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)
Background (be Redl
v What?

- Develop new real-life oriented test methods for firewood and pellet stoves
v How?

- European Research Project (FP7) with scientific and industry partners

- Scientific partners: Development of methods, validation, labelling concept

—> Industry partners: Critical eye on feasibility of developed method

v Major request: Method has to be affordable (similar effort as current testing procedure)
v Why?

- Final target: improve the performance of wood stoves in the field, by

v" better testing methods — resulting in real-life oriented development of stove technologies

v" ensuring that end users are able to operate their appliances appropriately (best practice)
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beReal — Vision & Mission

)
beReal

Reproducibility

High reproducibility of the
test method is guaranteed

Quality criteria

Test results can be used
as a real quality criteria
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Development of a NEW TEST METHOD
for firewood roomheaters (EN 13240)
and pellet stoves (EN 14785) reflecting

real life operation

~

Real life relevance
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beReal Label:

low emission and efficient pellet stove

Test method and test
results reflect real life
operation

Quality assurance

Standardized data analysis
tool guarantees consistent
data analysis
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Approach

)
beReal

What is “real-life” stove operation?

WP 2: Status

- European survey of stove users
- Field monitoring

Development of the new firewood
and pellet stove testing methods

WP 3: Research
- Method development based on WP 2
- Constant revision during project

WP 4: Quality Assurance
- Web based data evaluation tool

WP 5 WP 8
- Validation || - Round robin test
. WP 7
Demonstration )
- Field measurement
Output WP 6

- Label development
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Scope / Limitations of beReal (beReaI

[} [}
[}
v" Wood/Pellet stoves are | i Direct heating systems (stoves) E E
S g g gy 4 I
] . '
part of heating systems i :
: User Chimney ﬁ :
. [}
v" Influencing factors: : - Fuel selection - atoral :
0 + Air settings * Dimensions
v" Installation (e.g. Chimney) i * lgnition technique » Temperatures Y :
! . r{e?hirgifntg(FrEq;legwy&) .+ Weather |
and ambient conditions u nstant of time, batch mass conditions \ G / :
! |
[}
v" Heating technology | |:> E
‘ |
v User E Technology T T~ _| i
] - ] ]
v beReal Target: End-user 1| " Je= ¢ 2reombuston ' i | :
_ I'| * Materials and mass I | i
product testing | " i staging concepg T : | |
[}
. . i| * Leakagerate | '
(Certlflcatlon) methods i | = Integrated secondary I |
: emission abatement I I :
L. technologies (e.g. catalyst) !
v' Limited to: Technology and ! | ;| |
| | '
| — |
User (partly) | e bt — =] !

beReal
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What is “real-life”? (beReaI

European online survey”

v 28 questions about heating appliance,

installation conditions, user behavior and fuel v' 2205 completed questionnaires
Available in seven languages v Good regional distribution along different
climate zones in Europe

Online for 14 consecutive weeks v" Unique overview on user behavior on

www.bereal-project.eu European level

Field monitoring

v" Measurement of draught conditions and

frequency of use in field installations v Frequency of use
v' 20 appliances (in four countries) ‘ v Number of batches per heating cycle
v~ 4 months duration v" Duration of heating cycles / batches
v Draught conditions
Christoph Schmidl * Detailed results in Wohler M. et al. (2016): Investigation of real life operation of biomass 7
Slide 6 room heating appliances — Results of a European survey. Applied Energy;169:240-9. -
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User Survey - Results (beRqu

Crosswise-
Crosswise- no small pieces

small pieces on top
<\’:/

Small pieces —

logs on top Campfire

v"Ignition procedure:

v Bottom-up ignition typically (often Em——

. .. (n=1183)
results in higher emissions compared
d /On top Upper third In the middle
to top-down ignition Y Al bbttom
p g ) o P
7 Mv
v Fuel: ~80% uses firewood from Firewood stove
(n=1183)
hardwood
v 4-5 batches of fuel burned per heating Pellet Stoves: Which is normally the heat output of your

stove if you adjust the heat output on the control panel?
operation in winter

B Mainly on the highest
power level

v Chimney heights: 5-10 meters (66%)

B Mainly on a reduced
power level

v" Pellet stoves: mainly mixed power

= Mainly mixed operation

output level during operation

H| do not know
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Fi

eld Monitoring - Results

)
beReal

» Chimney draught and flue gas temperature monitoring

v" Chimney draught on average 18Pa, but variable

v" Number of batches per heating (4-5) was confirmed

+ questionnaire (= online survey)

v Full and part load operation was identified
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Method Development (be Real

