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We analyze high-renewables systems and communicate

the results to foster vision

2022 Standard Scenarios (Gagnon et al.)
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Generation (TWh)

Linking tools lets us answer multiple questions and

2022 Standard Scenarios (Gagnon et al.)

cover multiple scopes
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We analyze high-renewables systems and communicate

the results to support planning and foster confidence
Across all Los Angeles 100% Renewable Energy Study (LA100) Scenarios
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Electrification Customer Renewable Storage Distribution, Rer‘cewas'yt':,“e'ed
i Rooftop Solar Energy (including coupled . ombustion
Eﬁfucuency with solar) Transmission Turbines
Flexible Load Solar: + >5,700 MW +>2,700 MW +>2,600 MW
Wind: + >4,300 MW I (in basin)
| | I
Much More New
Today: Future:
Daily Infrequently
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Today’s Talk

Case Studies

 ReEDS 2 PLEXOS: The
process that enables
Cambium (and much more)

e LA100: The Los Angeles
100% Renewable Energy
Study

Questions Addressed

 What do model linkages look
like under the hood?

 Why are model linkages hard
to do well?

* How can we improve the
model linkages we need to
analyze more-connected
energy systems?
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ReEDS to PLEXOS




ReEDS 2 PLEXOS enables detailed descriptions of

how realistic future power systems would operate

Example Studies

e The Technical and Economic Potential of the H2@Scale Concept with the United

States — Economic potential of hydrogen across 9 applications and 3 production
processes

e The North American Renewable Integration Study (NARIS) — Detailed, continent-
wide analysis with planning scenarios of transmission, generation, and demand to
reach continent-wide carbon reductions up to 80%

e Standard Scenarios — Suite of forward-looking scenarios for the U.S. power sector
that are updated annually and have included hourly (Cambium) results since 2021

e Solar Futures Study — Detailed power-sector modeling to evaluate three scenarios:
Reference, Decarbonization, and Decarbonization with Electrification
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How ReEDS 2 PLEXOS works

Four semi-automated processes, plus the models themselves

Existing Initial
System PIDG ReEDS
Data system

ReEDS ReEDS
Solution Exporter

‘ Input Data ‘ Output Product

Capacity Expansion Model

_ beetle PLEXOS

xlsx file

Tool/Process

excel2
plexos

HED(ON) PLEXOS

PLEXOS

xml file solution

~ Production Cost Model

single scenario, selected year

single scenario, single year
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ReEDS 2 PLEXOS

Requires aligning and filling in

data; Specific algorithms

ReEDS build within

Too big or

Property Data Source too small?
Emission rate ReEDS

Fuel cost ReEDS Divide ReEDS

Heat rate ReEDS build into N

Hydropower energy
Minimum stable level
Minimum up and down
time

Outage duration
Outage rate

Ramp rate

Start cost

Storage efficiency
Transmission loss rates
VO&M cost

Variable renewable
energy profiles

generators of
average size

ReEDS, modified
ReEDS; ERGIS

NARIS

NARIS
ReEDS
NARIS
NARIS
ReEDS
ReEDS
ReEDS

reV

size bounds?

Too small

Aggregate
over vintage

Still too
small?

Create
generator unit
in PLEXOS

Aggregate
over state

Still too
small?

Create
generator unit
in PLEXOS

Drop remaining
capacity

Yes

A 4

Create
generator unit
in PLEXOS
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This critical
capability has been
hard to maintain.

Data Interfaces Quality Control Project Planning

Different types and resolutions Linkages are easier to maintain  Software and datasets, like Model linkages might not be

f data; mapping between zonal if connection points like input  papers, need review; Review recognized as a distinct task;

and nodal data can be ad hoc data, output data, and software culture and resources must be Developing robust, long-term
per project APls are stable and versioned established links costs more up front



Punchlist identified to improve this capability in the

near-term

* Unit testing and error handling

* Simplify workflow for users of ReEDS 2 PLEXOS

* Prepare for R2X (e.g., other production cost models like SIIP)
* Code optimization

* Robust compatibility tracker with ReEDS version tags

* Improve maintainability of the main repo and adjacent
repositories

 Generalize process to other ReEDS adaptations (e.g., India)
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Long-term, we would like to enable this capability
across multiple scales
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Selecting scope and linking models should be easier

if multiple models get data from the same sources

Arizona Focus Model (ReEDS-AZ)

0o
=
Existin I S -
g System G r|d D B 2 8 Colorado Focus Model (ReEDS-CO)
20 0O
2t
)
Z K Oregon Focus Model (ReEDS-OR)
A oo O
o L w
. oo [N
Load Projections dsg rid S I ?
Demand-Side Grid Toolkit O o
>
o ..
. (Aspirational) o
+—
=

