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Why are we introducing guidelines?

- Reducing emissions in general for wood stoves
 Sharing of knowledge from European research projects

- Balance between design and combustion

Source: Danish Technological Institute
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Main emissions categories to minimize
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Measures to reduce emissions

Primary

measures

Secondary
measures

Low

emissions
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Primary design measures

PRIMARY MEASURES |

|

1

Fuel

Furnace Construction

1
Control Systems \

fuel properties
(elemental comp.,
water c., ash melt.)

burning chamber
(size, geometry,
insulation)

fuel feeding

fuel preparation
(size, compaction,
additives, fuel mix)

air supply
(turbulence, air

staging, preheating)

(amount, cycle,
power control)

air supply

feeding
(manual/automatic
batch/continuous)

fuel bed
(grate design,
cooling, ash slider)

(amount, ratio
prim./sec. air)

combustion control

(lambda probe,
CO sensor) /

Source: http://task32.ieabioenergy.com/iea-publications/events/workshop-highly-efficient-clean-wood-log-stoves-berlin-november-2015/
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Definition of terminology regarding airflows

Flue gas

Window
purge air

Secondary
air

Primary

Source: Danish Technological Institute
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Combustion chamber optimization

Source: Danish Technological Institute

| Temperature
\

Ecodesign or better
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Temperatures

» Things to consider
 Refractory lining in the combustion chamber

+ Shape and size of combustion chamber

« Material and isolation of the door as well as size of
window and its radiation coefficient or
alternatively coated glasses or double/triple
windows with air gap between

« Windows should be of moderate size

Source: Danish Technological Institute
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Residence time

« Sufficient residence time is needed and is
influenced by the following parameters

« Gas volume flow
* Distribution of flue gas over combustion chamber

« Distribution of air

+ Height of the combustion chamber

Source: Danish Technological Institute
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Turbulence or mixing of flue gasses

- Distribution of window purge air
 Direction and geometry of additional air
* Velocities of flue gas and combustion air

« Geometry of main as well as post combustion
chamber

- Geometry of deflection plate and the use of
baffles in"post combustion chamber.

« Avoidance of leakage streams (sealing)

« Avoidance of short-circuiting of the flue gas
stream

« Groved surfaces

Source: Danish Technological Institute
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Geometry of combustion chamber

,»\ Flue gas socket (8)

—_—

Post-combustion chamber {7) =
) Baffle (6)

Window purge air (3)
Main-combustion chamber (5)

Secondary air (4)

-
N
-

Combustion air supply {1)

&) Flue gas

=D Combustion air Primary air (2)

Source: http://www.tfz.bayern.de/mam/cms08/en/dateien/stoves2020-
guidelines low emission concepts.pdf

High and slim geometry improves flame dispersion and
result in more homogeneous residence pattern of pyrolysis
gases in the hot zone.

Should be dimensioned according to the desired effect
No glass side panes
No or limited radius or angel on front glass

Well isolated chamber and stable and high temperatures in
the combustion chamber is important.

Airtight door and system

Grooved surface pattern to obtain local turbulence and
reduce elementary carbon emission


http://www.tfz.bayern.de/mam/cms08/en/dateien/stoves2020-guidelines_low_emission_concepts.pdf
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Air supply and air staging

fjl F\ Flue gas socket (8)

Post-combustion chamber {7)
Beffle (6)

Window purge arr (3)
Main-combustion chamber (5)

Secondary air (4)

-
"

Combustion air supply (1)

&) Flue gas

=D Combustion air Primary air (2)

Source: http://www.tfz.bayern.de/mam/cms08/en/dateien/stoves2020-
guidelines low emission concepts.pdf

Air staging should result in equally distributed fuel
decomposition and charcoal burnout as well as almost gas
phase burn out by introducing different airflows

Minimum primary air and window purge air

Primary air should not be preheated whereas air streams to
secondary combustion chamber should be pre-heated.

Precaution about window purge air secondary air nozzles
functioning as primary air

Secondary air should be applied in multiple levels


http://www.tfz.bayern.de/mam/cms08/en/dateien/stoves2020-guidelines_low_emission_concepts.pdf
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Computational Fluid Dynamics - CFD

 Velocities and temperatures of the
combustion air

« Convective air and flue gas

 Path lines and flue gas

« CO and O, concentrations in the flue gas
- Material and surface temperatures

« Heat transfer

- Efficiency

 Pressure losses

. o Basic geometry Optimised geometry

flue gas exit g

entrance of
, window

~ purge air
exit of
combustion
chamber

combustion
chamber

better

600

550

! 450
isolation

[
1} ' ._~7
| o I
- R of ' "lf wood logs—"

200 -1 12 .
150 ! F

| ————
100 — H
50
0

Source: http://www.tfz.bayern.de/mam/cms08/en/dateien/stoves2020-

guidelines automated control systems.pdf
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Reduced impact from user behavior