» Comparison of different measuring techniques and data evaluation concepts for

thermal efficiency
v' e.g. direct versus indirect efficiency determination
» Effect of different operating parameters on emissions and thermal efficiency
v" Draught conditions significantly influence thermal efficiency but not emissions
v Top-down ignition mode not the best solution for every stove
» Influence of air inlet flap settings on the total efficiency of a heating cycle

v Cooling down process & air valve settings after heating operation influence

thermal efficiency - has to be included in the beReal procedure

-> Some critical operating parameters must be defined
for each appliance specifically (e.g. mode of ignition)
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Results: Quick-User-Guide (mandatory) (be Real

» beReal operation mode: Quick-User-Guide ;' A
v Guideline for operation during testing and _ u:;mWw
= 2 pieces of firewood, each 0.5 kg, placed on the bottom of the

also for heating by end-users in real-life - S i e 1910 ke i
botiom. (Figure 2-4) Place the starting aid atop of the second layer
v' Relevant operation characteristics illustrated - ke b b e 0414

b t t & b H t . m  Air supply: At full position 100% open (Figure 5)

y eX y pIC ures- m Lighting of starting aid (placed ampafmezmlay\er—Figurez‘.l

m Close the combustion chamber door immediately after lighting the starting
aid_

» Preparations

2. Recharging at Mominal Load

g . n Recharge when flames extinguished or only little flames are visible.

|g nition mode (amou nt of fuel defi ned) = Firewood: 2 pieces, each 0.75 kg, tofal baich mass 1.5 kg (placement
according fo Figure 3)

= Air inlet ﬁa: se'ﬂiigsz

Recharging (max_ 1 minute open door) = Air supply: At full position 100% open (Figure 5 & Figure 7)

Fuel properties (amount is defined) 3. Recharging at Part Load

n Recharge when flames extinguished or only little flames are visible.
m Firewood: 2 pieces, each 0.375 kg, Total batch mass 0.75 kg (placement
Air settings (max. 3 changes) _ sccanding o Figure £)
m  Air inlet flap settings:
= Air supply: Set the damper from the full position to 60% (from right to left)
[Figura 8)

>
>
>
>

» First impact of beReal: Awarding of

4. Finishing heating operation

m Close the damper (0% — Figure 11) after finishing heating operation (Figurs

companies having implemented =

“Guida rapida” (congratulations!)
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beReal Measurement Sections

)
beReal

beRedl - Measurement section
for pellet room heaters

Chimney T

All dimensions in [mm]

A ... Height flue gas outlet N
d,. ... Measurement section diameter T2 \
PM, cuies10. --- PM @s given in prEN 16510-1 |
T ... Flue gas temperature o)

FGC .. Flue gas compounds o /
Ap ... Flue gas draught

PMosies -+ PM measurement

% ... Flue gas velocity

Tosen -+ Ambient tfemperature

beReadl - Measurement section
for firewood room heaters

@ Chimney

[ PMprEN]éS!O

T

ambient

Main difference to existing EN

testing standards:

v" Measurement of flue gas velocity
and temperature - volume flow

v'  Emissions are weighted according
to the current volume flows - real

total emissions (emission factors)

~ = |y \
All dimensions in [mm] 7 \
d, .. Measurement section diaméter \
PMycro -+ PM s given in prEN 16510]1 T L
T ... Flue gas temperature \ \—_ |
FGC ... Flue gas compounds \ /
Ap ... Flue gas draught N s
PMysiea - PM measurement -~ L
v ... Flue gas velocity d2
Togen  ++  Ambient tel rature |
d
=
== PMbeRecll
5
o)
Q| Ap
“8’— FGC
) | '|']
- " PMprEN]éS]&]
o] o
w =t
o
w0
o)
o
®
Stove
D Tc:mbien‘t
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beReal Method Firewood (be Real

(representativeness for whole cycle was verified)

beReal — Firewood room heater — Measurement cycle

Cooling
down

v" Operation according to the

r ]
v : : : , D Ignition & ||
Heating cycle with eight consecutive batches ! - | preneati ,
: Batch 2 reneating i
g . . - 1
(Ignition, Preheating, 3 Nominal load, 3 part load) ----=====--- e i :
- {["Potential EN | [ | Loaeh3 [2a] | |
and cooling down phase ! 13240 ' M Baton 2 | Nominal ||
: candidates : L : - load :
v" Measurements start before ignition and end after ! i Batch 5 m : :
I e e e m e - I- !
cooling down (“all-inclusive” [ l
g ( ) | Bateh 6 !
1
v" PM measurements every second batch | | Batch7 - | Partial load |!
i Batch 8 I
) )
: 1
) l
1
1

Batch 8 — | Cooling down |
Partial load (until T, =50°C)

Batch 1 — Efg:e*;tﬁgj Batch 6 —  Batch 7 —
Ignltlnn Nominal load Partial load Partial load

