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We are witnessing a solar photovoltaic revolution
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Victoria et al., Joule (2021)

Solar PV accounts for the highest 

installed capacity in the last decade. 

… but many future energy scenarios underestimate solar PV!

https://doi.org/10.1016/j.joule.2021.03.005
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Outline
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• How did solar PV get so cheap so fast?

• Will cost reduction continue?

• Possible limits for large deployment of solar PV

• Materials limitation

• Land-use

• Grid integration of large shares of solar PV

• Why many future scenarios have underestimated solar PV?



How did solar PV get so cheap so fast?

PV costs have reduced dramatically with a 26% learning rate thanks to :

1. Technical improvements (efficiency gains, larger and thinner wafers .) 

2. High-level mechanisms: - Learning by doing 

- Research

- Economies of scales

3. Policies that stimulated market growth (e.g. feed-in tariffs)
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Bhadla Solar Park, 

Jodhpur (India) 2.2 GW 

Rooftop system 

3 kW

Being a granular technology enabled fast learning

Ref: Wilson, Science 2020

https://science.sciencemag.org/content/368/6486/36/tab-article-info


Will cost reduction continue?
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Many  innovations in the pipeline could contribute to maintaining a high learning rate. 

Tandem solar cells Bifacial solar cells

Low-cost solar cells enable new configurations (and dual-use of infrastructure)



Materials limitation
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Silicon solar cells represent 95% of the market today. 

Silicon is one of the most abundant materials on Earth.

As the technology improves the 

use of silver is reduced. If needed, 

silver could be substituted.

The most critical material is silver 

(used to manufacture the front grid). 

Today, PV ~10% of world consumption.



Land-use limitation
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Supplying the current global electricity consumption with solar PV would imply covering 0.3% of the world land.

Concentrated deployment could trigger social acceptance issues locally.

PV is cheap, consider configurations 

with higher social acceptance.
Maximize rooftop PV 

(not enough for 1.5ºC)

Photo: Next2Sun

Make the local communities get the 

benefits (and not only the drawbacks 

of new infrastructure)

Marie

High school

David and Susanne

Library Peter



Grid integration of large shares of solar PV
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Time scale Interannual Seasonal Hours Minutes

Sub-seconds

Challenge solar generation 

interannual

variability is low

significant seasonal 

difference  (only  relevant 

for high latitude locations)

balancing the strong daily 

generation pattern

lower inertia

Strategy -robust design - complement with wind

- Interconnection

- sector-coupling 

- long-term storage (e.g., 

power-to-X)

- electric batteries

- pumped hydro storage

- demand-side management

- sector coupling:

- EVs 

- high temporal correlation 

of cooling demand and 

solar

- Interconnections

- grid-forming 

inverters

- synchronous 

condensers

- batteries providing 

synthetic inertia

- pumped hydro 

storage

- PV and wind can 

contribute to regulation
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Why PV has been underestimated in many future energy scenarios?

Integrated Assessment Models (IAM) Energy System Model (ESM)

Start from a global economic model 

including several regions, sectors and 

decades but: 

Start from a power system model including 

uninterrupted hourly time step and high 

spatial resolution (network modelling) but:

• Low time resolution (annual)

• Low spatial resolution, no network 

modelling

• Limited to Europe

• Other sectors (heating, transport, 

industry) recently added.

To compensate those limitations, 

they include high integration 

costs or limit  the percentage of 

wind and solar 
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1. Poor modelling of balancing (low time resolution, not including

network or proper sector coupling) penalizes wind and solar.

Victoria et al., Joule (2021)

Why PV has been underestimated in many future energy scenarios?
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2. Out-of-date exogenous cost-assumptions miss the fast cost evolution of solar PV.

Why PV has been underestimated in many future energy scenarios?



Conclusions

13

We already have some large power systems

where solar PV covers a significant share of

annual demand.

Victoria et al., Joule (2021)

In conclusion:

1) Solar PV is ready

2) It has a large potential to mitigate climate

change in the next decade

3) This will be key to remain in a path

compatible with the Paris Agreement

4) Proper models show a large contribution of

solar PV to future sustainable scenarios

https://doi.org/10.1016/j.joule.2021.03.005
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