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Today's accelerating and man-made climate change requires the fastest
possible transition to GHG-neutral energy with the goal of largely eliminating
GHG emissions in 25 years at the latest - Biomass as renewable energy
Residential space heaters on the market:

Comfort and ambiance stoves

Almost zero emissions under practical operating conditions
System integration: water jaket, operator feedback, automated control



Biogenic solid fuels in small combustion units can contribute to GHG
reduction if CO, neutrality is maintained.

Environmental pollution caused by emissions from wood combustion
units must be further reduced: Toxicology and climate!
Some pollutants also have a GHG potential! Black carbon (soot).

Green house gases 20 Years 100 Years
Carbon dioxide CO, 1 1
Methane CH, 84 28
Nitrous oxide N,O 264 265
Black Carbon particles 210 - 1,500 210 - 1,500

Carbon dept

Incomplete wood combustion
Biomass production
Incomplete combustion

Source: IPCC AR5, Agostini,A., Giuntoli, J., Boulamanti, A.: carbon accounting of forest bioenergy. European Commission. Joint Reseach Centre, Ispra 2014
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Background

Voluntary label for cordwood stoves
Label for very environmentally friendly stoves with low CO, VOC and PM emissions

Contributors
Federal Ministry of the Environment, Nature Conservation and Nuclear Safety,
The German Environmental Protection Agency (Umweltbundesamt - UBA)
RAL gemeinnutzige GmbH (sign authority)
Stove manufacturer
Environmental associations: DUH e.V. applied for the opening of a procedure for the
development of the environmental label for wood log stoves
Current status: published / in force, 5 stoves awarded

https://www.blauer-engel.de/en/productworld/stoves-for-wood/stoves



Parallel (simultaneous) measurement of CO, CO,, O,, H,0, Org.-C (VOC), TSP (PM),
number of particles, all burning cycles are scored and averaged overall
3 measurement sections:

1: Cold start (ignition + first burning cycle)

2: Nominal load (three burning cycles)

3: Partial load (two burning cycles)
Cold start and first reload with natural draft
Test with beech cordwood, commercially available: water content 15 wt.%, dimensions
according to manufacturer (e.g. L=33 cmand D =50 cm)

Continuous measurement over all burning cycles
https://produktinfo.blauer-engel.de/uploads/criteriafile/en/DE-UZ%20212-202001-en-criteria_V6.pdf
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Emission requirements reached if the average of the individual measurements of the test cycles (ignition phase,
nominal load, partial load - if provided by the manufacturer) does not exceed the limits

Parameter Test method Maximum value (1) | Maximum value (1)
For measuring regulation Emission Emission for stoves with
external precipitator,
which has to be retrofitted
Particle mass

concentration

DIN EN 16510-1:2018 (2)

0.015 g/m3 (approx. 0.4 g/h)

0.040 g/m3 (approx.1 g/h)

Particle number
concentration

See Annex C
(Measurement is
mandatory from 1.1.2020)

2023/24: Target
below 5 x 106/cm3

value

No specification

co
_ M353I DIN EN 16510-1:2018 (2) |0.50 g/m3 0.50 g/m3
concentration
0GC M3SS | BIN EN 16510-1:2018 (2) |0.07 gC/m? 0.07 gC/m3
concentration ' > 9 >
NO
X M3SS | BIN EN 16510-1:2018 (2) |0.18 g/m? 0.18 g/m3

concentration

(1) Related to dry exhaust gas, standardized to 0 °C, 1013 mbar, 13 vol.-% oxygen
(2) Domestic solid fuel heaters - Part 1: General requirements and test methods




Downdraft combustion unit with integrated catalytic converter DBFZ

Projektkennblatt
Deutschen Bundessiftung Urwelt Ew

A 241202 | Pclorl Mimssuud Erere | Fordorumme _616.710EwD.

»Entwicklung, Untersuchung und Einsatz neuartiger katalytisch wirksamer Baugruppen zur Darstellung eines besonders emissionsarmen Kaminofens*
https://www.dbu.de/OPAC/ab/DBU-Abschlussbericht-AZ-28412_02.pdf 7



GHG reduction by abatement of soot
DBFZ

Table 2. Comparison of the reference stove “xeoos” (without catalyst) and the newly developed stove “NEKO" (with catalyst) according

— area of pyrolytic
decomposition reaction
“primary”

double-walled plate
for the grate

24 - to the measured emission values.
22 + == parameters emission values "xe00s” emission values "NEKO"
é 2 | # BC emissions mg/m3, normal conditions 13 % O, mg/m3, normal conditions 13 % O,
= & Combustion emissions w/o BC cO 1,718 (approx. 0.7 g/min) 621 (approx. 0.3 g/min)
& 18 - VOC (C1-equivalent) 156 36
S 16 - u Catalyst production total dust concentration 19 (approx. 0.5 g/h) 9 (approx. 0.2 g/h)
c
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[ plate/grate
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™~ burner ring

N 2red of combustion

secondary reaction “secondary”

combustion air

catalysts (wall)

w/o catalyst w/ catalyst

Source: Oehmichen, K., Majer, S., Hartmann, 1., Lenz, V. (2017). Global warming potential of flue gas from log-fired single room
heaters-double effect of catalytic emission control. GEFAHRSTOFFE REINHALTUNG DER LUFT, 77(1-2), 19-24.



