Integrated System Planning:
Opportunities and Emerging Practices

EPRI Integrated Strategic System Planning Interest Group

November 5, 2025

Aaron Burdick, Director

@ Energy+Environmental Economics



About Energy & Environmental Economics, Inc. (E3)

Technical and Strategic Energy Sector Consulting

~ 30 consultants across 5 offices with expertise in economics, mathematics, policy, modeling

Denver

San Francisco New York Boston

Select Integrated Planning Projects

300+ projects

per year across
diverse topic areas

400

A g kl SaskPower

Powering our future®

W @® SMUD

El Paso Electric

v Hawaiian
P Electric

A

Reference Scenaro Measures

TENNESSEE
VALLEY
AUTHORITY

MMT COZe
- 8 8 & B B 8 8

BRITISH
COLUMBIA

-©a
ESIG

ENERGY SYSTEMS
INTEGRATION GROUP

@Energy Environmental Economics




ISP Knowledge Building Resources

Optimization for Integrated E':EI

Foundations of Integrated Planning Electricity System Planning

DEFINING A FRAMEWORK FOR

Integrated Planning Guidebook

A PRACTICAL COORDINATION FRAMEWORK

COMPREHENSIVE ENERGY SYSTEM PLANNING OPPORTUNITIES FOR INTEGRATED PLANNING FOR ELECTRICITY PLANNERS I nteg rated St I’ategic System

Planning Technical Report Series

IN CAPACITY EXPANSION MODELS

Integrated System Planning

Holistic Planning for the Energy Transition

October 2024

N

N
A Report by the ~ - A Report by the A Report by the - Al
Energy Systems Integration Group's Energy Systems Integration Group's Energy Systems Integration Group's
Integrated Planning Task Force Integrated Planning Task Force Integrated Planning Task Force ESIG
@ Energy+Environmental Economics June 2025 ENERSY SYSTEMS June 2025 June 2025 MY ST
INTECRATION GASK? ITGATOn e

Link Link (3] Link enccord Link
+ Overview of integrated + ISP definitions + 4 part + Opportunities and + Guidebook of practical + Integrated planning case
system planning concepts framework challenges for G/T/D/C recommendations studies + key learnings from
. co-optimization along a walk/jog/run NYISO decarbonization
+ SRP,CPUC, NY + Key data linkages approach to integrated scenario analysis
electrification case between electric + Practical approaches to planning
studies G/T/D/C processes + the analytical + Linking generation planning
electricity/gas/economy- integration of G/T/D/C tools, power flow + PCM,
wide systems planning and distribution impact
assessments

@EnergwEnvironmental Economics Others: Hawaiian Electric Integrated Grid Plan, Salt River Project Integrated System Plan, AEMQ Integrated System Plan 3


https://www.ethree.com/wp-content/uploads/2024/10/E3-ISP-Whitepaper.pdf
https://www.esig.energy/wp-content/uploads/2025/06/ESIG-IP-Foundations-Integrated-Planning-report-2025.pdf
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https://www.esig.energy/wp-content/uploads/2025/06/v2-ESIG-IP-Guidebook-report-2025.pdf
https://www.hawaiianelectric.com/clean-energy-hawaii/integrated-grid-planning
https://www.srpnet.com/grid-water-management/future-planning/integrated-system-plan
https://www.aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp
https://www.epri.com/research/products/000000003002027931

Why do Integrated System Planning?

Many forces are driving high investment needs
over the coming decades...

’ Decarbonization of power system

ﬁ;u Industrial and data center load growth

tm\ Electrification
o e

% Aging infrastructure
&, Wildfire risks

{1&-’_. Cybersecurity
Sl Y
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...this creates opportunities and challenges for
meeting planning goals:

[e]

Reliable

Affordable

Clean

9

o
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Need to ensure that planning identifies
* the right investments...
* intheright locations...
* atthe right times




Integrated planning can identify more optimal investment
portfolios across generation, storage, and grid upgrades

Examples

Right investments...

i = K

Optimal mix of dispatchable thermal, renewable, and storage resources to
meet reliability and policy goals

Investments in load flexibility versus utility storage

Grid investments versus non-wires alternatives

...iInthe right places...

50 % M0 <&

Geospatial forecasting of load growth, DERs, and resource potential

Where to build new transmission infrastructure to support reliability,
economic, and policy objectives

Optimal siting of storage resources on the bulk grid, distributed in-front-of-
meter, or distributed behind-the-meter

=

...at the right times

fl &

Proactive vs. reactive grid buildout to support electrification, new large
loads, and remote renewables

Consistent investment signals for the marginal hourly avoided costs
between bulk grid planning, customer program and DER valuation, and
retail rate design

@Energy Environmental Economics




System planning has been largely siloed

’{C\”\)}‘ % \__ / h—l\/ S

 20+vyear IRP * 10-year plan * 3-to 10-year studies * Simple, coarse forecast
* Requests for proposals * Interconnection studies * Programs evaluation

l l l !

