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Bulk Power System Virtual Learming Modules:

Integrated Electricity Planning Trainings

This three-part trainings series will dive into key concepts of integrated planning, a holistic planning
approach to develop atfordable, reliable, and robust investment plans by integrating traditionally

siloed processes.

*Open to NARUC, NASEO, NASUCA, NGA, NCSL, and NACAA Members

Spring 2025 Sessions (all hosted virtually from 2:00 to 4:30 p.m. ET):

« February 13: Integrated Electricity Planning for Different Types of Entities
« February 20: System Expansion Modeling: Considering Transmission and

Distribution in Capacity Expansion Modeling
« March 6: Tools, Data and Processes for Integrated Planning

Register Now




About NARUC

* Founded in 1889, the National Association of Regulatory Utility
Commissioners (NARUC) is a non-profit organization dedicated to
representing the state public service commissions who regulate the utilities
that provide essential services such as energy, telecommunications, power,
water, and transportation.

* NARUC's members include all 50 states, the District of Columbia, Puerto
Rico, and the Virgin Islands.

* Our missionis to serve the public interest by improving the quality and
effectiveness of public utility regulation.



About CPI

* The NARUC Center for Partnerships & Innovation (CPI) builds relationships,
develops resources, and delivers training to assist state commissions
contending with complex current and emerging issues.

 CPlisfunded by cooperative agreements with the U.S. Department of Energy
(DOE) and the U.S. Department of Commerce’s National Institute of
Standards and Technology (NIST).

* NARUC CPI conducts work across five key energy areas and many topics
within each: generation; transmission; distribution; customers; and critical
infrastructure preparedness, response, and resilience.

* For more information, visit: https://www.naruc.org/cpi/cpi-home/



https://www.naruc.org/cpi/cpi-home/

Energy Systems Integration Group (ESIQ)

® ESIG is a member-driven organization that
addresses technical challenges for transforming
energy systems. We do this through collaboration,
education and knowledge sharing.

® >250 members worldwide broadly focused on
decarbonization and integration of energy systems

®  Workshops, webinars, reports available freely on
our website (https://www.esig.energy/) and on
YouTube (@EnergySystemsintegrationGroup). Join
our mailing list!

® We create task forces to address topics such as
multi-value transmission benefits or grid-forming
technology or electrification and these task forces
do analysis, run simulations, synthesize best
practices, etc. One of these task forcesis on
integrated planning!



https://www.esig.energy/
https://www.youtube.com/@EnergySystemsIntegrationGroup
https://www.esig.energy/task-forces/

Integrated Planning Means Different Things to .
Different People

)

Training focuses on electricity system

But also includes electrification
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Graphic: Aaron Burdick, E3, “ESIG Integrated Planning Introduction”, to be published, 2025



What Is iIntegrated planning?

Traditional electricity system planning is siloed
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Transmission Distribution investment
investment plan — plan — asset health; Customer/DER
transmission distribution programs — customer
infrastructure needs for infrastructure needs for program evaluation and
reliability, regional and reliability and safety; design; rate design
interregional needs grid modernization

Resource development
plan — least cost

resource plan;
procurement needs;
RFPs

Graphic: Aaron Burdick, E3, “ESIG Integrated Planning Introduction”, to be published, 2025



Integrated Planning captures synergies,

constraints, redundancies

* Retall rates or DERs can reduce the need for

generation. A Customers
n B & DER

* Two-way flows on the distribution system can
affect transmission planning.

® Storage can reduce the need for
transmission or distribution upgrades.

° If you need storage, should you site it on the = I
transmission or distribution system?

® Generation resources such as wind and solar  pistribution
need greater coordination with transmission
planning.

* High levels of inverter-based resources

(wind/solar/batteries) can lead to stability
iIssues on the transmission system.
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Graphic: Aaron Burdick, E3, “ESIG Integrated Planning Introduction”, to be published, 2025



Traditional planning processes

{C}}\ﬁ

Least-cost
economics;
resource
adequacy;
operational
flexibility; policy
goals

Planning
constraints

Capacity
expansion,
production cost,
loss of load
probability

Tools and
Methods

S

Thermal; voltage;
stability;
contingencies

Steady-state power
flow; nodal
production cost;
dynamic stability;
short circuit
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Thermal;
voltage/power
guality; operational
reliability;
protection

Steady state power
flow; short circuit;
protection

Cost-effectiveness;
low-income
customers; market
transformation;
policy goals

Avoided costs;
cost/benefit
analysis; programs;
rates/tariffs



Another way to think about integrated planning
IS the Integration of the goals




There Is no supermodel. Just a continuous
Improvement of methods, tools, and data.