E-Stove at WSDC 2018, Washington D.C. DBFZ

Team Wittus

Thermoelect GmbH, Wittus - Fire by Design, ETE
EmTechEngineering GmbH und DBFZ
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Fotoquelle: Kittner/BNL

* 10 - 20 kW heat output (Room and water)
« 250 W power by TEG
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—
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http://forgreenheat.org/2018-stovedesign/stovedesign.html
https://forgreenheat.blogspot.com/2018/12/new-york-and-canadian-companies-win.ht.___

Quelle: von Friling/Thermoelect GmbH



Emission numbers at WSDC 2018, Washington D.C., E-Stove DBFZ

max. 25 kW heat
input (cordwood)
(85,000 BTU/h)

-

- o o oy
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Catalyst by ETE

Ceramic foam
Pt/Pd at MnOXx/Al,0,

Quelle: Holtmann/Thermoelect GmbH

TEG Stoves Judges' Stack Testing Data Summary

Stove PM g/kg CO g/kg | Efficiency 02 % COppm | StackT, (F)
E-Stove 0,87 10,1 82,9 11,19 788,2 1924
0,19 2,24 g/kWh
| 69 803  mg/m’ 13%O0, |

(approx. 4.3 g/h) (approx. 0.8 g/min)
Condar: Condar Portable Dilution Tunnel

- A
Fiters

Manifold - Probe

- Diltion &ir

Schematic illustration of the Condar

Schematic Klustration af the Condar

Bildquelle: Norbert Senf, Summary of Studies with the Condar Portable Dilution Tunnel,
Masonary Heater Association of North America, January 19, 2018
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% B__unqesministerium
#|sEx.” DBFZ
EUREKA

innovation across borders

Project title: Abgasreinigungsanlage fur emissionsfreie Biomasseofen (engl.: ,,Exhaust gas
purification plant for emission-free biomass stoves”)
EUREKA Chile - Pilot Call, Funding reference: 01DN17040A

Project acronym: ZEBS (Zero Emission Biomass Stove)

Relevance of the project to the objectives of the call for proposals
Focus: Sustainable use of natural resources

Project partner

Chile

AdSolem Ltda.

Germany

ETE EmTechEngeneering GmbH

DBFZ Deutsches Biomasseforschungszentrum gemeinnutzige GmbH
11



active electrode
Simple cordwood stove: isolator Electrostatic

precipitator
Justus Falun, 5 kW

Catalyst system from , air outlet
company ETE EmTechEngineering GmbH b

Heat exchanger

Heat exchanger developed by DBFZ airinlet >

insulation

/
Catalyst

heater plug |

Electrostatic precipitator: Bypass
OekoTube-Inside by OekoSolve

Emission measurement: :
FTIR, Gasmet CX 4000, ANSYCO M 1
Isokinetic dust measurement ITES Paul Gothe GmbH i3 ‘
S

Particle number concentration: K K
SMPS (Tropos) with external two stage dilution (FPS by Dekati)
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- Reference without cat and precipitator

—Particle distribution

== == System with cat and precipitator, withou heat exchanger

—3Sum curve particle mass

DBFZ
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Particlesize / nm Particle size / nm
Ex riment 02/ co/ |voc/ CHa/ C2H2/ Sum volatile NOx / PM/ |[SMPSPM/| SMPSPN/
pe e Vol.-% | mg/m3® |mg/m3®| mg/m® [mg/m3|Aromatics / mg/m?®| mg/m? mg/m?3 mg/m3 1/cm?
Average numbers without catand ESP | 12,7 1635 217 60 12 65 128 78 91 1,02E+07
Average numbers with cat and ESP 12,1 573 171 69 4 45 132 42 18 2,08E+06
Abatement in % 4,5 | 64,9 | 21,0 -15,1 | 67,7 31,3 -3,6 46,9 80,0 79,7
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Combustion chamber
reengineering and development,
e.g. downdraft combustion

Air control and exhaust gas
sensors

Furnace-integrated catalysts

Furnace integrated particulate
removal systems

Chimney-integrated particulate
removal systems

Blue Angel/emission tests for all
heating appliances

Practical testing at all heating
appliances
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DBFZ

CO, VOC,
CO2PM,
PN, 02

>le 4
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DBFZ

Emission abatement at wood combustion units by new combustion chamber design,
electronic combustion control, catalysts and precipitators is necessary
For the long-term very low emission values comparable with oil and gas combustion systems
(2050: real operation <1 and full load < 0.1 mg/m?3 i.N. at 13% O,) are needed
First Step: “Blauer Engel” eco label for wood log stoves
Particle number limit values will become relevant in the future: First estimate for next years:
<10%1/cms3
Extensive research work has to be carried out:

Research into combustion processes

Further furnace development

Catalyst and precipitator development (under high temperature conditions)

Comparison with toxicological studies necessary
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