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: LA
Overview DWP

* [llustrate the methods that are needed to meet the City
Council’s motion

“to determine what investments should be
made to achieve a 100 percent renewable energy
portfolio”

e This 100% renewable energy portfolio needs to be
technically feasible and reliable

e This project relies on a suite of modeling and simulation
tools to determine what investments could be made to
achieve a reliable 100% renewable energy portfolio
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Framing The Problem

 What are some plausible scenarios of renewable
resources that might achieve meeting 100% of
LADWP’s demand?

 Would these scenarios achieve the same level of
reliability that LADWP currently achieves?

e How much would these scenarios cost?
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Modeling 100% Renewable Energy

e The LA100 study is similar to integrated resource plans
(IRPs) and other planning exercises, but is exploring a
“space” that has never been explored

* We will follow proven methods and use state-of-the-art
tools

— Where commercial tools are best in class, we will use them

— Where we think commercial tools are insufficient, we will
use NREL tools

e A study with this level of detail has never been done before,
and we are excited to bring NREL's modeling tools and
capabilities to bear on this interesting and important study
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The Ideal Study

“Ideal” Qapacity Final Results and
Expansion Model Visualizations
Scenario Definitions
and Parameters ‘
This doesn’t
exist
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No Single Model Covers All of This

Dynamics Operations Planning [ sectors
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LA

Modeling 100% DWP

* No single model can evaluate the geographic and
temporal aspects of power system operations

e Even “traditional” integrated resource plans require
the use of multiple models
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Classes of Models

— Input Modeling
Output |
Raw Data modeling O v O s
Capacity Final Results
Expansion and
Modeling l Visualization
Validation and
Output —
Modeling
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Traditional (Detailed) Integrated Resource Plan Process

Main
Input Models Scenario

Model

RE Resource Capacity
Analysis Expansion Load
Balancing and

Resource
Adequacy

Output/
Validation

Power Flow Models
and Stability
Analysis

Iteration

Non-Modeling Stages
Development

Data
Generation

To all stages

and

Stakeholder Engagement
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Modeling 100%

e We are adding additional

— Geographic considerations including loads and
distribution system

— Scope (economic and environmental analysis)
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Economic
Impact and

Input Models | ‘
‘\ Main Jobs Analysis
Loads and DR Scenario

Model Environmental
‘ Analysis

Output Models

RE Resource Capacity . OquUt./
Analysis Expansion Load Validation
Balancing and Sl At
4 g and Stability Models
P Resource ;
Distribution Adequacy Analysis
Cost Analysis
Distribution
and Integrated
T&D Analysis
Iteration
Scenario Non-Modeling Stages Visualization
Development and Reporting

Data

Generation
To all stages

and
Acquisition

Stakeholder Engagement
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Step 1 (Non-Modeling)

1. Data collection and scenario development
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Steps 2-4 (Input Modeling)

2. Estimate load growth and demand profiles

3. Determine renewable resource availability and
generation profiles

4. Estimate distribution system hosting capacity and
upgrade costs
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Step 5 (Main Scenario Modeling)

5. Develop optimal expansion plan and distributed
resource adoption scenario
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Steps 6-8 (Validation Modeling)

6. Simulate grid operations and performance including
load balancing, operating reserves, and resource
adequacy

7. Evaluate transmission system reliability

8. Validate operation of integrated transmission and
distribution system
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Steps 9-10 (Output Modeling)

9. Evaluate environmental benefits and impacts

10. Evaluate local job and economic development
Impacts
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Step 11 (Visualization and Communication)

11. Visualization and communication
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Steps of the LA 100% Renewable Energy Study

Economic
Impact and Output Models

Input Models ctand
‘\ Main Jobs Analysis
Loads and DR Scenario 9_ 10

Model Environmental
Analysis

RE Resource Capacity OquUt./
Analysis Expansion Load Validation
Power Flow

g e and Stability Models
Analysis

Adequacy

Distribution
Cost Analysis

Distribution
and Integrated -
- T&D Analysis

Iteration

Scenario Non-Modeling Stages Visualization
Development and Reporting
1 Data

Generation

To all stages

and
Acquisition

Stakeholder Engagement
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Step 1 — Data Collection and Scenario Development

e Data collection needed for each step

e Also need processes for data in different formats

e Dedicated project data traffic cop

Building Loads
cid-ddr
rid-ddr
ibd-ddr
Other Loads S
NOT
REPRESENTED IN

THIS DIAGRAM

Demand Response  ®mdan

Transmission & Distribution

plw-igm
dist-h

ild-ig

Baseline Data
B50Urce
Analysis

- E plx-p ynamics -
im t
pm-job - Economicand Nyl
i Jins :
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Step 1 — Data Collection and Scenario Development

