
Rename Yourself to be your Real Name (Company Name)

1. Click on Participant list

2. Go to the right and hover over your 

name

3. Select “More” & “Rename”

4. Enter your company name in 

brackets

5. Turn on your camera ☺
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Navigating Voluntary Electricity Markets

Virtual Training: Renewable Energy Contracting Options and RECs

Session #4

August 26, 2025

10:00am – 12:00pm EST 



General Information

▪ Schedule: Every Tuesday (Aug 5th – Sep 9th) morning 

@ 10am ET

▪ Sessions will be recorded

▪ We want these VT to be interactive!

▪ We’re hoping you finish the VT with some big progress 

▪ There will be homework – just try your best!
▪ “You’ll get out what you put in!”

Links:

https://bptraining.ornl.gov/ 

http://betterbuildingssolutioncenter.energy.gov/better-plants

https://measur.ornl.gov    

https://bptraining.ornl.gov/
http://betterbuildingssolutioncenter.energy.gov/better-plants
http://betterbuildingssolutioncenter.energy.gov/better-plants
http://betterbuildingssolutioncenter.energy.gov/better-plants
https://measur.ornl.gov/


Review of Session #3 Homework



Review of Session #3 Homework

▪ Which of the following is a common contract type for renewable 

energy procurement?

▪ Time-of-Use Agreement

▪ Real-Time-Use Agreement

▪ Power Purchase Agreement (PPA)

▪ Carbon Credit Agreement

Manufacturing 
Facility

Utility Payment

Utility Provider

Renewable Energy 
Generator/Developer

P-PPA Electricity

RECs

$

Fixed Payment

V-PPA Settlement

Electric Grid

$

$

V-PPA Electricity



Review of Session #3 Homework

▪ What is the main purpose of entering into a Virtual Power 

Purchase Agreement (VPPA)?

▪ To install solar panels onsite

▪ To purchase electricity directly from the utility

▪ To financially support renewable generation while receiving RECs without 

taking physical delivery of electricity

▪ To reduce electricity demand through efficiency upgrades



Review of Session #3 Homework

▪ List two advantages of an onsite PPA versus an offsite PPA.

▪ Direct connection to the facility (or on the same grid)

▪ PPA price does not include grid fee

▪ Visibility

▪ Price stability



Review of Session #3 Homework

▪ Match each risk with the most relevant procurement option: 

(Options: Onsite PPA, VPPA, Utility Green Tariff)

▪ Market price risk: VPPA

▪ Contract performance risk: Onsite PPA

▪ Policy/regulatory risk: Utility Green Tariff



Review of Session #3 Homework

▪ What is the advantage of including a settlement floor/cap in a 

VPPA?

▪ Reduces exposure to extreme market price swings

▪ Help reduce long-term risks

▪ Guarantees higher profits regardless of market

▪ Makes the project fully additional



Review of Session #3 Homework

▪ What is the main purpose of hub pricing?

▪ Set a retail price for residential customers

▪ Average prices across multiple nodes and reduce volatility for market 

participants

▪ Ensure each consumer pays exactly their nodal price

▪ Eliminate congestion in the transmission grid



Training Overview

1. 08/05: Fundamentals Of Renewable Electricity And Emissions Inventory

2. 08/12: Understanding The U.S. Electricity Markets And Procurement Roadmap

3. 08/19: Purchasing Renewable Electricity: PPAs, VPPAs, and Other Supply Options

4. 08/26: Navigating Voluntary Electricity Markets 

5. 09/02: Purchasing Renewable Electricity: Best Practices and Success Stories

6. 09/09: Renewable Electricity Supply Options: Financing Models and Strategies
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Polls



Poll: Week #4

▪ How familiar are you with NREL’s Procurement Analysis Tool (PAT)?

