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The project

Development of next generation and clean wood stoves (“Wood Stoves 20207)
Duration: 08/2014 till 07/2017

Total project costs: 960,000 €
Eranet Programme: 7t joint call for research and development proposals.

= Partners from Germany

- Technology and Support Centre of Renewable TFZQ
Raw Materials, TFZ (Coordinator)
- Kutzner+Weber GmbH mlﬁm
= Partners from Austria W_ §‘
- BIOS Bioenergiesysteme GmbH
- Rika Ofentechnik GmbH YRIKA

= Partners from Sweden Rl
- RISE Research Institutes of Sweden (formerly SP) SE

- Nibe AB NIRE
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The comprehensive “Wood Stove 2020”-approach

Flue gas sensors and evaluation

RISE

Efficinency increase and
heat storage via PCM
- BIOS

Integrated medium or high
temperature catalysts

- RISE

- BIOS

Sensor-based integrated
combustion air control

- BIOS

- NIBE AB

W

ﬁ%& - TFZ

Heat losses through chimney

T//-TFZ

Retrofit combustion air control
and draught stabilizers

T

Source: TFZ
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Project webpage downloads

Three jointly elaborated guidelines:

» Guidelines for optimized stove concepts

» Guidelines for automated control systems for
stoves

» Guidelines for heat storage units based on
Phase Change Materials (PCM

» Technical reports (in presentation format
» Links to several publications

» Comprehensive final report

» All presentations from EUBCE-workshop

Download link at project webpage:
www.tfz.bayern.de/en/162907/index.php

Background

Small-scale biomass combustion is one of the most relevant kioenergy applications tos
by EU-wide and national messures to promote the utilisation of biomass for energy production

the European market for biomass based residential hesting systems is expectsd o substantially
130% untl 2020 (based on 2008). Regarding the installed units stoves show

adily increasing numi

aliation of almost 2,200,

in Europe. According to market studies 3 potential
stowes (logwoed and pellet stoves) s foresasted for

Europe in 2020.
This additionsl potential for gy production will of ibute to a reduction

of the EU's greenhouse gas emissions, however, itis alsa well known that among the difierent
residential biomass combustion technologies logood stoves show the highest CO. GGC and
fine pariiculste matter (PM) emissions. Sut at the same fime it had also been shown in a previous
"n)=c[|ERA -NET FutureBioTac in 2008) that by application of advanced combustion concapts
and modem design tools significant emission reductions can be achieved. even compared with
St ot biars Sives (807 for CO. 85% for GG and 359 regarding PM). The Stove202.
projact directly ties in with the these results and sims at the development of innovative measures
and technologies in order to further reduce emissions from woed stoves. to incresse their thermal
afficiency and ta expand their fisid of application from solely single room heating to cantral
neating. The latter could especially be of relevance for future apglications in low energy b

Objectives

The project aims ata cur'\prehi'lswe \mprDvEmEnl oflog wood stoves. Regarding emissions and the fusl consumgtion the technologies
used zh: ptimized cansidaratly. Thereby the project focus lies not only on the fumace technalogy itsel, but rather on the whols
system, This means aso techral mprowzments regarding automatic comiustion air contral, heat storage. chimney draught cantral
and minimization of user influgnce and standing lossas. As 2 resuh there snculd be new approaches for mare e¥fectiv systam
integration of highly effisient and clean log wood stoves.

WWith the new technologies developed in the project an emission reduction between 50 and 50
range sbove B0% i tametad. If in fuwre all newly installed wood stoves in Eurape woud be &g
PM emission reduction of 80 - 0% could be achieved.

and an inorease of the eficinies in a
5 with these new technologies.

