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Energy wood in Switzerland - Trends
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[1]  Jahrbuch Wald und Holz 2013, BAFU

Urban waste wood

Wood chips

Wood pellets

Log wood

1.  Log wood is decreasing
2.  Wood pellets are increasing but on a low level
3.  Focus is on wood chips combustion > 500 kW
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Energy wood in Switzerland - Potential

today: 4.3% of end energy, mainly for buildings and CH

potential: > 7%     (plus 65% of today = target)
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Opportunities for renewable energies

Exergy 
content

fluctuating (–)

storable / on-demand  (+)

Wind power 100% –

Solar power 100% –

Solar heat 15% –

Ambient heat 0% +

Biomass heat & power 100% +
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Needs for CO2-neutral energy

1.  Buildings low exergy (< 10%) è heat pumps + solar heat
       è need for heat-on-demand: biomass!

2.  Electricity      PV (1000 h/a) and wind (2000 h/a & import)
        è need for power-on-demand: biomass!

3.  Process heat 12.4 % of end energy (wood = 7% total = 55%)
è temperatures > 200°C by biomass or electr.

4.  Mobility    need for "power-on-demand" and high energy density: 
   è  electricity (all renewables) and/or biofuels
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Mobility: 
 

CO2-Mitigation per 1 kWh Renewable Electricity 
for Substitution of Fossile Energy in Different Sectors
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[K. Boulouchos, 14. Holzenergie-Symposium, ETH
Zurich, 16.9.16, www.holzenergie-symposium.ch]

Mobility       Residential heat                     Elektricity                        
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Stove

Tiba/Wodtke
(MOMO)

Liebi LNC

Boiler

Log wood for residential heating  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Challenge of log wood: Batch process: VOC, COC, Soot
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CaCO3  

u > 0.1 m/s 

Ash 
CaCO3 

> 1–10 µm 

Evaporation 
Entrainment 

 G  a  s       p  h  a  s  e       p  o  l  l  u  t  a  n  t  s     S o l i d    P a r t i c u l a t e    M a t t e r 
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NOX 

Secondary 
Tars 

>700°C 

PAH 

T > 800°C T < 800°C 
O2 = 0 

–H2  

Soot 

< 100 nm 

+O2 +O2 

Evaporation 

Nucleation 

Coagulation 

KCl, K2SO4  
oxides 

< 100 nm 

T > 800° 

Condensation 

K+, Na+, Cl–, SO4
2–, 

OH–, CO3
2–, NO3

–  

Zn-, Mg-, Fe-, Al-oxides 
Waste: Cu, Cr, Pb, (Cd)  

Salts 

u Gas velocity, τ Residence time, </> short/long 
1 Solid-particle-path, 2 Solid-vapour-particle-path 

1  2  

COC: Condensable Organic Compounds 
VOC: Volatile Organic Compounds 
 

T: [Evans and Milne, 1987], H2: [Jess, 1996] 

Biomass 
+ Char 

u > 0.1 m/s 

> 10 µm 

Products from  
Complete  

Combustion 

Products from Incomplete Combustion  
(PIC) 

Products from  
Complete  

Combustion 

[Nussbaumer, ETH Nanopart. Conf. 2016] 
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Start-up of wood stoves: Ignition from the top

www.holzenergie.ch
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Two stage combustion (gasifier ?) in boilers - established

HovalHolz:   C H O

CO, H2, CxHy  
CO2, N2

+ Luft   mit  
λ > 1
O2 + N2 

CO2, H2O, N2

+ Luft        
mit  λ < 1
O2 + N2 
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Two stage combustion (gasifier ?) in boilers - established

Potential Improvements 
by gasification:

1. reduce pollutant emissions: 

a) start-up 

b) avoid inappropriate conditions



Verenum

Two stage combustion for log wood stoves (gasifier ?): R&D

[P. Odermatt & T. Nussbaumer, 12. Holzenergie-Symposium, 2012]

Tiba
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How about gasification?

1980's
T.B. Reed, Biomass Foundation

2016

simple, batch-wise updraft gasification
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Eta PE-K 35–90 kW

www.eta-heiztechnik.at

Pelletkessel
Two stage combustion pellet boiler - established 

Potential Improvements 
by gasification:

- reduce complexity & cost 
 
- reliability

- lifetime

Verenum
!