* QUG or improved information

- Automated control systems

. Preparation & ignition

Clean and open the grate and empty the ash box
Crosswise placement of four frewood peeces (2 layers ) on
09 of shawnge() layers) on e grate {Bottom up ignition )
Fo 14Fg Q)

» Lengh of frewmcod 25 om

Use only dry and natural frewcod - ot lnast 1 year siored
»  Jlayen havings, crosewiee placed - total 0.6 Mg

» 1 laper 2 Srewood peces. sach 036 kg

w2 layer 2 Srewood preces, sach .05 kg

» Whole mass of e igniion batoh has to be 2.0 hg (Fig 1)
At indet Nap settmgs 104 ignition:

» Bypase foamed ceramic. Ay cpen “A” (Fg. 3)

« Primary ar scpply Aty cpen “Max® (Fig &)

» Secondary s Ny cpen "Max'(Fig 4)

Ughting of starting & (placed on the grale) (Ng. 2}
Closing of combustion chamber GOOr

. Rechargmg

Recharge when flames are eadnguahing of sfen no fames
viabie, Dut endugh rebad is avalable

After e 1" batch: (Fig 5)

» Fowwood: 2 pleces, sach 1.8 kg Total mass 2.0 kg
At Be 5™ batch (Fig 6)

« Foewood 1 plece Tots mass 1.0 kg

Pacement acoordng 10 Fig 6§ - only paralel 10 e window
Al indet Nap settngs:

» Bypass foamed ceramic. closed ‘2° (Fig 7)

= Pomary ar spply reduced 1 Min (Fg &)

» Secondary ar tseduted 10 S0 N Fg )

.
i

Fgus Fogumt

=l

Fgwe ) Fomi Fgmd

. Fmishing heating operation

When fames are edngushed and when the treted § not

gowing any mere (Fig 7)

» Close air mlet flaps (Fig. §) for avosdance of heat
oeses

» Pomary ar scpply. cosed “Me” (Fig 8)

» Secondary ar closed "M (Fig ¥)

LTI . .
.n

Fogwe? Fomi Fogmb

QUQ from BeReal project

Source: http://www.bereal-

project.€u/uploads/1737479/13495461/13.40 the firewood meth

od Z2.pdf


http://www.bereal-project.eu/uploads/1/3/4/9/13495461/13.40_the_firewood_method_2.pdf
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Automated Control Systems

Advantages with both integrated automatic control
systems and retrofit solutions are

Reduced user influence

Reactions to changes throughout the batch
Reducing emission in real life operation
Increase thermal efficiency

Increase operation comfort

Reduce standing losses

Source: http://www.tfz.bayern.de/mam/cms08/en/dateien/stoves2020-

guidelines automated control systems.pdf
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Types of Automated Control Systems

« Thermo-mechanically operated air flaps

1 Oxygen sensor
Temperature sensor

- Electronic sensor driven automatic control concept

 Flue gas temperature measurements in combustion chamber
« Oxygen measurement in exhaust gas

- Combined temperature and oxygen measurements

- Stoves add-ons and retrofit systems

« Chimney draught stabilizer and flue gas fans
 Air and flue gas flaps

* Electronic air distribution system

8 Air box air inlet

IHS Airbox &

—
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Sensors available

Temperature sensors
« The cheapest solution, also being quite robust, is thermocouples

Gas sensors

« Oxygen - lambda probes

 CO,sensors

« CO - normally detects CO and hydrocarbons.

- Combination sensors for oxygen and unburnt components.

Pressure sensors

Other sensors of interest
« Recognizing flames
« Recognizing door opening
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Secondary measures
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Catalysts

- Efficiency as catalyst has been seen to be very good for
« CO reduction between 90%
* 50-70% of HC's depending on the starting point for the stove

« No or limited effect documented with regards to PM/PN

« Challenges with applying an integrated catalyst in the wood stoves are
 Flow resistance which can cause insufficient air flow
 Flue gas backflow

- Degradation
« From very server within a few weeks’ time, to almost no during long time or application

 Pressure drop varies from a few Pa to double digit number.
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Electrostatic precipitators

 High efficiency reached 80-95 %

- Both PM and PN \ ¢
 Reduction potential for Black Carbon L8

* No effect with regards to CO, HC, NOX

» Challenges applying an ESP in connection with wood stoves are
+ Expected lifetime and maintenance cost
+ Cleaning of the filter
 Cost of the filter itself

. “
s jJ.

IA(
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Summary

- The most important aspects of stove development

The three T's

R0
- Time, temperature and Turbulence /‘!\/\/'\

Geometry of the combustion chamber

'\‘ . -

—_——

Air supply and air staging

GRAN @ RAT ANPRER RVEANICNANIC
BE SELEMTED) INETISIONYE

A0 'S JGICI-AN S

Reduction of the user influence on the combustion - Automated systems

Source: Danish Technological Institute
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Final report

* Will be publised on
* http://task32.ieabioenergy.com/
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Thank‘you

Morten'Gottlieb Warming-jespersen, Directorn
Mgjn@adti.dkg+45 72202797