GRID PLANNING - NEEDS AND SOLUTIONS

ENERGINET

Separation of system needs and solutions for technology neutral and socio-economic efficient solutions

mtions for energy system development, Danish En: Agency (2050, annually)
NEEDS SOLUTIONS TSO ANALYSIS
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J. Frasier, NYISO, J. Bakke, MISO, P. Markussen, Energinet, Xiaoyao Zhou, NESO, Kelsey Allen, SPP, -
ESIG Integrated Planning Workshop 10/21/24; D. Palchak, NREL ESIG Spring Workshop 3/26/24

Reliability
Simulations




Pacificorp co-optimizes generation and

transmission in resource planning

Reliability Assessment

Key Planning Including loads, prices, supply-side resources,
Assumptions and fuel costs, granularity adjustment, and reliability
Uncertainties adjustment, etc.

U

om'olio Ve \
Detslopment Resource Portfolio
Development (LT)

Portfolios

Reliability
Assessment (MT, ST)

Preferred Portfolio
Selection

Cost and Risk
Analysis (ST, MT)

Preferred
Portfolio

\ Action Plan

Pacificorp, 2021 IRP Volume 1, 9/15/21



https://www.pacificorp.com/content/dam/pcorp/documents/en/pacificorp/energy/integrated-resource-plan/2021-irp/Volume%20I%20-%209.15.2021%20Final.pdf

National Grid finds that nodal capacity

expansion modeling gives you better answers

Our approach leverages the capacity expansion module of the

How much generation and Enelytix/PSO platform
what generation you build I —
depends on what you = The capacity expansion model — 765KV lllustrative Model
assume when you model Pm‘"dles 8 h'gh':‘_ flexible a_'t"d o Network Representation
C . granular generation capacity .- B ek T ion |
transmission. expansion backbone*, including; — HVDC (Tx expansion layer)

a DC network representation I Back-to-back HVDC

The answer changes E st _ ~ ISO-NE Interface
. ‘g . , * Existing Tx constraints & == NYISO Interface Total East
significantly if you don't captured in model, but limits on '
include transmission transfers are an input
constraints. Or if you don't * We layer on a network of Oysinger: st
. . . H : ast o Central
co-optimize generation and physical transactions that

.. . provide the option for the model /E
transmission expansion. to dynamically increase 4

transfer capability between .

j # **Morth-South

- I i
E W WA i,,?; ot

areas in the system (at a cost) | Iy o
| erfed e b
*additional details on the Enelytix/PSO platform .' L ‘ :‘ ﬁ ) ’*
and capacity expansion model in appendix [ 1 NYISO
® il 4 ’ e
National Grid ENELYTIX  =—==== Neptune 5

powerad by PSO truncated geography

Kai Van Horn, National Grid, ESIG Fall Workshop 10/25/22



https://www.esig.energy/download/application-of-capacity-expansion-modeling-for-transmission-planning-in-national-grid-kai-van-horn/

NREL examines loads, distribution system

constraints, and DERS as a resource

LA100 includes detailed Steps of the LA 100% Renewable Energy Study — Highlighting
bottom-up analysis of loads the “D” Parts...
including electrification, , ol S
customer adoption models for | Estimate load growth —
rooftop solar and storage, ,a”"i' c:ﬁmandtpr?flllefs, -———*
distribution grid upgrades. Including potential for RE Resource paci

gna upg load flexibility & &8 m——
It aISO InCIUdes DERS aS a Distribution / - Load y aTngtI?:i':ty

. . . Cost Analysis alancing an
SOIUtlon In resource planmng' Estimate distribution / :3:33::; Distribution
system hosting capacity TaD Anaiyss

and upgrade costs

Non-Modeling Stages a‘:]'::::::g
Include DERs in -

Capacity Expansion L Toallstages

Acquisition

Stakeholder Engagement

LA100 | 5

P. Denholm, NREL, ESIG Fall Workshop, Oct 21, 2024



https://www.esig.energy/download/ip-workshop-overview-of-nrels-approach-to-integrating-distribution-sited-resources-in-the-la100-study-paul-denholm/?wpdmdl=12195&refresh=671fa490f02c01730126992

HECO's integrated economic and reliability

assessments address stability issues holistically

The Integrated Grid Plan
harmonizes generation,
transmission and
distribution planning.
Includes NWA, grid mod,
stability, hosting capacity.
Transmission and security
analysis examines the role
of grid-forming battery
energy storage in
maintaining stability with
high levels of inverter-
based resources
(wind/solar/battery).

