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OVERVIEW

& Roadmap on Energy Harvesting Materials:
organization of article

& Different types of energy harvesting

& Status and challenges




‘Roadmap on Energy Harvesting Materials’

* Milestone publication charting the course for energy harvesting

materials to deliver clean energy anytime, anywhere ..IPhyS Materials
From the publisher of the Journal of Physics series
. CoIIabf)rative endeavour o.rgan!zed by prof. Vir'lce'nzo ROADMAP
Pecunia, Simon Fraser University (Canada), bringing Roadmap on energy harvesting materials

together 116 leading experts from around the world
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Roadmap on energy harvesting materials
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* Current and future challenges Publicaftions per year for the variqus energy
* Advances in science and technology to meet harvesting technologies covered in Roadmap
challenges

Concluding remarks
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Why look at the status of energy harvesting materials?

Let’s look at photovoltaics as an example:
* The most widespread photovoltaic technology is based on silicon

* But a much wider range of technologies, based on a variety of materials, are being developed to
realize next-generation photovoltaics
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Materials for indoor photovoltaics

IOP Publishing J. Phys. Mater. 6 (2023) 042501

Contents

2. Materials for indoor photovoltaics
2.1. Introduction to indoor photovoltaics
2.2. 1II-V compound semiconductors for indoor photovoltaics
2.3. CdTe solar cells for indoor applications
2.4. Kesterites for indoor photovoltaics
2.5. Organic photovoltaics for indoor-light-to-electricity conversion

2.6. Dye-sensitized photovoltaics for indoor applications

2.7. Lead-halide perovskites for indoor photovoltaics
2.8. Lead-free halide perovskites and derivatives for indoor photovoltaics

2.9. Quantum-dot absorbers for indoor photovoltaics 10 12 14 168 18 20 22 24
2.10. Accurate characterization of indoor photovoltaic performance
E, (eV)

Indoor PCE of champion devices of PV technologies indoors for
illuminance ~1000 Ix. Perovskite Solar cells at ~ 40%
There is space to improve & many challenges ahead!
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Materials for piezoelectric energy harvesting

3. Materials for piezoelectric energy harvesting
3.1. Introduction to piezoelectric energy harvesting—lead-based oxide perovskites

3.2. Lead-free oxide perovskites for piezoelectric energy harvesting : . .
_ i o . . Nanofiller-matrix composites ye
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Materials for triboelectric energy harvesting

4. Materials for triboelectric energy harvesting

4.1. Introduction to materials for triboelectric energy harvesting
4.2. Synthetic polymers for triboelectric energy harvesting Body

Biofluids L

4.3, Nanocomposites for triboelectric energy harvesting Motion
4.4, Surface texturing and functionalization for triboelectric energy harvesting
4.5. Nature-inspired materials for triboelectric energy harvesting

4.6. MXenes materials for triboelectric energy harvesting

4.7. Perovskite-based triboelectric nanogenerators

4.8. Towards self-powered woven wearables via triboelectric nanogenerators

4.9. Theoretical investigations towards the materials optimization for triboelectric

a) Contact-separation mode TENG {(b) Lateral sliding mode TENG
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Wearable
Electronics

e

{c) Single-electrode mode TENG (d) Free-standing mode TENG

A wearable energy storage system via self-charged human-
L3 body bioenergy, including body motions, heat, and biofluids.

operational modes of triboelectric nanogenerators

KA Roadmap on energy harvesting materials, sect. 4, V. Pecunia et al. J. Phys. Mater. 6 (2023) 042501
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Materials for thermoelectric energy harvesting
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Materials for thermoelectric energy harvesting

Introduction on materials for thermoelectric energy harvesting
Chalcogenides for thermoelectric energy harvesting

Full Heuslers for thermoelectric energy harvesting

Half Heuslers for thermoelectric energy harvesting

Clathrates for thermoelectric energy harvesting

Skutterudites for thermoelectric energy harvesting

Oxides for thermoelectric energy harvesting

SiGe for thermoelectric energy harvesting

MgIV (IV
Zintl phases for thermoelectric energy harvesting

Si, Ge and Sn)-based systems for thermoelectric

Molybdenum-based cluster chalcogenides as high-temperature
Organic thermoelectrics

Two-dimensional materials for thermoelectric applications
Carbon nanotubes for thermoelectric energy harvesting
Polymer-carbon composites for thermoelectric energy harvesting
Hybrid organic—inorganic thermoelectrics

