National Academies Modeling Workshop

Models to Inform Planning for the Future Electric Power in the US

Los Angeles
Department of

DWP Water & Power

CUSTOMERS FIRST
Case Study — Modeling to Support LADWP’s IRP and Stakeholder Engagement

Moderator: Reiko Kerr, Senior Assistant General Manager — Power System, LADWP
* James Barner, Assistant Director — Clean Grid LA Strategy Division, LADWP

* Jay Lim, Integrated Resource Planning Manager, LADWP

* Jaquelin Cochran, Project Manager, National Renewable Energy Laboratory

* Fred Pickel, Office of Public Accountability, City of Los Angeles



Los Angeles Department of Water and Power Overview
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Historical Innovations Bringing Water and Power to LA




Overview of LADWP’s Power System

Balancing Authority Power System

Los Angeles’
Power Generation

Largest Publicly Owned Utility and Transmission

LADWPS 15,000 mies of

power Lines and cable are
longer than the distance
trom Los Angeles to

Australia and back.

1.5 Million Customers
$4.2 Billion Annual Budget

Peak Demand of 6,502 MW (8/31/17)

Distribution System
* 10,495 miles of OH lines & UG cables

* 181 stations
« 128,693 transformers

Transmission System
e 3,760 miles of OH & UG circuits

* 15,452 towers



LADWP’s Resource Stack (2019)
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3,800 MW Nat Gas 2,000 MW Hydro 1,200 MW Coal
Total Capacity
10,150 MW .

%%__ 1,000 MW Wind
S

DWP 1,530 MW Solar 240 MW Geothermal ladwp.com




How L.A.'s Power Resources Work Together
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Resource Energy Mix
Achieved 32% renewables in 2018—up from 8% in 2006
LA’s Future Power Supply Is Coal-Free

100% -
90% -
80% -
70%
60% -
50% -
40% -
30% -
20% -
10% -

m Coal

® Natural Gas
m Large Hydro
® Nuclear

= Unspecified
® Renewables

2018 2020 2030 2036

Year ladwp.com 7




GWh

Renewables Forecast (Senate Bill 100)

55% RPS by 2025, 65% RPS by 2030, 70% RPS by 2036, 100% zero carbon by 2045

36,000
34,000
32,000
30,000
28,000
26,000

24,000

Forecasted Energy Sales

22,000
20,000
18,000
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6,000 @— %

4,000
2,000

Generic RPS/Zero Carbon
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CO2 Emissions
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2006: AB 32 — Reduce GHG
to 1990 levels by 202
S
@ ™ AN
40% below 1990 Emission| 80% below 1990 Emission
Level (10.7MMTons) Level (3.2 MMTons)

2016: SB 32 — Reduce

GHG to 40% below

1990 levels by 2030
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Integrated Resource Planning

SAFE AND RELIABLE
ELECTRIC SERVICE
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IRP Development Process
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Planning 1.0 — 2016 IRP Advisory Committee

Electric Vehicles

Stakeholders

Power System Facilitators

Council Representatives

Renewables
50% RPS

Energy Efficiency
(EE)

Local Solar /
Energy Storage

Potential 2016 IRP
Major Topics

Natural Gas

Mayoral Representatives

Neighborhood Council
Representatives

Environmental Community
Representatives

Customer Representatives

Business Community
Representatives

Academia

Office of Public
Accountability

Disadvantaged Community

Labor Union

LA
Los Angeles ﬁ Department of Water & Power

Be aPartofLA’s
Clean Energy Future

Participate in one Please RSVP for one of the following workshops or live
of LADWP's 2016 webcast.
Workshop and Live Webcast:
Integrated Resource | (0 0 aay, October 26, 2016 - 6:00 p.m. to 8:00 p.m.
Plan workshops to LADWP Headquarters, A-level Auditorium
help chart the course 111 North Hope Street, Los Angeles, CA 90012
for the City'S power RSVP for the Live webcast at hip/ tiryurt comy2016IRP
Workshop:
supply over the next Wednesday, November 2, 2016 - 6:00 p.m. to 8:00 p.m.
20 years. Wilmington Senior Citizen Center
1371 Eubank Avenue, Wilmington, CA 90744
a Workshop:
Your input can help Thursday, November 3, 2016 - 6:00 p.m. to 8:00 p.m.
LADWP transform Pacoima Neighborhood City Hall Cultural Room
Los Angeles into a 13520 Van Nuys Boulevard, Pacoima CA 91331