Siloed planning worked when investments in one planning domain had limited
impacton other planning needs - this is no longer the case

@ Energy+Environmental Economics 6



Integrated system planning harmonizes inputs, analysis, and
outcomes across planning processes

Integrated l.annin isa comprc?hensive.e.nergy ; o Customers
system planning approach that links traditionally ﬁ & DER
siloed planning processes to develop affordable,

reliable, and robust investment plans. A
—{ Scenario planning ﬁ é:li ‘

pQ) Common inputs &
Ll assumptions

%& 33

Transmission

Distribution

L_.___li Coordinated system
planning processes

A= Harmonized action o
plans + decision-making g8 Generation
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Integrated scenario analysis of system solutions and costs

supports strategic decision-making

Futures/
Scenarios

Scenario 1

Scenario 2

Scenarios capture
uncertainty of external
factors and decisions
controlled by planners

Policy options

Load growth &
electrification
Customer programs
Supply & Tx options
Retirements

@Energy Environmental Economics

il

System
Solutions
and Costs

Il

Modelling is constrained Analysis identifies system

to meet system needs: solutions and costs for

* Energy each scenario.

* Resource capacity * Bulk-grid resources

* Ancillary services « Transmission solutions

* Transmission capacity « Distribution solutions

* Distribution capacity » System operations

* Resiliency « DER and customer programs
* Operational constraints  Load flexibility

* Market solutions

Synthesis
Across
Scenarios

Risks, tradeoffs, and
alternative pathways for
achieving objectives are
identified

Cost ranges

Viable pathways for system
Least-regrets decisions
Risks to system plans
Need for long lead-time
resources

“Core” scenarios should be considered across G/T/D/customer/gas system needs
Some analyses allow additional scenarios/sensitivities (e.g., IRP capacity expansion)



Scenarios

SRP ISP scenarios inform system need and value of s‘i‘"&',a@
strategies across four distinct futures

Strateqic Approaches

Technology No New Min. Coal
Neutral Fossil
r Desert Contraction . . . 1
- ’ 12 Scenario-Based
Current Trends ‘ . ‘ Sysie el
Strong Climate Policy . . ‘ +
) . 30 Sensitivity Cases
Desert Boom . . .
- '\ AN J
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Load scenarios, including electrification and DERs, must be ComEd.

An Exelon Company

developed and downscaled for T&D planning W NVEnergy

T Load &DER Forecast Load & DER Downscaling System Modeling
Decarbonization Impacts
What? How much? When? Where? * Distribution

* Transmission

~ ! 7z @ m
= I B15 g &5 0 = 2% " Seneratior
E3’s PATHWAYS Model v E3’s EVGrid and RESHAPE Models LoabSEER. LoadSEER
'
Electrification Scenario Peak Impacts Electric Vehicle Peak Impact Forecast Feeder Level Impacts
55| W= Cooling Deep Decarbonization e
50| mEE Heating 2000 { = Mid y
45| ™ Industry Electrification il 4
40|
.

W

Transportation
All Other Uses 1500
35
30
= H
©2s 1000
20
15
500 -
10
5
0 0

Reference Moderate High 2025 2030 2035 2040 2085 2050 2055
Electrification Electrification
E3’s Illinois Decarbonization Study for E3 supportfor NV Energy’s E3 supportfor NV Energy’s Las Vegas Metro Area
Commonwealth Edison 2024 Integrated Resource Plan 2024 Integrated Resource Plan
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Integrated resource planning (IRP) already links multiple

models

| Load & DER ‘
Fi

orecasts and
Downscaling

Upgrade

need & costs
Resource

Options Study

Resource poten-

tial & costs

Load & DER
forecast

Generation Studies

Resource
Adequacy Study

PRM & ELCCs,
validate portfolio reliability

Capacity
Expansion
Optimization

l Validate 1

operations

Production Cost
Modeling

Resource portfolio & binding constraints

Notes: A/S = ancillary service; DER = distributed energy resource; ELCC = effective load-carrying capability; NWA = non-wires alternative;

PRM = planning reserve margin; Tx = transmission; T&D = transmission and distribution

Source: Energy Systems Integration Group, adapted from A. Burdick, J. Hooker, L. Alagappan, M. Levine, and A. Olson, Integrated System Planning:
Holistic Planning for the Energy Transition, Energy and Environmental Economics, Inc. (2024), https://www.ethree.com/wp-content/uploads/2024/10/E3-ISP-

Whitepaper.pdf.

