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Overview

SMUD’s 2030 Zero Carbon Plan
IRP Capacity Planning Tools, Data, Processes

Incorporating DERs into Capacity Expansion

Pricing Evolution and Implications in Resource Plan




About SMUD

SMUD is your community-owned, not-for-profit electric service.

6th largest 75 + ~645,000 Customers

community-owned

inthe U.S.  Years

100%

~2,300 Employees

Est. 1946
i - Zero
y . carbon
: Power mix 2030
= - that’s on average
, about The most 7 .b
~ o ambitious goal . memobper
A of any large
5 0 /o utility in the Elected

Board of Directors

T carbon-free United States

: SMUD's rates are among the lowest in California,
and on average more than 54% lower than those of neighboring PG&E.

@ SMUD



Repurpose natural
gas generation

Replace 2 power plants with
renewable and storage resources
and retool remaining 3 to
minimize emissions.

Expand proven
clean technology

Grow SMUD’s renewable and
battery storage by 3.5x. Support
customer’s resources via solar and
battery storage.

~$2.5 billion investment

~$2 billion investment

Pilot & scale new technology
and business models

Increase education and demand flexibility,

spread adoption of customer-owned virtual

power plants & invest in grid-scale technology.

Maximize
community benefits

Stay affordable and reliable,
improve air quality and overall
community health while
supporting under-resourced

communities

Eliminate Co,
from SMUD's

power supply

100%

Zero
carbon

v2030

Create
thousands of
new regional
clean tech jobs

@ SMUD



IRP Background & Approach

- SMUD has maintained an Integrated - |
Resource Planning process since the SMUD’s Main IRP Pillars
S.

- SMUD IRP Updates Today:

« Internal Updates: Annual updates, progress
reporting and refinements as needed (ZCP
Refresh Cost and

- External Updates: SB350 (2015) required Affordability
POU’s to begin filing IRPs publicly with the
California Energy Commission (CEC) starting
In 2019 (and at least every 5 years there after)

e 18t Public IRP: SMUD went through its first

comprehensive IRP_public process in 2018; filed
with the CEC in April 20109.

*  Prior to this, SMUD’s IRP updates were internal, Environment Reliability and

with annual progress reports under SD9 and Equity Safety
e 2" Pyblic IRP (2030 ZCP): SMUD filed its second
SB350 IRP filing with the CEC in September 2022

e 3" Public IRP (2030 ZCP Refresh): We kick off a
public process in ~2026 to deveIoP_ and gain Board
approval of our new IRP; need to file with the CEC
by September 2027.




IRP Modeling

Uses optimization techniques to identify a least-cost portfolio of resource investments
to meet future reliability and clean energy objectives. SMUD has used RESOLVE,

Capacity SERVM & PLEXOS as capacity expansion modeling tools.

Expansion
Modeling

Loss-of-load probability model that provides a detailed and statistically robust
perspective on electric systems that rely on a combination of conventional,
renewable, storage and demand-side resources. Procure capacity capable of

Reliability meeting normal peak load conditions plus a 17.5% planning reserve margin (PRM).

Study SMUD utilizes RECAP and SERVM as its main reliability analysis tools.

Hourly simulation of the power system to develop an economic dispatch simulation.

: PLEXOS has been SMUD’s PCM tool of choice for a number of years.
Production

Cost
Modeling

@ SMUD



Capacity Expansion Modeling

SMUD’s Zero Carbon Plan was created using RESOLVE

A number of constraints were put in place to eliminate
unrealistic results:

* New resource potential (realistic assumption on new resource type and
magnitude available to SMUD)

* GHG constraint to limit thermal generation and spot market purchases
* Transmission line limits

* Demand side assumptions such as DR program, BTM battery dispatch
assumptions

* RPS requirements

The optimization results are typically refined through an
iterative process:
* Resource cost adjustments, system reliability modifications, etc.

