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Example: Grid Emissions Intensity Over Time
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Six “Business-As-Usual” Style Projections
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What Is Cambium? i

Annually-updated database | 50

Storage

5th edition upcoming . o st
Six business-as-usual-style , o - -
scenarios, two decarbonization L b, M i o - N ' nsrore Wi
projections —_ o
Data designed to support other '. i
analyses | o g i
Primary model is NREL's ReEDS g - m—nNuciear
What Is ReEDS? * o &t e

Two National Decarbonization Projections

*  Projects evolution of electric grid

W Electrolyzer

Il Storage
. . °1;: Distributed PV
* Least-cost, subject to reliability, 8000 9000 Gty Py
. . . —~ 7,000 7,000 == csr
L mm Offshore Wind
operating, and policy constraints £ oo 50 = Oftnore yono
= e H2-CT
— 5,000 BE-CCS
g B Biopower
= 4,000 B Geothermal
© B Canada
a 3,000 mm Hydro
c | NG-CT/OGS
7] 2,000 B NG-CC-CCS
© 1,000 HE NG-CC
mm Coal-CCS
ReEDS . =
g 2022 2030 2040 2050 W Nuclear SMR

E Nuclear



What Metrics Are Available?

Operational
Generation Load Operations
* Hourly generation by technology *  Busbar load *  Average distribution loss rate
*  Busbar load for end-use *  Marginal distribution loss rate
Capacity *  End-use load e  Operating reserve demand
 Nameplate capacity by technology e Direct air capture load *  Operating reserve shadow price
« MWh of storage * Load from storage charging * Planning reserve margin
. *  Transmission losses *  Planning capacity
Portfolio _ * Netload e  Capacity shadow price
Renewable portfolio standards (RPS) Transmission +  Marginal generator technology
and clean energy standards (CES) *  Marginal energy source technology
shadow prices *  Imports * CO, shadow price
«  RPSand CES fractions *  Exports ’
Costs (Busbar and End-Use) Greenhouse Gas Emissions
*  Hourly marginal energy cost *  Average from in-region generation
*  Hourly marginal capacity cost *  Average induced by in-region load
*  Hourly marginal portfolio cost e Short-run marginal emission rate

*  Long-run marginal emission rate
NREL | 6
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220 kg/MWh

Hour

Long-run marginal emission rate
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Several Geographic Resolutions Available
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ow Is Cambium Data Being Used?

Google Scholar a

I n Re S e a rC h : *  Articles About 28 results (0.02 sec)

Any time Cambium 2022 scenario descriptions and documentation
Since 2024 Search within citing articles

Since 2023

Since 2020

ML Considerations for estimating operational greenhouse gas emissions in
whole building life-cycle assessments
E Greer, P Raftery, A Howath - Building and Environment, 2024 - Elsevier

Custom range. .

Sort by relevance Building operations, which include the energy from electricity and natural gas account for

Sort by date about 28% of global greenhouse gas (GHG) emissions. Stakeholders need accurate ...
ir Save PY Cite Cited by 3 Related articles All 2 versions %
Create alert

Heat pumps for all? Distributions of the costs and benefits of residential air-
source heat pumps in the United States

EJH Wilson, P Munankarmi. BD Less. JL Reyna... - Joule, 2024 - cell.com

Electrfication of fossil-fuel combustion in buildings is a key component of achieving global
greenhouse gas emissions targets. We use physics simulations of 550,000 statistically ...

ir Save DU Cite Cited by 4 Related articles All 5 versions 3%

mTmL] An evaluation of the demand response potential of integrated dynamic
window and HVAC systems

C Gehbauer, ES Lee, T Wang - Energy and Buildings, 2023 - Elsevier

Demand response (DR) increases the flexibility and reliability of the electricity grid as use of
intermittent renewable energy sources increases. HVAC and envelope DR measures ...

