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University of Applied Science of Western Switzerland
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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 www.cmefe.ch
— 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

Shell Eco-marathon ©

— 15 et 16 mai 2004 —
Circuit de Nogaro

“PRIX DU DESIGN*
2éme Prix

e 2004: 123.4 km with 0.1 litre of benzine
« 2005, 2006: Use of biobenzine from organic wastes
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Outline

« The problems of biomass use for district heating
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EU targets for 2010

e Double the share of renewable
energy in national gross energy
consumption from 6% to 12%

e Increase the share of green

electricity in total electricity
consumption from 13% to 21%

dec. 2005

| I
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Source: How to support renewable electricity in Europe ? — EU memo,
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Historical development of new renewable electricity generation
in the EU-25 from 1990 to 2003
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otential of renewables

Example: French

B Additional potential / New plant

m Achieved potential / Existing plant

12000 ——

T T T T T

O o o o o

S & & o o

S & &6 &6 &

S ® © ¥ «

mebmot: uononpoud |an4

I T T T T T
© o o o o o o o9
SO © O O o o o o
S &6 & & & &6 ©
S &6 & & & &6 ©
g N & ®» © I «
<~ < A

[1eaA/203)] uoijeiauab jeaH

000

, ,
(@)
[ce}

Tmo>E>> 1] :o_umgw:om A1o1309|3

i sienjolg

$10109]|09 Je|0S
sdwnd jesaH

(pub-uou) jeay ssewoig
(p1B) yeay [ewisyjo0e9

(pub) jeay ssewolg

9I0YSHO PUIAA

9J0YSUO PUIAA

SABNA @ BPIL

AjoL09)9 |ewlay) Jejos
SoIe}j0AO}OUd

9[eos-||lews 0JpAH

a|eos-ab.e| 0lpAH

ANo11109]9 |ewlay}099)
Al011109)0 9)1semolg

Ayoujoele ssewolg pl0S €—

Ayouosje seboig

9/ 35

JBM April06

INFUBOG :::



i sianjoig
o o o
o o o
o o o
© b 3
[1eak/a0))] uo

7000 ——
‘6 3000 -
© 2000 -
3 1000 -
O |

np

SJ0}09]|00 Jej0S
sdwnd jesH
(pub-uou) jeay ssewolig

(pub) yeay |ewiayjoen

B Additional potential / New plant

(7p]

(b)] 6:9 Jeay ssewoly €—
O o o

® S 8

2 SIS

() [1eaA/20)¥] uoneiauab jesH

-

)

o
= £
m a 9I0USHO PUIA

© g
— 5 810YSUuo pUIpA

c hi

) — SABN '@ 8P

- 8

@) IS Ay1011199]0 [BWLIBY) JBj0S

IS}
= .w. S2Ie]|OAOI0Yd
M Q
2 a|eos-|jews oJpAH

- 5

n_ru M o|eos-ab.e| 0IpAH

G ANoL1108]9 |eWIBY)099)

Ty AJ1011109]9 9)5EBMOI

b }011}08|8 8) 9 =

Ayouios|e ssewolg pljoS €——

m Aoios|e seboig

X I T T T i i a
n 8f8888RKec"°

10/ 35

JBM April06

INFUBOG :::

— [1eaA/yp L] uonesauab A3i1011309|3



EU report: the share of renewable energy in the EU (2004)
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Estimation of the Biomass electricity trend and
comparison with the 22% objective (TWh)
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=’ i’r: Directorate general for Energy and Transport

v 2010 target will only be
achieved if biomass
contributes 40% to it.

v 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).

Information - Communication
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Factors Iimiting the increase of biomass for heating

« Availability of the biomass in urban areas
« Storage
* |nvestment costs
 Emissions
« 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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Pellet boiler designed to retrofit oil boilers
HOVAL,
Liechtenstein
| ;MNH:}H _
"5\%’1
r?f %[l
e i g
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Outline

* University of Applied Science of Western Switzerland

« The problems of biomass use for district heating

« Sensors for biomass combustion control

 Initial results with an optical sensor for excess air control
« Conclusion and future perspectives
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Technical and economical reguirements for the sensor sxstem

* Reliability for O2 and CO/HC emisssion control

 Low cost: <1 Euro per kW as a rule of thumb

« Regulate the primary air flow through and along the fuel bed
* No or very low maintenance.