* Model Inputs:

* load, distributed generation forecasts, electrification adoption, committed
resource schedules and pricing (renewables/storage/new tech, etc.), generic
resource pricing, market price forecasts (electricity, gas, carbon etc.), system
updates, existing thermal fleet changes, hydro generation expectation,

DR program growth, etc. Integrated Distributed Resource Planning

considerations X
SMUD



Evolving DER Considerations
for Capacity Expansion
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VPP’s in SMUD’s Zero Carbon Plan - E3 Analysis Summary

(2021)

Total Installed Capacity in 2030 (MW) + ~ 1.7 GW of VPP resources are selected

by 2030
mm PP * Geothermal, wind, and some pumped hydro
BN EBTM Battery and FTM batteries are replaced by VPP
7 Shed_DR resources
— ;';rwar » VPP provides additional diurnal flexibility
6. - Wind which helps integrate solar resources
W Battery + The VPP saves $1.9B in system costs
Z s, - Geothermal = Pumped_storage by avoiding expensive res>(/)urce builds
9 B Hydro
z FTM batt B Geothermal « Average rate is reduced by 0.9 ¢/kWh when
g 4 ' attery EEE Biogas/Biomass VPP resources are available
] -Wind BN CT - Retooled _
ki . CC + The VPP resource provides energy and
G 3 capacity benefits
- tVPP * Ancillary services provision was explored
2] through a sensitivity
1 Base Case With VPP Savings
Revenue Req (PV) $34.5B $32.6 B $1.9B
. Case A HEEDUF{IESIHENECEd Resources Added Average Rate 17.4 ¢/kWh 16.5 ¢/kKWh 0.9 ¢/kWh
vs Case A vs Case A

Energy+Environmental Economics 9



Novel Modeling Approach

Step 1: SMUD’s Avoided Cost Strea Step 2: Calculate Resource Cost Technology Characteristics

. Make the customer whole and include only VPP o L . Model with SMUD’s 2030 carbon goal defined by Case
Approach SMUD AC streams and tailor to Case A Results incremental costs Maximize flexibility without customer disturbance A + Additional EE

» Energy: E3’s market price forecasts

o » Need for communications & telemetry equipment for
: C_OZCZ:Q Sys_tenggpazclty. |SMUI3 Case IA SMUD VPP Admin Costs Solar + Storage and EVs. SOLVE functionality f d
General pist tapactlty.2026i— F? tp acr:met_ ca;:|t3 Resource Cost: 1 Customer Incentives « Unique NQC and ELCC values for each resource New RESOLVE functionality for Demand Response
|nv1.as ments. » rate Losting study + VPP Tech Cost » Smoothed shapes with underlying diverse tech and resources
* AS: Savings based on SMUD's reserve — Additional Distribution Benefits behavior representation
requirements through NWPP
*  SMUD VPP Admin: Provided
A B i PP
* Incentive: CuStoﬁerheneflt'under . o et e L G Additional distribution level value streams included in
. Bulk Sub 9 — BULKHUR o0 EHTENS . EVs: E3’s EVGrid Analysis . . s e e
Details . L ) . RESOLVE capacity expansion modeling: Distribution
Weighted average distribution deferral value of all DPAs « VPP Tech Cost: Tech Upgrade Costs + Telemetry * HVAC: LBNL CA DR Potential Al e Al ] T eeees
Costs * HPWHSs: NRDC & Ecotope HPWH Load Shifting

» Distribution Benefits: Avoided Cost Streams
Distribution Deferral and Avoided T&D Losses

Energy Values [Participant Cost |
1 800,000,000 1. Driving Hourly Shift Up and Down Daily Mileage
/800,000,000 - ) ey
Load
) Profiles . ShiftUp T Incroase
0.1 1,600,000,000 - o Cirmit I —
— [
= [
5 1,400,000,000 l L
= | /
] Shift Down (i
0.05 1,200,000,000 3,119,905 1,147,017 . Weekday oad ———Timit — Socnts Sunrse ShR —OR— Sunset it
-
- 4 _ Public L2 0 2 4 6 8 10 12 14 16 18 20 22 @ 2 4 & 3 10 12 14 16 18 20 22
E 1,000,000,000 §:: vt 12 our of Day Hour of Day
Z 800,000,000 - 3 Home 11
0 o g
a €« & 1 - = &
012 A& 5 6 7 % 94014142 4 AN 2 . - - -
T B »7 & 600,000,000 - H Shift Hour Adjacency Daily Energy Neutrality
AC Streams Loat
400’000’000 7 2 4 & B 10 12 14 16 18 2 22 Increase: increase
Tine of aoy I s 5
200,000,000 4 et Benefits from Ratepayer Perspective, u
Light-duty EVs added 2018 - 2035 l A
2, L
o 1,020 Load Load
600 Decrease
{200,000,000) - R, v i swnRuBBEDR
£ % g ¥ 3. Cost Benefit ) o,
8 8 i £ ees——
ki 5 Analysis
4
. Customer Utility
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Control Control

