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Activities of Industrial Bioenergy Systems team www.heig-vd.ch

Core competences and laboratory installations for applied
research projects and industrial contracts:

> combustion, biogas, torrefaction and characterization
of biomass

Activities In Torrefaction

 Laboratory-scale torrefactor
» 5 kg/h screw electric heating, operational since 2012__

 Experimental combustion facility
« 50 kW experimental, operational since 2009

* Tests with small scale oven
» 30 kW installed burner, performed in 2012
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EU Solid biofuel market objectives www.heig-vd.ch
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Wood logging residues www.heig-vd.ch

Estimated utilization and potential

 Non used potential 50% to 80%
« Estimated potential 100 TWh/a (33 Mio to/a)

 Low price

> Niche: High potential but low volume 100
800
600 used wood logging
) residues
£=
. . . 400 ® used wood logging
Existing Installation 2l e
200
 Forrest houses
| |

 [ncinerators 0
« Compost plant
> Local, decentralized installations

sustainable
forrest use
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Characteristics of wood logging residues

www.heig-vd.ch

50%

Chemical composition

> Biggest change in humidity o

; - 40%
 Reduction of hydrogen & humidity B Wood logging residues
° i 30%
Small reduction of oxygen m Torrefied wood logging
- Small increase of carbon 0% residues
B Bitumous coal
 Constant ash content I

0%
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Physical properties, non densified
 Higher heating value + 70 to 80%

 Fewer volatiles —10to 20 %

 Lower bulk density —40 to 50 %

> Biggest change in heating value LHV [M)/kg]
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Torrefaction and Condensation

100%

www.heig-vd.ch

1 1 g after torrefaction
Efficiency normal cond. o hum < 5%
I ) o condensing mode
* (3) Humidity reduction: eff. + 15% - 30% ™ & . 1
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Heat production cost www.heig-vd.ch

Cost sensitivities \\ o //_
« 1) Important effect of efficiency \w %
- 2
- 2) Biomass %./—-“’”
« 3) Torrefaction process 1 5% ”%_BK‘;%H%, 10%
> Combustion & fuel combination [, |~ Biomass [e/kwh]
/ e fuel prep. [€/kWh]
_10% — Investment [€/kWh]
. 160% . :
Heat prOdUC'“()n COSt 1a0% biomass + prep.[%] ®m Heat production [%)]
| | M
- Torrefied residues are competitive o ] B 4 EFicency
- Consideration of integration 20% ¥ increa SR
60%
. . ; 40%
> Decentralized solutions feasible
0%
torrefied wood torrefied wood torrefied wood  untreated
chipps residues residues with wood residues
synergies
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Improvement with torrefied wood logging residues www.heig-vd.ch

Comparison Torrefied Wood Wood logging
logging residues  residues

Thermal efficiency
Condesing
demand

Potential corrosion

Emission

‘' D"
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EU Solid biofuel applications www.heig-vd.ch

Energy generation combinations

B
. ] | Biomass for heat Technologies BioHeat _ =
2 Combustion types — W e
- 3 Energy generation types Jerved | [ woor 1 budinge
o — N [Hotwater
2 Energy distribution systems — e ;g &
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grid

30000

Installed Capacity

Technology groups: installed Cap [MW]

« Main Fuel: wood chips
« Main Application: small scale, grate 15000 = |moreebols crcuaing i
> New technique & application (CHP)

5000
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Combustion unit technologies www.heig-vd.ch

~.

Circulating Fluidized Bed (CFB) | Bubbling Fluidized Bed (BFB) Grate Firing
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Combustion unit economics www.heig-vd.ch

€ 5000

Fixed O&M + |lnvest oo m fixed O&M [€/MW] investment cost [€/MW]
« Grate firing most economic 4 000

* FB: higher O&M cost 5 000

 Ash removal same (...sand)

> Grate firing for boiler operation €1ZDD L L

grate boiler  CFB&BFB grate CHP CFB&BFB CHP

boiler
Electricity production cost
* Fluidized bed more efficient Electricity production cost [€/kwh]
° Broad range grate boiler 0,04€ - 0,16€
e CFBE&EBFB boiler 0,02€- 0,16€
> Depends on specific case grate CHP 0,05€ - 0,22€
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Combustion Units www.heig-vd.ch

Comparison BFB CFB Grate firing
Fuel Range Limited Unlimited Unlimited
Small scale No No Yes
efficiency Higher Higher Lower
Total operation Higher Higher Lower
cost
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Conclusion www.heig-vd.ch

Advantages of torrefied wood logging residues
« High efficiency

* High potential for co-gen due to higher temperature

« Minimum condensation requirement

> Next step: confirm with tests

Potential application for torrefied wood logging

residues

« Small to medium scale < 20 MW: grate

 Low Combustion unit investment costs

« Low Combustion operation costs

> Depends on application, potential to improve all existing installations
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