (PPAs). A
solar-battery capacity
ratio of 50% increases the
project’s overall PPA
price by about $10
per MWh.

Pumped Hydro Storage
Pumped Hydro Storage (PHS) is an established technology that can be deployed at scale, and it offers long project
lifetime of 50 years or more. The technology can provide rapid ramping (output discharge) and it incurs relatively
low environmental impact due to low energy density. However, high initial investment costs result in longer
return on investment.
Greater than 95% of global energy storage is met by PHS. For years, PHS has offered a cost-effective way to
provide large-scale storage solution and supporting grid balancing services. To achieve greater efficiency,
flexibility and faster response times, PHS developers are now using variable speed pump turbines that facilitate
better tuning of grid frequency thus contributing to grid stability. Over 180,000 MW of pumped storage capacity
is located in Europe, China, Japan and the United States; the total energy stored within these projects is estimated
to be nearly 9,000,000 MWh. In comparison, the global total energy stored within utility-scale batteries is
estimated at 7,000 MWh which is functionally equivalent to 1,400 battery plants each rated at 1 MW capacity and
sized to provide service for 5 hours per discharge cycle.
PHS stores energy in the form of gravitational potential energy and makes use of two vertically separated water
50

See Ref. 11.
At R values above 100, RHFC yields neither an energy cost nor an energy benefit compared to curtailment. For power from
wind plants, RHFC storage is unfavorable except at curtailments exceeding 75%.
51
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reservoirs. During off-peak electricity demand, low-cost electricity is used to pump water from the lower to the
higher elevated reservoir using a pump and turbine unit which are attached to a reversible electric generator or
motor system. During periods of high electricity demand, power is generated by releasing water from the upper
reservoir that drives the turbines and is then fed to the grid. Developers are increasingly looking at using bidirectional injector generators to pump water into rock fissures at high pressures, enabling operation with
increased mechanical efficiency and storage of energy in flatter areas where conventional PHS may not be
possible.
California has recently evaluated the need for long-duration energy storage (LDES)52 and concluded technologies
such as PHS will become an important future capability as the state’s grid transitions to 100% renewables. From
2030 through 2045, storage deployment will be primarily driven by a need to reduce fossil fueled power
generation in support of attaining of carbon goals rather than by the need for additional system capacity. This is
due to a significant need for storage to facilitate energy shifting. Accelerated retirement of existing generators can
be more easily accomplished which creates an opportunity for LDES to provide grid balancing and flexibility
services that have historically fallen to fossil fueled plants.
Storage for Export and In-state Markets
An in-depth review of recent utility planning studies53 indicates it will become possible to realize greater benefits
from both wind and solar generation as the selection of storage technology improves and duration economically
lengthens beyond 6 to 8 hours. At the current state of storage development, New Mexico’s development path
forward will incorporate storage technologies that are readily available through the year 2030 without assuming
major breakthroughs in capacity or duration54. Table 9 summarizes projections of potential storage market shares
that can be assigned to each fraction (Export, RPS) in New Mexico.
Table 9. Projected Requirements for Storage Capacity
Year
2020
2025
2030

Renewable MW
share
per
RE%
RE%
18
2.3
55
3.4
71
4.5

Export
MW
58
188
205

RPS
MW
40
186
320

A key input to this estimation is operable renewable capacity in each year; it is based on ICF’s forecast of utilization
for export and RPS usage which yields an estimated renewables share of 71% by 2030. Required storage capacity is
tabulated 55 in columns Export MW and RPS MW. The “MW per RE%” ratio is based on ICF’s assumed
predominant wind capacity through 2030, however the fraction of solar capacity also grows substantially which
moves the state’s mix towards a balanced wind-solar system post-2030. The total storage capacity market in New
Mexico could increase to over 525 MW by 2030. The probable mix of wind and solar capacity within export and
RPS markets is likely to be different, with export usage consisting primarily of wind-generated power and RPS
usage consisting of a wind-solar generation mix.

52
See Ref. 12; “long-duration” refers to a range of possible capacities, California requires facilities offering 100 hours or more
of storage capacity.
53
See Ref. 13; findings from seventeen recent storage expansion studies (over 400 scenarios) are summarized from the U.S.
and Europe grids.
54
Eventually multi-day, weekly and seasonal shifting of large amounts of stored energy will be needed as the percentage of
renewables increases, certainly before New Mexico reaches the ETA-mandated goal of 100% zero-carbon power.
55
Capacity estimates are derived from planning ratios; ratio values are estimated for three categories. New Mexico’s grid is
forecasted to operate with predominant wind capacity (category) through 2030.
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Table 9 does not provide a specification for storage duration. Many battery storage projects are built to provide four
to six hours of duration to serve daytime solar generation which is dispatched during higher evening loads.
However, requirements in New Mexico will be primarily determined by a wind-dominated renewable generation
mix 56. Assuming 525 MW of storage capacity is installed by 2030, approximately 2,940 hours of storage duration
will be required. The duration requirement will be further subdivided into storage durations of varying amounts,
depending on New Mexico’s net load profile57.
Ancillary Services, Standards and Other Measures
Ancillary Services (AS) consist of operating measures necessary to support transmitting electric power from seller
to purchaser, given obligations of control areas and utilities. FERC required that a transmission provider’s open
access transmission tariff 58 include six ancillary services as part of providing basic transmission service to a
customer 59. All New Mexico IOUs have established these services and offer the required options.
There is broad industry consensus that utilities will need more operational flexibility to reliably serve loads as the
resource mix evolves to include more renewable energy resources. Specifically, batteries can rapidly charge or
discharge in a fraction of a second, faster than conventional thermal plants, making them a suitable resource for
short-term AS support such as Primary Frequency Response and Regulation. Eventually, batteries can also provide
longer-duration services such as load-following and ramping services to ensure supply meets demand60.
Additionally, legal guarantees must be offered by the developer in terms of storage capacity and duration, in order
to ensure that the operational benefits are dependably present. Financial penalties must be assessed if performance
can’t be maintained over a specified contractual period.
New Mexico lacks a formal interconnection standard that applies to storage plants. While many provisions of
NMAC 17.9.569 (Generating facilities with a rated capacity greater than 10 MW) may apply, other requirements
will need to be added. New Mexico could promote storage deployment incentives similar to those established in a
few other states including readily-available guidance from public documents such as an Interconnection Standard
that clearly outlines the requirements and specific parameters related to storage technology61.

3.5

Actions to Support Energy Storage Development

Table 10 lists possible actions related to promotion of energy storage market opportunities in New Mexico.

See Ref. 13; for predominant wind systems, renewable (peak output) levels approaching 70% will require approximately 5.6
hours per MW of installed storage capacity.
57
This profile (also called the “duck curve”) can cause problems in maintaining grid stability and efficiency by forcing utilities
to cycle large power plants.
58
Also labeled OATT, this service allows a transmission-owning utility to allocate physical capacity in the form of
56

transmission service rights (TSRs).
59
FERC Order 888 revised 2006; AS defines six operational categories of ancillary service.
60
61

See Ref. 14.
See Ref. 15.
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Table 10. Actions to Support Energy Storage Development

Legislative
4. Mandate development of energy storage
interconnection standards.
5. Offer development funding opportunities
using matching in-state funds, private
investment and Federal programs.

