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» 1. Potential and priorities to use biomass

HOCHSCHULE
V= Verenum LUZERN



Energy wood in Switzerland - Trends

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

fluctuating (-)

Exergy
content storable / on-demand (+)
Wind power 100% -
Solar power 100% -
Solar heat 15% —
Ambient heat 0% +
Biomass heat & power 100% +
HOCHSCHULE
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Needs for CO,-neutral energy

1. Buildings low exergy (< 10%) =» heat pumps + solar heat

=» need for heat-on-demand: biomass!

2. Electricity PV (1000 h/a) and wind (2000 h/a & import)

=>» need for power-on-demand: biomass!

3. Process heat 12.4 % of end energy (wood = 7% total = 55%)

=>» temperatures > 200°C by biomass or electr.

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




Mobility:

CO,-Mitigation per 1 kWh Renewable Electricity
for Substitution of Fossile Energy in Different Sectors
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v’ Hochschule Luzern
Verenum Technik & Architektur

1. Potential and priorities to use biomass
» 2. Biomass combustion today
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Log wood for residential heating

Stove Boiler

Tiba/Wodtke ' Liebi LNC

V‘ (MOMO) HOCHSCHULE
Verenum LUZERN

Challenge of log wood: Batch process: VOC, COC, Soot

| Start | stationary phase | Shut down |
Temperatur
0
CO
OC
0~ = = ‘
0 20 Oberabbrand 80 110 ir.!

HOCHSCHULE
V= Verenum LUZERN



Products from Products from Incomplete Combustion Products from

Complete (PIC) Complete
Combustion . A N Combustion
>
GasGas phase pollutants o
Biomass £
Salts o Soot coc voc co Co, || H,0 || NOy || £
* f A A 0
>10 pm <100 nm
—H, _ 0, +0,
g\ v 4
Iy I
KCI, K,SO, Ash PAH
oxides CaCo, TS T Gas phase
t || combustion _
<100 nm || >1-10 um T>800°C_  T<800°C T>550°C 2g
0,=0 o 'g =
i - ‘ 55w
+0, 55|
. CO fe ©
Condelnsahon Secondary |3700°Cl Primary 8 B é 'g
Coagulation Tars Tars 589
T 2|8
— () — > > e
Nucleation 0,=0 g 8 &
C.H, +0, +0, Oc
CO, H, |T>800°C +cOQ,
- _K_ . ,_\,a_ . Ci__ .S_é_z._ ______________ B PRSPPI Bevaitisator Byroiyais T _cl; _____ Gasifieationr 1~ L. ;%.___
) ’ ’ 4" < — | =
— 2— - [ —
OH, €O, NO;~ - CaCO, > 01 mis T>300°C + O, (Char) o
Zn-, Mg-, Fe-, Al-oxides : - z 38l >
Waste: Cu, Cr, Pb, (Cd) <4 CxHyoz 8 D g
| Evaporation T>100°C ° 2| =
H,O 2 o
Evaporation _Entrainment ;5 0 4 s 2 2= 3
2 =
' 00" K, Na, Ca, S, CI, N 3
T: [Evans aqd Milne, j987], HZ: [Jess, 1996] )
u Gas velocity, T Residence time, </> short/long COC: Condensable Organic Compounds [Nussbaumer, ETH Nanopart. Conf. 201 6]

1 Solid-particle-path, 2 Solid-vapour-particle-path  VOC: Volatile Organic Compounds

Start-up of wood stoves: Ignition from the top
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Two stage combustion (gasifier ?) in boilers - established
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Two stage combustion (gasifier ?) in boilers - established

V‘ Verenum

Potential Improvements
by gasification:

1. reduce pollutant emissions:
a) start-up

b) avoid inappropriate conditions
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Two stage combustion for log wood stoves (gasifier ?7): R&D

v‘ HOCHSCHULE
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How about gasification?

simple, batch-wise updraft gasification

1980's 2016
T.B. Reed, Biomass Foundation

179.-
Biolite Campstove mit
Flexlight und USB-Output

Biolite + Campingkocher
Art-Nr 5752516

@ nur noch 3 Stiick in unserem Lager

® GALAXUS
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Two stage combustion pellet boiler - established

Potential Improvements
by gasification:

- reduce complexity & cost
- reliability

- lifetime

V‘ Eta PE-K 35-90 kW HOCHSCHULE
Verenum LUZERN

www.eta-heiztechnik.at

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

v‘ HOCHSCHULE
Verenum 6.4 MW, AVARI Wilderswil (BE), Schmid AG LUZERN



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 NO, emissions

— high investment cost

V‘ Verenum

Conventional
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Combustion
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Air
Staging

Potential
Improvements
by gasification
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Low NOy concepts _Fuel

NO+NH,— N,+H,O

Staging
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Air staging
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Current project to

improve load range and reduce fuel NO:

Multi-sector grate and flue gas recirculation
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Fuel bed model (FBM)
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Solid fuel conversion is deccelarated and results in unburnt carbon
in the grate ash
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Boiler optimisation by CFD and PIV
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Particle Image Velocimetry (PIV)
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[mg/m.%] | Engine Biomass
1% O, exhaust boiler
NO, 53 220
fuel input,
(wood chips), PM 2 121
- air input
fuel/ai producer
preheater as outlet
heat tar sampling
exchanger) site for rawgas)
gas - reactor
recirculati insulation
€
® —air inlet nozzles
(6 fold) . . .
1. PM: Process internal particle reduction
cyclo grate
waterbasin 2. NOy: NH; scrubbing and lean combustion
ash

de-ash
mechanism
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How about gasification?
Updraft co-current gasifer

Applications:
»District heating 1 - 15 MW¢h
»Small-scale CHP 1 -3 MW,
»Drying kilns and process ovens
» Diesel power plants after

catalytic gas cleaning

UPDRAFT GASIFIER

FOR BIOMASS AND WASTES

- 5 MW District heating plant, Kauhajoki Finland

- 9 commercial plants in operation in Finland
and Sweden since 1986

HOCHSCHULE
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Bioneer-Vergaser, Kauhajoki, Finnland [VTT 2002]
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How about gasification?

Dall Energy gasifier-boiler 2 — 12 MW

Terring og pyrolyse ——
Forgasning ——

Oxidation —

V‘ Verenum

Emission

Dall Energy

Dust (mg/Nm3) 20 out of furnace !!!!

—

NOx (mg/Nm3) 175
CO (mg/Nm3)
100 % Load 15
40% Load 15
20% Load 15
|| Client Task | Status
2016 District Heating Company Engineer and prepare CHP plant Plant to be commissioned in 2017

2013

Senderborg District Heating

‘ 9 MW Dall Energy biomass plant

Plant in operation

2011

2010

| Warwick Mills, USA

Bogense District Healing

2 MW Dall Energy biomass plant

| 8 MW Dal) Energy Fumsce

Plant in operation

Plant in operation

2009

EUDP

Proof of concept Dall Energy Furnace

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

Proof of concept verified in 2010
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'Low Particle Combustion' = Updraft Gasification
# Low NOy
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How about gasification?
Counter-current updraft gasifier 2016

Feeding crucial
(and fuel size?)

<<<<<<<

1 mg/m3 PM on wooch chips

v‘ ) ) ) HOCHSCHULE
Verenum \Windhager PuroWin 30 kW — 2016 for wood chips LUZERN

FBC 42 MW

Freeboard

Fluidized
Bed

. . X
. L

42 MW Wirbelschicht

11 MWe Dampfturbine ' j Ash grate l\
151 HOIZ pro Stunde Classifier Ash Ash
Fernwarme und Strom

(Wérme-Kraft-Kopplung) [P. Kolbitsch, Bertsch, 13. Holzenergie-

Symposium, 2014]
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Moving grate FBC

+ Flue gas recirculation
+ Grate cooling

+ ...

Freeboard
Sand recycling

Fluidized
Bed

Nozzles

Hopper

Classifier Ash

[P. Kolbitsch, Bertsch, 13. Holzenergie-
Symposium, 2014]
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Process heat for bakery by thermal oil (290°C)

1 kg Bred/
Bakery goods

0.67 kg Mehl

0.22 kg MR Pellets = 1 kWh

r’ [G. Weinhofer, P. Hennemann, T. Nussbaumer, in T. Nussbaumer (Ed.), 14.
Verenum Holzenergie-Symposium, Zurich, 16.9.16, www.holzenergie-symposium.ch]



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

KCO Cogeneration

(Kohlbach) o
Schafisheim: m i
Total 600 Mio. CHF

10 Mio. CHF for energy plant
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r’ [G. Weinhofer, P. Hennemann, T. Nussbaumer, in T. Nussbaumer (Ed.), 14.
Verenum Holzenergie-Symposium, Zurich, 16.9.16, www.holzenergie-symposium.ch]

1. Potential and priorities to use biomass
2. Biomass combustion today

» 3. Potential of biomass gasification
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1. Heat production, in future in particular process heat
— on-demand: faster load changes and broader range
— with low PM and low NO,

— at reduced cost (?)