@EnergwEnvironmental Economics

Generation

Transmission

Distribution

Customer Programs & DERs
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Integrated system planning (ISP) requires broader linkages

Coordinated local planning for electricity & natural gas distribution needs

Gas System
Planning

Coordinated bulk
grid planning for
natural gas power
plant delivery
needs

Economy-Wide Energy Systems
Scenarios of electric load growth, including transporta- >
tion, building, and industrial electrification

Feeder/circuit
level forecast

Power Flow

plus Reliability,

Asset Health

Distribution Studies

Grid needs

Load & DER

Forecasts and

Tx bus-level forecasts

1 Network topology & load forecast by substation

Downscaling

Resource

Upgrade
need & costs

Options Study

Resource poten-

Power Flow/

Contingency Analysis,
Stability, Reserve

Needs

Transmission Studies

Hourly
system

conditions

Nodal Production
Cost Modeling

Bulk vs. local grid
operational requirements
& value stacking limits

Load & DER

tial & costs
forecast

Grid needs
(reserves, etc.)

Nodal resource
mapping /

Generation Studies

Resource
Adequacy Study

PRM & ELCCs,
validate portfolio reliability

Capacity
Expansion
Optimization

v Validatg 1
operations

Production Cost

Modeling

Resource portfolio & binding constraints

DER program and retail design, forecasted adoption

Marginal T&D
costs by location &
NWA opportunities

Customer Programs
and DER Planning

DER
Cost-Effectiveness,

Program Design,
and Forecasting

Notes: A/S = ancillary service; DER = distributed energy resource; ELCC = effective load-carrying capability; NWA = non-wires alternative;
PRM = planning reserve margin; Tx = transmission; T&D = transmission and distribution

Source: Energy Systems Integration Group, adapted from A. Burdick, J. Hooker, L. Alagappan, M. Levine, and A. Olson, Integrated System Planning:

Holistic Planning for the Energy Transition, Energy and Environmental Economics, Inc. (2024), https://www.ethree.com/wp-content/uploads/2024/10/E3-ISP-

Whitepaper.pdf.
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Generation

Transmission

Customer Programs & DERs
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Hawaiian Electric Integrated Grid Plan ¥_¥_ Hawaiian

Iterative links between modeling processes A  a Electric

Robust generation planning using capacity expansion
optimization w/ adequacy and operability validation

Capacity Timing, type, quantity
Expansion of resource additions Resource

. Planning Adequacy
Resource potential (RESOLVE)

mapping identifies
land constraints and

Final Grid Needs |
Portfolio

4 BN

Analysis
(PLEXOS)

Adjust ERM or adjust
specific resources Meet reliability

.. based on size, itaria? i
transmission upgrade N\ requency, and duraton e s Reliable portfolio of Prog ;"s:: el
_of shortfatt—___ resource additions 5
needs \\K\ S ‘—I—@ Simulations
e DR (PLEXOS)

Inputs,
Assumptions, N __ Change grid service needs, Grid service needs met &

Constraints & " add specific resource, no flexibility violations? .., mitment & System
Scenarios transmission, or NWAs \  Dispatch Conditions Security
i _ = YES)— Analysis
Dlstrlbut.|on T l\ (PSSE/PSCAD)
Analysis 2 : .
(LoadSEER Add new resources, Adjust generator and inverter contfols =
' Synergi) : NWA, or transmission g Adjust grid services & redispatch Meet transmission
Identify \‘\—\\\ . =y planning criteria?
mitigations  pmeet distribution i e .,
\ planning criteria?
Identification of . Q

distribution hosting Transmission stability w/ feedback to
capacity and non-wires generation operations and resource builds
alternatives opportunities
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D-0O DT jZzatlo

proacnes

Resource or transmission D 0 0 3
zone limits nipe and bubble representatio

Bulk grid integration G+T co-optimization is feasible today and
should generally become standard practice

No integration 0
One-way p 0 -3 .
flow Pro D - Pr-zo pde “ls
Zonal Zonal Zonal Zonal Inter-zonal Intra-zonal Nodal
(aggregation
of full network
nodes)
None None Resource-level Transmission Inter-zonal Intra-zonal Nodal hourly
zone level hourly flow hourly flow flow
(across
~ | resources)
Y

=4

)

Downstream
studies address

all transmission
needs from capacity
expansion resource
additions

Investment Zone

Downstream

studies address

all transmission
needs from capacity
expansion resource
additions, but
include feedbacks to
adjust the generation
mix (or siting) based
on results

—— Transmission Investments Options

Source: Energy Systems Integration Group.