Agency-Specific
6. Establish state administrative policies to
incentivize energy storage investments such
as tax credits or grants.
7. Survey existing storage interconnection
standards in adjacent western states.
8. Develop a framework of legal guarantees
needed to ensure reliable storage operation
(with utility participation).
9. Develop a Roadmap to meet the post-2030
ETA requirements for energy storage.

Note: Underlined actions may be the most effective to implement early.
Legislative actions are listed in the left column, Table 10. Action 4 will accomplish the task of establishing
clearly defined standards for interconnecting energy storage plants to New Mexico’s grid. The standard should
specify the types of allowable interconnection, minimum operating parameters and required protective features
needed at transmission, sub transmission and distribution voltages.
Action 5 can be enacted to promote the development of an early-phase market and enable a variety of funding
sources, including state-funded grants and matching sources of private capital. Federal program funding is likely
to be highly competitive.
Agency-specific actions are listed in the right column, Table 10. Actions 6,7 are short term measures that can begin
the administrative process of incentivizing storage development. A survey of existing interconnection standards
would be used to support future legislative actions.
Action 8 will result in establishing performance standards for energy storage plants. It should be conducted jointly
with New Mexico’s utilities to ensure all issues are addressed, based on technical and economic factors.
Action 9 can be conducted as a longer term measure; it results in a Roadmap addressing ETA-related needs for
energy storage with overlap within the AS market. During the pre-2030 timeframe, an initial evaluation of these
needs is useful; post-2030, a Roadmap evaluation will be critical to achieving the high renewable penetrations
which are mandated.
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4 Transmission Collector Plan Designs
A key focus of this study is to examine the performance of ICF’s proposed three
Collector Plans under an updated set of assumptions reflecting the latest grid
topology and generator interconnection. A Collector Plan 62 was analyzed for
decentralized renewable development (Option 1), while two Plans were analyzed
for centralized renewable development (Option 2).
Transmission elements that were considered include AC and high voltage DC
(HVDC) lines for potential upgrades, new lines along existing corridors, and new
greenfield corridors. Infrastructure upgrades, such as substations, transformers,
and reactive control equipment, were also considered. 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. 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 wind capacity for export out-of-state. However, later-phase, more
aggressive development of solar capacity could reverse this requirement 63.
Phasing of renewable capacity development would ideally be consistent with ICF’s
demand growth projections, beginning in the early- to mid-2020s. Each
transmission Collector Plan was designed to satisfy the condition of supporting
11,500 MW of renewable capacity by 2030. ICF has assumed the same technical
parameters such as the line rating and impedance for the transmission upgrade
projects in each Collector Plan.
ICF’s update analysis indicated no incremental overloading issues in the 230and 345-kV system for any Collector Plan. Assumed conditions indicate that the
Collector Plans identified in ICF’s 2020 study are potentially over-utilized or
under-utilized, implying modification of some line upgrades may be required in
order to optimize the grid configurations.

Transmission
Planning Criteria
ICF utilized PNM Study
Criteria and Guidelines
based on approved
NERC and WECC
Planning Standards;
these criteria were
incorporated into power
flow analysis reported in
this study. Specifically,
WECC-CRT-WR1
“Transmission System
Planning Performance”
requires steady-state
voltages at all BulkElectric System (BES)
buses to remain within
90 percent to 110 percent
of nominal value for N-1
and N-2 contingency
events. NERC TPL-0014 also requires that
applicable facility ratings
shall not be exceeded
under steady-state
conditions.

Section 8 describes modifications to ICF’s 2020 study assumptions and methods
used for power flow analysis.

4.1

Summary of Collector Features

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 64. Figure 3 and Table 11 identify proposed lines, function of each line (Collector or Hub),

A Collector Plan refers to a complete set of transmission system components; it is designed to serve three functions: meet
projected load growth; increase utilization of renewables; maintain reliable delivery of power to New Mexico’s customers.
63
ICF Page 74.
64
ICF Page 75.
62
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reliability ranking65, type (New or Uprate), mileage, and in-service year.
In Collector Plan 2, the centralized renewable siting scenario utilized in Collector Plan 1 has been further modified
by modelling Sun Zia 66 to be in-service in 2022. All identified upgrades except the new 345-kV Luna to Sun Zia
South line were designed to come in-service in the 2025 timeframe. Figure 4 and Table 12 identify proposed lines,
function of each line (Collector or Hub), reliability ranking, type (New or Uprate), mileage, and in-service year.
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 PEGS67 to Ambrosia lines, were designed to
come in-service in the 2020 to 2025 timeframe 68. Figure 5 and Table 13 identify proposed lines, function of each
line (Collector or Hub), reliability ranking, type (New or Uprate), mileage, and in-service year.
Each Collector Plan is described in more detail in Sections 2.1 to 2.3 of the report SUPPLEMENT.

65
ICF page 81; reliability rankings are based on phase-in implementation analysis which ranked proposed transmission lines 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.
66
Sun Zia began planning, permitting and development activities in late 2008. It consists of two 500 kV transmission
lines and related facilities; it will originate near Corona, NM at a new substation Sun Zia East, and span up to 520
miles to its western terminus at the existing 500 kV station Pinal Central near Coolidge, Arizona.
67
Prewitt Escalante Generating Station.
68
ICF Page 81.
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Figure 3. Transmission Additions: Collector Plan 1

Table 11. Proposed Collector Plan 1 Additions
Addition
(L1) 345 kV Rio
Puerco to
Springerville
(L2) 345 kV Ojo
to San Juan
(L3) 345 kV
Clines Corner to
Ojo
(L4) 345 kV
Guadalupe to
Clines Corner
(L5) 345 kV
Western Spirit to
Sandia
(L6) 345 kV
Guadalupe to Rio
Puerco
(L7) 345 kV Luna
to Greenlee NM
(SS) 345 kV
Springerville
Substation;
(SS) 345 kV
Greenlee
Substation;
(T) 345-115 kV
Willard

Function

Rank

Type

Miles

By Year

Hub

1

New

172

2025

Collector

2

Uprate

157

2025

Collector

3

Uprate

79

2025

Collector

4

Uprate

40

2025

Collector

5

New

84

2025

Collector

6

Uprate

268

2025

Collector

7

Uprate

110

2030

Ancillary

-

New/
Uprate

-

20252030

911

-

TOTAL

(L) Transmission Line; (SS) Substation; (T) Substation transformer
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Table 12. Proposed Collector Plan 2 Additions

