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Common Sustainability Proposals for Photovoltaics [§

These are the most common sustainability proposals for photovoltaic modules (PV): .
Maximize Lifetime, Maximize Efficiency, Maximize Recycling. But which is really the most
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Measuring Sustainability of Solar Modules for
Energy Transition: Mass, Energy, and Circularity =
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Cumulative Installations including Replacements
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Energy Demands

Goal: Minimize Energy demands

Energy demands can be reduced by
reducing the quantity of manufacturing
and/or reducing the energy intensity of
processes (e.g.; recycling). If we need to
manufacture more modules prior to
2050 (e.g.; short lived modules
requiring replacements), then we
increase energy demands while the grid
is not fully decarbonized.

Energy savings from circular pathways
is not sufficient to offset increased
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energy needs for manufacturing
replacements. Long-lived modules

reduce energy demands.

Cumulative Lifecycle Energy Demands

Energy Balance

Goal: Maximize EROI & Net Energy

Energy Return on Investment

(EROI) is energy generated over 70

energy demands, representin
energy returned to society.

We propose Energy Balance;

all energy generated by all systems =

deployed 2000 through 2100
divided by all energy demand:
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* Examine all metrics for holistic sustainability evaluation

Take Aways:

* Importance of deploying high reliability modules
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 Designs can have tradeoffs between mass and energy
« Circularity scores well in mass, poorly in energy
« Efficiency scores well in Net Energy, poorly in mass
gevity shows improvement in all metrics

Future Metrics: Carbon, Energy Justice, Supply Chains...
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