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Dielectric characterization of materials : biofuels

Material
under test

Incident Wave

Reflection: R

Transmission: T

ε
ε biofuels

ε (% impurities)

ε impurities
Impurities

Biofuels
+

ε (R and T)

ε : permittivity

(ε impurities >> ε biofuels) 

R and T (% impurities)?
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Biofuels with
impurities

EpsiMu Cell

Coaxial transmission line 

Organics impuritiesInorganics impurities

2.1 DIELECTRIC CARATERIZATION OF LIQUID BIOFUELS (BIODIESEL) WITH IMPURITIES

Sample holder

13 mm
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Inorganic impurity : water

Water bubbles in biodiesel

Permittivity of biodiesel (bio) with water

Inhomogeneous liquids materials
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2.1 DIELECTRIC CARATERIZATION OF LIQUID BIOFUELS (BIODIESEL) WITH IMPURITIES

ε’ water = 78

ε’ biodiesel = 3
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Permittivity of biodiesel (bio) with ethanol

homogeneous liquids mixtures : 

biodiesel/ ethanol mixtures 

POC (Proof Of Concept)

+ 12% 
ethanol

pur 
biodiesel

Organic impurity as « alcohol »: ethanol
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2.1 DIELECTRIC CARATERIZATION OF LIQUID BIOFUELS (BIODIESEL) WITH IMPURITIES
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Simulations of 30° transmission of POC with
biodiesel (bio) with ethanol

25 dB 

POC

Probes with monopole antenna

Probes without monopole antenna

2.2 MATERIAL AND METHOD OF POC (PROOF OF CONCEPT)
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2.3 ONLINE MEASUREMENTS OF BIODIESEL/ETHANOL MIXTURES WITH THE POC
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A sensitivity of a 2% ethanol in biodiesel
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Results of measurements and simulations transmission at 3000MHz

measurements

simulations

3000MHz

Results area of simulations

Results area of measurements

2.4 A CALIBRATION STUDIES WITH THE POC  
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measurements (m) ≠ simulations (s)

Connection in the bench of measurements Losses insertion (datasheets) connectionDifference between simulation (s) and 
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Connection in the bench of measurements
Comparison of datasheets, connection measurements and 

measurements (m) – simulation (s)

datasheets  ̴ connection measurements  ̴ comparison simulations/measurements
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2.5 DISCUSSIONS AND CONCLUSION OF POC (PROOF OF CONCEPT)

Validation of the characterization electromagnetic method of
liquids only on biodiesel / ethanol mixtures

Optimization of the POC and validation for biodiesel
application : sensitivity at 2% of ethanol

Verification simulations/ measurements

Biofuels applications
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3.1 MICROWAVE TRANSMISSION METHOD FOR ONLINE MOISTURE MEASUREMENTS

Outside 1

Inside 1 Inside 2

Outside 2

Hopper system for characterization of moisture content in wood pellet
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Patch antennas Local measure

Cheap setup solution

conveyor belt

wood
pellets

3. SOLID BIOFUELS : MOISTURE IN WOOD PELLETS

Antenna 1

Frequency wide band

Complementary to the setup 
developed by LNE-CETIAT

Antenna 2
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3. SOLID BIOFUELS : MOISTURE IN WOOD PELLETS

3.2 CONCEPTION OF A RECTANGULAR PATCH ANTENNA

L 35 mm

W 29,2 mm

εr
3,4

Substrate thickness 5 mm

Position of coaxial probe 9,5 mm

The patch caracteristics
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3.3 STUDIES OF THE HOPPER SYSTEM : FIRST MEASUREMENTS

ε𝒘𝒐𝒐𝒅 𝒑𝒆𝒍𝒍𝒆𝒕𝒔

𝜺𝒗𝒂𝒄𝒖𝒖𝒎

ε𝒘𝒂𝒕𝒆𝒓

System measurements with vacuum and wood pellets

Transmission measurements (T ) of the system with :
• Hopper with w.p.  𝑻𝒘.𝒑. (dB) 

• Empty hopper 𝑻𝒗𝒂𝒄𝒖𝒖𝒎 (dB)

3. SOLID BIOFUELS : MOISTURE IN WOOD PELLETS

𝑻𝒓 = 𝑻𝒘.𝒑.− 𝑻𝒗𝒂𝒄𝒖𝒖𝒎(𝒅𝑩)

𝒅𝒘.𝒑. : density of wood pellets

𝑴𝒆𝒕𝒕𝒍𝒆𝒓 𝑻𝒐𝒍𝒆𝒅𝒐
𝑯𝑩𝟒𝟑

Setting : 1H, 130°C

𝑴𝑪𝒘.𝒑 (%) : Moisture Content of 

wood pellets (w.p.)
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Measurement of the vacuum system

3. SOLID BIOFUELS : MOISTURE IN WOOD PELLETS

𝒇 𝒓∶𝟐,𝟓𝑮𝑯𝒛

Measurement of the wood pellets in the system

3.3 STUDIES OF THE HOPPER SYSTEM : FIRST MEASUREMENTS
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Results of 𝑻𝒓 of wood pellets
at 2050 MHz

3. SOLID BIOFUELS : MOISTURE IN WOOD PELLETS

Measurement of the wood pellets in the system

3.3 STUDIES OF THE HOPPER SYSTEM : FIRST MEASUREMENTS

𝑻𝒓 = 𝑻𝒘.𝒑.− 𝑻𝒗𝒂𝒄𝒖𝒖𝒎(𝒅𝑩)
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3. SOLID BIOFUELS : MOISTURE IN WOOD PELLETS

Measurements repeatability 

 Detection and analysis of peaks/ frequencies areas where 
the moisture content can be differentiating

Next step: Confirmation of experimental approach with simulation

 Permittivity measurements of wood pellet …
Statistical approach: several samples
Higher sample holder dimensions 

3.4 KEY OBSERVATIONS
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CONCLUSION

LIQUID BIOFUEL  Dielectric characterization: 
- Ethanol
- Biodiesel (Tubitak)
- Mixtures 

 Moisture Content  and impurities detection: Proof of Concept

SOLID BIOFUELS  Preliminary study of a new setup to characterize MC in wood pellets

 To do: Dielectric characterization of wood pellets

EXTRA APPLICATION:
LIQUID AGRO MATERIAL  Dielectric characterization of Honey: MC detection 



20

CONCLUSION

Thank you for your attention


