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What is TPV and how does it 
work?

2



Solar PV is the cheapest energy source

The problem with solar is intermittency
What if we could make solar dispatchable?
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Ultra-hot thermal emitter
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Ultra-hot thermal emitter

Ploss
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TPVs can be much more efficient than solar PV
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vs.

Both 
efficiency (%) and 
power density (W/cm2) 
matter!
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What is the cost of TPV 
systems?
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We can evaluate the cost of TPV with LCOE

TPV deviceHeat device
Pin

Qloss,heat

Pinηrad

Qloss,TPV

PinηradηTPV

Pdens,TPV

Verma et al. arXiv (2024)
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We can evaluate the cost of TPV with LCOE

TPV deviceHeat device
Pin

Qloss,heat

Pinηrad

Qloss,TPV
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TPV can be cost-competitive with NG, coal, nuclear

Verma et al. arXiv (2024)
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TPV can be cost-competitive with NG, coal, nuclear
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Verma et al. arXiv (2024)
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How can we design low-cost 
TPV systems?
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TPV cell improvements for high efficiency
Minimize !!"##: low parasitic heating and 
high photon conversion efficiency
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TPV cell improvements for high efficiency
Minimize !!"##: low parasitic heating and 
high photon conversion efficiency

LaPotin et al. Nature (2022)
15

40-45% efficiency achieved with:
High reflectance back-surface (93%), 
III-V high-bandgap cells (high IQE and low series resistance)

Roy-Layinde et al. Joule (2024)
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Emitter improvements for high power density

16
Park and Verma et al. Submitted (2024)
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Emitter improvements for high power density

17
Park and Verma et al. Submitted (2024)

>5W/cm2 power density 
with laser surface engineering 
and high-temp operation



Low TPV cell cost per area

20
Horowitz et al. NREL (2018)
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Current cost: ~$2/cm2

10x reduction possible in cell cost 
with improved manufacturing



Low LCOH with cheap power and infrastructure
𝐿𝐶𝑂𝐻 = 𝐶𝐴𝑃𝐸𝑋𝑖𝑛𝑓𝑟𝑎𝑠𝑃𝑖𝑛𝜂𝑟𝑎𝑑𝑡𝑜𝑢𝑡 ⋅ 𝐶𝑅𝐹 + 𝐶𝑃𝐸𝑖𝑛𝑝𝑢𝑡𝜂𝑟𝑎𝑑= 𝐶𝑃𝐸𝑠𝑦𝑠𝑡𝑒𝑚 𝑡ℎ ⋅ 𝐶𝑅𝐹 + 𝐶𝑃𝐸𝑖𝑛𝑝𝑢𝑡 𝑡ℎ, ,

Verma et al. arXiv (2024)



Low LCOH with cheap power and infrastructure
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Verma et al. arXiv (2024)

Cheap infrastructure and input energy 
results in LCOH <5¢/kWh-th

LCOH = 14¢/kWh-th

LCOH = 10¢/kWh-th

LCOH = 18¢/kWh-th

LCOH = 1¢/kWh-th LCOH = 4¢/kWh-th



What are some examples of 
low-cost TPV systems?
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Thermal energy storage 

22

Kelsall et al. arXiv (2021)



Thermal energy storage 

23

CPEinput: 3 ¢/kWh
CPEsystem: 12 ¢/kWh
+)$*: 90%

⇒ LCOH: 4¢/kWh

Kelsall et al. arXiv (2021)

LCOE: <8¢/kWh – available on demand!



Hydrogen combustion → electricity

24

H2O H2 O2, H2O



Hydrogen combustion → electricity

25

H2O H2 O2, H2O
Gas inlet/outlet tubes

Recuperation zone

Combustion zone

TPV enclosure

Flame

Em
itter wall



Hydrogen combustion → electricity
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H2O H2 O2, H2O
Gas inlet/outlet tubes

Recuperation zone

Combustion zone

TPV enclosure

Flame

Em
itter wall

CPEinput: 3 ¢/kWh ($1/kgH2)
CPEsystem: 6 ¢/kWh
LCOH: 3.5 ¢/kWh
LCOE: <8¢/kWh – on demand!



Summary of today’s talk
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Ultra-hot thermal emitter
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