Halide perovskites for thermoelectric energy harvesting

Metal organic frameworks for thermoelectric energy conversion

thermoelectric de%icégae for power generation
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Materials for radiofrequency energy harvesting

6. Materials for radiofrequency energy harvesting

6.1. Introduction to materials for radiofrequency energy harvesting
6.2. Organic semiconductors for radiofrequency rectifying devices
6.3. Metal-oxide semiconductors for radiofrequency rectifying devices
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6.4. Carbon nanotubes for radiofrequency rectifying devices
6.5. Two-dimensional materials for radiofrequency energy harvesting

6.6. Materials for rectennas and radiofrequency energy harvesters Trends in recent large-area
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Energy Harvesting for Sustainable Development
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Roadmap on Energy Harvesting Materials

* Key challenges: . . .
. Stabitty JPhys Materials

From the publisher of the Journal of Physics series

* Manufacturability
* Environmental Sustainability e —
* Cost Journal of Physics: Materials
* Form Factors
7. Sustainability considerations on energy harvesting materials research () g
. . Roadmap on energy harvesting materials
* Our recent roadmap provides guidance on key challenges opeN Aceess
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Sustainability considerations on energy harvesting materials research

Fabrication processes

il

* Melting (non-oxide)

Electrical Energy

Thermal E"EFEY + Batch weighing
* Hot press (non-oxide) Input-
- Ball milling Output LCA
* Drying [lndfrect
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» Sintering
+ Machining Hybrid LCA
(Direct +

Indirect

B I
B e e
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Material processing and fabrication l
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output
Material composition Material composition
(Non-oxide (Oxide-based Toxicity
thermoelectric - thermoelectric
materials) materials)
(Bi,Sb),(Te,Se); La or Nd-dropped SrTiO,
1 Pollution
leg.
acidification
potential)

Substitute  Energy intensity reduction  Dematerialise System boundary

- = -

system boundary defined for the LCA of two
thermoelectric modules.

K+ Roadmap on energy harvesting materials, sect. 7, V. Pecunia et al. J. Phys. Mater. 6 (2023) 042501 p e
- PSMA Cin ' SE

2024 ALL INFORMATION SHALL BE CONSIDERED SPEAKER PROPERTY UNLESS OTHERWISE SUPERSEDED BY ANOTHER DOCUMENT.



I1I-V compound semiconductors for indoor photovoltaics

Wavelength (nm)
20001500 1000 500

60 | -_ e PCEs > 20% have been
White LED | reported for AlGaAs

50
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| « PCEs >30% for InGaP

20

» Cost-effective approaches to
realize |-V photovoltaics are a
e T current research challenge but

Bandgap Energy (eV) different from large area PV
Calculated max efficiency versus bandgap

energy for photovoltaic cells under AM1.5 and

white light-emitting-diode illumination.
Roadmap on energy harvesting materials, sect. 2.2, J.D. Phillips, in V. Pecunia et al. J. Phys. Mater. 6 (2023) 042501
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OPV for indoor photovoltaics
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PCEs > 25% at 1000 Ix.

Cost-effective deposition via coating
& printing techniques
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Dye Sensitized Solar Cells for indoor photovoltaics
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PCE of 28.9% reached at 1000 Ix
[Cu(tmby)2]2+/1+ redox coupled

with TiO2 films co-sensitized with
the dye D35 and XY1

panchromatic dyes, alternative
hole transport materials 13%
under AM1.5G conditions and
34% under indoor light.

Cost-effective deposition via coating &
printing techniques; questions about
electrolyte use.




Perovskite Photovoltaic Cells for Indoors

Spiro-OMeTAD

M TiO,
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o Solbel spin coating
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* Much higher efficiency indoors
* Performance indoors more sensitive to film & interface quality
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Perovskite Photovoltaic Cells for Indoors
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l1I-V compound semiconductors for indoor photovoltaics
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Why look at the status of energy harvesting materials?

 Emerging photovoltaic materials have the potential to facilitate cheaper, eco-friendlier, and lighter
photovoltaics, fostering broader deployment — cheaper, more abundant clean electricity

Photovoltaic

* The same trend generally holds for all other energy { \
. . | e |
harVEStlng teChnOIOgleS Triboelectric B \l‘\\\\ - // o Ambient RF

U

Harvesting |
\ Materials |

Energy harvesting materials research is key to
developing clean energy solutions toward net-zero
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