LADWP 2017 IRP Load
100% RE Transmission Limited Emissions Western
Recommended LA-Leads 5 L. Net 100% Modern- L
Case Reference Renaissance Transmission Free ization Initiatives
Compliance Year: - 2045 2035/2040 2045 2045 2045 2045 2045 2045
Biomass Y Y Y Y Y Y Y
Biogas Y Y Y Y Y Y Y
Technol- Electricity to Fuel (e.g. H2) Y Y Y \ \ Y Y Y
a Fuel Cells Y Y Y Y Y Y Y Y
ogles Hydro - Existing Matches 2017 Y y Y Y Y Y y Y
FIEASERTIE  Hydro - New I N N N N N N N N
the Hydro - Upgrades Mix Y Y Y Y Y Y Y Y
Compliance Natural Gas N N N N N Y N N
Nuclear - Existing N N N Y N N
Year
Nuclear - New N N N N N N N N
Wind, Solar, Geo Y Y Y Y Y Y Y Y
Storage Y Y Y Y Y Y Y Y

Financial Mechanisms
(RECS/Allowances)

Distributed Adoption Reference Balanced “ “ Balanced Balanced Balanced Balanced
N N N N

- N Yes N N

Energy Efficiency Reference Moderate High Moderate High Moderate Moderate High Moderate

Demand Response Reference Moderate High Moderate High Moderate Moderate High Moderate

Electrification Reference Moderate High Moderate High Moderate Moderate High Moderate

Only Along Only Along Only Along  Only Along Only Along Only Along

New or Upgraded New
o .. atches Xisting or xisting or . o New xisting or Xisting or xisting or Xisting or
Trans b2 Match Existi Existi No N Existi Existi Existi Existi
Transmission Corridors ..
mission 2017 IRP Planned Planned Transmission Planned Planned Planned Planned
Allowed? . X Allowed . . X .
Corridors Corridors Corridors Corridors Corridors Corridors
WECC WECC VRE Penetration Reference Reference Reference Reference Reference Reference Reference Reference m Da n Stel n be rg

Recap - Scenarios
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Step 2 — Loads and Demand Response

Economic
We are here Impact and

/ Jobs Analysis
Loads and DR
Environmental

Analysis
RE Resource Capacity
Analysis Expansion Load
A Balancing and Pawel Flow
Resotifce and Stab_lllty
Distribution Adequacy Analysis
Cost Analysis

Distribution
and Integrated
T&D Analysis

Scenario Non-Modeling Stages Visualization

Development

and Reporting

Data

Generation
: To all stages

and
Acquisition

Stakeholder Engagement
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Step 2 — Goals

* Generate a dataset that represents the load that
LADWP will need to serve in the coming decades

e Helps us understand interesting “standalone
questions,” such as:

— How will demand grow (or not)?

e How much electric vehicle (EV) charging will LADWP
need to serve?

e \What about electrification of loads served by natural
gas?

— How flexible will loads get?
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Step 2 — Load Profiles

Five types of loads modeled:
1. Residential Buildings
Commercial Buildings
Industrial Loads
Electric Vehicles

bk W N

Leftovers
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Loads Evaluated with NREL's dsgrid Model

dsgrid
Building Stock 9 Dave Roberts

Data
Residential Model

Projections Commercial Model

EV Model Load Profiles and
s g4 Demand Flexibility for all

Study Years
Industrial

Economic

S Gap Model

Elaine Hale

System Level
Data

DR Model

KIIIIAII/
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Example —

Res Building
Stock Data

Existing
Building
Load
Profiles
(Measured)

Met and
Other data

Residential Building Loads

Cost,
Performance
Data etc

Baseline
building
stock
and
profiles
(o]}
current/
recent
year

Building
Stock in
all
future
study
years
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Electric Vehicles