=

Resource-level

limits can vary from
interconnection to
new tie-lines and are
useful for connecting
a single resource

type

Transmission
zone-level limits
allow for diversity to
maximize utilization
(e.g., adding solar,
wind, storage
together) and
transmission
studies for major
renewable energy

() Transmission Zone

Inter-zonal limits
allow for study

of large-scale
interregional
upgrades,
including impact
on investment and
production costs

Neighboring Zone

Intra-zonal limits
capture intra-zonal
constraints but
aggregates nodes to
limit data needs and
runtime impacts

() Zones Defined

Nodal representation
captures full network
model nodal
constraints; requires
modeling nodal-

level dispatch, which
vastly increases
runtime

. Node
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CPUC/CAISO G+T Co-optimization

Process alighment facilitates iteration and continuous improvement

Well-established process to co-optimize G+T using
transmission zone level constraints*

CAISO Transmission Planning Process

Headroom and upgrade costs by substation

and timing (gross peak, net peak, off-peak)

California PUC Integrated Resource Plan

RESOLVE capacity expansion modeling

produces resource additions by substation

California PUC busbar mapping

Resource additions mapped to busbars for detailed
transmission analysis

eEnergy+Environmental Economics

* As of 2025, the CPUC RESOLVE model also includes intra-zonal Tx limits and upgrade options to address CAISO North<>South
congestion on Path 15 + Path 26.

15



CPUC/CAISO G+T Co-optimization

Technical details

Step 1. Develop detailed geospatially screened resource potential

« Solarinsolation *  Minimum capacity « CEC Core Land-Use
« Wind speed factor thresholds Screen:
« Known geothermal + Ground slope - Protected areas
fields « Urban areas and « Farmland
« EGS temperature-at- population density « Habitats
depth estimates + Feasibility screens (e.g. « Endangered
« Pumped hydro setback from airports) species

storage sites

@Energy+Environmental Economics



CPUC/CAISO G+T Co-optimization

Technical details

Step 2. Develop transmission clusters + map resource potential

Control to Inyokern Constraint On-Peak Constraint

[
Coneat R
e —

e nyshern mw —

M| S T
I - 5

TTL uklue

Sl Cluster 1 Cluster.2

0 Constraint A
CAISO identifies | ‘ Constraint B
. . — |
transmission |
clusters ‘ E3 + other consultants map resource potential to clusters

Source: CAISO 2024Deliverability Constraint Boundary Diagrams Source: CPUC 24-26 IRP Cycle Draft Inputs and Assumptions

@ Energy+Environmental Economics 17


https://www.caiso.com/documents/attachment-b2-deliverability-constraint-boundary-diagrams-2024.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2024-2026-irp-cycle-events-and-materials/2025_draft_inputs_and_assumptions_public_slides.pdf

CPUC/CAISO G+T Co-optimization

Technical details

Step 3. Use Tx planning outputs to develop capacity expansion constraints

On-Peak Deliverability Multipliers

Resource type PG&E SCE SDGE VEA
Solar 15% 13% 6% 8% . . . .
Wind so% | as% | 3% | a8% Transmission Supply Curve for a Single Constraint
Non-Intermittent NQC or 100%
resources
100% if duration is 2 4-hour or 4-hour = A
Energy storage ; A o >
equivalentifdurationis < 4-hour 1
[The lesserof Net MW to Grid (ISC) or the 5
Hybrid sum of the study amounts of the individual :;)‘- Incremental Transmission
paired resources]/ISC — Capability (Upgrade Required)
New Mexico Wind 67% " < e
Wyoming/ldaho Wind 67% O
Off Shore Wind 85% O
Off-Peak Deliverability Multipliers Q | Baseline
- D Resource Existing Transmission
Resource type Wind Area Solar Area = | Allocation Capability on System
SDG&E | SCE | PG&E | SDG&E SCE PG&E o | o N s ondmum
Solar 68% 79% 77% 79% > — -
Wind 69% | 64% | 6% 44% Transmission Capability (MW)
Hydro 30%
Off-shore Wind 100% Source: CPUC 24-26 IRP Cycle Draft Inputs and Assumptions
New Mexico Wind 67%
Wyoming/ldaho Wind 67%
8 ° °
Thermal S L a— E3 develops RESOLVE modeling constraints
Eneray storage 100% in charging mode if duration is 2 4-hour or 4-hour
i 8 equivalentif durationis less than 4-hour®

CAISO defines resource contributions to each constraint

@ Energy+Environmental Economics 18


https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/integrated-resource-plan-and-long-term-procurement-plan-irp-ltpp/2024-2026-irp-cycle-events-and-materials/2025_draft_inputs_and_assumptions_public_slides.pdf

CPUC/CAISO G+T Co-optimization

Diverse resources in diverse locations supported by storage

CAISO-level New Resource Additions, 2023-2039

NORTHERN CALIFORNIA
SPGE

GREATER TEHACHAPI
GREATER KRAMER

SNV ELDORADO DESERT
GREATER LA METRO
RIVERSIDE

SAN DIEGO

GREATER IMPERIAL
ARIZONA

77.4 GW

0 5 10 15 20

Total Mapped Capacity, 2039 (GW)
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W Geothermal

B Biomass

M In-State Wind
Out-of-State Wind
Offshore Wind
Solar

M Li-ion Battery
LDES

CPUC IRP Resource Additions by Substation
2024-25 Transmission Planning Process, 2039 Snapshot