2. Power and CHP as o
40 . IGCC _HA == Gasification
— higher electrical efficiency g SRS R
= ,
— on-demand: faster g mp=" 71 = SteamCHP
20 —
_with low PM and low fuel NO, ~ S{ =
10 =
"
— at reduced cost (?) : |
0.1 1 5 25
MW,
3. Syngas for biofuels: Priority 3
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1. Potential and priorities to use biomass
2. Biomass combustion today
3. Potential of biomass gasification

» 4. Scenarios for biomass utilisation
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Process chain efficiency

Niot =M1 (Mg + Ne)
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A Heat Heat 1MWe | 10 MWe | 50 MWe SNG
Process efficiency 10°/60° | 10%/200° | ORC | Rankine | Rankine | +CcHp | 'GCC
M4 for biomass conversion 100% 100% 100% 100% 100% 66% 80%
Nq 80%j 75%] 60%j 50% 40%) 50%| w.c.:0%
Ne 0% 0% 15%) 22%) 30%] 40%) 55%
n A n Heat Heat 1MWe | 10 MWe | 50 MWe SNG
Chain efficiency (Quantity) | y5050° | 10°9200° | ORC | Rankine | Rankine | +CHP | 'GCC
N1+ Mg Qret 80.0% 75%) 60%] 50%j 40%) 33%) 0%
Ny +Ne Pret 0% 0% 15%) 22%) 30%) 26% 44%)
N4 * Niot Quet+Pret 80%) 75%) 75%) 72%) 70%) 59%) 44%)
80.0% -
70.0% TR T T
60.0%
50.0%
40.0% 1 F m 1 5 - g
30.0% . F = 7 3 1 =
20.0%
10.0%
O T . — == —
Heat Heat 1MWe 10MWe 50MWe SNG IGCC
10°/60°  10°/290° ORC Rankine  Rankine +CHP
HOCHSCHULE
[T. Nussbaumer, Holz-Zentralblatt 39 (2016) 947-948] LUZERN

Scenarios for Heat and Power from Biomass

Scenarios for Heat and Power from Biomass

M4 for biomass conversion 100%) 100%) 100%) 100%) 100%| 66% 80%
Ng 80%) 75%) 60% 50% 40% 50%| w.c.: 0%
Ne 0% 0% 15%) 22%) 30%) 40%) 55%
Chain efficiency (Quantity) 1::52;0 10':;3;;(00 1°MFI‘Vée ;igrln\f(‘i’:IrZ Fslgrln\f(ﬁz _'_schﬁ, IGCC
N1+ Ng Qret 80.0% 75%) 60%) 50%) 40%) 33%) 0%)
Ny +Ne Pret 0% 0% 15% 22%) 30% 26% 44%
N1 * Mot QuertPret 80%  75%  75% ~ 72%  70%  59%  44%
Evaluation by EnV fl-] Evaluation by EnV 1;‘52& 10E,Zélgtoa 10NFI,Vée ;grm’zz ggm’::z fgﬁ, IGCC
Q (Heat) 100% fo.Env Qret 80%  75%  60% ~ 50%  40%  33% 0%
P (Power, Electricity) 175% fo,env Pret 0% 0%  26%  89%  53%  46% 77%
foeny =70% Quet+Pret 80%  75%  86%  89%  93% = 79%  77%
Exergy °C
eansistem 10 Nc Exergetic efficiency (Quality) 1;'5280 10':!72?00 10IVFI‘Vée g!grlmvll(‘il‘rlrz ggrlrvll(\i,:,; fgﬁ, IGCC
Tq-wamwater | 60 15% Ng.ex Qcarnot 12%|  37% 9% 8% 6% 5% 0%
T =lasesy 290 50% Ne,ex P 0% 0%  15%|  22%  30% = 26%  44%
Electricity / Power 100% MNex Qcarnot+P 12%) 37% 24%) 30%) 36%) 31%) 44%)
v‘ [T. Nussbaumer, Biomass for Swiss Energy Future HOCHSCHULE
Verenum Conference 2016, Brugg, 7 September 2016] LUZERN



Ranking today

Rating by EnV
fenv =M1 (T]q +1.75n,)

i

Heat 1 MWe 10 MWe 50 MWe SNG IGCC
10°/60°  10°/290° ORC Rankine  Rankine +CHP

v‘ HOCHSCHULE
Verenum [T. Nussbaumer, Holz-Zentralblatt 39 (2016) 947-948] LUZERN

Ranking today

Heat losses for DH
Power-on-demand
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Rating by EnV
fenv =M1 (T]q +1.75n,)

Losses control+DH

Heat Heat 1MWe 10MWe 50 MWe SNG IGCC

10°/60°  10°/290°  ORC Rankine  Rankine  +CHP
Operation h/a 2000 5000 2000 | 5-8000
mode HoD Base load CHP PoD | Base P

r’ HOCHSCHULE
Verenum HoD Heat on Demand - PoD Power on Demand LUZERN




Ranking future
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1. Potential and priorities to use biomass
2. Biomass combustion today
3. Potential of biomass gasification

4. Scenarios for biomass utilisation

» 5. Conclusions
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1 Biomass combustion is established
— for heat at reasonable cost but with PM and NOy

— 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 NOy

— for CHP with higher electrical efficiency and at lower cost

3 Gasification exhibits a gap between the claim and the reality
— Advantages (PM, NO,, 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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