" [Public parking available in structure on Oneida Street]
healthier, cleaner, ' '

more Sustainable Clty RSVP: hitp://tinyurl.com/2016IRP

Learn more: www,ladwp, com/Power|RP

Sugn l.-lngu-lge interpreters, Assistive Ln-.h-nmg Devices, or other auxiliary aids and/or services may be
provided upon request. To ensure availability, you are advised to make your request at least 72 hours

prior to the meeting you wish to attend. Due to difficulties in securing Sign Language Interpreters,
five or more business days notice is strongly recommended. To request accommaodation, please call
213-367-13461, TDD: 1 800 HEAR DWP (1 800 432-73971.

ladwp.com 12



Planning 1.0 — IRP Case Scenarios 2016/2017

1. Intermountain Power Plant (IPP)2027* (base)
2. IPP2025*

50% RPS, Low Local Solar, Low Storage, Low EV*

50% RPS, Low Local Solar, Low Storage, High EV

50% RPS, High Local Solar, Low Storage, High EV

50% RPS, High Local Solar, High Storage, High EV

. 65% RPS, High Local Solar, High Storage, High EV
LLS. 65% RPS, Low Local Solar, High Storage, High EV

8MLS. 65% RPS, Med Local Solar, High Storage, High EV

8SF. 65% Solar Foc’d RPS, High Local Solar, High Storage, High EV
(high local solar and storage in accordance to LA Sustainability pLAn goals)

® 0N U A

Recommended

Case

*Expected, Low, and High Fuel Cost
DWDP| Sensitivity Analysis was performed ladwp.com 13




Planning 2.0 — Aligning Resource Planning Efforts for
“L.A.)s Clean Energy Future”

L.A’s Green New Deal § *Clean Grid LA Plan

(2019 Sustainability (OTC Alternatives)
pLAN)

Strategic
Long-Term

Annual Clean Grid LA *Distribution

Transmission Steering RecoUrce Resource

*100% Renewable
Energy Study (NREL)

*Plans currently under development

DWP Note: LADWP’s traditional IRP was renamed the SLTRP beginning 2017, after the

California Energy Commission IRP Guidelines were developed as required by SB350. ladwp.com 14




Planning 2.0 — 2021 Strategic Long-Term Resource Plan
Scenario Development and Modeling

Stakeholder /" Internal Studies
Advisory Committee ' - '
Loedhack EE Potential Study
Max Gen RE Penetration Study
4 ; Distribution Hosting Cap. Study
s N

DER Integration Study
Once-through Cooling Study
Boulder Canyon Pump Storage
NREL LA100 Study
Transmission Plan

Load Forecast
. {} J\

" Demand-Side |

. Resources J\\ @

LV

§ Supply-Side —
Resources .

-

"

Advisory Committee

[ Stakeholder

Input

I

/

System
Modeling:
Evaluate
Resource
Scenarios to

4

/

Joint Studies

California Electrification Study (epri)
Building Electrification (e3)

Other
Assumptions

-

Enhanced Day Ahead Market (grattle E3)

2050
-
\

J

]

\

Sensitivity &
Risk Analyses

Recommended

Case

LADWP
Management Input

ladwp.com 15



L.A.s Green New Deal (2019 Sustainability City pLAN)

Integrating Key Sustainability pLAn Initiatives:

Renewables 55% 80% 100%
Zero Emissions Vehicles (ZEV) 25% 80% 100% GREEN NEW DEAL RENEWABLE
o LAY 100%
million) million) ENERGY BY 2045
Electrify Metro/LADOT Buses 100% 100% 100%
100%
Zero Emissions City Fleet 100% 100% 100% 55% 80 /0 “
Building Electrification (C40) 100 1,000 2,000 5,400 \ ( \
GWh  GWh GWh GWh (\\ ( /
Net Zero Buildings All New 100% kl S \/
Energy Efficiency in Buildings 22% 35% 44% = o -
2025 2036 2045
Total Load Growth 12% 33% 63% 130%