Figure 4. Transmission Additions: Collector Plan 2

Addition
(L1) 500 kV AC
SunZia
(L2) 345 kV
SunZia East to
Western Spirit
(double circuit)
(L3) 345 kV
Guadalupe to Rio
Puerco
(L4) 345 kV
Guadalupe to
Clines Corner
(L5) 345 kV
Western Spirit to
Sandia
(L6) 345 kV Luna
to SunZia South
(double circuit)
(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

Function

Rank

Type

Miles

By Year

Hub

1

New

Up to
514

2025

Collector

2

New

14

2025

Collector

3

Uprate

268

2025

Collector

4

Uprate

40

2025

Collector

5

New

84

2025

Collector

6

New

9

2030

Ancillary

-

New/
Uprate

-

20252030

929

-

TOTAL

(L) Transmission Line; (SS) Substation; (T) Substation transformer
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Table 13. Proposed Collector Plan 3 Additions

Figure 5. Transmission Additions: Collector Plan 3

Addition
(L1) 345 kV Rio
Puerco to
Springerville
(L2) 345 kV Loop
Ojo to Valencia to
Clapham
(L3) 345 kV Ojo to
San Juan
(L4) 345 kV Western
Spirit to Sandia
(L5) 345 kV Taiban
Mesa to Rio Puerco
(L6) 345 kV Taiban
Mesa to Clapham
(L7) 345 kV Luna to
Greenlee NM
(L8) 230 kV PEGS
to Ambrosia.
(SS) 345 kV
Springerville
Substation;
(S) 345 kV
Greenlee
substation
(T) 345-115 kV
Willard

Function

34

Type

Miles

By
Year

Hub

1

New

172

2025

Collector

2

Uprate

341

2025

Collector

3

Uprate

157

2025

Collector

4

New

84

2025

Collector

5

New

267

2025

Collector

6

New

130

2025

Collector

7

New

110

2030

Collector

8

New

15

20252030

Ancillary

-

New/
Uprate

-

20252030

1,276

-

TOTAL
(L) Transmission Line; (SS) Substation; (T) Substation transformer

Rank

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 69. Figure 6 displays the locations of common lines and
terminating substations.
Figure 6. Common Transmission Line Upgrades

Common line upgrades highlighted in Figure 6 are listed below.
69

ICF page 83.
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•

C1 New Guadalupe - Western Spirit – Pajarito - Rio Puerco line (345 kV)

•

C2 New Western Spirit – Willard - Sandia line (345 kV)

•

C3 New Rio Puerco - Springerville NM - Springerville line (345 kV)

•

C4 New Luna - Greenlee NM - Greenlee line (345 kV)

Collector Plans 1, 2 and 3 include major segments within the listed corridors listed above. ICF intended collector
designs to be functionally equivalent, providing similar export flows. If major elements of Collector Plan 270 are
built in a timely manner, then the Rio Puerco to Springerville line would be removed from the common set,
however the remaining lines would continue to be identified as highest priority builds. 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.

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. Two cases are described in this section:
•

Case 1 Assessment of a new export Hub in southwest New Mexico with
interconnection to an Arizona substation.

•

Case 2 Transmission needs and associated impacts for ETA renewables
diversion to New Mexico’s in-state load centers.

Key findings and observations are described separately below. Additional study details are described in more
detail in Sections 3.1 to 3.2 of the report SUPPLEMENT.

4.2

Case 1: New Export Hub Springerville, NM

There are currently two major export Hubs at New Mexico connecting the state to the neighboring markets: 345kV San Juan/Four Corners Hub connecting Northern and Central New Mexico to Arizona, Utah, and Colorado,
and 345-kV Greenlee Hub connecting southern New Mexico to Southern Arizona. ICF’s 2020 analysis proposed
a new high capacity 345-kV transmission line connecting a third export Hub to allow power exchange with
Arizona. Adding an extra transmission corridor to connect New Mexico to the neighboring markets has been
identified as the top priority for Collector Plans.
The proposed line corridor would extend from Rio Puerco substation west of Albuquerque to the Springerville,
NM substation, requiring 172 miles of new line construction. The existing 345-kV Springerville switching station
is owned by Tucson Electric Power (TEP). These additions are intended to increase deliverability for export,
driven by overloading issues along the 345-kV northwest and southwest corridors. Connecting non-exporting
substations via new lines within new or upgraded corridors is timed for later construction71.
Case 1 identified the following findings and observations, based on ICF’s power flow analysis:
Including construction of two 500-kV transmission lines and related facilities; Sun Zia will originate near Corona,
NM at a new substation Sun Zia East, and span up to 520 miles to its western terminus at the existing 500 kV station
Pinal Central near Coolidge, Arizona.
71
ICF Page 82.
70
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4.3

•

Retirement of the Four Corners coal plant releases transmission capacity
through Four Corners Hub which provides direct 500-kV highway access to
southern Arizona, Utah, and Nevada.

•

Operation of Springerville coal plant will directly impact the proposed Rio
Puerco – Springerville 345-kV circuit. Generally, a ramp-down of plant dispatch
will promote New Mexico’s renewable power to flow towards Arizona to serve
the load customers as displacement power 72.

•

ICF recommends installation of a 780 MVA Phase Angle Regulating
transformer (PAR) 73 to control inter-state power exchange.

•

Comparable export share between Springerville 74 and Greenlee Hubs was
observed while the Four Corners Hub still serves as the highest-utilized Hub
to deliver New Mexico renewable energy to the neighboring markets.

•

Collector Plans 1, 3 could be modified to replace the proposed Rio Puerco –
Springerville 345-kV circuit with an upgrade of the existing 230-kV Rio Puerco
– Ambrosia – Pillar – Four Corners corridor. ICF recommends future
consideration of this alternative design.

•

ICF performed a qualitative analysis by comparing line loadings of major
transmission paths. No additional severe congestion issues were noted in
Arizona. However, ICF recommends further analysis of line utilization to
investigate transmission performance in Arizona, Nevada and Colorado.

Case 2: ETA Renewables Diversion to Load Centers

New Mexico’s legacy grid exhibits design features which may limit the ability of renewable plants to efficiently
deliver power to in-state and export customers. This occurs because the grid was configured to transmit power
from a small number of large, centrally-located generating plants to nearby load centers such as Albuquerque; in
comparison, power transmitted from dispersed renewable plants in remote locations generally forces the grid to
operate in a less efficient manner. In some locations, only a small fraction of renewable power can actually be
delivered in-state.
This analysis provides a high-level overview of potential renewable plant development and the grid’s ability to
deliver power to end-users. A utility-standard analytic method 75 was used to assess the power delivery
performance of a subset of lines and renewable generators. ICF analyzed Collector designs by assuming 5,900
MW of renewables is partially absorbed in-state; the 2020 study previously identified potential localized issues76
72
ICF simulated 2030 power flow cases with Units 2, 3 and 4 dispatched at 50% of their nameplate capacity. As a result, a 4045% line loading was observed on the Rio Puerco – Springerville circuit.
73
PARs are often used in power systems to control the active power flow (MW) in branches in meshed networks or to control
the active power flow at the interface between large independent grids.
74
Springerville Hub utilization is lower than observed in ICF’s 2020 study, mainly driven by the retirement of Four Corners
power plant. Four Corners is a major electricity Hub in the Southwest connecting New Mexico with Arizona, California,
Colorado, and Nevada through a 500-kV high voltage transmission path.
75
The method is called “shift factors”; it does not address congestion or other dynamics of how the grid will respond to large
amounts of power injected.
76
The observed overloads occur in the 115-kV transmission system with maximum overloads less than 120%; they can be
mitigated by thermal plant re-dispatch and generation curtailment.
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resulting from the consumption of renewable energy at higher levels required by the ETA. To achieve that goal,
renewable power was forced to circulate within the state by displacing local generation. This change reduces plant
dispatch within New Mexico, a 50% reduction in thermal generator output.
Case 2 identified the following findings and observations, based on ICF’s power flow analysis:

4.4

•

ICF observed both positive and negative flows77. Additionally, selection of the
sample set exhibited a major influence on reported results in this analysis. More
analysis is required to confirm the selection of samples to properly capture
New Mexico’s grid dynamics.