« Lifetime > 10 years.
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Lambda oEtimisation sxstem gafter Eskilsson |8|2

CO + 0OGC

02

Fuel storage

o & - -
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CO/NVOC sensor from Lamtec Escube — Carbosen 1000

-_ ~ 4 —

E {

ZrO, ceramics

Target price: 10-100 Euros
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Steinel GaZOa sensor suitable for CO and O

] h_

¢

Target price for steel made sensor (10°000/y): 40 Euros
e i g
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Example of excess air control using CO and O, signals

Source: Eskilsson [8], 13 kW pellet boiler

— Qxygen setpoint (%)
— Filtered Oxygen (%, from oxXygen sensor)

— Flltered CO (ppm, from sensor 2)
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Uni. Stuttgart sensor array for fuel moisture measurement

Yu Yuefen, R. Berger, Klaus R.G. Hein: The Moisture Estimation of Biomass Fuel: A Neural Network Based Method.
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Outline

 |nitial results with an optical sensor for excess air control
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Flame signature sensor ErinciEIe for biomass flames

Sensor signals
(OH, CH radiation)
L 1T

T

60 seconds samples

v

Signal processing:
Average, spectral power
CH/OH and CH*/OH*ratio

v v

Fuel Local fuel
identification richness

Biomass boiler

INFUBOG ::: JBM April06 22/ 35




Flame sinature sensor for gas & oil fired burners

\ Price target: 100-500 Euros

INFUBOG ::: JBM April06



02 (Typ. Ta=25 "C)
absolute spectral responsivity g
S e OH (305-320 nm) g P 'CH (432 nm)
1E+2 — E
v \ =
1E +1 \_ f-JZ’J 0.1
L
i
0
1E+0 =
A O 00
|| a
1E-1 ‘==
0
1E-2 190 400 600 80
200 250 300 350 400 450
WAVELENGTH (nm)
EPD 365-0/2,5 G1962
e 1 g

INFUBOG ::: JBM April06 24/ 35



Dxadic time filtering process
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Control scheme

* Record « good » flame signature for 10
minutes at constant load

- 9 wavelet coefficients corresponding to 9 frequency bands
- Average and Standard deviation
—> Signal/noise ratio
- Monitor deviation from the norm and provide alerts

 Distance is correlated to excess air variation

° —;< calibration curve
-dc-; — +/- 2 std. dev.
0 S
@ €
S 3 =
55
g = P
© E T .
=& Instant measurement
Frequency bands
e i g 1 2 3 4 5 6 7 8 9
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Sensor response to step changes in excess air- Gas flame

Forced-draught gas fired 0, % - /
diffusion burner, 180 kW 6 /
trained for 15% excess air. /

/\ = | ,
Alert1(b) | \ i
Alert 2 (r) |
Dist (g) // Samples (1 per 6 s)

5. /71\/ _/\\1 —

Nz N

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

» Suitable for variety of wood and wood wastes — variable moisture
content - 800 to 1300 kW

e Turn-down 30%

Echangeur de chaleur a trois tirages

)
b
Grande porte de la chaudiére

C — Géométrie de la chambre
= o ) de combustion variable

Q:s(!:lqp Circulation de I'air de combustion

a.q.¢ i

Grilfe mobile

Evacuation automatique
des cendres

Amenée du combustible
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1 MW boiler from the State of Geneva LuIIier
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Sensor Iacement — first trials
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Initial results

« Signature frequencies much lower than with forced draught burners
« Reproducible results with UV/visible sensor
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Baseline O,=8%
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Wavelet distance as a function of flue-gas oxyagen

« 200 kW Muller AG Boiler
 wood chips and saw dust
« single UV/visible sensor
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Veolia environment wood fired experimental boiler
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Conclusion and future perspectives

« Several low-cost methods are in development for biomass
combustion control:

a) Fuel: In-line moisture indication
b) Flue-gas : micro gas sensors for CO/HC and O2
c) Flame: optical indication of fuel type and excess air

* b) and c) methods already proven and partially implemented
In industrial oil burner controllers

* Low cost and direct monitoring of excess air variation
« Easy to implement on wood-fired boilers
» Optical sensor features:

— Fast response (~ 5 seconds)

— Potential for air flow adjustment along the grid
— Long life time without drift

e i g
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