EVI-Pro Schematic
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. LA
Industrial Demand DWP

Not a single model—combines:

e Individual analysis for certain large loads (airport, port,
large industries) derived from existing data and
regional projections

— Use data from advanced metering infrastructure (AMI)

e Analysis by University of Southern California for
electricity associated with water infrastructure

e |GATE-E for other industrial loads without AMI data?
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Gap Model

demand-side grid (dsgrid)

Historical Load

e’@@@@é’é’é’@@@@

OF A W Y § NP

BResidential MCommercial ®industrid @Transpont BGap

Outdoor lighting, other non-modeled loads.
This should be small if we do our job correctly.
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Demand Response and Flexibility

e Traditional load modeling can capture efficiency, but not price-

responsiveness—particularly for electric vehicles and smaller
commercial and residential loads

e Separate modeling effort applied to demand response and load
flexibility:

Sectoral
* economic growth Load quantity

» energy efficiency Electrical Load and shape
» electrification

End uses whose Value to the system

energy can be Demand Response Potential Value by end-use per
= scheduled * region
» stored L o K\W-yr
« shed Technical Implementation Cost . unit
Physical realism /
e _ / End-User Opportunity Cost Total cost by
Operational realism : . Lnit
o k\W-yr
/
/
¥

Realistic Role in Future
Power Systems
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Demand Response and Flexibility

residential hotwater I municipal wastewaterpumping industrial datacenters commercial lighting
residential heating municipal outdoorlighting industrial agriculture commercial heating
residential cooling ¥ industrial manufacturing commercial ventilation commercial cooling
municipal waterpumping industrial refrigeratedwarehouses

3.0

Energy Service Availability (GW)

0,
K
<

oSF o i i S o o

Example outputs: Demand available for load shifting in the
Western U.S. during one week
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Step 3 — Renewable Resource Analysis

Economic
We are here impastiand
Jobs Analysis
Loads and DR
Environmental
Analysis
RE Resource Capacity
Analysis Expansion Load
A Balancing and Pawel Flow
Resotifce and Stab_lllty
Distribution Adequacy Analysis
Cost Analysis

Distribution
and Integrated
T&D Analysis

Scenario Non-Modeling Stages Visualization

Development

and Reporting

Data

Generation
: To all stages

and
Acquisition

Stakeholder Engagement
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Step 3 — Goals P

* Generate a dataset that represents the renewable
resources available to LADWP

e Helps us understand interesting “standalone
qguestions,” such as:

— How many MW of wind are available in Southern
California or other locations?

— How much solar is available in-basin?

— How much land area might be required to meet the
100% goal?
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Step 3: Renewable Resource Analysis

Reglonal Global Horizontal Solar Irradlance
National Solar Radiation Databease Physical Solar Model 2012

o

NRELs Renewable Energy Potential (reV) Model

Resource Dataset System Generation Modeling (SAM) Technical Exclusion Capacity Expansion Inputs

Resource <=
Potential

Available sites
Capacity

Protected
Areas

Urbanized

Areas
Natural

Features
Terrain

hourly data user-defined hourly profiles Features
system specifications

Output profiles

FRegional Wind Power Resource
Wind Speed at 100-meter Hub Height, 2012

Aupigeains ays

Technical
Potential

Representative Profiles

Reglonal Geothermal Resource
Estimated Undiscovered Hydrotherma! Potential, 2012

Capacity
Factar

Time

=
=
m

Capacity
Factor
| 4
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Step 4 — Distribution System Cost Analysis

Economic
Impact and
Jobs Analysis

Environmental
Analysis
RE Resource Capacity
Analysis Expansion Load
Power Flow

A Stk and Stability
Analysis

Adequacy

Loads and DR

Distribution

Cost Analysis

Distribution
and Integrated
ere T&D Analysis

>

We are

Scenario Non-Modeling Stages Visualization

Development

and Reporting

Data

Generation
: To all stages

and
Acquisition

Stakeholder Engagement
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Step 4 — Goals P

* Generate a dataset that represents the ability of
LADWP’s distribution network to accommodate DGPV

e Helps us understand interesting “standalone
qguestions,” such as:

— How many distributed PV can be accommodated in
the city of Los Angeles?