PM1 - PM2 ~ PM3 .~ PM4
Constant measurement of: QU |Ck'User'GU |de pFOVIded W|th
* Gaseous flue gas compounds FGC: C,, CO,, CO, OGC and NO, emissions
* Flue gas velocity v . . .
* Flue gas temperature T, at FGC position and T, at velocity measurement position, the Stove (Wlth N g Iven
ambient temperature T,pien: (Measured with thermocouple; at T, and T, centrally placed in flue gas pipe)
Discontinuous gravimetric PM measurement during batch 1, 3, 5 and 7

restrictions by the method)
Constant controlled flue gas draught (Ap): -12 Pa + 2 Pa

Christoph Schmidl
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beReal Method Pellets

)
beReal

beReal — Pellet room heater — Measurement cycle
v Heating cycle of three operation phases | &
Phase 1 a Phase 1b Phase 2 Phase 3
with standby breaks in between Nominel | wminimum oaa -y | fiompal S0 Partial load - >
100 % SRS 100 % 2950
. . ﬁ

v Highest, lowest and mid power level PM 1 PM 2 TR

. Constant measurement of: v

|nC| Uded, as We” as Ioad Change : I(:Blizeo::\tl:liggs:ompounds FGC: O,, CO,, CO, OGC and NO, emissions

° Flue_gas temperature T, at FGC position a_nd T, at velocity measurement position, _ _
v Measurements start before ignition and end | | piscantinuous aravimetrc S measurement at phases 1 (a+ by 2 and s+ o
« . . ” Constant controlled flue gas draught (Ap): -12 Pa £ 2 Pa
after shut-down of stove (“all-inclusive”)
Phase Operation Load level* Duration®
100 Load cycle pellet stoves v Share Of power levels
% 1-1a 2 1a Cold start High load * 90 min
%0 in the load cycle
;g 1b Load change Low load * 90 min
3. 3 represents the
3 S1  Standby 0% 40 min _
0 observed shares in
20 1b 2a Warm start  High load * 50 min i
10 s1—s2 field measurements
0 Standby 0% 40 min

0 40 80 120 160 200 240 280 320 360 400 min 480
Duration

3 Warm start
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Quality Assurance: Online Data Evaluation Tool (beReql

v Standardized data calculation and result reported by an online E_

Please enter your username and password

evaluation tool (open source code) —

v Notified laboratories upload combustion test raw data and relevant

appliance information
v Evaluation tool provides a final test report

v" Results are calculated for the whole testing procedure

(8 batches + cooling for firewood or load cycle for pellets)

§
t ‘beReal

eReal :
Testing institute
Name: XXX Testing instituts " 1 | ﬁ
Adress: Unknown Street 1 .
Postal code: 1111 City T Lot i eRQQI
Country: Austria | ‘;,"ﬂ‘,n".l-u ' (I il J\‘ ‘ il |
Certified testing body acc. to: 123456789 g M ! 1 \ A skl |
Contact: John Doe JL}*‘ W s mstiinm »ﬂ Mﬂﬁ I i
Tel. nb.: 123456789 E 3 1 {
Email address: Jjohn.doe@xxxinstitute.com 2 1

PM L P2 PM 3 | A

Test i
Producttype: Pelletstove |
Manufacturer: Manufacturer 1 NP \ \ i i |
Name: Pellet 1 Y O sl L T —
‘Year of construction: 2015 “Rk
Operating mode: specified operation mede
Nominal thermal heat output: 7 kW
Roomsealed appliance True
Leakage at5 Pa: 1 meh _-"'l\-- e
Leakage at 10 Pa: 1.2mh 1
Leakage at 15 P 1,5 m¥%h
Testing date: 2015-05-05 e 1
Ambient air temperature: 25°C _—— i \
Ambient air pressure: 980 hPa )\b
Results: i mll =
CcO: 800 mg/m?, STP, 13% 02 - el | |
0GC: 20 mg/m?, STP, 13% 02 [ m
NOx: 80 mg/m?, STP, 13% 02
PM: 40 mg/m?, 5TP, 13% 02

Efficienc; ¥ 80 %
Temperature: 200°C - F =J —
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Quality of the Methods (Reproducibility) (beReql

Round Robin test Lgb e Lab

Tests at 7 labs were carried out (RTD performers & /

notified testing bodies) Lgb

Testing of one appliance according to the standard EN \

13240 & ,beReal” test protocol Lgb —
“. Lab

Stove and fuel were shipped to each participant

Ii 15

6% 0,325 kg
| . ]
\ 211 L

& 'I i
| “ |
10x 075kg

| W

o (}?Skg

Determination of leakage rate to identify any damages _ /ﬂ a.-J

due to transportation

Heating operation according to the Quick-User-Guide

(pretests)

Christoph Schmidl
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Results Reproducibility