▪ Never heard of it

▪ I’ve heard of it, but never used it

▪ Used it a few times

▪ I’m comfortable using it regularly
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Today’s Speakers

Sushmita Jena

Renewable Energy Markets Researcher,

National Renewable Energy Laboratory

Jeff Cook

Policy Analysis Group Manager,

National Renewable Energy Laboratory



Renewable Energy Contracting 
Options and Renewable Energy 
Certificates

Sushmita Jena
Renewable Energy Researcher
August 26, 2025

Session 6, In-Plants (INPLTs) 

DOE Better Plants Program 



The Electricity Markets
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The Electricity Markets

Feature Compliance Markets Voluntary Markets

Definition
Markets mandated by law to meet 
renewable energy targets

Markets where participation is optional and 
driven by sustainability goals

Participants
Utilities, electricity suppliers, and obligated 
entities

Companies, institutions, and individuals

Purpose
Enforce renewable energy or emission 
reduction requirements

Allow entities to support renewables beyond legal 
requirements

Oversight Government agencies/regulators
Independent standards/certification bodies (e.g., 
Green-e )

Claims
Used to prove legal compliance; only 
qualifying RECs/EACs count

Used to substantiate renewable or sustainable 
energy use

Examples
US Renewable Portfolio Standards, EU 
Guarantees of Origin, I-REC

Corporate sustainability programs, RE100, green 
pricing options
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Voluntary Power Markets

• Voluntary renewable power refers to renewable electricity 
voluntarily purchased by retail electricity customers

• The voluntary power market refers to the suite of products 
that allow customers to procure renewable power:

• Utility renewable pricing 
programs

• Utility renewable contracts
• Competitive suppliers

• Unbundled RECs
• Community choice aggregation
• Power purchase agreements
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The Big Picture

In 2023, about 9.7 million customers procured about 

319 million MWh  of renewable energy through power markets. 

That represents about:

1 in 16

U.S. retail electricity customers

8%

of U.S. retail electricity sales

44%

of U.S. non-hydro renewable energy 
generation 

Total renewable power sales 2013-2023
Source: Status and Trends in the U.S. Voluntary PowerMarket: 2023 Data
https://www.nrel.gov/docs/fy25osti/92289.pdf

https://www.nrel.gov/docs/fy25osti/92289.pdf
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Closing the Gap with the Compliance Market

Source: Status and Trends in the U.S. Voluntary PowerMarket: 2023 Data
https://www.nrel.gov/docs/fy25osti/92289.pdf

https://www.nrel.gov/docs/fy25osti/92289.pdf


The Procurement 
Options 
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Utility Green Pricing

Basic utility green pricing program structure
Specific program structures vary

Source: Status and Trends in the U.S. Voluntary PowerMarket: 2017 Data
https://docs.nrel.gov/docs/fy19osti/72204.pdf

https://docs.nrel.gov/docs/fy19osti/72204.pdf


NREL    |    23

Utility Renewable Contracts

Basic utility renewable contract structure
Specific program structures vary

Source: Status and Trends in the U.S. Voluntary PowerMarket: 2017 Data
https://docs.nrel.gov/docs/fy19osti/72204.pdf

https://docs.nrel.gov/docs/fy19osti/72204.pdf
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Comparing Green Pricing & 
Renewable Contracts/Green Tariffs

Source: Utility Green Tariff Programs in the U.S.: Overview and Opportunities for Cost Savings
https://docs.nrel.gov/docs/fy19osti/74211.pdf

https://docs.nrel.gov/docs/fy19osti/74211.pdf
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Competitive Suppliers

Basic competitive supplier sales structure
Specific program structures vary

Source: Status and Trends in the U.S. Voluntary PowerMarket: 2017 Data
https://docs.nrel.gov/docs/fy19osti/72204.pdf

https://docs.nrel.gov/docs/fy19osti/72204.pdf
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Unbundled RECs

Basic unbundled RECs sales structure
Specific program structures vary

Source: Status and Trends in the U.S. Voluntary PowerMarket: 2017 Data
https://docs.nrel.gov/docs/fy19osti/72204.pdf

https://docs.nrel.gov/docs/fy19osti/72204.pdf
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Community Choice Aggregation