Automatic biomass plants e.g. for district heating (DH)

6.4 MW, AVARI Wilderswil (BE), Schmid AG
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Automatic biomass plants e.g. for district heating (DH)

+ established
+ high fuel moisture and high ash possible

– need of particle removal (ESP)
– need of heat storage due to limited load range
– fuel NOX emissions
– high investment cost

Potential 
Improvements 
by gasification
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Luft- und BrennstoffstufungConventional 
    2-stage 
Combustion                      

    Air
Staging             

  Fuel
Staging             

 NO+NH2→ N2+H2O

[T. Nussbaumer, Energy & Fuels, Vol. 17, No 6, 2003, 1510–1521]

0.5 O2+NH2→ NO

 λ = 0.7

λ >1:

 λ = 0.7

Low NOX concepts
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Air staging

[Keller & Nussbaumer, 1994]

N = 2.0%

N = 0.15%

Primary excess air
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Vyncke BrennstoffstufungConventional 
    2-stage 
Combustion                      

    Air
Staging             

  Fuel
Staging             

[Keller & Nussbaumer, 1994]

Luft-
  stufung  

   Brennstoff-   
   stufung   

1

3

2

5

4

[Fastenaekels & Nussbaumer, 2002]

   1.5 MW Pilotanlage Vyncke   
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Current project to improve load range and reduce fuel NOX: 
Multi-sector grate and flue gas recirculation

P2P1 P3

Verenum

Fuel bed model (FBM)
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  Excess air ratio: λ = 0.7        

  Heat output: Q = 1.2 MW 

  Moisture content: YM = 30% 

  Particle size: Dp = 48 mm 

  Temperature of primary air:  TPA = 320 K 
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Optimum conversion on the grate is achieved since at 80% grate length pure ash remains 

2   Increased moisture 
    (40% instead of 30%) 

2   Increased moisture 
    (40% instead of 30%) 

1   Reference Case 
     with ideal conditions  
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Solid fuel conversion is deccelarated and results in unburnt carbon 
 in the grate ash 

+	10%	Moisture	

[J. Martinez, G. Barroso]
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Boiler optimisation by CFD and PIV

Verenum

Particle Image Velocimetry (PIV)
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Co-current downdraft gasifier 1990-2000

producer
gas outlet
(tar sampling
site for rawgas)

reactor
insulation

grate

air inlet nozzles 
(6 fold)

ash

de-ash
mechanism

cyclone

gas
recirculation

fuel input
(wood chips),
air input

water basin

fuel/air
preheater
(heat 
exchanger)

How about gasification?

[mg/mn
3]

11% O2

Engine 
exhaust

Biomass 
boiler

NOX 53 220

PM 2 121

1. PM: Process internal particle reduction

2. NOX: NH3 scrubbing and lean combustion
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Updraft co-current gasifer

Bioneer-Vergaser, Kauhajoki, Finnland [VTT 2002]

How about gasification?
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Dall Energy gasifier-boiler 2 – 12 MW

[J. Dall, Dall energy (Dk) 11. Holz.-Symp. 2010]

How about gasification?
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[Nussbaumer & Oser, TBC Conf Victoria 2004 ]
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Counter-current updraft gasifier 2016

Windhager PuroWin 30 kW – 2016 for wood chips

How about gasification?

Feeding crucial  
(and fuel size?)

1 mg/m3 PM on wooch chips

Verenum

[P. Kolbitsch, Bertsch, 13. Holzenergie-
Symposium, 2014]

FBC 42 MW

42 MW Wirbelschicht
11 MWe Dampfturbine
15 t Holz pro Stunde
Fernwärme und Strom
(Wärme-Kraft-Kopplung)

ERZ Zürich Aubrugg
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[P. Kolbitsch, Bertsch, 13. Holzenergie-
Symposium, 2014]

Moving grate                            FBC

P2P1 P3

+ Flue gas recirculation
+ Grate cooling
+ ...
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Process heat for bakery by thermal oil (290°C)

[G. Weinhofer, P. Hennemann, T. Nussbaumer, in T. Nussbaumer (Ed.), 14. 
Holzenergie-Symposium, Zurich, 16.9.16, www.holzenergie-symposium.ch]

0.67 kg Mehl

0.33 kWh

0.89 kg Wheat

0.22 kg milling residues MR

0.22 kg MR Pellets = 1 kWh

1 kg Bred/
Bakery goods

0.67 kWh
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Process heat for bakery by thermal oil (290°C)

[G. Weinhofer, P. Hennemann, T. Nussbaumer, in T. Nussbaumer (Ed.), 14. 
Holzenergie-Symposium, Zurich, 16.9.16, www.holzenergie-symposium.ch]

KCO Cogeneration 
(Kohlbach)

Schafisheim: 
Total 600 Mio. CHF
10 Mio. CHF for energy plant 
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Potential of biomass gasification

1. Heat production, in future in particular process heat
– on-demand: faster load changes and broader range
– with low PM and low NOX

– at reduced cost (?)

2. Power and CHP 
– higher electrical efficiency
– on-demand: faster
– with low PM and low fuel NOX

– at reduced cost (?)

