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Utility Solar PV $/MWh -85%

Total cost declines (2010-2021)
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Onshore Wind $/MWh -69%

Voluntary Clean Energy Purchasing Can Have Transformative Impact

Data Sources: Wind & solar costs from Lazard (2021), Lazard’s Levelized Cost of Energy Analysis – Version 15.0. 
Battery pack costs from Bloomberg New Energy Finance (2021),  Battery Price Survey.

Large energy buyers 
procured 11.06 gigawatts 

of new renewable energy in 
2021, ~40% of all U.S, 

renewable energy capacity 
additions that year.



Example annual time profile of hourly renewable energy generation contracted to 
match 100% of annual participating commercial and industrial demand in PJM.

100% Annual Matching Has Its Limits
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The next frontier in clean energy procurement is to match a 
buyer’s electricity demand, hour-by-hour, 24/7, with 

corresponding clean electricity generation from within the 
same electricity grid region as the buyer’s operations.

This is 24/7 carbon-free electricity procurement 
or hourly matching.

The Next Frontier In Clean Energy Procurement
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https://acee.princeton.edu/24-7/ https://zenodo.org/record/7349406

ZERO Lab has published the first-ever analysis 
of the electricity system-level impacts of 

24/7 carbon-free energy procurement
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https://acee.princeton.edu/24-7/
https://zenodo.org/record/7349406


1. 24/7 carbon-free procurement enables 
deeper emissions reductions than 
100% annual matching.

2. 24/7 carbon-free procurement drives early 
deployment of advanced technologies
including clean firm generation and long-
duration energy storage. 

3. 24/7 carbon-free procurement can carry 
a significant cost premium for early leaders
(although procuring hourly supply for a 
portion of demand is an option).
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24/7 CFE procurement can eliminate attributional emissions from a buyer's electricity 
consumption, going beyond the impact of 100% annual matching with renewable energy

California Participants’ attributional emissions, 10% C&I Participation
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24/7 CFE Procurement, CFE Score = 

Participants A = Current Technologies
B = Advanced Technologies, No Combustion
C = Advanced Technologies, Full Portfolio

@ Reference, CFE Score = 70%,
@ 100% Annual Matching, CFE Score = 80%
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24/7 CFE procurement can drive greater system-level consequential emissions 
reductions than 100% annual matching if the CFE target is high enough

California system consequential emissions reduction, 10% C&I Participation
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24/7 CFE Procurement, CFE Score = 

Participants Rest of the Load

A = Current Technologies
B = Advanced Technologies, No Combustion

@ Reference, Total system load carbon footprint = 44.2 Mtons, where
@ 10% Participation Rate:

Participants' carbon footprint = 3.1 Mtons
Rest of the load's carbon footprint = 41.1 Mtons
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24/7 clean electricity procurement drives deployment of advanced, 
"clean firm” generation and/or long-duration energy storage
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24/7 CFE Procurement, CFE Score = 

ZCF CC Gas CC w/CCS LDS Metal-Air
LDS Hydrogen Battery Geothermal NFEGS
Offshore Wind Onshore Wind Utility Solar
Geothermal

A = Current Technologies
B = Advanced Technologies, No Combustion
C = Advanced Technologies, Full Portfolio

California Participants’ capacity procured, 10% C&I Participation 
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24/7 CFE procurement comes at a more significant cost premium relative to 100% 
annual matching; reduced with full portfolio of clean firm resources and/or CFE <100%.
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24/7 CFE Procurement, CFE Score = 

Total Premium Energy Payment
Congestion Revenue CO2 Revenue
Capacity Payment Net PaymentA = Current Technologies

B = Advanced Technologies, No Combustion
C = Advanced  Technologies, Full Portfolio

@ Reference, Participants' Cost = $36.8/MWh,

<
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Enabling vibrant markets for 
24/7 carbon-free electricity 
procurement will depend on 
the implementation of time-
based energy attribute 
certificates — T-EACs.

RECs vs. T-EACs associated with Google renewable energy purchasing.
RECs indicate how much energy wind or solar farms produce in a month, but
not precisely when it is generated. In contrast, each of the 744 hours in a
31-day month has its own T-EAC, with a corresponding amount of electricity
produced.
Source: https://cloud.google.com/blog/topics/sustainability/t-eacs-offer-new-
approach-to-certifying-clean-energy

11

https://cloud.google.com/blog/topics/sustainability/t-eacs-offer-new-approach-to-certifying-clean-energy


➔ Improving the economic efficiency, 
affordability, and accessibility of  
24/7 Carbon-free Energy (CFE) 
Procurement

➔ Generating hourly price signals to 
incentivize clean energy investment 
and operation when and where  it is 
needed most

➔ Helping 24/7 CFE participants hedge 
against uncertainties like forecast 
errors

The value of having an organized T-EACs market
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T-EACs also a useful compliance mechanism

➔ T-EACs can be used for policy 
compliance to demonstrate 
low/zero carbon intensity 
(e.g., 45V hydrogen PTC).

➔ Can be used by states for 
augmented Clean Electricity 
Standard policies that phase-in 
hourly matching requirements to 
advance markets for clean firm and
long-duration storage resources.
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• 24/7 carbon-free electricity (CFE) procurement can be the next step on the 
road to zero emissions can be for corporate, government, and institutional 
leaders and enable next-generation policy instruments. 

• 24/7 procurement presents added challenges and raises electricity costs 
relative to 100% annual matching, but also enables a buyer to eliminate 
emissions associated with a buyer’s electricity usage (and demonstrate 
zero attributional emissions for compliance purposes).

• Alternative procurement strategies optimized to maximize generation 
during periods of high grid carbon intensity rather than match demand 
may deliver greater near-term emissions reductions for a given budget (but 
may not have equivalent long-term tech-forcing impact).

Closing Opening Thoughts
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• The heart of the matter for 24/7 carbon-free procurement is the pursuit of 
transformative impact on electricity systems via accelerated innovation.

• 24/7 procurement drives early deployment of advanced clean firm 
generation and long-duration energy storage technologies, offering the 
potential to accelerate innovation, maturity, financeability, and widespread 
availability of these critical ingredients in the broader societal transition to 
a 100% carbon-free grid. 

• Just as 100% annual matching helped transform wind and solar PV from 
expensive “alternative energy sources” to mainstream, affordable options 
for the world, 24/7 procurement can have similar transformative impacts on 
clean firm resources.

Closing Opening Thoughts
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Leadership isn't just 
about doing one's part.

It is about making it 
easier for others to follow.

ZE R O  L A B
P R I N C E T O N  U N I V E R S I T Y  

Z e r o - c a r b o n E n e r g y  S y s t e m s R e s e a r c h a n d O p t i m i z a t i o n L a b o r a t o r y
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