Modeling to Determine Grid Needs

The Preferred Plans for each island were developed as a result of the resource, transmission, and
distribution analyses.

Capacity

Expansion
Planning
(RESOLVE)

N Resource

1. Develop initial resource CEIEIAN > Add or remove resources based
plans for Base and Land Analysis

on RA analysis to meet 0.1 LOLE Final Grid Needs
Constrained scenarios (PLEXOS) standard PortFolio
Meet reliability
1 SCCICELI 3 ond 4. Incorporate community (Preferred Plan)
Cost and TAP feedback on specific

g Simulations
(PLEXOS)

resource types / specific resource
haracteristics

Inputs,
Assumptions,
Constraints &

Scenarios

Grid service.needs
System

Security
Analysis
(PSSE/PSCAD)

Distribution
Analysis
(LoadSEER,
Synergi)

Meet distribution
planning criteria?

awaiian

Meet transmission
planning criteria?

5. and 6. Reduce REZ W —

additional transmission expansion and
incorporate dispatch canstraints for GFM
headroom

1a. Identify distribution hosting capacity and
location-based needs and qualified NWA
procurement opportunities

Hawai'i Powered :0 6

K. Aramaki, HECO, ESIG Fall Workshop, 10/23/24



https://www.esig.energy/download/session-6-hawaiian-electrics-integrated-grid-plan-ken-aramaki/?wpdmdl=12241&refresh=671fa499753701730127001

NESO integrates across

the energy economy

Future Energy Scenarios examine gas,
hydrogen, CCS, BECCS, and demand
flexibility

2023

Interactions between different fuels are low, demonstrating limited whole system thinking or cross-sector decarbonisation.
Fossil fuels make up 79% of total energy supply. Petroleum supplies over 90% of road transport demand and 100% of
aviation and shipping demand.

Natural gas 665 |

Nuclear 42

| |
Offshore wind 60 I
Onshore wind 36 L}

Total energy supply
A/
@ 1706 TWh

495

N
Unabated gas: 178
] : -

=<9 ‘ 392 Ia'.l ::i:::lrclal
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Solar 1 6

Other renewables 12 - ok - Road and
Electricity import 20 = 22 = Biomass: 85 =1 408 rail transport
Energy from waste: 82
Biosource 170 I \_IV I
. Other thermal: 4 — 5o Electricily
(fjE - export
Aviation
& shipping
210
Other fuels 685 g
DE% I 267 Losses
*axcluding exports

Holistic Transition

Reliance on fossil fuels has significantly reduced, with nearly all the remaining gas used for power and hydrogen production
being abated through carbon capture and storage (CCS). Overall energy demand falls by 488 TWh from 2023 driven by
efficiency improvements and electrification. Electricity and hydrogen work together to supply 60% and 19% of the 2050
energy demand respectively.

Natural gas 1301 6'

Non- natworkad
gensratlnn ==

Nuclear 96 I

Offshore wind 39 ‘
I
I

Onshore wind 104
Solar 116

Other renewables 12 -
Electricity import 50 [

Biosource 192 I
Other fuels 113 I

Biomass
and BECCS: 89
Energy from waste: 32

"excluding exports

Total energy supply
1218 TWh

Industrial

331 & commercial

#“a

I 152 Residential

Road and

_@ I 138 rail transport

Electricity

Z@Z I 108 export

Aviation

g I 223 & shipping
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é\,‘\\ = 13 Curtailment
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NESO, Future Energy Scenarios, July 2024



https://www.neso.energy/document/321046/download

ESIG resources

Integrated Planning Workshop 2024 — first session focuses on integrating RTO study processes
across economic and reliability tools; second session focuses on vertically-integrated utilities
integrating across the dimensions of generation, transmission, distribution and customer/DERS.

® Presentations https://www.esig.energy/event/2024-fall-technical-workshop/
® Videos https://youtu.be/QTI9nB7eYFdU?si=2TTQIFrXRfO7nGnd

System Expansion Modeling Workshop 2024 — how do capacity expansion models or processes
need to evolve to consider holistic planning across generation, transmission, distribution and
customer/DERSs?

