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Sunny Times for Solar Power

FINANCIAL TIMES

Global Solar Panel
Installations



End-of-Life Options for PV

PV Installation
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Panel Waste is Piling Up
« IRENA and IEA (2016);

« Given an average panel life of 30 years, large amounts of annual waste
anticipated by 2030s.

« By 2050, waste amounts match the mass in new installations.



Projected End-of-Life Scenario

Small or no recycling q: $ Ample capacity
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Cell Efficiency (%)
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Is that the Whole Story?
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Meet Mr. Green

« 2011: 6 KW
« $40,800 with 30% tax credit
« 15% efficiency
« 12,000 kW, ~$2,100 annual revenue
* 1% annual degradation

« 2026: 8 kW

* $14.400, no tax incentive
« 20% efficiency
« ~$2.800 annual revenue

* Upgrade >>> Keep



Our Focus: Many such Mr. Green’s...

« Extrapolate from Mr. Green to the broader US
residential market.

« Simulate the solar panel replacement incentives of US
households.

* Years: 2005 - 2020
« Random household: Panel size, Sun yield, Discount Rate

* Project household PV waste under the simulated early-
replacement behavior.
« Optimistic/Pessimistic: Pane price, Efficiency, Compensation

Data Sources
Berkeley Lab’s Tracking the Sun

dat'f‘base N * Demonstrate the impacts on the cost competitiveness
EIA's Electricity Data Browser of solar energy.

World Bank’s Global Solar Atlas



Results: The Early Replacement Problem

* Installations originally meant to last for 30 years may be replaced within
a decade; and in some cases, as early as after 2 years.
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Waste Projections: Hidden Recycling Tsunami

 Compare the expiration date of residential panels that were installed
between 2000-2020 under 4 waste scenarios:
* No Failure
« Constant Failure (NREL)
* Regular Loss (IRENA)
- Early Replacement
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Early Replacement End-of-Life Scenario

Capacity shortages lead to expensive
dismantling, logistics and recycling
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The Cost of Solar Trash

* Modify LCOE projections by NREL's 2020 Annual Technology Baseline.

« Baseline: Moderate technology investment scenario

« System installed in Los Angeles, California

« Modifications: Shorter lifetime (replacement), EoL costs ($150-$650 / kW)
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Who Pays the Bill?

* What if the cost burden does not lie with
the original manufacturers?
* E.9. Market-share based cost allocation.

* Project residential rooftop installations
until 2050 to calculate cumulative total
waste.

 \WWaste = New Installations after 2031.

« By 2035, 2.5 tons need to be recycled for
each ton sold.

. LCOE 4x high by 2035!



Discussion / Managerial Implications

« Clean energy future: Circular outlook + EoL infrastructure.

* Reduced installation prices + Increased module efficiency -> Early replacement of installed
panels -> Tsunami of solar panel waste.

+ Insufficient infrastructure and lack of policy.
» Jeopardize LCOE-based cost competitiveness of solar.

* Orphan waste problem.

* Learn from the past (WEEE Directive).
« Creating recycling infrastructure.
« Support development of cheaper, more effective recycling technologies.
» Proper financing of recycling, fair allocation of EoL costs.

* Further research needed on reducing the costs of dismantling, transportation, recycling;
financing the costs of recovery.

« Other clean technologies: Wind turbines, EV batteries.
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Thank You

serasu.duran@ucalgary.ca
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https://hbr.org/2021/06/the-dark-side-of-solar-power https://knowledge.insead.edu/responsibility/

hidden-cost-solar-energy



https://hbr.org/2021/06/the-dark-side-of-solar-power
https://knowledge.insead.edu/responsibility/hidden-cost-solar-energy
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