— How much will it cost to upgrade the distribution
network to add more PV?
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Step 4 — Distribution System Cost Analysis

Two not-so-simple questions:

1. Will all the rooftop PV we (may) install break LADWP’s
distribution network?

2. If so, what are the costs of distribution system upgrades
needed for large DGPV deployment?

NATIONAL RENEWABLE ENERGY LABORATORY
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Distribution Cost Analysis

Step 1. Select the power factor set point to use for all DPV
inverters

Hosting Capacity —

Point at WhICh YOU — Step 2. DGPV hosting capacity analysis

can’t add any more

PV without —
oy Step 3. Map violations identified at the hosting capacity
additional u P8 rades limit to a set of upgrades that can be used to mitigate them

@

Cost Analysis —

Repeat

HOW much S per unit Of Step 4. Obtain a range of unit costs associated with each
PV to add additional —_—
hosting capacity

of the selected upgrades

Step 5. Calculate the total costs associated with all
upgrades required to increase penetration

Step 6. Deploy mitigation solutions in OpenDSS

Bryan Palmintier Kelsey Horowitz
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Step 5 — Capacity Expansion

e Determines the generation mix for each scenario

e Considers utility-scale generator development and customer

adoption of DERs

e The “core” model of the LA100 study

—»  Input Modeling You are here

Raw Data
Capacity

Output

|_> modeling

Expansion
Modeling

v

L

Dan Steinberg
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Validation and
Output —
Modeling

Final Results
and
Visualization
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General Flow of Capacity Expansion Modeling

Load Profiles and Demand
Flexbility for all Study Years

Feeder Upgrade Cost
Curves/ Hosting Capacity

Wind and Solar Data
Resource Database

Generation and

Transmission Database
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Capacity Expansion

Modeling

Key outputs:
What got built?
How much did it all cost?

Build Scenarios - Capacity for
time intervals from 2017 to
2045. Total system cost etc.

----v----

Validation and

Output Modeling
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NREL's Capacity Expansion Modeling System

Ben Sigrin This stage uses RPM as the
Y Capacity bma(ljlrzsmodel, supplemented
Expansion y dlaen
Modeling

Build
Scenarios — R ——————
Capacity for
Input Data time intervals
> from 2017 to
Convergence Runs 2045. Total
system cost
etc

DGPV adoption

(Dgen)

Validation and
Output
Modeling

G&T (Bulk Power)

CEM (RPM)

;,-". :

/S b

Brady Stoll

NATIONAL RENEWABLE ENERGY LABORATORY 40



Resource Planning Model (RPM) P

Capacity expansion model for a regional electric system

Key features:

— Individual generation unit and transmission line
representation

— Hourly chronological dispatch and detailed system
operation representation

— High spatial resolution informs generator siting options,
particularly for renewable resources

— Flexible data structure to develop models for customized
regions

— Models the cost and value of storage and other enabling
technologies

http://www.nrel.qgov/analysis/models rpom.html|
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Geographical Scope

Resource Planning
Model - LDWP

RPM is a mixed kg
nodal/zonal

model ;:ENRELW

HATIONAL RINDVOABLE ERESGY LADORAT
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RPM Application of Hourly Data for Key VG Analysis

year = year + 5

Single RPM Model Year

year = 2010 »

8760 Methods

current / incremental
system composition

regression model
of PCM results

(net)load —
technical parameters —

heuristic storage
dispatch

(net)load —;

VG / dispatch profile —»

net load
difference calc.

existing / marginal
curtailment estimate

max-capacity credit
dispatch profile

existing / marginal
capacity credit

Investment & Dispatch Co-Optimization

Minimize (capital & fixed costs for new generators) +
(capital & fixed costs for new transmission) +
(variable, fuel, start-up, and carbon costs) +
(transmission hurdle rates)

SubjectTo allowed locations and sizes of new assets
wind and solar resource availability
load balancing (hourly chron., 4 dispatch periods)
transmission constraints
capacity, reserve, and energy constraints
policy constraints (RPS, REC trading)

system updates
load growth

model
P outputs
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System Requirements Simulated

* Firm Capacity. Capacity on the system that is ready to be scheduled and
dispatched to meet load. Of particular interest here is having sufficient
capacity to meet peak or near-peak load, the magnitude and timing of
which is uncertain.

e Energy. Basic provision of real power that is transmitted to utility
customers. RPM also captures the ability of certain resources to shift
generation from low price to high price times.

e Spinning Reserves. Capacity that can quickly ramp up to make up for
unexpected large generator or transmission line outages.

e Regulation Reserves. Load following capacity that continuously (e.g.,
every 4 to 6 seconds) balances out net-load forecast errors.