•

The typical flow direction observed is from plants towards load centers and
export Hubs on the state border; the remaining plants are located downstream
of the general direction of power flow. 78

•

Plants that are closer to load centers and located upstream of flow are expected
to contribute more renewable power to the load centers. The main load centers
and export hubs drive a general east-to-west power flow trend across the state.
General flow direction on lines located in the northeast and southeast quadrants
exhibit the same trend79.

•

New Mexico’s northwest and southwest quadrants may exhibit higher
efficiency in receiving renewable power while remaining quadrants are
relatively inefficient. These quadrants also exhibit network features which
promote flow towards load centers, such as connectivity to the 345-kV system.

•

ICF also observed examples in which monitored lines closer to the load center
exhibit less responsive line flow changes in response to plant power injection. A
trial-and-error approach was therefore applied to select plant-line pairings which
exhibit higher response.

•

Mitigations such as the re-dispatch of generating units will eventually be
insufficient and more aggressive actions will be needed which could include
transmission switching and reconfiguration, bus splitting/merging, phase
shifting transformers and other measures.

Actions to Refine Case Findings

Results identified for Case 1 and 2 represent preliminary findings; additional technical issues were reported by ICF
which require further analysis. Refinements will build on modeling already accomplished but add one or more
topics listed in Table 14.

77
Positive values indicate injection at the load center will contribute to customer load or power export, while negative values
indicate a reduction of the same amount in line flow.
78
As a result, ICF’s findings in this analysis are only applicable to the reported pairings.
79
For example, flows towards the Northwest quadrant on Clines Corner - Diamond Tails (Circuit 1) and Diamond
Tails – Norton. Flows were observed leaving Northeast quadrant on Gladstone – Springer (Circuit 1) and Springer –
RAINVL_T (Circuit 1).
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Table 14. Actions to Refine Case Findings

Case 1. New Export Hub

10. Conduct at least one of the following
studies:
- Contingency analysis (N-1) to identify
any reliability issues re: proposed
export of renewable energy via
Springerville Hub.
-

Case 2. ETA Renewables Diversion

13. Conduct at least one of the following studies:
- Derive shift factors for 115-kV level and
above; sort samples from high to low
impact. Analyze short-listed lines with
higher shift factors to identify if lines
serve export and/or in-state power.

Replace the proposed Rio Puerco –
Springerville 345-kV circuit with an
upgrade of the 230-kV Rio Puerco –
Ambrosia – Pillar – Four Corners
path.

11. Perform updated analysis of generator
dispatching to ensure transmission
capacity upgrades are properly
balanced in terms of flows and
production costs.

-

Stress-test the 115-kV network by
increasing demand at each load
center; compare results to identical
power injection from each plant. Report
line overloads and their severity;
identify grid deficiencies limiting instate energy transfers.

14. Identify workarounds, upgrades or new line
construction that may mitigate renewable
flow blockages (with utility participation).

12. Evaluate potential congestion issues
along the adjacent transmission
pathways (WECC Paths 22,49,50).

Note: Underlined actions may be the most effective to implement early.
Action 10 will require additional power flow analysis of either the proposed Springerville NM Hub or an
alternate transmission path. The choice of alternative will depend on the likely status of Four Corners power
plant and its eventual retirement date.
Actions 11,12 could be conducted independently of Action 10, although results may be impacted by choice of
export path; this analysis will provide an in-depth evaluation of export line utilization and congestion issues
related to westward export of power.
Action 13 will require additional power flow analysis of in-state power flows using one of two possible methods;
each option should be evaluated to assess the value of expected results.
Action 14 can be conducted as a longer term measure; it results in a short-list of transmission measures that
mitigate flow blockages from renewable plants to load centers.
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5 Expediting Transmission Development
This section provides an overview of the current barriers to transmission development and considers potential
solutions for New Mexico to such barriers. Line routings and alignments are also discussed in context of ICF’s
proposed transmission Collector systems.

5.1

Construction Impediments and Case Studies

This section includes a review of processes already in-use in adjacent states as well as case studies which provide
lessons learned based on recent projects.
Process Overview
Siting and construction of a high voltage transmission line can typically require ten years or more in states which
invoke formally regulated processes. This process varies from state to state but generally follows the same four-step
progression of steps, as outlined in Figure 7.
Figure 7. Transmission Development Process

Step 1: Scoping - planning, and analysis performed by transmission owners, operators or developers; needs
identification (reliability, efficiency, renewable integration); desktop design for possible solutions. Requires internal
project design (vetting) and optional competitive solicitation.
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Step 2: Permitting & Design - routing, land surveys and initial identification of
ROW requirements; cost-benefit assessment; regulatory filings and approvals to
ensure cost recovery. Includes Federal, state and local permitting and siting
approval. Detailed specifications are documented.
Step 3: Development - obtain financing, final land and materials acquisition;
execute construction contracts.
Step 4: Construction and Operation – complete all civil works activities such
as tower erection, cable laying and restoring or revegetating disturbed land. Once
a newly constructed line is connected to the transmission grid it is tested for
safety and reliability before it is energized as part of the high-voltage electric
system.
Steps 1 and 2 currently offer the greatest opportunities for process
improvement. In New Mexico, the Scoping phase is largely conducted within
each transmission utility’s service territory. These utilities also coordinate their
transmission planning activities with the Western Electricity Coordinating
Council (WECC), the Regional Entity which oversees reliability planning and
assessments in the Western Interconnection.
While WECC provides a limited degree of planning and coordination across its
footprint, it does not yet function effectively as a Regional Transmission
organization RTO (this type of structure would provide transmission planning
across the entire region in a coordinated, consistent, and transparent manner). An
RTO would identify needs, consider alternate solutions, assess cost/benefits of
solutions and eliminate seams issues across utility balancing areas. A regionally
coordinated planning function which considers market aspects, policy goals, and
reliability across a broad system provides a means of identifying transmission
solutions that serve a broader purpose and provide a broader benefit than would
be recognized in utility planning alone.

