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Overview

• Methods for estimating the carbon payback time (CPBT) and 
energy payback time (EPBT) of photovoltaic systems often 
use average annual energy generation in the calculation

• We examine tradeoffs for a 100-MWdc utility PV system 
installed in the United States 

• CPBT & EPBT methods presented here also apply to any 
other environmental assessments with non-linear temporal 
data
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Definitions

Energy payback time (EPBT):
the time required for a PV system to generate the same amount of 
energy used during system manufacturing, operation, and disposal

Carbon payback time (CPBT): 
the time required for a PV system to offset the amount of carbon 
emitted over its life cycle, by displacing more carbon-intensive 
electricity which would have otherwise been used locally
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2024 U.S. Utility PV LCA Report

Scan QR code for the full 
technical report from NREL
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“Average
Annual” 
method

𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝐶𝐶𝑖𝑖𝑚𝑚𝑖𝑖𝑖𝑖 + 𝐶𝐶𝑚𝑚𝑖𝑖𝑢𝑢 + 𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸  ≤  �
𝑦𝑦

𝐸𝐸𝑚𝑚𝑎𝑎𝑢𝑢𝑚𝑚,𝑦𝑦 × 𝐸𝐸𝐹𝐹𝐺𝐺,𝑦𝑦 , 𝑦𝑦 = 0, 1, 2, …

Solve for the minimum y value that satisfies the following inequality:
Non-linear 

method

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 + 𝐶𝐶𝑖𝑖𝑚𝑚𝑖𝑖𝑖𝑖 + 𝐶𝐶𝑚𝑚𝑖𝑖𝑢𝑢 + 𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸

∑𝑦𝑦 𝐸𝐸𝑚𝑚𝑎𝑎𝑢𝑢𝑚𝑚,𝑦𝑦 × 𝐸𝐸𝐹𝐹𝐺𝐺,𝑦𝑦
𝑌𝑌

• 𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 is GHG emitted (in g CO2e) to manufacture PV system
• 𝐶𝐶𝑖𝑖𝑚𝑚𝑖𝑖𝑖𝑖 is GHG emitted (in g CO2e) during construction and installation of the system 
• 𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 is GHG emitted (in g CO2e) during end-of-life management
• 𝐶𝐶𝑚𝑚𝑖𝑖𝑢𝑢 is GHG emitted (in g CO2e) during operation and maintenance
• 𝐸𝐸𝑚𝑚𝑎𝑎𝑢𝑢𝑚𝑚,𝑦𝑦 is annual electricity generated by the plant (in kWh) each year of its life, y 
• 𝐸𝐸𝐹𝐹𝐺𝐺,𝑦𝑦 is emission factor of the grid (g CO2e per kilowatt-hour of electricity) for each year, y 
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Comparing methods
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Comparing methods
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Input Data & Scenarios

EPBT
Energy yield: NREL System 
Advisor Model (SAM)

Irradiation scenarios:

– Mid-case:         
Fredonia, Kansas

– Low irradiation:      
Seattle, Washington

– High irradiation: 
Phoenix, Arizona

CPBT
Grid emission factors: NETL Grid Mix Explorer 
Grid mix projections: NREL Cambium Scenarios

– Mid-case: Fredonia, KS

– High CPBT:  Seattle, WA
• Low irradiation
• Low grid emission area (offsets low-emitting grid)
• NREL Cambium Scenario: low renewable energy costs

– Low CPBT:  Phoenix, AZ
• High irradiation
• High grid emission area (offsets high-emitting grid)
• NREL Cambium Scenario: high renewable energy costs
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CPBT
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emissions



NREL    |    12NREL    |    12

CPBT

Add annual 
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CPBT

A: 0.9 years

B: 2.1 years

C: 20 years
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EPBT

A: 0.5 years

B: 0.6 years

C: 1.2 years
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Scenario & method sensitivity analysis

For the Kansas mid-case, the “average annual” method gives a CPBT of 7 years
– >3x the non-linear method CPBT of 2.1 years

Importance of installation location effects on CPBT:
• PV systems with modules from high-carbon regions achieve CPBTs <4 years for 

both the high-irradiance/high-emission location (Phoenix) and the mid-
irradiance/mid-emission location (Fredonia)

• The effects of the grid mix projection in Seattle were minimal: applying a high 
future renewable cost scenario for Seattle only reduced the CPBT of systems 
with high-carbon imported modules to 19 years (5% decrease)

• Conversely, applying a low future renewable cost for Phoenix increases the 
CPBT to 1.3 years (44% increase)
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U.S. Utility PV 
EPBT & CPBT 

Fact Sheet

Scan QR code for the 
fact sheet from NREL
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