(ALY e NG

Unit-level and Nodal
Data for Focus State
L

Renewable \/
&'

NREL | 14



LA100




Building Loads

Commercial
Buildings

Residential
Buildings

Other Loads

1

Ind ustrial and i 1
Large Commercial capa‘:lw Expa nsion

Establishing
confidence at
all levels of a

Demand Response| —>
-

HW*HH“*
SRR
"I L L B ] i

Transportation

power system is
challenging

NOT

REPRESENTED IM
THIS DIAGRAM

Baseline Data

RE Resource o
Ay R Economic Impact & Jobs Analysis

L :
'

' ‘: Air Quality '

LA Analysis E BRI ;

Visualization M ' Jobs ' '

Over 100 million simulations AL0D | 16




3 Vi Delano Halancs Rodk Rivarkorn Beown
. Annatin Wess R + Ridgacrest
; SC3 armistaad TR
Gl Missourl) ?RENY larmille,  >e98isnd
Trangle Buttony(tow Bakersfield Johaanesburg
Cantil
pene o0
Net Loads Taft Tehachapl Calitornia City
«
Whealer Ridg MHYV Boron
Hink -
Lenwood  H3rStov
Gorman
Lancaster

Et Mirage

Palmdale vtv

25 kWh < Victoryitie

- 0kWh Phelan

Santa Clarita

Santa Paula

SimiValley

Oxnard
Thousand Oaks
* r
NTD Fontana
ElMonte WestCovina +
ONT
Chino
e 3
CNO
" Corona
R
5 Anaheim
E ol +
Rolling'Hills E@%’ P LGB
Estates = ## " Long Beach
) Santa Ana
Irvine
Lake Fore

@ mapbox
©Mapbox, ©OpenStreetMap
Fri 08/10 06:00

Load (GW)

08/12 18:00

08/11 00:00 08/11 12:00 08/11 18:00 08/12 12:00

08/10 18:00

08/10 06:00 08/10 12:00



Unprecedented up-front effort on data coordination

made LA100 possible

Timeseries data alignment

Hi LA100O Team:

One major data-related issue we might run into on this project is having misaligned timeseries data across the modeling groups. This is a surprisingly
common problem that has resulted in hundreds of thousands of dollars wasted on past projects. Because of the rigid timeline and multi-team,/multi-

Data repository for internal data hand-offs
ESIF Research Data ¢

Data Repository

== LA100 - Handoffs 1som 2581l i

model com

To account fo|

Note thit PST

tlmestamps of 1 00 refers to 1 00 1: 59)

To account for this, we are enforcing a standard 1a100 project-wide
rndofsMuy timeseries format for all handoff datasets. Specifically, all handoffs
MUST be in a PST, with an hour-beginning format (e.g. hourly

d on 2/24/2022 2:26 pm by Meghan Mooney
020

for all model handoffs in the 12100 project

la100-admin : Owner | la100-nrel : Contributor § Kelly Sanders : Contributor § Dong Min Kim : Contributor
¥Yun Li: Contributor § David Rager : View/Download | George Ban-weiss : View/Download | Jiachen Zhang : ViewiDc

you must (at the Ver :
requirements, and upon exportlng handoffs, that you make the conversions back to PST hour- begmnlng Basmally, everything coming in and out of
your madels and being passed around between groups needs to be in this lal00 standard format.

In addition, because 2012 (our baseline resource/load year) is a leap year, all 8760 data must drop 12/31 from the end to fit the year into the 8760.
The same logic should also be applied for any 8760 data transfers for any other leap year.

Finally, the start of any 8760 (index 0) should be at 00:00 (12:00 AM) in PST.

**Your Immediate Action ltems**:
I need every member of this team doing technical work (leads/analysts/coders) to reply to this email (or respond in a separate email) saying
that you:

1. You understand that we are using a lal00 project-wide timeseries format for the LA100 project,

2. You understand the requirements of the format which are that all model handoffs and data transfers be in PST, hour-
beginning format, and if it is an 8760, that 12/31 be dropped for all leap years and the first index value (index 0) be set to
00:00 (12:00 AM) PST, and

3. You promise to adhere to this LA100 project wide format for all handoffs and movement of timeseries data from one LA100-subteam
to another.

In addition, please include in your email response your answer to the following: “Do you think there might be DST shifts hiding in your data
currently?”. If yes, please say where they might be. If no, please explain how your timeseries data is handled for your current model. If you do not
know, please respond saying what your uncertainties are/might be. We will document these so we can address these uncertainties.