New versus
Existing ROW
Existing transmission
corridors were preferred
over new corridors in this
study; this approach
minimizes acquisition
and permitting of new
right-of-way (ROW).
Options for adding new
lines were considered
only if upgrades and new
lines in existing corridors
would not add sufficient
capacity. More detailed
technical assessments of
upgrades, construction
cost, acquisition of lands,
and environmental
impact should be
conducted as follow-up
studies for a thorough
implementation design.

The Permitting & Design phase for high voltage transmission tends to be the longest and most diverse step of the
transmission planning lifecycle. Obtaining permits and regulatory approvals requires detailed routing information
and land assessments must be available and sufficiently complete. This phase also necessitates the need for public
engagement and buy-in for necessary approvals to move forward. Often, the requirements needed differ across
states, and further differ across counties within states. Aspects of this stage which are particularly challenging
include:
•

Multi-state /Federal coordination: Streamlining the permitting and regulatory
approval process to have consistent requirements could reduce the time spent in
this step.

•

Cost allocation: Cost allocation can be particularly challenging on larger
projects spanning multiple states. Cost allocation rules could be addressed at a
federal level through FERC and is one of the topics currently under review.

•

Land acquisition: Landowner opposition to transmission lines passing through
or near their property is a critical issue within the permitting and approval
process. Programs allowing for use of pre-existing ROW (such as highways and
railways) could reduce the time needed in this stage.
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•

Permitting: Permitting requirements vary across multiple jurisdictional levels
and can involve sequential rather than simultaneous review of related aspects.
Streamlining the permitting process within (under state authority) and across
states (under Federal authority) could reduce the time needed in this stage.

•

Resiliency incentives: Opposition to transmission, particularly those issues
related to visual impact, can be reduced through undergrounding lines.
Currently, undergrounding is used on an as-needed basis to limit cost of projects.
State and Federal incentives to increase resiliency on the power system may
result in greater application of cost-effective undergrounding; this would reduce
public opposition to lines and reduce the time required in this step.

Four case studies have been documented to provide context for the overall process described above and to identify
key lessons learned from state-level activities. They include: Texas CREZ; CAPX2020 (Minnesota, North and
South Dakota, Wisconsin); MISO multi-value projects (eleven mid-west and southern states); and New EnglandQuebec expansion projects. Each of these cases is described in more detail in Sections 4.4 to 4.7 of the report
SUPPLEMENT.
State and Federal Policies/Initiatives
A variety of initiatives are currently underway which will potentially impact processes related to transmission
development. These include: FERC’s recent Advance Notice of Proposed Rulemaking (ANOPR); the recentlypassed Infrastructure Investment & Jobs Act 80; the pending Build Back Better Act 81 and Right of First Refusal
(ROFR).
In July, 2021 FERC issued an ANOPR related to the potential need for reforms or revisions to existing regulations
to improve the electric regional transmission planning and cost allocation and generator interconnection processes.
In response, utilities representing the Edison Electric Institute (EEI) are urging the Commission to allow
construction of regional and inter-regional transmission projects without a bidding process by ROFR 82. A
counterargument is that competitive bidding reduces project costs, saving money for ratepayers. However, only 3%
of US transmission projects last year occurred through competitive bidding. The Electricity Transmission
Competition Coalition (ETCC)83 are demanding competitive processes to expand to local transmission planning as
well. According to ETCC, transmission projects that go through competitive processes are roughly a third less
expensive than utility-backed proposals. Key provisions of the passed Infrastructure Investment & Jobs Act
could help facilitate transmission development, notably a Department of Energy (DOE) Transmission Facilitation
Program to support development of “nationally significant” transmission lines that improve resilience and increase
access to cheaper clean-energy sources. The Act funds a $2.5 billion revolving loan fund to establish DOE as an
anchor tenant for new or upgraded transmission lines, allowing DOE to commit to up to half the capacity of lines
and then sell the capacity to others. It also authorizes FERC to approve transmission corridors “ in the national
interest” that are blocked by state inaction or rejection 84.
H.R. 3684 legislation provides $973 billion over five years from FY 2022 through FY 2026, including $550 billion in new
investments for all modes of infrastructure notably energy and resilience.
81
H.R. 5376 legislation provides $1.75 trillion in reconciliation funding including several key provisions related to facilitating
transmission development.
82
FERC Order 1000 withdrew the ROFR from incumbent utilities however states such as Minnesota and Texas have already
passed laws reinstating the ROFR for their utilities.
83
ETCC represents large energy users and trade groups such as Ford Motor Co., the PJM Industrial Customer Coalition and the
Steel Manufacturers Association.
84
FERC Commissioner Richard Glick stated the backstop siting authority would be “somewhat limited in terms of its
deployment”.
80
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Build Back Better legislation includes several key provisions related to facilitating transmission development
which include: Transmission Investment Tax Credit with a base credit of 6% and bonus credit of 30% for facilities
that satisfy prevailing wage and apprenticeship requirements; funding to provide incentives to construct new highcapacity transmission lines and to upgrade interties between the various interconnections; $800 million to DOE for
the issuance of grants to siting authorities, including state, local, or Tribal governmental entities to study and
analyze the impacts of covered transmission projects, examine alternate transmission siting corridors, host
negotiations regarding covered transmission projects, participate in regulatory proceedings and for community
economic development; funding for FERC to develop more efficient, accurate, and timely reviews for planning,
permitting, and approval processes is also included.

5.2

Line Routing and Alignments

Table 15 identifies corridors that could potentially be developed as a prioritized subset of the lines to be constructed
in each Collector Plan.
Table 15. Proposed Transmission Right-of-Ways
Transmission Line
345-kV Clines Corner to
Ojo
345-kV Guadalupe to
Clines Corner
345-kV Guadalupe to
Rio Puerco
345-kV Luna to
Greenlee
345-kV AC Loop from
Ojo to Valencia to
Clapham
230-kV PEGS to
Ambrosia

Collector
Plan

Miles

1

78

1,2

40

1,2

268

Existing
ROW?

Yes

Candidate ROW
Clines Corner – Norton –
Ojo
Guadalupe – Clines
Corner
Guadalupe – Western
Spirit – Pajarito – Rio
Puerco
Luna – Hidalgo –
Greenlee NM

1,3

110

3

303

115-kV AC Loop from Ojo
to Valencia to Clapham

3

14

PEGS – Ambrosia

345-kV Taiban Mesa to
Yes
Western Spirit – Pajarito
3
267
Rio Puerco
(partial)
– Rio Puerco
345-kV Western Spirt
1,2,3
84
to Sandia
345-kV Rio Puerco to
1,3
172
Springerville
345-kV Sun Zia East to
No
2
14
Western Spirit
345-kV Sun Zia South to
2
9
Luna
345-kV Taiban Mesa to
3
130
Clapham
Note: lines listed in bold italic were identified by ICF as Common.

