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Taxonomy of energy harvesting and scaver

Energy demand in EU:
A Total ~1700Vyear

A Electricity ~300@Vyear

Sector Share of Total Energy Notes

Industry ~25% High thermal demand (process heat)
Transport ~30% Mostly fossil fuels, growing EV share
Residential ~25% Heating, cooling, appliances
Commercial/Public ~10% Offices, services

Agriculture ~5% Machinery, heating, drying



Taxonomy of energy harvesting and scaver

Energy demand in EU:
A Total ~17008Vyear
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Solar (Photovoltaic) Energy Harvesting

Electricity demand in EU tn80@€ar

Mechanism: Pros:
A Converts light (usually sunlight) into electricity using A High energy density in sunlight.
AneerEliEys (V) @2l A Mature technology with scalable manufacturing.
Technologies: Cons:
A Crystalline Silicon PV T High efficiency, widely used. A Dependent on light availability.
A Thin-Film PV Lightweight, flexible, lower efficiency. A Efficiency drops indoors or in shaded environments.

A Organic & Perovskite PV T Emerging materials for

: Applications:
wearables and indoor use. PP

A Outdoor sensors, solarpowered wearables, building
Integrated photovoltaics.

Alternative ways to store solar energy
A Solar fuels (PEC and more)




Energy harvesting/scavenging opportunities: PV

Electricity demand in EU tvd®{€ar

GLOBAL HORIZONTAL IRRADIATION EUROPE

1. Rooftop Potential

A EU rooftops alone could hostup to 1,000 GWof
solar capacity.

A Q L(J) ¢ -6p0®01H,500 km? of panels, >0.15% of

2. Agrivoltaics & Dual Use

A Farmland with elevated panels: crops + energy
co-production.

A Could >100 GWwithout displacing agriculture.
3. Brownfields & Infrastructure

A Solar on highways, rail corridors, parking lots,
and industrial zones.

A Ad d S CapaCity Wi th O Ut CO m pe ti ng fo r p riSti n e e of global horizontal irradiation, period 1994-2020 (1999-2020 in the Southeast part of this map)

I an d . early totals: 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
— i B kWh/m?
2.46 274 3.01 3.29 3.56 3.83 41 438 4.65 493 5.20 5.48 5.7
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Energy harvesting/scavenging opportunities: PV
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Energy harvestlng/scavenglng opportunities: PV
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Thermal energy sources |Energy demand in EU:
A Total ~1700@Vyear

and capacity A Electricity ~300@vyear

Temperature Typical Sources Harvesting Estimated
Range YP Technologies Potential
Ambient heat, building .
' Th lectric (low AT), Very | , but |
< 100°C HVAC, low-grade ermoe e.c ric (low AT) ery. arge, but low
Pyroelectric efficiency
waste
100=250°C Industrial exhaust, Thermoelectric (mid AT), ~60—80 TWh/year
district heating ORC (low-temp) (recoverable)
o Metal processing, Thermochemical, ORC ~40-60 TWh/year
250-500°C . .
chemical plants (mid-temp) (recoverable)
> 500°C Cement, glass, steel Thermochemical, ~50-70 TWh/year

industries advanced ORC (recoverable)



Thermal Energy Harvesting

Mechanisms: Pros:

A Thermoelectric : Converts temperature A Useful in environments with waste heat.
gradients into voltage via theSeebeckeffect. A No moving parts/ long lifespan

A Pyroelectric : Generates charge from time ,
varying temperature changes. Cons:

A Thermochemical and sorption : absorb and A Low conversion efficiency.

chemical energy

. Applications:

Technologies: X Ind - ’ body h 4
A Bis(rjnLllth Telluride (7 R K tXthermoelectric V(,‘eg‘fggfgsmgﬁtg”meg ii/ec()ex aﬁg‘f @;"g{g'{ﬁs

modules. ’ '
A head Zirconate Titanate (PZT)for pyroelectric

iims.
A MgSO,éhH,O-based composite for

hy%rat?gllcfe-hydration. P



Thermochemical and sorption energy harvesting/storage
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Thermochemical and sorption energy harvesting/storage
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Thermochemical and sorption energy
harvesting/storage

AMgSO,¢hH,O composites to

Improve stability

A%p: amount of active matter on

the overall mass

AKinetics of diffusion of vapor in

and out
AThermal transport
AKinetics of phase transition

AB

Material System Key Observations
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Zhang et al. 2021.MgSO/
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Structure degradation; no long

R term tests
~920 10 Low salt_ Io_adlng; fglr stability;
limited testing
N/A 1 High kinetics; yveak structure; no
cycling data
492 & Short-term stable; poor >50°C;
no long-term tests
Scalable system test; gradual
~380 15-30 performance decline after
30cycles.
High thermal conductivity; no
sl durability data
773 20 Better than pureMgS/ 6 L% N |

capacity fade
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Humidity management

AHydrophobic material for preparing o
the composite - -
APrevents formation of liquid water ! I B

A Counterintuitive:
A how this favors entrance of vapor in the
composite?

A How does this allow to control
loading/discharging kinetics
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Mechanical Energy Harvesting

Mechanisms:

A Piezoelectric : Converts mechanical
stress into electrical charge.

A Electromagnetic : Relative motion
Induces current in coills.

A Triboelectric : Generates electricity
from friction/contact between

materials.
Technologies:

A Piezoelectric ceramics (PZT, PVDF).

A I\/Ii_cirogenerators with magnets and
coils .

A Triboelectric nanogenerators
(TENGS)

Pros:
A Ideal for vibration-rich environments.
A Scalable from macro to micro devices.

Cons:
A Output is intermittent and often low.

A Requires mechanical movement or
vibration.

Applications:

A Structural health monitoring, footstep-
powered devices, wearable motion
Sensors.



Mechanical Energy Harvesting

Estimated Dissipated
m~1JH6 ¢ URHC O wmWE U D! W EOb

Shock absorbers/Suspension ~ 75 TWh/year (note: very

Sector

damping (road vehicles) approximate)
Vehicle braking (non ~ 700 TWh/year (noftecoverable
regenerative) iIn many ICE vehicles)

ccl I WaqYWRY YGcaql
GYtt 1Jt wlWR U309 tothl e
Input energy wasted : mechanica
fraction small but non-negligible

Industrial mechanical losses
(friction, transmissions,
damping)

Other mechanical dissipation
(e.g., in buildings: doors, HVAC
dampers, etc.)

Likely much smaller, no good dat
found