A

- A A Y Lo WL AN

Scale (MW)

e 0 u
O 1-100

Ay’ =

QO 101-500

(O s01- 1000
O 1001 - 2000 '3

OZOOI - 4500

Storage at remote
renewables minimizes off-
peak transmission upgrades

% A
v AP
5 “‘L._ &, ‘\f '~ | B
e by ‘| f \ [ NS
. SN S '\ - SNV ELDORADO DESERT |

{] sPGE

GREATER TEHACHAPI ‘}

0
N h
«°) GREATER KRAMER

<% , 7

g ."\
AT O y

i

,g‘ ‘v
7. ’ L%
8 ~ SN
SANDIEGO & “\\1
0 45 °0 180 Mies "‘\‘r‘
] 0 O e W | e

Storage in load centers minimizes Solar [llBattery

on-peak transmission upgrades

19
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El Paso Electric 2025 IRP

Multi-zone G+T Co-optimization + Scenario Analysis

Figure 48: Topology with Eddy Tie

Co-optimization
7 zone pipe-and-bubble
representation with candidate
internal Txupgrades

Table 33: Candidate Transmission Expansion - Capacity and Cost

Candidate Transmission Upgrade Build Cost Incremental
Expansion Lines (Millions $) Capacity (MW)
East to Central $40 250
Far East to East $150 1,000
Las Cruces to Northeast $160 1,000
Las Cruces to West $100 250
Northeast to Central $35 250
Northeast to East $60 1,000
Northeast to West $130 1,000
Sierra Blanca to Far East $200 250
West to Central $60 250

@Energy Environmental Economics Source: EPE20251RP

Scenario analysis
Value of external Tx
expansion to SPP

Figure 50: EPE System Incremental Cost of SPP Market Enhancement (200 MW)
compared to Least-Cost + REA

Annual System Costs
With and Without Eddy Tie 200 MW

$150

$100

g

$0
(350}

($100)

Total System Costs [$ million)

($150)

($200)

=] - o L] u3 I~ -] o - o~ () w

g g g2 2 ¢ 883 283 5 33338

o~ ™ o~ o~ o~ o o~ o o~ o~ o~ (3] o~ o~ o~ ~
- Gas Solar  wem Battery s Wind mmm Energy Market ——=Net Costs
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https://spencerfane.sharefile.com/d-s77478a933fd54acdb73af7c32ecba9ae

Linking Demand Side and Supply Side Resource Valuation

The theory: a single optimization enables the lowest cost solution

DER cost-effectiveness

Bulk grld depends on bulk grid value Local gr|d
. ided G+T, .
+ resource planning “?°“°*” 4 resource planning

r\ DER + A’
Customer

Generation

Transmission

Distribution I@ﬂ:

Determining optimal local resources
versus bulk grid resources depends on
local grid value (avoided D)

Practical reality: a single optimization requires key tradeoffs versus traditional DER planning methods
* Detailed DER measures require bundling (too many individual options to model)
* Locational values are challenging to calculate and capture in a system-wide optimization
* DER planning often considers multiple perspectives (“cost tests”)

— Social costs (TRC) vs. participant costs (PCT) vs. non-participating customer impacts (RIM), etc.

@Energy Environmental Economics
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Alternative 1: Marginal hourly avoided costs

Forecasted Loads

and DERs
. . Resource Hourly avoided energy
Gapaclty Expansmn portfolio and ancillary services

Generation

=l "roduction Cost Modeling B

Yl Resource adequacy capacit
Transmission quacy copacry

Policy value (renewable portfolio standard,
greenhouse gas reduction, etc.)

Optimized DER*

Avoided transmission value

\

Avoided transmission value (avoidable

. . investments, time periods, marginal costs)
Transmission

Y

Nodal PCM

Distribution

Power flow/stability
Power flow/reliability

. . —_—
Non-wires alternatives

Hourly Avoided Costs

Average hourly value of energy ($/MWh)

$450

$400

$350

1 $300

$250

$200

$150

$100

$50

12345678 9101112131415161718192021222324

W Air Quality Adder ® Transmission Capacity
» Methane Leakage Generation Capacity
W Losses B Energy

Ancillary Services = GHG Adder & Rebalancing

W Distribution Capacity ® Cap and Trade

Avoided distribution value
(avoidable investments, time

periods, marginal costs)

@Energy+Environmental Economics

Source: Energy Systems Integration Group.