* Flexibility Reserves. These reserves are similar to regulation, but are
used to balance out longer-term (1-4 hour) uncertainty in variable
generation.
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Services Provided by Generator Class

Dispatchable Variable CSP with TES Battery
enerator Generators Storage
ull CV Partial CV Partial CV Partial CV
Energy Yes Yes, as energy is Yes, from array or VYes, if energy is
available if energy in storage in storage
Spinning Yes No Yes Yes, if long
| Reserves enough storage
Regulation Yes, ramp rate No Yes, if energy in Yes, if energy in
Reserves constrained storage storage
No Yes, if long enough Yes, if long
storage enough storage
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Distributed Technology Diffusion (dGen)

RPM does not estimate DG adoption.
A separate model (dGen) is used.

e Forecasts customer adoption of distributed generation technologies
(solar, storage, wind, geothermal) for residential, commercial, and
industrial entities, given assumptions about future electricity costs,
technology cost and performance, policy and regulation, and customer
behavior

 High geographic resolution enables state, utility, or city-specific analysis
with overlay of multiple spatial layers

led Capacity (GW)

Geospatial Analysis Mational Data Trends

Percent of small buildings
that are suitable

|| <70%
|| 70-80%
B 80 - 90%
B oo

<= Sample Site
Analysis Grid

@

National Installed Capacity (GW)

\ims Angeles, X

A D City Boundary

Annual
ctor
ncustrial
o
I otherysars
are s,
AR R AR R R R AR Rl

3
Note
Cumulative 2012 data
Q
2P

are historical I
aaaaaaa

3
B TS o o
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RPM/dGen Linkage

dSolar — Initial Rooftop RPM — Initial B.“lk
PV Adoption Scenario Power Scenario
© |
dSolar — Adjusted RPM - Adjusted Bulk
Adoption Scenario Power Scenario
l Possible additional convergence run

dSolar — Final Adoption (1) RPM Final
scenario Scenario Bulk Power Scenario

@ Rooftop PV capacity by region

® Rooftop PV generation
©® Impact on rooftop PV curtailment rate and value
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Example Results

a) Focus Region 350- b) Interconnect
80- CT
300- I Storage
o CSP
= 250- Utility PV
Ry Dist. PV
> 200- vo\.{ilnd G th . ,t
S i
§40 150- Other Renewable row In CapaCI y
] CcC
= 100- Hydro
20 Coal
50- Nuclear
2010 2015 2020 2025 2030 2035 2010 2015 2020 2025 2030 2035
— High Tech High RE = High Tech High RE
% E 150- —
S 40 u | E_IIJ_rtailment
= S 100- :
o v | Storage .
3 20- L CSP
820 . L= Comparisons across
2. 5 m R || m = ‘(‘)vt.'llqgr Renewable 1
g0 mmpg - s """ HEm I- B cc scenarios
2 0] - Hydro
© y : ) ) $ —50- ) | ; . I Coal
© o n o un o wnu o »n © 2 v g g w g w I DistPv
SRERR RRERR R ERE REKRER
Baseline Planning Including Flexible Investments
B Curtailment
40- cT
s = Storage
CSP H
@30 Utility PV System dispatch (for
=) Dist. PV I . Id t
B wind
5 20- Othet Renewable preliminary validation
c cC .
3 Hydro and analysis)
10-
Il Coal
--- Load + Charge
--- Load

41T ne hil ni6 h2l h1_ h6 hil hi6  hal
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At This Point...

 We have now generated a plan to meet 100% RE
using what we believe is the most advanced
capacity expansion tool in existence and best-in-
class renewable resource data

 We have calculated system costs and estimated
emissions reductions

But we are not done yet.