® Presentations https://www.esig.energy/integrated-planning-forum/
® Videos https://youtu.be/mIRWTK6UOIA?Si=0s]XgGgNTXeF6613
Integrated generation and transmission planning 2022 — co-optimizing generation and

transmission in capacity expansion models. Summary of tools, summary of workshop, videos of
tool capabilities can be found at:

® https://www.esig.energy/capacity-expansion-modeling-for-transmission-planning/



https://www.esig.energy/event/2024-fall-technical-workshop/
https://youtu.be/QT9nB7eYFdU?si=2TTQIFrXRfO7nGnd
https://www.esig.energy/integrated-planning-forum/
https://youtu.be/mlRwTK6uOiA?si=OsjXgGgNTXeF66I3
https://www.esig.energy/capacity-expansion-modeling-for-transmission-planning/

Tools have significant capabilities

that are often under-utilized

ESIG held a
workshop in 2022
on integration of
generation and
transmission:
looking at the
capabilities of
capacity
expansion models
and found that
there were many
capabilities that
users didn’'t know
about or utilize.

Category Co-optimizations

= Generation, transmission, storage and reserves

NREL ReEDS

for bulk power system.

CGT-Plan (Expansion Planning
Modeling System EPMS)

Generation, transmission, storage and DERs.

DERs are modeled using a single three-segment,
three-bus feeder at each load bus.

Each feeder bus represents rooftop solar,
microturbines, energy efficiency and DR which can
be selected.

EPRI US REGEN

Generation, transmission, storage and reserves
for bulk power system.

Fuel production/conversion, gas/C0O2/H2 pipeline
expansions and flows.

Also includes 8760 hour end-use demand module
which is run in iteration with the energy
production model to convergence.

RESOLVE v2.0 (beta)

Generation, transmission, storage and reserves
for bulk power system.
Includes electrolyzer operations.

Auroravl4.2

Generation, transmission, storage and reserves
for bulk power system.

Optimal Capacity Expansion
Planning Model v2

Generation, transmission, storage, and reserves
for bulk power system

Adjacent energy infrastructure (e.g., hydrogen
production, transport and storage).

EnCompass v6.2

Generation, transmission, storage and reserves,
and environmental policies for bulk power
system.

PLEXO5v9.1

Generation, transmission, storage and reserves
for bulk power system.

Adjacent energy infrastructure (e.g., hydrogen,
natural gas, heat, water).

Power System Optimizer 3.1/
ENELYTIX

Generation, transmission, storage and reserves
for bulk power system.

Adjacent energy infrastructure, fuel networks,
fuel storage and fuel supply and conversions.
(methane, hydrogen, heat, water)
Co-optimized expansion of generation,
transmission, storage (including impact of
duration (MWh vs MW), fuel systems (including
impacts of reliability on capacity expansion)

https://www.esig.energy/wp-content/uploads/2022/10/ESIG-CEM-Developer-Survey-Summary-Table. pdf



https://www.esig.energy/capacity-expansion-modeling-for-transmission-planning/
https://www.esig.energy/wp-content/uploads/2022/10/ESIG-CEM-Developer-Survey-Summary-Table.pdf

Integrated Planning Modules

® Focus is on generation, transmission, distribution and customer load/DERS.

* Not focusing on gas-electric coordination or hydrogen or other energy sectors beyond
electrification of heating/transport.

® Schedule
* Feb 13 - Integrated Planning for Different Types of Entities

* Feb 20 — System Expansion Modeling: Considering transmission and distribution in
capacity expansion modeling

®* Mar 6 — Tools, Data and Processes for Integrated Planning



Integrated planning is different depending on

what type of entity you are

Vertically integrated
utility

RTO/ISO

(@
Distribution cooperative Eé
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Transmission




Integrated planning is different depending on

what type of entity you are

Single-state entity

Multi-state entity with
differing policy goals




Today's speakers

Feb 13 — Integrated Planning for Different Types of Entities

¢ 2:30p-3pm ET Integrated Planning in a Vertically-Integrated Utility — Xcel’s Grid of the Future

® Zach Pollock, Director of Grid Strategy and Emerging Technology, and Brenda McDermott,
Sr. Director of Integrated Distribution System Planning and Strategy, Xcel Energy

¢ 3-3:30pm ET Integrated Planning in a Single-state ISO — CAISQO’s transmission plan
® Neil Millar, VP of Infrastructure and Operations Planning, CAISO

¢ 3:30-4pm ET Integrated Planning in a Multi-state ISO — MISO’s Renewables Integration Impact
Assessment and futures work

® Jordan Bakke, Director of Strategic Insights and Assessments, MISO
® 4-4:30pm ET Breakout rooms with each speaker
® 4:30pm ET Adjourn



THANK
YOU

Debbie Lew
debbie@esig.enerqy

ENERGY SYSTEMS
INTEGRATION GROUP
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