DER Cost-
Effectiveness
and Adoption
Models

Energy efficiency
cost-effective
portfolio goals

Distributed
generation
adoption

Demand response
and flexible load
programs

22



Evolution of bulk grid loads and resources informs DER values
(CPUC Avoided Cost Calculator example)

CAISO Marginal Avoided Ene

Value (2022$/MWh) from CPUC’s Avoided Cost Calculator

Month

W o0 NGOV HE WN

Load growth from
winter space heating
+ higher gas/carbon
prices increase
energy values during
winter months

1
2
3
4
5
6
7
8
9
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66
61
48
52
51
53
51
62
63
61
62
63

65
60
48
54
52
52
49
60
61
59
61
61

63
60
47
55
52
52
49
57
59
59
59
59

63
60
48
54
53
53
47
57
59
57
59
57

63
60
49
53
51
54
48
58
59
59
61
59

67
60
50
52
47
54
49
55
59
58
63
61

Source: CPUC 2024 Avoided Cost Calculator

72
70
60
58
55
62
66

74

72
72
66
67

59
57
51
49
58
62
79
66
62
61
63

65
58
51
52
49
55
56
68

66

63

66
61
49
51
51
53
53
62
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67
63
48
52
53
56
54
62

62
63
63

Low/negative
prices
concentrated in
the spring

Low/negative
prices year-round
during solar hours
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https://www.cpuc.ca.gov/dercosteffectiveness

Alternative 2: Local-grid optimization with bulk-grid avoided costs

Initial bulk-grid resource plan

Capacity Expansion

Transmission

Forecasted and/or

Optimized DER

@Energy Environmental Economics

Bulk-grid values and performance
requirements, resource adequacy, etc.

Hourly Avoided Costs

$450

$400

$350

$300

$250

$200

$150

$100

Average hourly value of energy ($/MWh)

$50

123456789

B Air Quality Adder
m Methane Leakage
W Losses

m Ancillary Services

101112131415161718192021222324

m Transmission Capacity
Generation Capacity

W Energy

m GHG Adder & Rebalancing

® Distribution Capacity ™ Cap and Trade

Source: Energy Systems Integration Group.

Local grid and resource plan

Final bulk-grid
resource plan

Integrated Distribution
System Planning

Substation- or feeder-level
economic optimization
Distribution grid investments vs.
incremental DER investment or
operational changes

Incremental DERs

Final G+T
Capacity
Expansion
Including initial
and incremental
DER forecast
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Integrated Distribution System Planning

1. Granular locational Q E '&\‘ Z
/.

load + DER forecast owmermpans Jl Comvettve i Cisore

Control
Sour: Utility construction Utility procurement Customer adoption and Market clearing and Customer adoption and
ime timelines and distribution process and contract behavioral response wholesale price signals behavioral response
operational model requirements
2. Longer-term
o [ [ d L3
d |St rl b u tl O n p la n n I n g Low Low-Medium Medium Medium-High High
[ ]
s ce n a r I o S Key @ise cases Specific time- Specific time- Identifying cost- Using market-based Using wholesale
dependent grid needs dependent grid needs effective measures, wholesale pricing (via or retail pricing (rates)
(non-wires alternatives, (non-wires alternatives, incentivizing customer energy or distribution to drive customer
etc.) resource adequacy, adoption, enabling services markets) to drive adoption and/or
etc.) market transformation customer adoption and/or behavioral changes

behavioral changes

Planners can be confident in optimizing Planners may need additional validation if optimizing

3. Sourcing strategies for
DERs as nhon-wires
alternatives

Source: Energy Systems Integration Group.

Xcel Minnesota proposes ‘first-of-its-kind’ distributed capacity

procurement

Xcel requested the Minnesota Public Utilities Commission approve the program
with a budget range of $152 million, based on a minimum procurement of 50
MW, to $430 million if it deploys all 200 MW. Source: Utility Dive

@ Energy+Environmental Economics 25



Harmonized action plans drive near-term investments and
regulatory approvals

Components of an Action Plan Resulting from an Integrated Planning Process

e
LU

":'//y // yT_//

Action plans are consistent with integrated planning and require coordination across teams

Generation resource Transmission action plan Distribution action plan Customer/DER programs
action plan .. . . . and rates action plan
* Transmission asset invest- * Investments in substation/
» Recource investments and/or ments lines/grid modernization » Customer program evaluation
procurement need - Storage providing . Development of targeted and desulgn for efficieincy
- . and equity
 All-source request for propos- transmission service DER/customer programs
als : _— . . . - » Rate design updates
* Regional transmission project + Non-wires alternatives solici-
» Requests for proposals tar- participation tations

geted by location

Plus pilot programs to validate planning assumptions (technology pilots, commercial pilots, operational pilots, etc.)

Source: Energy Systems Integration Group, adapted from A. Olson, J. Hooker, A. Burdick, and L. Alagappan, “Integrated System Planning: From Vision to Reality,”
Energy and Environmental Economics, Inc., ISP Webinar Series presented September 26, 2024.

@Energy Environmental Economics
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Hawaiian Electric’s 2023 Integrated Grid Plan

Incremental bulk-grid
and demand-side (EE,
DER, etc.) additions 2>
RFPs and DER sourcing

Retirement schedule for
aging legacy firm diesel
generators...