DWP ladwp.com 16




Cumulative Load Impacts of Green New Deal

60,000
——Green New Deal with Transportation and Building Electrification Targets 130% load growth
=—=|RP with Transportation and Building Electrification Targets

50,000
++++2018 Load Forecast

40,000

50% load growth
80% (2 million ZEV)

Energy Sales (GWh)
(v
o

.......
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Distribution Resource Plan (DRP)
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Resource Planning 2.0 — IRP combined with DRP Planning

TODAY: TRADITIONAL POWER GRID EMERGING: THE ENERGY CLOUD
Central, One-Way Power System Distributed, Two-Way Power Flows

The Evolving Utility and DERs
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Source: Navigant Consulting ladwp.com 19



DER Planning Considerations

Achieve optimal DER

deployment . .

Achieve a common
. . Energy Distribu.ted
objective
Improve Grid Resiliency . .
Energy Distribution
Efficiency Planning

Leverage Existing DER
program efforts and
resources

Minimize duplications and
increase system efficiency

Cyber-
Security

ladwp.com 20
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DRP Modeling Framework

I

i

Tableau 1

2019 > :

: Maps and Insights :

2020 :_ _____________ :
________ l________} :_______l_______'
DER Database (Existing) 1 | Distributi !
on Modeli |
Solar kW and Location DER Forecast Scenarios : ! & Load FI 0e 1
EV Count and Location dGen NREL from LA 100 n——zozo—b: :
Storage kW and Location Public Release Sep 2020 : : . " |
Tie to Circuit : i ELEXOCUTEDEN :
________________ 5 L e |

A
Q2 2020
Q4 2020
A o '
1
LADWP GIS , Locational Net Benefit |
Circuit Maps ! aka Locational Value |
e 2019 - B L

Characteristics, ' ; 1
Components, i CEC’s LNB Tool :
Connectivity : . |I'I pmremmt :

SAM from NREL

PV and Storage Modeling 2019
Discounted Cash Flow

Energy Flow

Current : In Progress |




Peak Day Receiving Station Load (MW)

Distributed Energy Resources Integration Study
Uncontrolled vs. Managed DER

Max Ramp Day (10 May 2030) Max Ramp Day (10 May 2030)
4,000 - 4,000 -
3,500 - 3,500 -
3,000 - 3,000 A
2,500 - e 2,500
2,000 {~ -7 2,000

b
--------"

1,500

Peak Day Receiving Station Load (MW)

1,500 -
1,000
1,000 -
500
500 -
- T 1 23 456 7 8 9101112 1314151617 18 19 20 21 22 23 24
123 456 7 8 9101112131415161718 19 2021 22 23 24 I Electric Vehicles Underlying Sales Energy Efficiency
I Electric Vehicles Underlying Sales Energy Efficiency Solar PV B Battery Storage Demand Response
Rooftop Solar PV N Battery Storage Demand Response
— Net Sales - == Gross Sales — Net Sales = == Gross Sales

DWP ladwp.com 22




Distributed Energy Resources Integration Study
Benefits of Optimized DER Integration

Residential Average Annual Bill

$2,500

$2,000

$1,500

$1,000

$500

$2,057

$1,5 1751,406

$1,104 $1,104

i

2018

| 24251’242 I l
’ /

2022

I:Slc.

