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Outline

» University of Applied Science of Western Switzerland
* The problems of biomass use for district heating

» Sensor principle

» Early results

» Future perspectives
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Main R&D activities

Fluid mechanics and energy conversion systems Lab, Geneva
— Building design, simulation, HVAC systems
— Aérodynamics of sports.
— Renewable energies
— Thermodynamical cycles

Thermal Engineering Institute, Yverdon
— Phase change materials and ice slurries (IEA working group)
— Magnetic cooling
— Combustion
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Participation to Shell Eco-Marathon race

— 15 et 16 mai 2004 —
Circuit de Nogaro

‘PRIX DU DESIGN*
2éme Prix

2004: 123.4 km with 0.1 litre of benzine
2005: Use of biobenzine
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Equipments

Soufflerie subsonique Soufflerie supersonique

2 veines de mesure © 2.0x%1.5 7 vitesse de 280 [kmik] . X
3.4 x 3.4 [m7 vitesse de 150 [km] “Weine demesure de 012 x 0.08 [mZ] vitesse de 3000 [kmh]

Lugeurs

Entrainement des lugeurs de I équipe de France
i pour e jeus O hympique
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Industrial burner/boiler test rig

270 kW steam
boiler
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EU report (2003): the share of renewable energy
Currently implemented policies will probably
result in a share of between 18% and 19%
RES-E share in 2010 — current national policies vs. practicable scenario
EU-15 national policies - O Biogas
Electricity 2010 18,3% EU-15 Policy Scenario - Electricity 2010
22 1% @ Solid biomass
’ mEBiowaste
| Geothermal electricity
@ Hydro large-scale
O Hydro small-scale
O FPhotovoltaics
0O Solar thermal electricity
W Tide & wawe
m'Wind onshore
mWind offshore
7’; = Directorate general for Energy and Transport Information - Communication
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EU report: the share of renewable energy in the EU

¥
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Estimation of the Biomass electricity trend and
comparison with the 22% objective (TWh)

100 ulfiled

E==22% objective

—e—Curment trend

0 + t } t t t
1997 1998 1899 2000 2001 2002 2010

v' 2010 target will only be

achieved if biomass
contributes 40% to it.
Biomass electricity will need
to grow by 18%/year
compared to 7% during the
past 7 years.

v Additional need of around 32

Mtoe — indicative figure on the
biomass availability for
energy purposes at EU15
level is 150 Mtoe (additional
32 Mtoe for EU10).

7( Directorate general for Energy and Transport Information - Communication
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Example: French potential of renewables
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Example: German potential of renewables
H Achieved potential / Existing plant B Additional potential / New plant
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Factors limiting the increase of biomass for heating
+ Availability of the biomass
» Storage
* Investment costs
* Variability of the fuel
— Moisture
— Size distribution
— Composition
* Reliability — frequent unwanted stops
=» Economics very much depending on operating variables
= Need for better monitoring & control of the combustion e.g.
excess air, primary/secondary air, CO
= Need for low cost sensors usable on 300 kWt, — 3 MW,, boilers
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Result of turbulence

Flame signatures (variable with
burner parameters)

Flame sensors

Signals T

Amplitude

Time Frequency

v

Correlation with performance

Optimum
_ To control unit

-«<

performance

Control signal
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« Neuroflame » sensor

Price target: 100-500 Euros
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Example of raw signal
: : U sensor : ‘ Fourier transform
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GaP sensor responses
02 (Typ. Ta=25"C)
absolute spectral responsivity g
S abs OH % 015 CH |
m AW >
meg : = E
A T =
1E+1 T / . = g
I o
1E+0 e + =
L §
I o
\
1E-2 600 80
200 250 300 350 400 450
WAVELENGTH (nm)
EPD 365-0/2,5 G1962
e i g

Clean Air 05 ::: JBM June 05 16/ 39




Dyadic time filtering process

/

9 frequeﬁcy bands — 0 to 3000 Hz
A
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Preventive maintenance scheme

- Signal/noise ratio

* Monitor deviation from the norm and provide alerts
« Distance is correlated to excess air variation

lib
___calibration curve
2 == +/-2 std. dev.
K =
Lw ——
£ = ——
o C
o5
O > —
s =
5 g / T
B Instant measurement
Frequency bands
. 1 2 3 4 5 6 7 8 9
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* Record « good » flame signature for 10 minutes at constant load
- 9 wavelet coefficients corresponding to 9 frequency bands
- Average and Standard deviation
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Sensor response to step changes in excess air

Forced-draught diffusion burner, 0, % - I

180 kW I

trained for 15% excess air. I

N
Alert1(b) #/\.
Alert2 (r) | i e e
| les (1
Dist (g) " | Samples (1 per 6 s)
g
it W -

samples (1 per 6s)

Samples (1 per 6 s)
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Muller AG — Boiler schematic

» Suitable for variety of wood and wood wastes — variable moisture
content - 80 to 1300 kW

e Turn-down 30%

de chaleur & frois timges

Grande porte de la chaudiére

G étrie de la
de combustion variabie

Ci de l'air de

Grille mobile

Evacuation aufomaligue
des cendres

Amanée du
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Wood chips and bark
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Sensor placement — first trials
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Initial results

« Signature frequencies much lower than with forced draught burners
* Reproducible results with UV sensor

Power Spectrum Magnitude (dB)

1
50 100 150 200 250
Frequency
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Furnace from the back
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Conclusions

* Method already proven and partially implemented in
industrial oil burner controllers

* Low cost and direct monitoring of excess air variation

* Potentially easy to implement on wood-fired boilers with
some improvements needed

» Single sensor for flame detection and flame quality
* Mesures through the flame — not in the flue
— Fast response (200 ms.)
— Potential for air adjustment along the grid
* Long life time without drift
* Very suitable for preventive maintenance
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