Project content and work plan

Automated process control for stoves

« Idantification of sensors for relevant flue gas componants and possible sther parameters avaizble or close to market introduction, and
prefiminary assessment of their applicabilty for process control in stoves

- Evaluation of the feasibility of selected sensors for process control in staves in tarms of measured paramesers, signal charactenistics,
resistance to thermal, mechanical and chemical stresses eto

~ Elaboration, implemantation and validation of control algarthms for integrated systems sdzpted to three advanced wood stoves

- Dievelopment, implementation and validation of a universal retrofit contral system

Measures for emission reduction
- Evaluation of the potential cf opilmlzad stove geametrias and nows! ai staging strtegies

- Dievelopment of = concept for cata! for efizctive emission reduction from stove:
- Evaluation of tha PM reduction poiermal of caramic fiter insents in practise

Increasing efficiency and applicability
- Development and integration of a heat storage system based on phase change materials (PCM)
- Evaluation of novel concepts for prevention of standing losses for ncrassed system effciency

- Evaluation of sdvanced drsit stabilisation cancepts for increased effciency

Testing and evaluation of the technologies developed
- Prowsion of common test rules by defining sound nd reproducible methods and test plans
- Quantiying the effects of the improved stoves and system components regarding emission

ction and efficiency increase

Elaboration and dissemination of guidelines for the design of future low emission stoves and for the retrofit of old stoves
- Prowsion of 2 user friendly compendium for wood stove systems developers or promoters which compiles all recommendations.
derived from the technological achievements

- Dissemination of the project results and the achizvable improvements.

Results / Downloads / Links
»Results har

hibition with

erlands (

roceedings p.646 I

Guidelines

» Guidelines for optimized stove concapts
> Guidelines for automatad control systems for stoves
> Guidelines for heat storage units based on Phase Change Materials (PCH)

Final project workshop

workshop s s
Wood Stoves 2020

held along
- Towards high ficiency =

@ Europea 255 Conference and E
ind low emissions =»

Partner Information
Project coordination: Technology and Support Centre (TFZ), Straubing (Germany)

Germar, funding: Priority area of the programme "Renewable raw materials” of the Fadaral Ministry of Food and Agricuiture (BMEL),
allocation by the Fachagentur Nachwachsende Rohstoffe e .

Projectpariners: RISE - Research Instilutes of Sweden (Sweden), BIOS - 8105 Siosnergiesysteme GmbH (Austria), KutznersWeber
GmbH (Germany), RIKA Innovative Ofentechnik GmbH {Austria), Nibe AS (Sweden)

1Fze 32 i Wrka KW Nige
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Content

= (General requirements

= (Geometric design concept

= Automatic combustion control

= Avoidance of standing losses (from cold and hot chimney)
= CFD aided stove design

= Utilisation of integrated catalysts and foam ceramics

=  Conclusions

Hartmann
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General rules for combustion design

“Rule of 3-T“: Time-Temperature-Turbulence

Time: Chemical combustion reactions require sufficient time to achieve
complete oxidation.
= residence time >0.5 s at 800 °C

Temperature: High temperatures speed up the combustion process.
— avoid heat losses in the combustion zone (e.g. refractory
lining, heat reflecting window glass)

Turbulence: Supply of oxygen to the reactant gas molecules needs to be
ensured by homogenization (mixing)
= induce areas with turbulences (e.g. baffles, nozzles)

Hartmann
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Typical design of a modern room heater for log wood

—\‘-

— Flue gas socket (8)
Post-combustion chamber (7)

Baffle (6)

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

~—& — Secondary air (4)

L Y

Combustion air supply (1)

> Flue gas

=» Combustion air Primary air (2)

Source: TFZ-Wissen, Vol. 1, “Richtig heizen”

Hartmann Q
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General rules for combustion design (2)

Impact on time-temperature-turbulence (3T)

Hartmann Qg
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Fundamental consequences for best suitable stove geometry:
Stove shape

Low and wide shape High and slim shape

Source: TFZ-Wissen, Vol. 1, “Richtig heizen”

Hartmann
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Fundamental consequences for best suitable stove geometry:
Window size

Very large window surface Moderately sized window surface

Source: TFZ-Wissen, Vol. 1, “Richtig heizen”

Hartmann
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Main influencing factors on combustion efficiency:

Flue gas temperature and lambda (or CO,)
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The assumptions for these calculations are:
CO: 0.15 vol-% d.b., fuel: beech wood, fuel moisture: 14 %

%
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Source: TFZ
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Thermal efficiency as a function of the length of the

connecting pipe to the chimney (examples from field tests)

@

Note:

too long connecting pipes
can cool the flue gas
excessively and cause
draught problems !