Basic CCA structure
Specific program structures vary

Source: Status and Trends in the U.S. Voluntary PowerMarket: 2017 Data
https://docs.nrel.gov/docs/fy19osti/72204.pdf

https://docs.nrel.gov/docs/fy19osti/72204.pdf
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Power Purchase Agreements

Basic PPA structure
Specific program structures vary

Source: Status and Trends in the U.S. Voluntary PowerMarket: 2017 Data
https://docs.nrel.gov/docs/fy19osti/72204.pdf

https://docs.nrel.gov/docs/fy19osti/72204.pdf


NREL    |    29

An Evolving Market

Source: Status and Trends in the U.S. Voluntary PowerMarket: 2023 Data
https://www.nrel.gov/docs/fy25osti/92289.pdf

https://www.nrel.gov/docs/fy25osti/92289.pdf
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Bundling Up

Source: Status and Trends in the U.S. Voluntary PowerMarket: 2023 Data
https://www.nrel.gov/docs/fy25osti/92289.pdf

https://www.nrel.gov/docs/fy25osti/92289.pdf
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Renewable Power Supply Options 

Self Generation
(Lease and Own Generation)

Onsite self-generation 
or lease

Offsite self-generation 
or lease

Direct Purchasing
(Purchase from a Generator)

Onsite PPA

Offsite physical PPA

Virtual PPA 

Direct attribute-only 
purchase

Retail Purchasing
(Purchase from a Supplier or Utility)

Utility green pricing 

Direct access tariff 

Community renewables

Competitive suppliers

Unbundledcertificates

All renewable energy procurement methods involve RECs



Energy Attribute 
Certificates (EACs)



NREL    |    33

Energy Attribute Certificates (EACs)

An energy attribute certificate (EAC) is a contractual instrument that conveys 

information (attributes) about a unit of energy, including the resource used to 
create the energy and the emissions associated with its production and use. 

A common type of EAC in North 

America is the renewable energy 

certificate (REC) , used for electricity 

suppliers and consumers. One REC 

conveys one megawatt-hour of 

electricity generated from renewable 

sources.

Examples of EACs

Zero-emissions credits (ZECs) , also 

called emission-free energy 

certificates, are another example. This 

type of EAC is often associated with 

nuclear generation with zero 

emissions.

https://www.epa.gov/green-power-markets/renewable-energy-certificates-recs
https://www.epa.gov/green-power-markets/renewable-energy-certificates-recs
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Renewable Energy Certificates (RECs)

1 REC represents the renewable attributes of 1 MWh of renewable energy 

generation

Picture Source: CRS

- Tracking systems (or registries) are 

databases, usually electronic, with 

basic information about each MWh 

generated from generation facilities 

registered in the database. 

- Electronic tracking systems allow 

RECs to be transferred among 

account holders much as in online 

banking.



• Databases used to track, trade, and 

άǊŜǘƛǊŜέ w9/ǎ

• Electronic Tracking Registriesassign 

unique IDs to every REC.

• Registry records REC issuance, 

transfers, and eventual retirement. 

Claims are substantiated with retired 

RECs

• Prevents double counting and disputes 

by ensuring a single, unique record per 

MWh.

• Used for both voluntary and 

compliance markets

Attribute 
Tracking
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Why Are RECs Important? 

• Currency of renewable energy markets, inherent in all renewable 
power procurements
–  Both compliance and voluntary

• Forms the backbone of all credible compliance or voluntary 
renewable energy claims 

• Ensures transparency and trust in environmental claims



REC Arbitrage
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What is REC Arbitrage

- REC arbitrage (also referred to as a REC swap) is a procurement strategy 

used by electricity consumers to simultaneously meet two objectives: 

- 1) decrease the cost of their renewable electricity use and 

- 2) substantiate renewable electricity use and carbon footprint reduction

claims.

- REC arbitrage occurs when RECs from one renewable electricity project are 

sold and replaced by less expensive RECs from another renewable electricity 

project.

- A prerequisite of REC arbitrage is that there are differences in REC prices.
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Why REC Arbitrage?