2026
® BAU ' Optimal

4

2030

ladwp.com 23



Identifying the Exact Challenge

Hours
012345 ¢6 7 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23

S0 Red = Overload e




Load EE reduction EV Increase PV PV Reduction Storage = = Limit Demand Response

012 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23

Hlustrative

B 4.8 kv Distribution OL Zone
[ 34.5 kv Sub-transmission OL Zone
DWP ladwp.com 25




Targeting DERs to address Equity Metrics

sl | ¥ | Find address or place Ql 4,,;},3' —_ phe ¥ )5 Legend
T pects 32T el 11 ] 4 }fi 1S 1
T B / [~ ' ) LTy 7 Sy .
Yt N VI S b2 i b v i CalEnviroScreen 3.0 Results (June 2018
: D™ : g ! Update)

B 97 - 100% (Highest Scores)

By 81-90%
Ty 71-80%

61-70%
51-60%

41-50%

My 31-40%
by 21-30%
I 11-20%

I - 10% (Lowest Scores)

CalEnviroScreen 3.0 Results

High Pollution, Low Population

| 7
]

ladwp.com 26
Source: Cal Enviro Screen 3.0 P
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The Los Angeles 100% Renewable Energy Study

The Los Angeles
100% Renewable Energy Study

(LA100)
NAS Workshop

Jaquelin Cochran, Ph.D.

National Renewable Energy Laboratory
February 3, 2020

pwerrme | =NREL

Transforming ENERGY
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LA100 Study Ob

 What are the pathways and costs to achieve 100% RE while maintaining current
reliability?

* Whatis the impact on the environment?

* What are the potential for high quality careers and local economic development?
 How can environmental justice communities be part of the solution?
* |n coordination with Ratepayer Advocate: What are impacts to electricity rates?

NREL | 29



What Is Unique About LA1007?

i -1 i

LADWP must Objective,
Dalance transparent,
. First-of-its-kind stakeholder-based
electricity supply modeling analysis
anc def”a”d of pathways to
at all times 100% RE

LA100 does not present recommendations or suggest policies

LA100 | 30




Advisory
Group
Provides

Input and
Review
Throughout
the Study

Representatives:

e Environmental
groups

 Neighborhood
councils

e Academia
* Premier accounts
* C(City government

 Business and
workforce groups

e Utilities

LA100 | 31



{mm Bulk

Secondary

240/120 V

[ | . o e
" Distribution LAlOQ |.s analyzing impacts and
- opportunities across the power system
Bulk Transmission Sub-Transmission Distribution
Generation 230/138 kV 34.5 kV 4.8 kV
NIIIM \’Illf i \“/ i
Switching Receiving Distributing
Station Station Station
(SS) (RS) (DS)
Utility Fast charging Community
distributed station solar
solar

|dentify total

investments for bulk
system, in and outside i _ L _
basin Industrliasl Commerggl

Stati Stati
DISTRIBUTION ation (IS) ation (CS)
* Rank locations for solar - ﬂ g . ﬁ B
and storage in basin - . c =8 =
e Evaluate upgrade costs Industrial ustomers

Large Commercial

Residential/
Small Commerecial

LA100 | 32



LA100 Methodology

ol

Input models

What is
electricity
demand and
customer-driven

supply?

Electricity demand
Demand response
Renewable resource
analysis
Customer-driven
solar

Main scenario
models

What does
LADWP build?

* Generation

* Transmission

 Distribution
upgrades

N4
11
Output and
validation models

How do we
know it’s right?

* Load balancing

* Resource adequacy

* Power flow and
stability analysis

* Integrated
distribution and
transmission
analysis

Impact models

What are the
impacts?

* Economic and
workforce analysis

* Environmental
analysis

LA100 | 33



LA100 Methodology

ol

Input models

What is
electricity
demand and
customer-driven

supply?

Electricity demand
Demand response
Renewable resource
analysis
Customer-driven
solar

Main scenario
models

What does
LADWP build?

* Generation
* Transmission
[TDU U

upgrades

N4
11
Output and
validation models

How do we
know it’s right?

* Load balancing

* Resource adequacy

* Power flow and
stability analysis

stagrated

distribution and
transmission
analysis

Impact models

What are the
impacts?

* Economic and
workforce analysis

* Environmental
analysis

LA100 | 34



Bulk System Modeling Approach: Estimate, Then Refine

Capacity
Expansion

BUILD

What do we build?
Where and when?

I

Production
Cost

WORK?

Does it work?
(hourly operation)

Resource

Adequacy

ADEQUATE?

Is the system resource
adequate? Is the probability
of system failure acceptable?

STABLE?

Is the system stable under
normal conditions and
after outages?