Energy+Environmental Economics 10



2024 ELCC Modeling of 2 Hour vs. 4 Hour VPP vs. Utility Scale Resource

Annual/Summer ELCC %
Resource 2025 2030 2040
VPP _2hr 86.35% 55.34% 22.77%
VPP _4hr 92.22% 66.80% 34.23%
Util_2hr 88.59% 60.15% 25.17%
Uti|=4hr 98.82% 71.44% 36.16%

Utility scale Forced Outage
Rate key differentiator —
more uncertainty for VPP
resource

100%

—eo—VPP_2hr
—eo—VPP_ahr
Util_2hr
Util_4ghr

90%
80%
70%

60%

Significant storage buildout
to 2040 responsible for
declining ELCC values

50%

Summer ELCC%

40%

30%

20%

10%

0%
2024 2028 2032 2036 2040 2044

11 PRELIMINARY DRAFT RESULTS AF TEA.EE LR R L



4 1 = Il IX NI/ Y I 1

- 2035 Distribution Circuits with Available Capacity
/AUD with Managed EV d

Creatad by, Opecutions G2%, Aug 3033

/ ==
2024/25 - Integrated | i

Distribution Resource & & B s
Plan Update Y

w

Growth, associated grid impacts, - o
flexibility and DER mitigations / .‘ : *o (i
valuation . : ; - (N g e

« Focus on Transportation Electrification ' ' o A ,_.\

 Element of shared use analysis 2 ] A, s
between distribution and bulk system g . ] v O TRl
use cases N

* Plan informs scale of challenge ahead
for distribution investments, clarify :
opportunity and value for load flexibility b
and storage solutions to mitigate -

« Launching this month with E3/Integral :
Analytics team : -

1 2 s
- R20 % : 2 =
3 : j‘:: A
I L R - STa )




Looking ahead to Incorporating DERs in Capacity
Expansion In SMUD 2026 IRP

Distribution Substation Peak Hour Insights

Capturing avoided distribution upgrade 80
value will be a key focus 70
70
Falling cost of batteries creating a big
opportunity to locate batteries on 60
distribution system to provide local and € o Biggest opportunity for
bulk capacity 3 shared distribution and ™y, "
o _ _ 3 4 bulk capacity value -
Quantifying potential to displace bulk ?
storage key to minimizing costs ° 2
Will require new approaches to - 2
thinking about uncertainty in hours, g 1 o
year that upgrades would be required, 10 1 1 . 5 3 I ,
confidence of avoidance . N N = B I I .

o1 2 3 4 5 &6 7 &8 9 10 M2 13 14 15 16 17 18 19 20 N 22 23
Hour of the Day

13 @ SMUD



Pricing Considerations in
Capacity Expansion
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Default Time of Day Rates (2019)

« SMUD defaulted all residential customers onto a ToD rate In ; 2;
[

« ~3:1 on peak to offpeak ratio, 3 hour peak window (5- 8PME;3N -

e

initially 4-7PM but solar growth pushed out in time
 97% of customers have remained on the rate

« Customers saved 130 MW of demand during hot days (4, ML

Peak, 10% of residential demand)

« Offpeak rates (non 5-8 during non-summer — 61% of hours) su " rtiv

of electrification 11.8 cents per kWh ,, i .dg,;; ‘



Residential Peak Day kWh

Peak Hours
5-8p.m.

2.500.000.00

2,000,000.00

Customers use more in
the less expensive time
1,500,000.00 buckets and less in the
5 — 8 p.m. time period

e e Customers continue to
reduce energy usage
during the 5 -8 p.m.
time period

-=2023 8/16/2023 2022 9/6/2022 —2017 8/28/2017
105° F 112° F 109.5° F (Pre TOD)




Additional Pricing Considerations

« 2019 also began transition of commercial TOU rates to
Incorporate low daytime price due to solar growth

» Residential rates still do not reflect low daytime value
but expect this to be a future feature

« Have so far not incorporated due to concerns
over complexity to customers

* EV rates (12am — 6am discount) are expected to need
to change to avoid driving additional storage needs
(e.g. 2023 Stanford Study)

* Dynamic rates being promoted to create better load
responsiveness but significant uncertainty for planners
around adoption, retention, and thus value


https://blog.christianperone.com/2019/03/randomized-prior-functions-in-pytorch/uncertainty1/
https://creativecommons.org/licenses/by-nc/3.0/
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