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Where to find “Free Energy“

 Typical energy harvester output power

 RF: 0.1µW/cm²

 Vibration: 1mW/cm²

 Thermal: 10mW/cm²

 Photovoltaic: 100mW/cm² 

 Typical energy harvester voltages

 RF: 0.01mV

 Vibration: 0.1 ~ 0.4 V

 Thermal: 0.02 ~ 1.0 V

 Photovoltaic: 0.5 ~ 0.7 V typ/cell

. (Source:CEA-Leti)
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Considerations for harvesting energy

Step 1: Your needs

• Calculate the total energy 

• Check peak demands

Source Transducer Converter Controller Transmitter

𝐸 𝑡𝑜𝑡𝑎𝑙 = න𝑃 𝑡 ∗ 𝑑𝑡 = 

𝑖

𝑃𝑖 ∗ 𝑡𝑖 = 

𝑖

𝐼𝑖 ∗ 𝑉𝑖 ∗ 𝑡𝑖
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Considerations for harvesting energy

Step 2: Watch out your capabilities

• Consider the source characteristics

• Think about the stability over time

• What about the energy earning distribution over time, in average, …

Source Transducer Converter Controller Transmitter
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Considerations for harvesting energy

Step 3: try to match both

• Choose the right transducer

• Match it with the right voltage converter

• If needed consider an energy storage

Source Transducer Converter Controller Transmitter
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Typical transducers

Average Power: 3W

Downhill Peak Power: 4W

Output Voltage: 6V @ 12Ω Load

Felt Efficiency: <10%

Short Circuit Proof due to Coil Saturation…
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Typical transducers

EnOcean

Per Click 30µC

6.38V @ 4.7µF  

Source: www.pmdm.de Source: www.enocean-alliance.org
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Maximum Power Transfert Point – Resistive system 

Matching between transducer and load

2 Ohms
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Every Conversion and Leakage causes Losses

Matching between transducer and load

AC/DC by Rectifier Step Down by Buck Step Up by Boost

Input
Power

Output
Power

Conversion and Leakage Losses
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Every Conversion and Leakage causes Losses

Matching between transducer and load

AC/DC by Rectifier Step Down by Buck Step Up by Boost

Input
Power

Output
Power

Conversion and Leakage Losses

o Losses due voltage drops
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Every Conversion and Leakage causes Losses

Matching between transducer and load

AC/DC by Rectifier Step Down by Buck Step Up by Boost

Input
Power

Output
Power

Conversion and Leakage Losses

o Losses due voltage drops

o Losses due leakage
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Losses in an inductor

Core losses Copper losses

• Hysteresis losses

• Eddy current losses

• DC losses – depending on DCR

• AC-losses – dep. on winding structure

 Skin-Effect

 Proximity-Effect

The target is to reduce as much as possible this losses when we select an inductor

PcopperPcorePtotal 
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Losses in an inductor

Copper Losses = P DC_Copper +   P AC_Copper

PDC= RDC *I²

PAC caused by Skin and Proximity and effect

The AC resistance increase with the 

frequency as the current doesn’t circulate 

on all the surface.

Use wire with bigger circumference like 

flat wire or Litz wire 

Lower RDC => Lower copper losses 

Bigger copper wire 

P TOTAL = P COPPER + P CORE

Bigger wire            lower Copper losses            Bigger Size 

Impact of the changes

Reduce Number of turn          lower Copper losses            higher core losses 

http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
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Losses in an inductor

Core Losses
ba

core BfKP 

F : switching frequency

K an b : depend of the Core,

material, shape and size

( Bigger the core lower  is K)

B : depend on the ripple current 

To reduce the core losses :

Reduce the ripple ( Increase L)

Reduce the switching frequency

P TOTAL = P COPPER + P CORE

Impact of the changes

Bigger core            lower Core losses                Bigger Size 

Increase Number of turn          lower Core losses            higher copper losses 

Increase the size of the core

Change material 

http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
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REDEXPERT
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Energy Harvesting Kit
o https://www.we-online.com/.../energy_harvesting/gleanergy/gleanergy.php

https://www.we-online.com/web/en/electronic_components/produkte_pb/demoboards/energy_harvesting/gleanergy/gleanergy.php
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Energy Harvesting Kit – Demoboard DC2344A

Featuring:

LTC3106 - Solar Harvesting

- Battery Lithium

- Li-Ion Rechargeable

LTC3107 - TEG Harvesting

- Battery Lithium

LTC3330 - Piezo Harvesting

- Solar Harvesting

- Battery Lithium

- Supercap Balancer

LTC3331 - Piezo Harvesting

- Solar Harvesting

- Li-Ion Rechargeable

- Supercap Balancer
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Energy Harvesting Kit – Demoboard DC2344A

Extremely flat power inductor

High current capability

Magnetically shielded which 

results in a low leakage field
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Energy Harvesting Kit – Demoboard DC2344A

Multilayer Ceramic 

Chip Capacitor 

X7R , X5R
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Energy Harvesting Kit – Demoboard DC2344A

Low profile: 4 mm 

Small footprint 6 x 6 mm 

Very low secondary RDC 

Multiple options of turn ratios 

available
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What is behind the WE-EHP transformer?

 winding style
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What is behind the WE-EHP transformer?

Transformer designed on EP7 cores are available on request – Order code: 760370096, 760370097, 760370098

During design stage of this series, we used S11100032, S11100033 & S11100034. 

With our standard series we have replaced these order codes.
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Supercapacitor – WCAP STSC
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Supercapacitor – WCAP STSC
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Where is it useful?

o Where line power is unavailable or costly

o Where batteries are costly or difficult to replace

o Where energy is needed only when ambient energy is present

Source: LTC - Sam Nork – Energy Harvesting Presentation

TPMS
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Where is it useful?

Source: http://www.joaolammoglia.com/concept/1/aire-concept/
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See you soon

Pensez à vous abonner à notre page LinkedIn pour plus de nouvelles

www.we-online.com/linkedin/france

Des webinaires disponible sur notre chaine Youtube

(www.we-online.com/youtube)

Nous n’avons pas répondu à toutes vos questions durant la session de questions

– réponses ? Envoyez-nous un Email à eisos-france@we-online.com ou à votre

contact habituel chez Würth Elektronik et nous prendrons contact avec vous au

plus vite.

http://www.we-online.com/linkedin/france
http://www.we-online.com/youtube
mailto:eisos-france@we-online.com
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