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What is TPV and how does it
work?



Solar PV is the cheapest energy source

Our World
in Data

Solar (photovoltaic) panel prices
This data is expressed in US dollars per Watt, adjusted for inflation.
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Data source: International Renewable Energy Agency (2023); Nemet (2009); Farmer and Lafond (2016)
Note: Data is expressed in constant 2022 US$ per Watt.
OurWorldInData.org/energy | CC BY

The problem with solar is intermittency

What if we could make solar dispatchable?

2023 Unsubsidized U.S. LCOE by Technology

Cost Range in $/MWh  $0

Onshore Wind @
Solar PV /\
(Utility Scale) \/

Gas Combined Cycle

Gas and steam turbines with
high efficiency and stable
electricity supply.

Onshore Wind + Storage @

Solar PV (Utility (B
Scale) + Storage U

Geothermal*@
Coal* @
Offshore Wind @

Gas Peaking

Quick-response gas turbines used
to meet short-term high-demand.
Lower in efficiency.

Nuclear*

Source: Lazard

@ Emission-Free Electricity Fossil Fuels
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$24 $75 Onshore wind has had lower
LCOE than gas plants since 2015.
Source: Sustainable Energy in America

$24 $96

$39 $i01
$42 $ii4
$46 $102 Renewables paired with Li-ion batteries increase the

LCOE, but new battery technologies are expected to
offer cost advantages in as little as two years,
especially at longer durations.

Source: Lazard

$61 $102
$68 $166
$72 $140
. . Leveraging IRA funding can reduce
the LCOE for higher-cost renewables.
$115 $221
$31 Marginal Cost $141 $221

/// __ Lifetime extensions lower the marginal ‘ .
// cost of nuclear electricity. 95% of U.S.

plants have received such extensions

to date.
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'U.S. Inflation Reduction Act




Thermophotovoltaics (TPV) makes PV dispatchable
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Thermophotovoltaics (TPV) makes PV dispatchable
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TPVs can be much more efficient than solar PV
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Efficiency is not the only

Pgen

Efficiency n =

Pinput

For solar, Pyep, =1 - 1000%

For TPV, Fyen
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What is the cost of TPV
systems?



We can evaluate the cost of TPV with LCOE

Pdens,TPV

Heat device ‘ TPV device
PinNrad PinMrad) TPV
Qloss,heat Qloss,TPV

Verma et al. arXiv (2024)



We can evaluate the cost of TPV with LCOE
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LCOH (¢/kWh-th)

10

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

Efficiency = 50%, Power density = 5 W/cm?
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TPV can be cost-competitive with NG, coal, nuclear

Efficiency = 50%, Power density = 5 W/cm?
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How can we design low-cost
TPV systems?



TPV cell improvements for high efficiency
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LaPotin et al. Nature (2022)

TPV cell improvements for high efficiency

Minimize P;,s: low parasitic heating and
high photon conversion efficiency
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Emitter improvements for high power density
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Emitter improvements for high power density
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Low TPV cell cost per area

$2.4
| 0SG&A
$2.1 ® ® oR&D
$1.8 @Processing
m Epi-growth
$1.5 m Substrate
¢ MSP

$1.2

$0.9

Cell cost (2018 $/cm?)

$0.6

$0.3

Single-Junction GaAs (28% efficiency) 2J GalnP/GaAs (30% efficiency)

Horowitz et al. NREL (2018)

$5.00

$4.50

$4.00

$350

$3.00

$250

$200

$150

$1.00

2J cell epi-layer manfuacturing costs (2018 $/Wy)

$050

$0.00

& Maintenance

® Depreciation (Equipment and Bulding)

® Electncity
= Direct Labor
= Matenals
|
Original MOCVD MOCVD with GaAs Continuvous MOCVD 50% utilization for TMG,  70% utiization TMG, TMI DHVPE
deposition rate to 60 deposition system TMI and 10% for AsH3, PH) and 30% AsH3, PH3

microns/hr

Current cost: ~$2/cm?
10x reduction possible in cell cost
with improved manufacturing
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Low LCOH with cheap power and infrastructure

CAPEXm ras CPEW U
LCOH = ' CRF+ =
Pinnmdtout Nrad

— CPEsystem,th -CRF + CPEinput,th

Verma et al. arXiv (2024)



Low LCOH with cheap power and infrastructure

LCOH =

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

CAP EX mfras
Pz’nnmdtout

Verma et al. arXiv (2024)
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What are some examples of
low-cost TPV systems?



Thermal energy storage

Proposed System Design:

Electricity = Heat = Electricity

Electricity From Any
Source
Powers Heaters

=
«

@@ A\ |
[y

Insulated Graphite

Thermal Storage Blocks Thermophotovoltaic (TPV)
Power Block

TPV Module Water Cooled TPV
Unit Cell with Integrated Mirror
Multi-Junction ‘_ =

Tungsten Fins
Sublimation Barrier

TPV Can Be Retracted
For Load Following

Graphite Pipeswith Liquid Tin
Heat Transfer Fluid

Dry Cooling ly

Kelsall et al. arXiv (2021)
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Thermal energy storage

$120

$100

$80

$60

Cost per Energy ($/kWh-e)

$40

$20

$0

TEGS 100MW/1GWh

m Storage Medium

ETank Base

m Heat Transfer Fluid

m Cooling for Base

TEGS 100MW/400MWh  TEGS 10MW/100MWh

B Graphite Insulation

B Inert Containment

B Alumina Insulation

B Construction

TEGS TOMW/40MWh

Fiberglass Insulation

Proposed System Design:

Electricity > Heat - Electricity
Electricity From Any Insulated Graphite Multi-Junction
ource Thermal Storage Blocks Thermophotovoltaic (TPV)

Powers Heaters

Vo
A

Graphite Pipeswith Liquid Tin
Heat Transfer Fluid

Power Block

TPV Module Water Cooled TPV
UnitCell with Integrated Mirror
e ©

y

Tungsten Fins
Sublimation Barrier

TPV Can Be Retracted Dry Cooling Unit
For Load Following

Material Density (kg/m?) Cost ($/kg)**
Extruded Graphite 1700 0.5

Graphite Insulation 24 540
Aluminum Silicate Insulation | 100 4.0
Fiberglass Insulation 12 7.1

Tungsten Foil 19000 350

CPEinp: 3 ¢/kWh

CPE,em: 12 ¢/kWh = LCOH: 4¢/kWh

Nrad: 90%

LCOE:  <8¢/kWh — available on demand!

23

Kelsall et al. arXiv (2021)




Hydrogen combustion — electricity

Exhaust f ‘ ‘

Qrad
# Qabs
Emitter TPV —
—
Qrefl
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Hydrogen combustion — electricity
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Hydrogen combustion — electricity

Combustion zone
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LCOH:
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<8¢/kWh — on demand!




Summary of today's talk
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Pdens,TPV
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Summary of today's talk l
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Summary of today's talk l
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Thanks! Q&A
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