Hartmann
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Integrated automatic air control: Advantages

» reduce user influences (operating errors)

» provide the possibility to react on the changing process conditions
throughout the entire batch

reduce emissions
increase thermal efficiency

increase operational comfort

YV V V VY

reduce standing losses (by closing air flaps)

Hartmann
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Integrated automatic air control: Potential

Conventional uncontrolled stove Automatically controlled stove

_/

. ’ | . 1 "'
fime ' ' t|me

Effects of automatic control:

Source: BIOS Bioenergiesysteme GmbH

Shorter ignition phase

Stove combustion chamber temperature T is kept contantly on higher level.

O, level is more even and lower during the main combustion and burnout

(i.e.the reason for higher combustion chamber temperatures),

therefore CO/OGC emissions are lower with only one peak (during batch ignition)

Hartmann
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Automatic control: Potential to avoid false operation by user

Example: during 3" batch the primary air valve is left open by user

12000 2000 180 =
mean mean mg /Nm?3 meanMZ‘X‘
n=3 (Min ’_'\‘/lax) n=3 (Min '_'\*Aax) o 142 (Min . )

mg/Nm?3 93_*|zg [CJco mg/Nm? JoGec (13% 02) CpPm
(13% 0,) [ L (5% 01 g T
2 T é) 120 =
2 o 120041 | 2 100
‘% 6000 -% %)
@ @ £  80-
- £ 800- o
: 3
O 3000 - 5] kS _
1587 O 400- 515 a 40 22
T T 20 - N
0 I I 0 I I 0 I I
Q o Q S Q o)
| OQQ: C}O@?J | OQQ \O%Q ‘\OQQ C}O%Q)
> § > <° > S
Q ? Q PN Q \?
6(\‘b ,06 <L ,b\\\ .\@Q’ >
$ Q\\@ N Q*\(Q < N

8 kW modern and air-tight log wood stove (2017), tests performed at natural draught.

Results are given only for (full) 3 batch as mean value of 3 replications. Source: TFZ 2018 (yet unpublished)
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Integrated air control strategy: Based on temperature

Y VYV

Control strateqgy

e —

Temperature measurement in the combustion
chamber

Separate control of air dampers is required

A door switch or a manual ignition trigger
is required

Flame temperature
sensor

—— Window purge
air

>

>

>

Primary air
Ignition phase: Mainly primary air and a

low amount of window purge air is supplied. Air dampers

Main combustion phase:

When temperature exceeds a certain level the primary
air damper is closed and secondary air and window purge air can flow. During the
main combustion phase the secondary and window purge air flow are kept rather
constant (Air ratios depend on furnace design).

Motor

Source: RIKA

Charcoal burnout phase: When the furnace
temperature drops below certain value, the secondary and window purge air are
reduced until the end of the batch. Recharging at flame extinktion.

Shutdown: Closure of air flaps at the end of stove operation

Hartmann
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Typical trends of parameters and settings in a log wood stove
with automated control system based on temperature

1,200 150
Ignition batch I Combustion batch 1 I Combustion batch 2
1,000 : : 190
3 |
o 800 ' _
2 | {90
2 A | 5
S
15 o0 \J ' _\_"‘—\_\_‘_L 3
g 60 S
‘»
_‘CS 400 ] DO_
S
2 | “ 1 30
a 200
£ | ||-‘
S
0 ; I . . 0
09:00 09:30 10:00 10:30 11:00
~=T Comb. Chamb. control —Primary air damper —W,indows purge air damper
Source: BIOS Bioenergiesysteme GmbH
Hartmann
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ined temperature