We need to validate all of this and make sure this plan
really works.
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Why We Are Not Done at This Point of The Study

* We have not yet validated:
— Resource adequacy

— Hourly and subhourly ramping requirements for all time
intervals

— Operating reserve requirements for frequency stability
including frequency response obligation

— Ability to meet contingency events
— Transmission system reliability
— Distribution system reliability

* |n addition to these other key metrics:
— Air quality and public health benefits
— Economic and job impacts
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Step 6 — Load Balancing and Resource Adequacy

Economic
Impact and
Jobs Analysis

Environmental
Analysis

Power Flow
and Stability
Analysis

We are here

Loads and DR

RE Resource Capacity
Analysis Expansion Load

A Balancing and

Resource

Adequacy

Distribution
Cost Analysis

Distribution
and Integrated
T&D Analysis

Scenario Non-Modeling Stages Visualization

Development

and Reporting

Data

Generation
To all stages

and
Acquisition

Stakeholder Engagement

NATIONAL RENEWABLE ENERGY LABORATORY 51



Step 6 — Load Balancing and Resource Adequacy

Goals - Answer two main questions:

1. Can the bulk power system actually balance load in
each time period?
 Production Cost (Dispatch) Modeling

2. Does the system have enough generation resources to
meet the demand on a really hot summer day?
e Resource Adequacy Modeling

What is the probability that
o LADWP will have enough
S generation capacity here?
Jennie

132 144 156 168 Jorgenson

Hour of Week (August 25-31, 2012)
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Flow of Load Balancing and Resource Adequacy

Reserves
Calculator

Wind and Solar PLEXQOS Simulations Bulk Power System
Data (Load Balancing) Performance

PRAS Simulations
(Resource Adequacy)

Load Profiles, DR
Availability

Add Repeat Capacity

Meets Reliability Criteria? Coneiints Enencion Motsling

Proceed to
Powerflow analysis
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| LA
PLEXOS Production Cost Model DWP

e Hourly or subhourly
chronological

e Commits and dispatches
generating units based
on:

Locational prices,
production cost

— Electricity demand

— Operating parameters Dispatch
of generators information,

— Transmission grid fuel usage
parameters

Power (GW)

[}
[

1
BERRRRR
E Rz 0E 0 I

Curtailment

Cs5P

e Used for system
generation and
transmission planning

— Increasingly used for
real-time operation

Transmission
congestion
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NRELs Value Add

Advanced

Solution E

Techniques

Domain
Decomposition

w w w NREL Peregrine HPC

Solutlon Solutlon Solutlon

* Automated Solution Processing

- + Dalabelow generatad far. = . . . II
W A I Multi-area Grid Metrics Analyze

» 1. Telal Generation
+ 2. Zonal Generation
+ 3. Reglonal Generatian Created by: National Renewable Energy Laboratory (NREL)
» 4 Inradual Reglans 28 August 2016
= AES0

+ A Data below generated for:
AZPS

Automated Data Processing e IIPRE———
EE%L Annual Dispatch Stacks

- o0 1. Total Generation
rplexos Reproducible = ~ .
analysis in R o oo | B

o Wind
» MEVP
CSP-TES

e NWMT
Mor

0 o PACW
s PAID
s FALT
@ PANY

Storage
Othesr
| Goatharmal

eneration (TWh)
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Example Results

| Spring Summer

Winter

System =
Dispatch ©

Biomass
CsP
DR
Wind
PV
Storage

Steam

Other
GasCT

. Gas CC

Hydro
Geothermal

T T I T B |
May 09 May 10 Jul 25 Jul 26 Dec 06
00:00 00:00 00:00 00:00 00:00

Operating Reserves Provision

B csp [l casce | pv [l storage ] wina

Diverse PFR -
Diverse PFR + RE 4
Diverse PFR + CSP 4
Solar PFR

Solar PFR + RE 4
Solar PFR + CSP 4

T
25 50 75 100
% of Annual Provision

(=
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—
Dec 07
00:00

=
o

Curtailment (%)

O R, NWRAUVLION OO

Curtailment

+—  Enhanced |
+—  flexibility —

Conventional
flexibility

4 —
BaselineTarget High

Solar

Baseline Target High
Solar

56




NREL’s Probabilistic Resource Adequacy Suite (PRAS)