3. Syngas for biofuels: Priority 3
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2. Biomass combustion today

3. Potential of biomass gasification

4. Scenarios for biomass utilisation
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Scenarios for Heat and Power from Biomass
 Process efficiency Heat              

10°/60°
Heat               

10°/290°
1 MWe       
ORC

10 MWe    
Rankine

50 MWe    
Rankine

SNG             
+CHP IGCC

 η1  for biomass conversion 100% 100% 100% 100% 100% 66% 80%

 ηq   80% 75% 60% 50% 40% 50% w.c.: 0%

 ηe   0% 0% 15% 22% 30% 40% 55%

 Chain efficiency (Quantity) Heat              
10°/60°

Heat               
10°/290°

1 MWe       
ORC

10 MWe    
Rankine

50 MWe    
Rankine

SNG             
+CHP IGCC

 η1  * ηq Qnet 80.0% 75% 60% 50% 40% 33% 0%

 η1  * ηe Pnet 0% 0% 15% 22% 30% 26% 44%

 η1  * ηtot Qnet+Pnet 80% 75% 75% 72% 70% 59% 44%

Process chain efficiency
ηtot = η1 (ηq + ηe) 

P

Q

[T. Nussbaumer, Holz-Zentralblatt 39 (2016) 947–948] 
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Scenarios for Heat and Power from Biomass
 Process efficiency Heat              

10°/60°
Heat               

10°/290°
1 MWe       
ORC

10 MWe    
Rankine

50 MWe    
Rankine

SNG             
+CHP IGCC

 η1  for biomass conversion 100% 100% 100% 100% 100% 66% 80%

 ηq   80% 75% 60% 50% 40% 50% w.c.: 0%

 ηe   0% 0% 15% 22% 30% 40% 55%

 Chain efficiency (Quantity) Heat              
10°/60°

Heat               
10°/290°

1 MWe       
ORC

10 MWe    
Rankine

50 MWe    
Rankine

SNG             
+CHP IGCC

 η1  * ηq Qnet 80.0% 75% 60% 50% 40% 33% 0%

 η1  * ηe Pnet 0% 0% 15% 22% 30% 26% 44%

 η1  * ηtot Qnet+Pnet 80% 75% 75% 72% 70% 59% 44%

 Evaluation by EnV f [–]  Evaluation by EnV Heat              
10°/60°

Heat               
10°/290°

1 MWe       
ORC

10 MWe    
Rankine

50 MWe    
Rankine

SNG             
+CHP IGCC

 Q  (Heat)   100%  fq,EnV Qnet 80% 75% 60% 50% 40% 33% 0%

 P  (Power, Electricity) 175%  fe,EnV Pnet 0% 0% 26% 39% 53% 46% 77%

 fe,EnV  ≥ 70% Qnet+Pnet 80% 75% 86% 89% 93% 79% 77%

 Exergy °C

 Tambient 10 ηC  Exergetic efficiency (Quality) Heat              
10°/60°

Heat               
10°/290°

1 MWe       
ORC

10 MWe    
Rankine

50 MWe    
Rankine

SNG             
+CHP IGCC

 Tq - warm water 60 15%  ηq,ex QCarnot 12% 37% 9% 8% 6% 5% 0%

 Tq - bakery 290 50%  ηe,ex P 0% 0% 15% 22% 30% 26% 44%

 Electricity / Power 100%  ηex QCarnot+P 12% 37% 24% 30% 36% 31% 44%

[T. Nussbaumer, Biomass for Swiss Energy Future 
Conference 2016, Brugg, 7 September 2016] 



Verenum

Scenarios for Heat and Power from Biomass

Rating by EnV
fEnV = η1 (ηq + 1.75 ηe) 

P

Q

Ranking today

[T. Nussbaumer, Holz-Zentralblatt 39 (2016) 947–948] 
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Scenarios for Heat and Power from Biomass

Rating by EnV
fEnV = η1 (ηq + 1.75 ηe) 
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Q
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Scenarios for Heat and Power from Biomass

Exergetic efficiency
ηex = η1 (ηqηC + ηe) 

Heat 10°/60°:     ηC = 15%  
(Heat 10°/290°:   ηC = 50%)  

P

Q

Ranking future

[T. Nussbaumer, Holz-Zentralblatt 39 (2016) 947–948] 
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Conclusions 1. Particle formation 
 

 1    Biomass combustion is established

– for heat at reasonable cost but with PM and NOX

– for CHP with low electrical efficiency and at high cost

 2    Biomass gasification exhibits a potential

– for heat with faster operation and low PM and NOX

– for CHP with higher electrical efficiency and at lower cost

 3    Gasification exhibits a gap between the claim and the reality 

 – Advantages (PM, NOX, el. efficiency) have been demonstrated 

 – Costs and complexity are claimed to be low (TRUE or FALSE ?) 

 – Reliability is claimed to be high (TRUE or FALSE ?) 
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