Based on comb

and flue gas measurement sensors

Integrated air control strategy

» Better identication of different combustion phases with help of gas sensors (e.g. O,)

» Higher flexibility in case of unexpected events

» Enables a gradual reopening of primary air flaps for sound charcoal burnout
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Retrofit air control devices: Examples

Components: ¢ control unit » electrically driven air flap ¢ sensor for flue gas temperature

flue pipe &————

Stove required: - High air-tightness

- Central air inlet socket i
Installation: - Temperature sensor close to flue gas socket,
- Air flap to central air inlet socket cplay o— (S|

Test results: - Reduced CO emission (in “beReal” test sequence)
- But: higher PM emission with control device

Conclusion: - Reduced standing losses is largest benefit controlunit

with air flap

- Possible benefit by avoidance of false operation

_ start button

" (option)

— stove

- Installation only with autorization by stove manufacturer

Kutzner+Weber " TATAREC 3
Compact -

i il j!ll

i qul] o
lﬂfl#! il @
! A i 4 L

Hartmann
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Retrofit air control devices: Results for PM emission

controlled draught natural draught
150
Mean (_ ") n=3
V/APM
mg/MJ
< 9
2 90
g // // 63
-419_). 60 %/ 49 > 7T 37
5 2 Y
g 35 7 %/ /
30-% /?//////7 -
0 IA I% I% I% I/// I¢ I¢
Manual TATAREC Schmid K+W Manual Manual ATEC
operated 3 SMR holes | natural draught Florian
draught stabilizer Source: TFZ

Each measurement is an average of three full test sequences of 8 batches each (“beReal method”).
Log wood stove: 8 kW nominal heat power output

Hartmann ¢« Mack
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Standing losses: Preventing hot standing losses by flap closure

Complete air flap closure:

i SNIR N
Schmid SMR. _ . u
7 ;
q 4
) J

15

Remaining open cross sections:
TATAREK: 67 286m?>

e

v L
Kutzner+Weber: 9 cm?

|

Hot standing losses via chimney:
(measured after 3 batches during the
cool-down-phase of an 8 kW stove)

12.8

Manual flaps
in last position
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Schmid SMR
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X e Source: TFZ
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Standing losses: Preventing cold standing losses by flap closure

Weather station e = Temperature
v, P, onitoring of 3 log wood stoves over the heatin
T . Monitoring of 3 log d st 8 kW the heating
* * = Velocity season at comparable climatic conditions:
8.23m
= 60
2 K] Air valves in last heating position
563 & NN Air valves closed
Oom ——e 2 kWh
(@]
S
= 40
3.25m £
C
(@]
£ 30
)
. o
§ 20
—
| Wy 78
| | o 10-
£
C
(4]
. » 0
Z Stove A Stove B Stove C

Conclusion » Cold + hot standing losses through chimney account for about 750 kWh/a
(results of a model calulation with 100 heating events, i.e. from cold to cold)
» they can largely be avoided by air flaps or by automatic air controls (if fully closing),
» and if the stove is fully air tight Source: TFZ

Hartmann « Mack Q
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CFD aided stove development: Existing developing tools

» BIOS Bioenergiesysteme GmbH in Graz/Austria has deveoped a CFD model
for the development and optimisation of biomass grate furnaces (in-house
empirical fixed bed combustion model applicable for wood log combustion).

» A time-dependent profile of wood log combustion was derived by the

transformation of release profile along the grate calculated by the basic packed
bed combustion model.

» To reduce calculation time, steady-state conditions needed to be defined

(i.e. operating point when heat storage is zero, as given at around 2/3 of the
batch length).

Hartmann
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CFD aided stove development: Potential of CFD-tools

CFD simulation can analyse several processes:

» the flow of the combustion air and the flue gas,
» the flow of the convective air in the air jacket of the stove,
» gas phase combustion in the stove,

> heat transfer between gas phase and stove material (insulation, sheets and
glass windows).