Decomposition Decomposition
Method Method

Simulation | Persistent Simulation
Method State Method

Single-Period | Slliledrerien E Single-Period
Reliability Reliability Result Reliability Result
Assessment “--mmmmmmmmmmmgpmmmmmmmmmmmmmmmmmmmeemeen

Multi-Period Reliability Result

Performs a statistical analysis of the Resource Adequacy Metrics:
likelihood that LADWP will not have e Loss-of Load Probability (LOLP)
enough generation to meet load e Loss-of-Load Expectation (LOLE)
during every hour of the year e Expected Unserved Energy (EUE)
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Step 7 — Transmission and Stability Analysis

Economic
Impact and
Jobs Analysis

Environmental
RE Resource Capacity
Analysis Expansion Load
Power Flow

A Stk and Stability
Analysis

Adequacy

Loads and DR

Distribution
Cost Analysis

Distribution
and Integrated
T&D Analysis

Scenario Non-Modeling Stages Visualization

Development

and Reporting

Data

Generation
: To all stages

and
Acquisition

Stakeholder Engagement
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Step 7 —Transmission and Stability Analysis

Goals - Answer two main questions:

1. Will the transmission system work reliably?
e AC Power Flow Analysis

2. Will the system continue to work if there is a failure of
any single component
e Contingency/Stability Analysis

What happens if a
power line fails here?
.

132 144 156 168

a—
4 36 48 60 72 84 96 108 120 M M
Hour of Week (August 25-31,2012) H I m a n S h u J a I n

Yingchen (YC)
Zhang
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Step 7 — Transmission and Stability Analysis

NATIONAL RENEWABLE ENERGY LABORATORY

Performs a deep dive on
transmission system adequacy
using detailed physics-based
models of the entire
interconnection; ensures the
system is stable

Looks for conditions where the
transmission system will break,
typically by exceeding the capacity
of individual lines or other
components

Simulates a few very short

snapshots (typically less than 30
seconds) of system operation
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Power Flow and Stability

PLEXOS G&T
Database

Dispatch points for
powerflow analysis

Generation and
Transmission Database

AC Transmission
adequacy, post
contingency analysis

Additional
Contstraints for
Cap Ex Modeling

Meets Reliability Criteria?

Proceed to

Integrated T&D
EREWES

Repeat Capacity
Expansion Modeling

We use General Electric’s industry-standard transmission simulation tool,
“Positive Sequence Load Flow” (PSLF)—the same tool used by LADWP and many

NATIONAL RENEWABLE ENERGY LABORATORY

other organizations.
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Step 8 — Integrated T&D Modeling

e We need to double-check that all that
distributed PV still hasn’t broken the
distribution network

e We also need to examine the impacts
of distributed PV feeding back onto
the transmission network

 We will use the NREL Integrated Grid adosmisson/Bulc
Modeling System (IGMS) :

Bryan
Palmintier

MATPOWER

‘ Scenario AutomationJ

Transmission

MPI Aggregator

Analyze the Interaction of the Distribution and MP! c
Transmission Networks: ( bus.py I bus.py j . ( bus.py I bus.py J %
e AC power flow with MATPOWER = B
* Detailed distribution feeders modeled with GridLAB-D 8 g a

(three-phase, unbalanced AC power flow) g-g ;—-g g'g % E ; o
* Co-simulation with ZeroMQ and MPI _Dé?gé 2%% 2§§ = 8l S
* Semi-automated scenario construction S5 SE8 SEEI<2E 3
* Semi-automated results processing E E;% % %% % E% a ©
e 100s of transmission nodes, ~1,000 distribution feeders og % o § % (D};g g é

run on HPC resources * - - :%l
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David Keyser

Garvin Heath
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Aaron Bloom

Kenny

Gruchalla
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Summary

e Ensuring a reliable 100% renewable system
requires simulation across large geographic and
temporal scales

— Individual circuits to the Western Interconnection

— Seconds to years

 Multiple models are routinely used for traditional
grid plans to explore this range of issues

 Moving to 100% RE will require even more detailed
simulations to understand new elements of the
evolving power system
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Summary — What the Models Will Do

e Generate plausible scenarios
e Test them thoroughly at all time scales

* Generate key performance metrics:
— Cost
— Reliability

— Emissions and environmental impact
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Thank you!

www.nrel.gov

Los Angeles
Department of
Water & Power

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.