X NO

©

COMPLETE

LA100 | 35




Scenarios Based on Advisory Group Priorities

Moderate Load Electrification High Load Electrification (Load Modernization) High Load
) L.A-Leads, . L.A-Leads, Transmission High Distributed High Load Stress
SB100 Emissions Free (No SB100 Emissions Free (No Rk
) K Renaissance Energy Future (SB100)
Biomass) Biomass)
2030 RE Target 100% NetRE 100% NetRE 100% NetRE 60% 100% NetRE 100% et RE 100% NetRE

Compliance Year for 100% 2045 2035/2040 2045 2045 2045 2035 2045 2045 2045

Biogas Y Y Y Y Y Y Y

Electricity to Fuel (e.g. H2) Y Y Y Y Y Y Y Y Y

Fuel Cells Y Y Y Y Y Y Y Y Y

Technologies Hydro - Existing Y Y Y Y Y Y Y Y Y
. . . Hydro - New N N N N N N N N N
Ehglble in the Hydro - Upgrades Y Y Y Y Y Y Y Y Y

Compliance Year [EYsapayms Yes N N N Yes N N N Yes

Nuclear - Existing Y Y T T Y Y N B N | Y

Nuclear - New N N N N N N N N N

Wind, Solar, Geo Y Y Y Y Y Y Y Y Y

Storage Y Y Y Y Y Y Y Y Y

SOV T-He) (@8 Haynes, Scattergood, Harbor

Distributed Adoption

N N N N N N N N N
“voeme || woseme | e | wotome | i | wosoe | | oo

Yes N N N Yes N N N Yes

Financial Mechanisms
(RECS/Allowances)

Energy Efficiency Moderate Moderate Moderate Moderate High High High High Reference
Demand Response Moderate Moderate Moderate Moderate High High High High Reference
Electrification Moderate Moderate Moderate Moderate High High High High High

. Only Along Existing  Only Along Existing New Only Along Existing  Only Along Existing New Only Along Existing
. . New or Upgraded Transmission i No New . No New
Transmission Al & or Planned or Planned Corridors - . or Planned or Planned Corridors - o or Planned
oweds Corridors Corridors Allowed fansmission Corridors Corridors Allowed fANSMISSION Corridors

WECC VRE Penetration Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate Moderate

Note, the study also includes a reference case (2017 IRP with minor updates). This case extends through 2036.




Example Goals for Analysis

* |dentify what investments are common across most/all scenarios

e |dentify trade-offs—including costs, workforce, and air quality—
among the scenarios

— Especially for going from ~90% to 100% RE

e |dentify sources of uncertainty (especially for technologies not
vet at scale)

LA100 | 37




Going from 90% to 100% RE

Existing, commercially competitive RE technologies can get us most of the way to
100% RE

 Example: pumped hydro and 4-hour battery storage can help meet nighttime
electricity demand

The challenge is meeting the last ~¥10% of time periods, e.g.,

« Summer peak periods when available RE and storage options are exhausted
and adding new solar is uneconomical for the rest of the year

 Extended transmission outages (maintenance, fires), during which batteries
can’t recharge using out of basin resources

e Days with unusually low solar and wind output

The scenarios, with differences among technology eligibility, will indicate costs
and tradeoffs of meeting these hard to supply periods

LA100 | 38




otorage; ... Irtai Flexible Load Stronger Network Renewable Peakin;
llows shifting of : ~ High rates of Dynami g

Renewable-fueled
combustion technologies,
fuel cells, seasonal storage,
controllable load

RE Credits (for SB100

Qme hours may be decrease the need for allows access”‘to new
more cost-effective new resources and help sources of RE in and
than storage or exports integrate variable RE outside the basin




Example Modeling
Challenges




Building Loads )

Distributed Generation Adoption deg-dst astagn !
— |

Commercial
Buildings

dgn-dst o Distribution dst-rom

Residential
Buildings

cld-dsg g |
1d-dsg ;
ild-dsg

tid-dsg r:
gap-dsg |>

rpm-igm

Com pleX|ty Other Loads

f M d | " B ; n_r(n'.:apacﬂy Expansion : Resource Adequacy
O odelin g Demand Response | — ' |