Output parameters are:

velocities and temperatures of combustion air,

convective air and flue gas, and path lines of air and flue gas,
O, and CO concentrations in the flue gas,

material and surface temperatures of the stove materials,
heat transfer,

efficiency,

» pressure.

YVV YV VYV

Hartmann
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CFD aided stove develoment: Example of results
Here shown: Iso surfaces of temperatures in central vertical section

1200
["C]

1150 Basic geometry Optimised geometry

1100
1050 flue gas exit
1000

950
900 entrance of

850 window
800 purge air
750 exit of

790 - combustion
600 - chamber I window

550 et
500 combustion

450 chamber :“'.'w s 1

By “A better retainer

350 | isolation
300
250 1| wood logs N}
200 i = ar
150
100

50
0 Source: BIOS Bioenergiesysteme GmbH

Hartmann Q
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CFD aided stove development: Advantages

reduced emissions (CO and fine particulate matter)
better utilisation of the stove volume

enhanced efficiency

reduced development times

lower test efforts

YV V. V Y V V

increased security during development

Disadvantage: - Development tools are not commonly available
- they usually require external assistance from
professional developers!

Hartmann
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Integrating catalysts to wood stoves
» Packed bed catalysts:

l

Active metals

The surface is impregnated/coated
with catalytically active components.
Rank order of activities are:

Rh > Pd > Pt - oxidation of CO
Pt > Rh > Pd - oxidation of VOC
Rh > Pd > Pt & reduction of NO

Hartmann
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Recommendations for catalyst integration

» The implementation of a high temperature catalyst at the outlet of the post
combustion chamber (temperature range of about 500 °C) is not recommended
(unstable reduction efficiencies).

Reason: Decreasing reduction efficiencies over time due to catalyst de-activation by
blocking and by aerosol condensation.

» High temperature catalysts at the outlet of the main combustion chamber
(temperature range 600 - 800 °C) have showed sufficiently high emission reduction
efficiencies regarding CO (69 — 73%) and OGC (27 — 38%) and seem basically to be
suitable for logwood stoves.

But: The emission reduction efficiency decreases over time (long term testing is
required !)

» Efficient catalysts need high surface areas (e.g. by many by narrow channels). This
causes certain pressure drops, which are usually too high for a stove operation with
natural draught only (an active fan is required!).

» Use of catalysts can only be a final backup strategy after all other technical
measures are utilized (i.e. geometry, air distribution, automatic air control, air
tightness, etc.).

Hartmann
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Use of integrated foam ceramic filters ?

100
mg/Nm? 77
(13 % O,) 1 .
5 o4 %ﬂ . Conclusion:
2 - 1 agm
g o No positive effect of foam
2 0 ceramic filter elements in the
5 outlet of the combustion
20 . / chamber could be determined !
0 | % | %
New ceramic filter Ceramic filter after 200 Ceramic filter after 550
Batches Batches

Hartmann ¢ Mack
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Concluding remarks

A large potential for improvements of log wood stove performance is still
available.

More sophisticated stove concepts require acceptance of higher purchase
prices.

R&D measures should aim at minimizing the impact of false user behavior.

... but nevertheless, the teaching and instructing of stove users still needs to
be emphasized!

Hartmann
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Technologie- und Forderzentrum
im Kompetenzzentrum
TFZQ fur Nachwachsende Rohstoffe

Download of quidelines:
www.tfz.bayern.de/en/162907/index.php

Thanks for listening !

Dr. Hans Hartmann

Technology and Support Centre in the Centre of Excellence
for Renewable Resources (TFZ)

Schulgasse 18, 94315 Straubing / Germany

R Email: hans.hartmann@tfz.bayern.de
@ | ?c#néjr?amhirzi:;e;ium Tel.: +49 (0) 9421 300-112
B www.tfz.bayern.de

W FNR

Fachagentur Nachwachsende Rohstoffe e.V. aufgrund eines Beschlusses
des Deutschen Bundestages
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