@Energy Environmental Economics

ADDITIONS

RETIREMENTS/DEACTIVATION

MILESTONES

STAGE 3
Firm Renewable
Up to 540 MW

STAGE 3
Hybrid Solar + Wind

+801 MW

TOTAL: 710 MW

TOTAL: 3,160 MW

! t
TOTAL: 157 MW + Offshore Wind TOTAL: 292 MW Geothermal Total: 2,286 MW
' 1N 1400 MW . +30 MW :
BESS BESS BESS BESS BESS
+79 MW +185 MW +77T MW +1,572 MW +1,205 MW

Hybrid Solar + Wind
+78 MW

1\_

Hybrid Solar + Wind
+126 MW

D

Hybrid Solar + Wind
+215 MW

‘ +1,558 MW

Hybrid Solar + Wind

Hybrid Solar + Wind
| +1,080 MW

+« EE: 1034 GWh + EE: 601 GWh
# DER: 223 MW & DER: 139 MW

+ EE: 452 GWh
# DER: 112 MW

Today-2030 2035|2040

€ RPS: 65%

¥ CO, EMISSIONS: -55%

€ RPS: 86%
¥ CO, EMISSIONS: -76%

€ RPS: 90%
¥ CO, EMISSIONS: -76%

O'ahu:

Waiau 3 & 4 (2024)
Waiau 5 & 6 (2027)
Waiau 7 & 8 (2029)
=371 MW

Hawai'i:

Puna Steam [standby] (2025)
Hill 5, Hill 6 (2027)

-49 MW

Maui:

Kahului 1-4 (2027)
Ma'alaea 10-13 (2027)
Ma'alaea 1-9 (2030)

O'ahu:
Kahe 1 & 2
=165 MW

TOTAL: 165 MW

O'ahu:
Kahe 3 & 4
=171 MW

TOTAL: 171 MW

# DER: 94 MW # DER: 79 MW Pathway(s) to meet clean

€ RPS: 100%
¥ CO, EMISSIONS: -90%

Note:

Existing fossil fuel generators
are converted to use biofuel
in 2045.

€ RPS: 100%
¥ CO, EMISSIONS: -92%

O'ahu:
Kahe 5 & 6
-270 MW

TOTAL: 270 MW

-122 MW
TOTAL: 542 MW
2023: 2024: 2025: 2026: 2029-2030:
+ Stage 3 Awards (December) « Final IGP: 1st Procurement + IGP 1st Procurement + IGP 2nd Procurement + Ongoing IGP Procurements
Issued (September) Awards (July) Awards (Q4) in service
+ Long-term Procurement = IGP 2nd Procurement
issued (Q4) Issued (Q4)

energy policy objectives
(100% RPS by 2045)

...and long-term plan for
continued firm capacity needs

+ T+D Needs, Non-wires
alternative solicitations, etc.
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https://hawaiipowered.com/igpreport/IGP_SupplementalResponse_Nov-14-2023.pdf
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Key steps to create an integrated planning process

The walk, jog, run framework supports incremental improvements + change management

@ Organizational Evolution Technical Evolution

N

Walk
:
1
v
o
Jog °
|
|
|
|
v
® °
EJ
Run

Determine integrated planning
objectives

Perform a gap assessment for existing

planning processes

Adapt stakeholder engagement plans to

support an integrated planning process

Consider organizational re-alignment
and/or formalized agreements between

planning organizations

@Energy Environmental Economics

e Align key inputs and develop integrated
scenarios

e Redesign analytical framework to better

connect existing analytical processes

e Develop new analytical methods and

tools to facilitate planning integrations

e Implement co-optimization methods
across planning domains

28



Thank You

aaron.burdick@ethree.com
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Planning the entire system requires coordinating across multiple

analyses

ISP Analysis Component Description C/DER D T G
. . Forecasts alternative economy-wide energy pathways and informs
Economywide Energy Modeling electrification impacts to the load forecast ®
Forecasts customer energy demand, incorporating electrification, and
Load & DER Forecasts gy derr P g
customer program + DER adoption forecasts
. Downscales system-wide load forecast to transmission buses and distribution
Load & DER Downscaling o y o ()
circuits
. Evaluates resource options, potential, costs, transmission costs for remote
Resource Options Study P P ®
resources, etc.
Determines system total resource need for ensuring resource adequacy and
Resource Adequacy Study TINSs sy . . g quacy ®
contributions of resources atvarious penetration levels
. L. . . Identifies distribution infrastructure needed to accommodate load growth and
Distribution Studies L . : ) ad g () O
distributed resources, considers non-wires alternative opportunities
. . .. . Identifies generating resource portfolio, including bulk grid generators, enabling
ity Expansion Optimization L
Capacity Expansion Op atio transmission investments, storage, distributed energy resources, etc. ® ® o
. . Assesses zonal and/or DC power flow based nodal resource operations and
Production Cost Modeling quantifies production costs at granular hourly or sub-hourly timescales o o o
. Maps generation and storage resources across the network to help minimize
Nodal Resource Mapping transmission investment needs and inform detailed transmission studies ® .
.. . Identifies transmission infrastructure via AC power flow and stability studies to
Transmission Studies accommodate load and resource additions, ensures reliability and stability ® ®
. Translates infrastructure planning needs into granular marginal avoided costs
Avoided Costs P & & & [ ® o

to value customer programs and inform rate design

@EnergwEnvironmental Economics
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A staged approach to integrated system planning

l"i.