ir Save UY Cite Cited by 3 Related articles All 2 versions &%

mtmL) FGEM: Flexible Geothermal Economics Modeling tool

IMJ Aljubran. RN Hormne - Applied Energy, 2024 - Elsevier

Flexible energy resources are key for a reliable power supply in a decarbonized grid with a
significant fraction of variable power sources. Whereas the development of fossil fuel .

ir Save DU Cite Cited by 3 Related articles All 5 versions %

Decarbonization of the Electric Power Sector and Implications for Low-Cost
Hydrogen Production from Water Electrolysis

A Badgett, J Brauch, P Saha... - Advanced Sustainable ..., 2023 - Wiley Online Library
Increasing development of wind and solar generation in the power sector can create

economic opportunities for the deployment of water electrolyzers that produce hydrogen ...
vr Save UY Cite Cited by 4 Related articles All 2 versions &%
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How Is Cambium Data Being Used?

In Standards:

Month

Month-Hour Levelized Long-Run
Marginal Emissions Rates

ASHRAE 189.1
RESNET 301

18 Regions for the United States

250
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How Is Cambium Data Being Used?

NREL and Amazon Aim To Create Guidebook for
Emissions Impact Analysis

Improved Modeling Will Help Clean Energy Buyers Better Estimate
Their Greenhouse Gas Emissions

State and Local Governments Dec. 12, 2023 | By Connor O'Neil | Contact media relations Share I B X G = <«

% Academic Institutions

Utilities and Regulators

@ Global Clean Energy

Organizations

L Consulting and Commercial
Sector NREL | 11




How To Access the Data

Online Viewer

scenarioViewer.nrel.gov

“INREL
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Documentation

Cambium 2023 Scenario Descriptions and
Documentation, Gagnon et al. 2024

Cambium 2023 Scenario Descriptions
and Documentation

Pieter Gagnon. Pedro Andres Sanchez Perez. Kodi Obika.
Marty Schwarz, James Morris, Janll Gu, and Jordan
Eisgnman

Nafional Renewable Energy Laborstory

S TR IR %

Wwoda o~ vown

CSV Download

scenarioViewer.nrel.gov

A B e D E F G H
Project  Scenario Dollar_ye: Weather_y Start_day country
Cambium MidCase 2022% 2012 Sunday usa
Metric definitions and scenario descriptions: 2023 Cambium Documentation (https:/faana.n
Geograph Time Load Load Load Load Load Load Load
unitless  unitless  MWh MWh MWh MWh MWh MWh MWh

gea t busbar_lo battery_ck phs_charg trans_los: busbar_loenduse_lc net_load

CAISO 2025 3.02E+08 13712291 9519449 31406898 3.28E+08 2.91E+08 2.1E+0
CAISO 2030 3.39E+08 13784752 23312132 3172645 3.79E+08 3.27E+08 2.39E+0
CAISO 2035 4.03E+08 132704358 41995036 3235847 4.62E+08 3.89E+08 2.76E+0
CAISO 2040 4.59E+08 16334725 58168540 3447979 5.37E+08 4.43E+08 3.11E+0

Emissions Workbooks

Long-run Marginal Emissions Rates for Electricity Workbooks

for 2023 Cambium Data

b o Long-run Marginal Emission Rates for Electricity
LNREL -
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https://scenarioviewer.nrel.gov/
https://scenarioviewer.nrel.gov/

Questions?

www.nrel.gov NREL/PR-6A40-90906

pieter.gagnon@nrel.gov

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC,
for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Support for the work was also provided by
Sacramento Municipal Utility District (SMUD) under CRD-17-00691. The views expressed within do not necessarily represent
the views of the DOE or the U.S. Government. Neither the United States government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name,

trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring e N
by the United States government or any agency thereof. The views expressed in the presentation do not necessarily represent
the views of the DOE or the U.S. Government or any agency thereof. )
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PRAS: Probabilistic Resource Adequacy Suite

Sept. 10 | 10a.m. MT | 12 p.m. ET
Gord Stephen

NREL Grid Systems Research (® www.nrel.gov/grid/powered-by-webinar-series.html

Engineer
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