X Upload

158 datasets n 2 3 4 5 B 7 g8 9 10 » Display 10 -

Last Activity » | N

= Cvis Y run2 | airvis 2

air-vis-2 19l
file uploaded on 3/8/2021 10:31 am by Vikram Ravi & LA100 - Handoffs

USC-handoffs(emission&model) & I
file uploaded on 3/6/2021 10:21 pm by Yun Li | & LA100 - Handoffs

SharePoint site and tracking spreadsheets
for utility data requests and hand-offs . |



New dsgrid software designed in response to LA100

challenges including data size and time representation

Accept datasets in native resolution and performs queries to return desired resolution
[ e
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dsgrid
Proactive choice of big-data technology (Apache Spark) Demand-Side Grid Toolkit

Formal declaration and automatic conversion of time formats  https://www.nrel.gov/analysis/dsgrid.html nret | 19



https://www.nrel.gov/analysis/dsgrid.html

A centralized data repository was too rigid for fast
iteration between modeling teams

PIPES

The Pipeline for
Integrated Projects in
Energy Systems
(PIPES):
project
management
data management
workflow
management
thin layer on top of
existing workflows to
enable scalable
integrated modeling

Overview Schedu Pipeline

Sample100

Requirements

Assumptions

Scenarios

Il demand_moderate

30% of passenger cars on the road in 2045 are
plug-in electric. Residential building equipment and
appliance sales are distributed across all efficiency
levels. 80% of new & retrofit equipment is 5 years
ahead of California's Title 24 commercial building
energy-efficiency code-minimum. 75% of residents
have access to residential charging; 25% access to
workplace charging.

Project Run 1

Building Loads

Residential

100%' m

02/14/2020 k]

Commercial

100%'

02/14/2020 ®9

Timeline

February, 2020
Wo7 W08

dsgrid

N

dsgrid
dsgrid

100%

03/07/2020

March, 2020
wo9 w10 W11 w12

Capacity Expansion
rpm

~

48%

1/15/2022 @142

April, 2020

W17 W18

Data
dsgrid

2/13/20 09:32:
to start.

2/12/20 12:51:23 Model rig

MetaData

dsgrid

POCs:
sam.molnar@nrel.gov
Meghan.Mooney@nrel.gov

geographic_extent
+ RS-A

demand_moderate

demand_high A

sb100_moderate

earlynobic_high
A earlynobio_moderate

Itdnewtrans_high

Itdnewtrans_moderate

Backend: Graph Database (Amazon Neptune), Metadata Catalog (GDC), PIPES API
Front End: GUI and CLI




Conclusion




There are a lot of things we didn’t talk about today

Co-simulation
Strategic behavior
Agent-based modeling

General equilibrium
modeling

Open-source tools
Data standards
Communication standards

Resource adequacy
Dynamic contingency analysis

Distribution system modeling
Other energy carriers

Fuel markets

Integrated assessment models
Macro- and micro-economics
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As we envision energy systems that
are more complex and interconnected
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We need tools that are more &

Planning

Analysis

complex and interconnected

Bulk VA,
@
Resources P,

ComStock
ResStock

Grid Edge




And we need curated datasets, interfaces,

testing, data management

layers, and other

processes to enable integrated analysis at scale

Codecov Report

Patch coverage: 99.24 % and project coverage change: +3.45 f

All checks have passed

5 successful checks

' [‘) Lint / black_lint (pull_request) Successfulin 13s

' [') Lint / black_lint (push) Successful in 175

' Pytests / build (ubuntu-latest, 3.10) (pull_request) Successful in &m
' Lint / flake8 Lint (pull_request) Successful in 14s

' Lint / flake8 Lint (push) Successful in 125

2[19/20 13:07:22 mmocney began Task#4587

2[19/20 09:32:00 kgruchal checked in dataset 'ev-
locations*

2/18/20 15:12:48 Task #58697 failed.

2/17/20 09:00:00 Handoff dataset 'demand-
moderate' due in 3 days.

2/16/20 09:00:00 Model run 2 began.
2/16/20 09:00:00 Finished model run 1.

2/13/20 09:32:00 Handoff task 'check-pv' is ready
to start.

2[12/20 12:51:23 Model run 1 finishes in 4 days.

Data
dsgrid

MetaData

sal ov
02/14/2020 ) N 00_moderate
.gov

geographic_extent

X
e RS-A !

Commercial

Analysis models are the hardware for envisioning, pre-testing, and communicating the clean

energy future—like hardware, they

require development, maintenance, and interconnection.
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