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We analyze high-renewables systems and communicate 
the results to foster vision

2022 Standard Scenarios (Gagnon et al.)

https://www.nrel.gov/docs/fy23osti/84327.pdf

https://www.nrel.gov/docs/fy23osti/84327.pdf
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Linking tools lets us answer multiple questions and 
cover multiple scopes

2022 Standard Scenarios (Gagnon et al.)
https://www.nrel.gov/docs/fy23osti/84327.pdf

Cambium Long-run Marginal Emission Rates
https://www.nrel.gov/analysis/cambium.html

Cambium

capacity expansion / 
utility investments

: : agent-based 
customer investments

: :production cost / 
grid operations

data processing / 
8760 value metrics

https://www.nrel.gov/docs/fy23osti/84327.pdf
https://www.nrel.gov/analysis/cambium.html
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We analyze high-renewables systems and communicate 
the results to support planning and foster confidence

Customer 
Rooftop Solar

Renewable 
Energy

Renewably Fueled 
Combustion 

Turbines

+>2,600 MW 
(in basin)

Storage      
(including coupled 

with solar)

Natural gas Biofuel/ hydrogen

Today: 
Daily

Future: 
Infrequently 

Much More New

Electrification

Efficiency

Flexible Load

Distribution,

Transmission

Solar: + >5,700 MW 
Wind: + >4,300 MW

+ >2,700 MW

Across all Los Angeles 100% Renewable Energy Study (LA100) Scenarios
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Establishing 
confidence at 
all levels of a 
power system is 
challenging
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Today’s Talk

Case Studies

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

• 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?



ReEDS to PLEXOS
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ReEDS 2 PLEXOS enables detailed descriptions of 
how realistic future power systems would operate

Example Studies

• 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

• 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%

• 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

• Solar Futures Study – Detailed power-sector modeling to evaluate three scenarios: 
Reference, Decarbonization, and Decarbonization with Electrification

https://www.nrel.gov/docs/fy21osti/77610.pdf
https://www.nrel.gov/docs/fy21osti/77610.pdf
https://www.nrel.gov/analysis/naris.html
https://www.nrel.gov/analysis/standard-scenarios.html
https://www.energy.gov/eere/solar/solar-futures-study
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How ReEDS 2 PLEXOS works
Four semi-automated processes, plus the models themselves

Capacity Expansion Model
single scenario, selected year

Production Cost Model
single scenario, single year

ReEDS 
Solution

Existing 
System 

Data

ReEDS 
Build 
Data

ReEDS 
Exporter

PIDG

beetle

Initial 
ReEDS 
system

PLEXOS 
xlsx file

excel2
plexos

PLEXOS 
xml file

PLEXOS
PLEXOS 
solution

Input Data Output Product Tool/Process
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ReEDS 2 PLEXOS
Requires aligning and filling in 

data; Specific algorithms
YesNo

Create 
generator unit 

in PLEXOS

ReEDS build within 
size bounds?

Too big or 
too small?

Too big Too small

Still too 
small?

Divide ReEDS 
build into N 

generators of 
average size

Aggregate 
over vintage

Yes

No

Create 
generator unit 

in PLEXOS

Aggregate 
over state

Still too 
small?

Yes

No

Create 
generator unit 

in PLEXOS

Drop remaining 
capacity

Start

Property Data Source
Emission rate ReEDS
Fuel cost ReEDS
Heat rate ReEDS
Hydropower energy ReEDS, modified
Minimum stable level ReEDS; ERGIS
Minimum up and down 
time

NARIS

Outage duration NARIS
Outage rate ReEDS
Ramp rate NARIS
Start cost NARIS
Storage efficiency ReEDS
Transmission loss rates ReEDS
VO&M cost ReEDS
Variable renewable 
energy profiles

reV
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This critical 
capability has been 
hard to maintain. 

Why?

Model linkages might not be 
recognized as a distinct task; 
Developing robust, long-term 

links costs more up front

Project Planning

Software and datasets, like 
papers, need review; Review 

culture and resources must be 
established

Quality Control

Linkages are easier to maintain 
if connection points like input 

data, output data, and software 
APIs are stable and versioned

InterfacesData
Different types and resolutions 

of data; mapping between zonal 
and nodal data can be ad hoc 

per project
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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)

https://www.nrel.gov/analysis/siip.html
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Long-term, we would like to enable this capability 
across multiple scales

National-scale

• Balancing authorities

• Aggregated generators

• Pipe-flow transmission

Regional-scale

• Nodal-zonal structure

• Linear power flow within the 
focus region

• Limited validation

Community-scale

• Highly validated

• Additional reliability constraints (e.g., 
deliverability of reserves)
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GridDBExisting System

Load Projections

Renewable 
Resource
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Arizona Focus Model (ReEDS-AZ)

Colorado Focus Model (ReEDS-CO)

Oregon Focus Model (ReEDS-OR)

Selecting scope and linking models should be easier 
if multiple models get data from the same sources

?
(Aspirational)



LA100
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Establishing 
confidence at 
all levels of a 
power system is 
challenging
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Unprecedented up-front effort on data coordination 
made LA100 possible

Timeseries data alignment

To account for this, we are enforcing a standard la100 project-wide 
timeseries format for all handoff datasets. Specifically, all handoffs 
MUST be in a PST, with an hour-beginning format (e.g. hourly 
timestamps of 1:00 refers to 1:00-1:59).

Data repository for internal data hand-offs

SharePoint site and tracking spreadsheets 
for utility data requests and hand-offs
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Accept datasets in native resolution and performs queries to return desired resolution

Proactive choice of big-data technology (Apache Spark)

Formal declaration and automatic conversion of time formats

New dsgrid software designed in response to LA100 
challenges including data size and time representation

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

https://www.nrel.gov/analysis/dsgrid.html
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A centralized data repository was too rigid for fast 
iteration between modeling teams

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

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



Conclusion
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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



As we envision energy systems that 
are more complex and interconnected
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Datasets / Processing Operations Planning Analysis

CADET

OpenDSS 

DISCO
Distribution grid Integration Solution COst

supplemented with industry interviews to collect 
additional cost data

DiTTo

Smart-DS

MIDAS

EVOLVE

Transmission

Distribution

Bulk 
Resources

Grid Edge

Legend

ATB
Standard 

Scenarios, 
Cambium

EVI-X

NSRDB
PRAS

RPMGridDB

NREL Tool

External

PRECISE

We need tools that are more 
complex and interconnected
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Analysis models are the hardware for envisioning, pre-testing, and communicating the clean 
energy future—like hardware, they require development, maintenance, and interconnection.

And we need curated datasets, interfaces, 
testing, data management layers, and other 
processes to enable integrated analysis at scale
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