Integration

rpm-ras |

ddr-rpm

Transportation

Demand
Response

and Data

E XC h a n g e NOT ol
REPRESENTED IN : ’
Q THIS DIAGRAM : :
Baseline Data . dsa-ei
IVl H sg-ev) . Power Flow
O e S ST ] Environmental - Dynamics
e dgn-evj Justice

RE Resource . E

L}
L
Analysis L ' olx-air

Air Quality
: . dsg-air Analysis

Economic and
Jobs

Visualization Ve
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Example: Load Data Allocation to Downstream Models

Commercial
Buildings

rid-dsg
Residential
Buildings
. ild-dsg
Industrial and
Large Commercial
Transportation -  [JREEEY

EV

Transportation -  JRUsEeE]
Buses

dsgrid

Data Coordination

Distribution

Demand
Response

Plexos

Environmental
Justice

«L

N 3

& > 3 . (] '1} < (}‘ ) é'\\(\ N

& e Ng oy £ 3 > R o F o oV &- A G F ol 5g
& 8 L. L KN N o FE & CO GO L O I<; SN
PR LI T A R MRS PRI A Q;K@Jr
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Example: Load Data Allocation to Downstream Models

4
"’ |
=279 ft of CDs

PSS F B B
L]

|
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Capacity Expansion Models: Four Planning Time Periods

Were Insufficient at 100% RE to Identify Needed Capacity

LOW MID HIGH PEAK DAY LOWVG — Load + Loss

— Load + Loss + Charge

. Reserve Curtailment
. Curtailment
- Demand Response
B Battery Storage
. Pumped Hydro Storage
Dist. PV
Utility PV
" Utility PV + Battery
= Wind
B Biomass
Hydro
Geothermal
Bl Nuclear

spouad ¥

spolad G

6 121824 6 121824 6 121824 6 121824 6 12 18 24
Hour of Dispatch Period

Additional time period highlights unserved load...enabling

identification of additional capacity needed




But Even Five Time Slices Makes it Challenging to Assess Ability of Storage

to Reliably Contribute to Resource Adequacy in 100% RE Systems

 (Capacity credit: Fraction of nameplate capacity that can be reliably available
during periods of highest system stress

— CPUC (for I0Us) assumes full credit of storage if at least 4-hours

* Actual capacity credit of storage declines as a function of storage penetration
and has strong interactions with solar penetration

e Calculating capacity credit of storage is complicated because in 100% RE
systems, we cannot always assume the battery will be fully charged when
needed

e (Capacity expansion modeling using select time periods is likely to overvalue
the ability of the battery to be charged = unserved energy in full-year
simulations

LA100 | 45




LA100 Considers All Facets of Power System Planning

Holistically integrating:
Bottom-up load modeling
Bulk power investments
Distributed energy resources
Resource adequacy

Power flows

Economic impacts

Air quality

Greenhouse gas emissions
Environmental justice

Input Models

Loads and DR

RE Resource
Analysis

Distribution
Cost Analysis

Scenario
Development

Data
Generation
and
Acquisition

Main

Scenario
Model

Capacity

Expansion Load

P4 Balancing and
Resource
Adequacy

Economic
Impact and
Jobs Analysis

Environmental
Analysis

Power Flow
and Stability
Analysis

Distribution
and Integrated
T&D Analysis

Iteration

Non-Modeling Stages

To all stages

Stakeholder Engagement

Visualization
and Reporting

Output Models

Output/
Validation
Models

Coordinated
with analysis
on rate
impacts

LA100 | 46




Questions and Answers

Moderator: Reiko Kerr, Senior Assistant General Manager — Power System, LADWP
 James Barner, Assistant Director — Clean Grid LA Strategy Division, LADWP
e Jay Lim, Integrated Resource Planning Manager, LADWP
e Jaquelin Cochran, Project Manager, National Renewable Energy Laboratory
* Fred Pickel, Office of Public Accountability, City of Los Angeles

LA100 | 47




Thank you!

Jaquelin.Cochran@nrel.gov

The Los Angeles 100% Renewable Energy Study



