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The trouble with solar
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Need for storage
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A Variety of Storage Concepts
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Mechanical: Pumped Hydro
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Mechanical: Pumped Air Storage
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Kinetic Energy Storage

W =+ lo?

M. A. Alam, PV Lecture Notes
11



Outline

1) Background: Storage is a problem
2) Electro-mechanical storage of energy
3) Electro-chemical storage of energy

4) Direct integration of PV and EC systems

5) Conclusions

M. A. Alam, PV Lecture Notes
12



Electro-chemical Storage

EC Batteries Flow batteries

Discharge

Cathode

lon Trans

Pb-acid, Li-ion, Ni-Cd ZnBr,VRB, PSB
(cost, capacity, reliability) (Long life, rapid response) -



Charge

Discharge

2 Electrochemical battery

Polymer
Separator

on lranspor

A

ELECTROLYTE
PbSO, (C PbSO4(A o e
4 (C) (A) oo RS
ALUMINIUM CURRENT
COLLECTOR

P HO N e

CARBON

LITHIUM ION

Discharged state

ELECTRON LEMETAL

OXIDES
PbSO, +2H,0 —» PbO,+ H,SO,+2H*+2e CHARGE
sepanaron ELECTROLYIE
26 |+ 2e Wm | COLLECTOR
COLLECTOR _
P -.,:g)

H,s0, Pb w3ite

2HY —— -

CARBON

LI-METAL LITHIUM ION

ELECTRON

Charged state

PbSO, +2H*+2e > Pb+ H,SO,

M. A. Alam, PV Lecture Notes

14



A Simple model for battery
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A Simple model for battery
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A Simple model for battery
AE, = kBTln(i) _ kBTln(I X t)
Nc Co Nc Co
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A power-plant!
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Electrolyzing water and H2 storage
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How to think about nonlinear loads
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Efficiency vs. Number of Cells
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HW: Analytical Results for N<2
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HW: Analytical results for N>2
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Thermodynamic Limits of

Numerical Analysis Confirms trends
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Tandem Farms and Tandem EC Cells

T. Patel, JPV, 8(4), 1082, 2018.
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Tandem Farms and Tandem EC Cells
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Three ways to create hydrogen
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Multi-junction PV for water splitting
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Direct storage into biofuels
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Discharge time at rated power
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Capital Cost per Unit Energy - %¥kWh-output
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Conclusions

Energy storage is a fundamental challenge for
solar cells. Both the price of PV and battery must
drop to make PV economical.

There are a number of strategies for electro-
mechanical storage.

It is easy to understand the essential features of
battery charge storage and the principles of fuel
cells as electro-chemical storage mechanismes.
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