Collector line routes have been subdivided into projects that are adjacent to an existing transmission corridor or
added as new transmission corridors in the system. New transmission lines that are adjacent to an existing
transmission corridor may be able to utilize the existing ROW.
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A total of 1,489 miles of line construction are listed in Table 15 with more than 65% of mileage located in an
existing ROW. It is important to note that the complexity is not eliminated by choosing to make improvements in
existing an ROW; each project presents its own challenges. Four transmission lines are also labeled as “Common”
which indicates that these projects have been identified as highest-priority builds 85. In general, more planning
activity is likely to be focused on east-west routes proposed by ICF since these lines are needed to move power
towards export markets.
A well-documented process has been previously used by NMRETA to assemble line routing and alignment data, to
compare proposed routes against various siting criteria and to prioritize lines for additional planning analysis86. This
process can incorporate new transmission line projects identified in this study. ICF recommends further evaluation
of potential transmission 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 87 and storage to support the transmission system needs
must be considered in future studies. These technologies should be considered for future studies in the next three to
five years. 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 limits the transfer capacity, whereas HVDC faces no
such limitation.

5.3

Actions to Shorten Transmission Development Timelines

To support the development of New Mexico’s vast renewable energy resources to help achieve clean energy goals,
New Mexico should consider enacting up to ten actions at the Legislative and Agency-specific levels to expedite
transmission development; each action is summarized in Table 16. These recommendations were identified on the
basis of ICF’s independent research, case studies of actual projects, observations of project development timelines
and a survey of independent transmission developers with nationwide experience.
Table 16. Actions to Shorten Transmission Development Timelines

Legislative
15. Amend applicable NM statutes.
16. Utility right of first refusal (ROFR).
17. Coordinate county permitting
requirements.
18. RTO membership assessment by
IOUs.

Agency-Specific
19. Streamline Federal permitting process.
20. Coordinate State/Federal permitting
activities.
21. Promote transmission project value.
22. Statewide planning analysis.
23. Access to existing non-transmission ROW.
24. Federal incentives and grants.

Note: Underlined actions may be the most effective to implement early.
Each category is discussed in more detail below. Legislative actions are listed in the left column, Table 16.
Action 15 would modify the regulatory process of evaluating transmission projects; public “need” determinations
should recognize value streams for transmission projects which extend beyond the immediate locality and
In the Common line subset 378 miles are located in existing ROWs and 256 miles are new construction.
Senate Memorial 44 (SM 44, 2009) titled “Renewable Energy Resource Zones” directed NMRETA to “…highlight potential
transmission corridors to further renewable energy exportation from New Mexico (and) identify and prioritize regions of low or
minimal land development restrictions by coordinating efforts with all state and federal agencies". A final report was issued in
October, 2009 to NMFA’s Oversight Committee.
87
Microgrids are small-scale grids that can disconnect from the traditional grid to operate autonomously. At transmission level,
microgrids can help reduce transmission losses through locating resources closer to load.
85
86
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traditional reliability benefits. It should include other factors which enable New Mexico to meet ETA clean energy
goals, reduce interconnection costs for integrating intermittent renewable resources, and modernizing the
transmission grid88.
Action 16 would avoid lengthy bidding procedures on regional projects but it typically applies to projects that are
eligible for regional cost allocation and approved by an RTO. If New Mexico’s utilities do not elect to participate
in an RTO, this action would affect only Xcel Energy’s service territory. ROFR may result in limiting competition
which will otherwise provide innovation or cost savings.
Action 17 would manage the overall permitting process across county planning entities89 and create standards
where possible. It would not restrict the ability of counties to establish unique criteria but would provide a
common set of source information and documents that could be used in all jurisdictions across New Mexico, and
allow for some standardization of submittals for a project that spans counties.
Action 18 would be initiated by NM PRC requests for cost-benefit analyses, specifically including impacts on
transmission development as well as costs to consumers 90. Regional transmission and resource planning based on
multi-value streams for transmission can be more effectively accomplished through an RTO organization while
creating an efficient market structure that can help reduce generation supply costs.
Agency-specific actions are listed in the right column, Table 16. Action 19 applies to transmission lines that cross
Federal lands. Streamlining should establish clear and committed timelines with specific milestones which provide
clarity to transmission developers and certainty regarding the permitting process.
Action 20 would additionally establish agreements with Federal agencies; requirements of both Federal and state
agencies would be met in a coordinated manner. Transmission developers would provide a single set of documents;
this would avoid needless duplication of requests or competing requests across reviewing entities. Agreements
could also provide for simultaneous review of specific items to further streamline the permitting and siting process.
Actions 21,22 would be focused on enabling messaging related to clean energy projects in New Mexico.
Stakeholders and community members can typically recognize the benefits of renewable energy projects; however,
the benefits of related transmission project are less obvious. An unbiased public education campaign which
identifies direct impacts related to jobs, taxes and other benefits for communities in New Mexico could reduce the
time spent by transmission developers interacting with stakeholders. Statewide planning analysis would clearly
identify the potential benefits that transmission projects can provide to New Mexico within areas offering large
potential to develop renewable energy.
Action 23 would provide coordination among Federal, state, and local jurisdictions to promote access to existing
rights-of-way that are not located within a transmission corridor. This action could also facilitate the identification
of existing corridors that support transmission development by granting preference to these projects.
Action 24 would potentially enable Federal funding sources now under consideration for clean-energy
transmission projects. These incentives could ensure the viability of long distance transmission projects in New
Mexico. For example, state support for Federal legislation which allows DOE to commit to up to half the
capacity of the power lines would provide financial certainty to transmission projects, reduce time spent in preconstruction phases and also lower overall project costs.
NM PRC regulates transmission siting pursuant to N.M. Stat. Ann. 62-3-1-62-3-5, 62-9-1-62-9-7, 62-10-1-62-10-16 and 6211-1-62-11-7.
89
For example, NM Regulation & Licensing Department (RLD-CID) is a statewide source for common county requirements.
90
Nevada Senate Bill 448 requires that the state join an RTO by 2030. The cost-benefit analysis could serve as the first step in a
similar process within New Mexico.
88
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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.
Default JEDI data provides a mean estimation of costs which were applied uniformly in this study. ICF has not
performed a comprehensive study that would indicate the likely range of costs to be incurred, so a cost interval is
not reported. Factors that affect construction costs are primarily driven by the land characteristics; flat land with no
vegetation exhibits a much lower cost of construction than does heavily sloped land. The line’s design function can
also significantly influence construction costs. Factors such as power capacity to be transmitted, environmental
considerations, access to easements and rights‐of‐way, and cost of ancillary equipment are key parameters affecting
most projects. In order to estimate state-level economic impacts of investments, the potential for “leakage” 91 of the
investment dollars to firms and businesses outside New Mexico was also 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.
Table 17 summarizes each Collector Plan with estimated costs, jobs, and GSP impacts listed for the Construction
and O&M project phases 92.
Table 17. Collector Plan Economic Impacts ($Millions, 2020 Dollars)