- REC arbitrage offers 
consumers in markets with 
high REC prices a means to 
simultaneously achieve two
competing objectives: 

(1) improve the economics 
of their renewable electricity 
procurement, and 

(2) substantiate renewable 
electricity use and carbon 
footprint reduction claims.

Resources: https://www.epa.gov/sites/default/files/2017-09/documents/gpp-rec-arbitrage.pdf



Claims 101
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Definition & Scope

•Individuals, companies, or institutions purchase RECs outside of regulatory obligations 
to match their electricity use with renewable energy or to support sustainability 
reporting.
•Voluntary RECs must be retired for voluntary claimsτthey cannot also be used for 
compliance.

•Exclusive Ownership:You must hold and retire the REC to legitimately claim use of 
renewable energy.
•Certification:Preference for RECs certified by reputable programs (e.g., Green-e ), 
which verify sustainability standards.
•Substantiation:Claims must be supported by documentation from registry or provider.
•Reporting:Align with CDP, RE100, SBTi, or similar disclosure platforms for enhanced 
credibility.

Best Practices for Making Claims
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Determining REC Ownership

42

Illustrative 
PPA
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Making Environmental Claims 

43

• Big driver of renewable power procurement

• Messaging should be transparent and tangible
• 9t!Ωǎ 9ǉǳƛǾŀƭŜƴŎȅ /ŀƭŎǳƭŀǘƻǊ 

• Simple, safe claims
• I use renewable electricity from a zero emissions 

resource
• Precise amounts and equivalencies

• 5ƻƴΩǘ /ƻƴŦǳǎŜ Ϧw9/ǎϦ ŀƴŘ ϦhŦŦǎŜǘǎϦ

Resources: www.epa.gov/sites/default/files/2017-09/documents/gpp-guidelines-for-making-solar-claims.pdf
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Additional NREL Resources

Find additional resources at the 

NREL Voluntary Power Procurement landing 

page:www.nrel.gov/analysis/green-power.html

Sushmita Jena
sushmita.jena@nrel.gov
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5 Minute Break



Photo by Josh Bauer, NREL 61725

Procurement Analysis Tool (PAT) 
Informational Webinar

Sushmita Jena and Jeff Cook
August 26, 2025
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PAT: A Free Platform for Off-Site EnergyAnalysis

What energy procurement options exist by location?

How do energy procurement options align with certain end 
user objectives?

How does the value of different energy technologies vary by 
location?

How do different resources and procurement options vary on 
costs/impacts?

KEY QUESTIONS ADDRESSED BY PATPAT HOMEPAGE

www.pat.nrel.gov
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PAT: Key Inputs and Outputs

PAT shows procurement options such 
as green tariffs, competitive suppliers, 
green pricing, unbundled Renewable 
Energy Certificates (RECs), community 
solar, and/or Power Purchase 
Agreements (PPAs) based on the 
combination of user preferences and 
available offerings from the load-
serving entity.

PROCUREMENT OPTIONS

Select resource regions are optimized 
based on wholesale power markets, 
cost, grid value, emissions reduction, or 
a combined score.

RESOURCE REGIONS

User enters the scenario title, energy goals (%), and 
any additional notes.

SCENARIO SETUP

User aggregates electricity load by region, type of 
facility, and/or load size. User inputs specific facility 
information, such as annual load (MWh), address, 
and the utility/load-serving entity.

LOAD AGGREGATION GROUPS

User answers 7 questions about their procurement 
preferences and knowledge of the process.

REFINEMENT BASED ON USER PREFERENCES

Contracting 
Experience

Financial Risk 
Tolerance

Price 

Certainty

REC Ownership

Location 
Preference

Balancing 
Authority

Cost, 
Emissions, 
Grid Value, 
or a 
Combination

PAT
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Under the Hood: How PAT Optimizes

Consistent set of technology design and 
cost data

Annual Technology Baseline (ATB) 

Clustered to identify best resource 
locations for eachReEDSbalancing region

Energy Supply Curves

Modeled cost, hourly emission, and 
operational data for a range of possible 

futures of the U.S. electricity sector through 
2050

Cambium

Leverages System Advisor Model (SAM) for system performance and battery dispatch considering cost reduction and emissions if participating 
in the wholesale markets as a merchant plant.