;5./

. Standardize planning process .
Scenario . . . . . . . Integrate scenario development across
. Standardize scenarios and key inputs timelines and inputs into an ISP cycle .
Planning all planning processes
(data development, load forecasts, etc.)
Improve each individual process to . . .
) ) . Increase model + data connections Fully integrate modeling processes.
Technical industry best practice .. ] ) .. )
s ) ) o between processes. Some bidirectional Well-established bidirectional exchange
Analysis Add connections between individual . . . . .
exchange of information. of information. Some co-optimization.
models
Increase planning to procurement . . . Fully integrate procurement processes
Procurement . Initiate new procurement pilots using )
] connection across Customer Programs ) ) with feedback to and fromthe ISP
Integration ISP results (e.g., non-wires alternatives)
and G, T, & D Asset Management process
Fully integrate ISP function with other
Organizational Thought leaders drive integration and . . . y g . ]
. ) . Formalize integrated planning function business units (strategy, finance, rate
Alignment increase cross-team coordination design, etc.)
esign, etc.

Increasingly integrate planning over multiple planning cycles

@Energy Environmental Economics
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Key steps to create an integrated planning process

Data development to support integrated planning

Economywide Energy Modeling
(E3’s PATHWAYS Models)

Nodal production cost models

Vel:icle an.d Building Load Shapes E3’s RECOST Model

(E3’s EVGrid and RESHAPE Models) and GIS Toolkit Transmission deliverability + stability power flow models
renmeme .| O €0Spatial forecasting o .
AYYREE | (E3+ IA’s Forecasting Anywhere Model) Distribution planningtools

Load + DERs Forecasts
Integrated, aligned scenarios
across G/T/D planning
Geospatially allocated to T&D
system
Weather alighed w/ RE shapes

Grid Upgrades
Locationally based MW
upgrades

Candidate Resource Options
Geospatially allocated to T+D
system

Detailed cost estimates
Feasibility screened non-
wires alternatives

Sensitivities considering
emerging technologies
DER/ flex load inputs

1 | v
\4 J DER Bulk-grid Aligned Valuation
Resource Adequacy o . c . (E3’s Avoided Cost Calculator
’ (E3’sRECAP Model) Optimized Capacity Expansion Model * and IDSM Toolkit)
/‘\. Bulk grid Generation + Transmission Co-optimization . I . .
— ] y Local grid DER + distribution planning
W (E3’sRESOLVE Model) LOA&E 38 (1A°s LoadSEER Model)

PLEXOS

e Energy+Environmental Economics 33



Integrated Distribution System Planning

1. Granular locational
load + DER forecast

2. Longer-term
distribution planning
scenarios

3. Sourcing strategies for
DERs as non-wires
alternatives

@Energy Environmental Economics

Planning Objectives & Criteria

St Resource &
& Scenarios ";'"mm"" Sourcing DER/ Microgrid Provided
Services
(Pricing, Programs, & Procurements)
Granular
Locational System Analysis
Forecasts
hemesn—— Distribution System Plans
Current | Annual Plans
Distribution
System
Assessment Near-Term and
Long-Term
e Tl ted
Bt | Integrated Distribution System Plans
Planni
Resilience & ;Hanniog,
Reliability
Analyses - Grid Modernization Strategy and

Implementation Plans
Distribution Planning Analyses

From Modern Distribution Grid Guidebook, DSPx Volume 4, June 2020,
PNNL: Grid Architecture - Modern Distribution Grid Project
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DERs as Non-wires Alternatives for Distribution System Needs

Hawaiian Electric IGP Example

Total T&D Capital

23:;;;“&:: Proposed Actions
(‘1:':::;) Track 1: Proceed with RFP, Pricing or Program
‘ » Track 2 Reassess Procurem.el?t in Next
m;m ng:ai:gdA::‘ims Planning Cycle or Ptfrsue PrlcmgIProgratTl -
(Implement “Wires B Track 3: NWA not suitable, Implement “Wires”
Alternative) Criteria

(Track1 & 2)

Step 1: T&D NWA Step 2: NWA Opportunity Step 3: Action Plan
Opportunity Screen Sourcing Evaluation
Figure F-12: Kewalo T3 2027 Peak Day Overload
70000
60000 -
N

50000 -

E o Transformer Timing Overall Performance Economics
40000

E 30000 { e / Kewalo T3
“ ., o (Normal, Base)
20000 -

10000 +

S - o - i e Hourly analysis sets target capacity, timing, and avoided cost

Hour

Load (kW) ——Rating (kVA)
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