Item
Construction Phase- 2021 to 2030
Construction cost
Onetime private ROW cost
Annual public ROW cost
Construction & ROW job-years
Construction & ROW GSP
O&M Phase- 2024 to 2050
Annual O&M cost
Annual O&M jobs
Annual O&M GSP

Collector Plan 1

Collector Plan 2

Collector Plan 3

$1,162.1
$19.8
$0.5
5,899
$519.4

$1,858.0
$31.7
$0.7
9,257
$822.5

$1,625.9
$30.1
$0.6
7,248
$646.6

$8.7
41
$3.2

$12.1
59
$4.5

$12.4
60
$4.6

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 93. 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.
Collector Plan 2, while the costliest in terms of construction and ROW, provides the highest level of construction
91
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.
92
ICF Page 141-142.
93
ICF Page 116; Job-year estimates can be equated to Full Time Equivalents (FTEs).
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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 $154.6 million in total labor income94.
In-state economic impacts of new wind and solar generating capacity estimated by ICF are summarized in
Table 18 95.
Table 18. Renewable Plant Economic Impacts ($Millions, 2020 Dollars)
Item
Wind
Solar
Construction Phase- 2021 to 2030
Construction cost
Construction job-years
Construction GSP
O&M Phase- 2024 to 2050
Annual O&M cost
Annual O&M jobs
Annual O&M GSP

$4,139.6
9,502
$904.2

$3,631.8
10,784
$1,021.1

$119.2
435
$38.9

$44.4
221
$15.1

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: Direct, Indirect and Induced.
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 96. 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:

•

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

•

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.

•

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

•

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

ICF Page 128.
ICF Page 142.
96
ICF Page 100.
94
95
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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 2020 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/MWh. These revenues
will most likely not lead to additional hiring at the transmission companies but may lead to indirect and induced
impacts from the increased revenue.
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.
Collector Plan Impacts97
Construction and operation of new transmission under Collector Plan 1 is expected to generate:

•

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.

•

$197.3 million in direct labor income and $307.6 million in direct GSP.

•

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.

•

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:

•

97

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

Results tabulated in this section are reported on ICF pages 114-155.
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Mexico.

•

$310.9 million in direct labor income and $487.1 million in direct GSP.

•

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.

•

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:

•

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.

•

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

•

$244.6 million in direct labor income and $380.4 million in direct GSP.

•

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

•

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 jobs98. 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 99.
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 19, 20 summarize in-state tax revenue attributed to both project phases, Construction and O&M100.

ICF Page 131.
ICF Page 137.
100
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.
98
99
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Table 19. Tax Revenue- Construction Phase ($Millions, 2020 Dollars)

Item
Employee Compensation
Proprietor Income
Production and Imports
Households
Corporations
Right-of-way
Wind/Solar Plant
Total

Collector Plan 1
$0.2
$29.5
$4.5
$0.7
$1.1
$177.6
$213.5

Collector Plan 2
$0.3
$53.2
$8.0
$1.2
$1.7
$177.6
$242.1

Collector Plan 3
$0.2
$41.4
$6.3
$1.0
$1.6
$177.6
$228.1

Table 20. Tax Revenue- O&M Phase ($Millions, 2020 Dollars)

Item
Employee Compensation
Proprietor Income
Production and Imports
Households
Corporations
Right-of-way
Wind/Solar Plant
Total

Collector Plan 1
$4.9
$0.7
$0.1
$85.1
$90.8

Collector Plan 2
$6.8
$1.0
$0.1
$85.1
$93.1

Collector Plan 3
$7.0
$1.0
$0.1
$85.1
$93.4

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 205095 101.
Value of Transmission Infrastructure Development
This analysis estimates the net value of transmission infrastructure development in support of New Mexico
renewables, assessing costs and benefits specifically attributable to transmission infrastructure projects that access
renewable electricity export markets. It assumes ICF’s reported proportion of power allocated to export and in-state
usage 102. Table 21 summarizes key inputs to the calculation of return-on-investment (ROI).
Buildout
Start
Year
2022

2026

Table 21. Estimated Collector ROI ($Millions, 2020 dollars)
Cumulative Cost
or Benefit

Collector Plan
1

Collector Plan
2

Collector Plan
3

Collector cost plus O&M
State-wide GSP gain
High ROI %
Collector cost plus O&M
State-wide GSP gain
Low ROI %

$953.7
$1,285.2
28
$924.4
$521.9
9

$1,548.6
$1,829.6
38
$1,507.2
$726.0
12

$1,281.7
$1,399.8
28
$1,242.2
$507.0
9

ROI is estimated on the basis of two quantities: GSP gain within the state’s economy and cumulative investment
cost in Collector transmission lines.

101
102

ICF Page 9.
ROI estimates were derived by NM RETA, they were not reported by ICF.
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Table 21 reports estimated ROI ranges, based on ICF’s assumed buildout schedule of transmission and
wind/solar plant operating by 2035. Owner income attributed to the sale of export power beyond New Mexico’s
boundary is not included103. Approximately 31% percent of state-wide GSP gain estimated by ICF can be
attributed to Collector construction and operation. In addition, Collector Plans export up to 78% of renewable
power generated 104.
High ROI assumes complete buildout of ICF’s proposed investments by 2030; Low ROI assumes a five-year
start delay with complete buildout by 2035. An ROI value greater than zero for the stated period (in this case,
years 2022 to 2035) means the investment's gains compare favorably to its cost. ROI can be compared to
expected (or required) rates of return on money invested. Possible hurdles that must be overcome to ensure
actual outcomes exceed Low ROI include early commitment to the “Common” line builds, timely processing of
ROW approvals, avoidance of lengthy construction delays and successful procurement of large-volume off-taker
contracts.

Future energy contract volumes, duration and PPA pricing must be estimated, they are not quantifiable with reasonable
accuracy.
104
Renewable power generated includes ICF’s “economic additions” for solar and wind plants totaling 5,900 MW; adjusting for
annual capacity factor up to 2,910 MW could be exported at peak.
103
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7 New Mexico’s Renewable Development Potential
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 105. A significant fraction (approximately 12,000 MW 106) is likely to become operational prior to 2032, based
on committed or late-phase project evaluations.
Figure 8 displays ICF’s estimated renewable potential for solar and wind minus constrained areas 107.
Figure 8. Solar, Wind Renewable 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. Development areas below Wind Power Class (WPC) 4 for wind
projects were excluded based on economic analysis indicating 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.
Most of the potential solar capacity is located on private and state lands, with 73% of the total. The strongest
ICF Page 37.
Includes 3,000 MW of advanced stage development, 7,000 MW in select utility interconnection queues and the 2,200 MW
Corona portfolio.
107
Areas with no potential solar development are shown on Figure A-1 as white spaces.
105
106
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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 2020–2032 108. 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 potential109. 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 110.
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.
Two renewable 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:
•

The first siting (Option 1) reflects centralized development with
resources located in nearby clusters within key renewable zones.

•

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

Figures 9,10 display the locations of ICF’s forecasted wind (blue icon) and solar (green icon) builds.