PAT

Comparative Data based on marginal cost, grid value, and emissions for fixed system sizescalculated over a 25-year system lifetime.

Output
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PAT Can Analyze Multiple Customer Use Cases

User Group: How PAT Helps:

Commercial & Industrial Buyers
Evaluate off-site procurement options across 
multiple facilities nationwide.

[ƻŎŀƭ DƻǾŜǊƴƳŜƴǘǎ ϧ !ƎŜƴŎƛŜǎ
Assess options for powering city operations or 
jurisdiction-wide demand.

Colleges, Universities & Campuses
Plan energy procurement for labs, classrooms, 
housing, and campus services.

Utilities & Energy Providers
Analyze customer demand and assess feasibility 
for procurement programs (e.g., green tariffs).

wŜƎǳƭŀǘƻǊǎ ϧ /ƻƳƳƛǎǎƛƻƴǎ
Plan for voluntary utility-scale programs and 
shifting customer energy strategies.
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Key Procurement Challenges AndSolutions

Complexity 
across 
regions

Lack of 
procurement 

expertise

Balancing 
competing 
priorities

Varied 
facility 

energy needs

PAT tailors 
recommendations 
based on location, 
utility territory, and 
energy goals.

PAT compares 
technologies by 
cost, grid value, 
emissions, and 
other factors.

PAT analyzes site-
level data or 
grouped facilities 
to recommend 
best-fit options.

PAT uses simple 
inputs to provide 
actionable next 
steps.

Choosing the 
right 

technology

PAT identifies the 
most suitable 
technologies and 
locations based on 
user needs.



Live Demo

www.pat.nrel.gov
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PAT Analysis Is the First Step in Your Energy Procurement Journey

WhatPATdoes not do:
• PAT isnot intended to present the user with a specific set of existing generation assets.
• PAT does not perform detailed financial analyses on potential resource regions.

What To Do Next:
PATprovides foundational analysis to support your energy procurement journey. If you are interested in pursuing energy 
further, you might consider the following next steps.
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Key Takeaways from PAT

Web based self-service energy procurement assistant

Aids voluntary energy procurement by commercial 
and industrial buyers

Analyzes utility scaleenergy options

Serves as a screening and planning tool for buyers

240+ early adopters nationally across counties and cities

•Supportscustomized scenario analysisusing 
user-entered facility and consumption data.

•Helps usersevaluate energy 
resources andcompare procurement 
pathways(e.g., PPA, tariffs).

•Enables decisions that balancecost, grid 
value, emissions, any buyer preferences

•Serves a wide range of users: software, cloud 
operators/IT, cities, campuses, companies, 
utilities, and regulators.
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❑ CƻǊ ǉǳŜǎǘƛƻƴǎΣ ŎƘŜŎƪ ƻǳǘ ǘƘŜ C!v ǎŜŎǘƛƻƴ ƻƴ ǘƘŜ ǘƻƻƭΩǎ 
site.

❑ For user support, and feedback, contact us at: 
PAT.Support@nrel.gov

User Support and 
Contact

mailto:PAT.Support@nrel.gov


www.nrel.gov

Need help? Email us atpat.support@nrel.gov.

Q&A

This work was authoredby the National Renewable Energy Laboratory for the U.S. Department of Energy 
(DOE), operated under Contract No. DE-AC36-08GO28308. Funding provided bythe U.S. Department of Energy 
Office of Energy Efficiency and Renewable Strategic Analysis Office. The views expressed in the article do not 
necessarily represent the views of the DOE or the U.S. Government. The U.S. Government retains and the 
publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a 
nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work, 
or allow others to do so, for U.S. Government purposes.

www.pat.nrel.gov

mailto:pat.support@nrel.gov
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Questions?
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Thank you!
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