ICF 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.
109
ICF Pages 31-32.
110
ICF 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.
108
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Figure 10. Decentralized Renewable Generation Siting.

Figure 9. Centralized Renewable Generation Siting.
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8 Modifications to 2020 Study Assumptions, Methods
During ICF’s 2020 study, a series of transmission system analyses were conducted to create “Collector” plans 111
based on the BAU scenario for New Mexico’s electricity grid. 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) 112 software was used for power flow assessment under
normal and contingency conditions. 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 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.
An updated power flow model representing the on-peak grid snapshot was created 113 during Step 1. The model was
then extended for future years in Step 2, by modifying FERC 715 filing case for WECC’s 2020 regional system to
represent the year 2030. This model incorporated the most up-to-date network topology, generation dispatch, and
load assumptions used by regional system planners for reliability planning purposes.
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.
Retirement of Four Corners Power Plant
The coal fired Four Corners Power Plant near Farmington, New Mexico is considered one of the largest in-service
coal plants serving the load customers in the Rocky Mountain and Desert Southwest region. Arizona Public Service
(APS) owns 63% of the Four Corners while Navajo Transitional Energy Company (NTEC), Salt River Project
(SRP), Tucson Electric Power (TEP), and Public Service of New Mexico (PNM) share the rest of the plant capacity.
In the 2020 study, New Mexico’s power system was analyzed for the years 2025, 2030 with Four Corners online; the
plant was planned to be retired by 2031. APS has recently announced plans 114 for seasonal plant operation starting
2023 and expected the seasonal schedule will reduce annual carbon emissions up to 20-25%. PNM also announced
plans to transfer its share of ownership to NTEC in 2024. ICF therefore modeled complete retirement of Four Corners
in the updated 2030 model to analyze the impact of shutdown on the Collector Plan performance.
Economic solar and wind additions were first used to balance the supply and load within New Mexico. Excess
production from the economic renewable additions will be exported to adjacent western states. Once the study case
for each Collector Plan was developed, ICF conducted an AC power flow analysis to examine the thermal loadings
and voltage conditions under both normal (N-0) and N-1 contingencies. The following modifications to 2020’s
study assumptions are described in this section, listed by three categories Demand, Generating Capacity and

A 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).
112
PSLF is a power flow tool licensed by GE Energy Consulting. “Energy Management System.” See Ref. 16.
113
ICF Page 67.
114
“APS announces plans for seasonal operations at Four Corners Power Plant”, see Ref. 17.
111
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Demand
ICF utilized demand assumptions specified in the 2020 WECC power flow High Summer HS case, projected to the
forecast year of 2030. Scaled 2030 load demand in the four target states equals: New Mexico 5,393 MW; Arizona
22,956 MW; Colorado 10,825 MW; Utah 10,377 MW.
Thermal Generating Capacity
Scaled 2030 conventional generation in New Mexico equals 6,600 MW. The assumption will reflect the thermal
buildouts identified in the relevant utility IRPs and/or WECC Resource List issued in April, 2021 as the reference
for thermal buildout in the four target states. Table 22 summarizes planned changes to thermal additions and
retirements (nameplate MW).
Table 22. Thermal additions and retirements
State
New Mexico
Arizona
Colorado
Utah

Addition
MW
670
996
494
490

Retired
MW
-1,522
-2,137
-1,300
-75

Net
MW

-852
-1,141
-806
415

Renewable Generating Capacity
The 2030 case incorporated any advanced-stage queue projects with an Interconnection Agreement executed. ICF
used the same NM renewable buildout as in the 2020 RETA study. One new firm wind project (Argonne Mesa
Wind Project) rated at 145 MW was identified, connected to the Guadalupe 345-kV substation. Table 23
summarizes planned changes (nameplate MW) to solar and wind additions.
Table 23. Renewable Solar, Wind Additions
State
New Mexico
Arizona
Colorado
Utah

Solar
MW
3,800
6,567
2,047
2,987

Wind
MW
3,149
446
3,376
505

Net
MW

6,949
7,013
5,423
3,491

ICF assumed same renewable siting in New Mexico for each Collector Plan respectively. Specifically, both
centralized and decentralized renewable siting scenarios are modeled, reflecting the uncertainty in how resources
could be developed going forward. In addition to renewable plant additions listed in Table 26, battery capacity
totaling 1,455 MWh is also modeled; 17 units are proposed within the four-state area.

115

Specific utilities modeled include: New Mexico: PNM, EPE; Arizona: APS, TEP, SRP; Colorado: Black Hills, Tri-state,
PSCO; Utah: PacifiCorp East.
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ICF’s power flow model includes “firm” transmission (approved, granted) upgrades identified in the latest 10-year
transmission plan and transmission upgrades in relevant system impact studies. The 2020 FERC 715 model includes
all firm transmission projects identified in the 10-year transmission plan of each utility. ICF reviewed the recent 10year transmission plans and summarized the firm (granted/approved) projects.
Projects modeled in the study area include new lines, upgrade of existing lines, addition of transformer capacity and
substations additions or modifications. 141 potential projects were identified. Table 24 summarizes transmission
project counts for the four-state area, subdivided into line, substation and transformer categories.
Table 24. Planned Transmission Projects
State
New Mexico
Arizona
Colorado
Utah

New lines or
upgrades
26
27
16
7

Add, modify
substation
22
8
7
4

Add
Transformer
3
19
2

Seventy lower capacity projects are included in Table 24; they consist of upgraded or new transmission lines or
transformer upgrades which will operate at 69-,115- and 138-kV. Seventy-one higher capacity projects are also
included, all planned for commissioning on or before 2030. These projects will operate at 230-,345- and 500-kV. Of
this set, the majority are assumed to be in operation prior to 2025. Post-2025 projects include 19 transmission
upgrades in New Mexico116 planned for PNM or EPE’s service territory.
Western Spirit 345-kV single circuit and Sun Zia 500-kV double-circuit transmission projects are considered firm in
the centralized renewable distribution scenario. The 155-mile 345-kV Western Spirit line connecting Clines Corners
substation to the Central New Mexico grid was analyzed in ICF’s 2020 study. Construction began in January, 2021
and energization occurred in late October, 2021. PNM identified several overloading issues under critical
contingency events and proposed the following two transmission system reinforcement updates on top of the initial
design of Western Spirit:
•

Increase Western Spirit to Pajarito 345-kV lines series compensation to 65% to
increase the transfer of flow through the Western Spirt to Pajarito 345-kV line.

•

Expand provisions of the existing Eastern New Mexico Remedial Action (RAS)
to mitigate overloads along the West Mesa – Pajarito 345-kV corridor during
critical contingencies.

ICF identified thirteen 345-kV PNM projects in this set considered “non-firm”; they include one line rebuild (Four CornersWest Mesa), 3 new lines (OJ West-Rio Puerco, Ojo-Norton, McKinley-Rio Puerco), 8 substation modifications and 1
transformer addition.
116
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