)
beReal

» Measurements from all 7 labs were
collected and analysed statistically 2

Coefficient of variation (CV)

v Reproducibility of beReal method better
than expected (even though “unstable”

combustion phases are included)

v beReal coefficient of variation (CV) for
emissions and thermal efficiency mostly

better than current type test (EN method)

v" In General: OGC seems to be a critical
measurement parameter (highest CV)

» Needs to be further investigated

100
80
60
40
20

CVL (%)

100
80
60
40
20

CVL (%)

Firewood Stove - CV reproducibility values

co 0GC NOx PM Efficiency

M beReal test fuel wob  m Type Test fuel wob

sd
CV = ra X 100%

Pellet Stove - CV reproducibility values

II |I e B
(6(0) 0OGC NOx PM

Efficiency

B beReal test fuel m Type Test NL test fuel B Type Test PL test fuel
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Real-life Relevance — Methodology

» Field Measurements in End-user households
v 3 Days: Day 1: Common user habits
Day 2: User with Quick User Guide
Day 3: beReal Test-Cycle with User

BeReal -
Test of wood burning stoves in real life

)

I
. ::ll"

IHH

[ B ™
I'llﬂ_:;_.

-y '."'" -
175 il
7

f"ﬂl_l'.;.'.';f o . ?
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Real-life Relevance - Results (beRec:I

6000 i
. = i
» Lab and field test results 2 4000 | L 2243
. N : £ ' I
v' Type testing results significantly differ g 2000 {-
from field performance - 503
m) [
> As expected, because type testing 9 4007
(EN testing) is not designed to § 201
0
estimate real-life performance but 150
5 !
only used for comparison € 100 -
E |
: s 50 -
v' “beReal” test protocols: good real-life 2
0 . .
relevance for all types of emissions c 100 1 i
Ex 90 T 810 698 Iogp T
v Thermal efficiency of lab tests is often gg 80 -~ T T T ---------- 6 4; --------- 64.2
& 01 [Ty 1 S N
higher compared to field results 0 2 | . : ———————————— P — [ 1+
0 . . . .
> Higher (natural) draft in the field e e R B Peeal - Usrfown heleal-
13240) -

decreases efficiency n=13
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beReal Labelling

)
beReal

» Concept for implementation of a beReal

quality label was worked out

v" Process description: from application for

beReal test to final label-award
v Set of parameters (thresholds)

v Quality assurance measures:

v Use of online tool (open code)

v Publication of successful products and test reports

on website

v" Market surveillance (10% of labelled products

retested)

v Label linked via QR code to published test report

v Possible design of label

Manufacturer applies
for BRL

|

NB performs the
no beReal test

Pass?
(optional)

yes

Notified Bedies—

Raw data is uploaded
and submitted

Successful product is
published on website

Labelling Report incl.
Label is submitted

Report certification by
third party (SGS)

yes

no /
Check

Checki

Draft Report generated

nternal)

(beReal

TESTED

;":L' Real Life Conditios
Followin > beReal Test Metho d

low emission and efficient log-wood stove

; .;' 4 bereal-project.eu
71234562016

g
]
=
&
T~
o
(=]
5
=
=
]
5
2
=
z

and sent to ext. Review

beReaI

i

?
3
:EJ
-
%

5

beReaI

TESTED

r|Real Life Conditios
ollow 3I bFl al Te: lMthd
-

TESTED

Real Life Conditions
| beReal Test Method

low emission and efficient log-wocdstove

1234562016 551234562016

© AIEL and Marco Dalla Vedova (www.espodesign.com)
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Summary and Conclusions | (beReaI

» beReal project with more than 35.000 working hours (!) and 3 Mio. € costs
most likely the biggest effort ever made in Europe for method development in

the field of biomass combustion

» New methods were developed which consider real-life stove operation but still
meet quality and economic requirements of standardised product testing

methods:

v The new test methods include all typical phases of real life heating
operation, but they do not cover every possible situation which can affect
emissions and efficiency of real life heating operation (which is not possible
at all)

» Field tests were conducted to prove real-life relevance of new methods
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Summary and Conclusions I (beReaI

v

v

Results of the new methods are nicely correlated to real-life stove performance

Performance of different stoves in beReal test is significantly different to
standard type testing (e.g. good stove in type testing is not necessarily a good

stove in beReal)

High performing stoves in real life can easier be distinguished from low

performing appliances
QUG and standardized evaluation tool are strong tools to ensure quality

An innovative quality labelling concept was developed that could immediately
trigger real-life-performance oriented development and act as bridge to

standardization, which should be the mid/long-term goal for new methods

Christoph Schmidl
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The End

Thank you for your kind attention!

Further information:
www.bereal-project.eu

christoph.schmidl@bioenergy2020.eu
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beReal

Additional Slides
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Comparison beReal — EN testing (firewood) (beReql

| i T T T T T T
| beReal | 1 EN 13240
————— i I ML LT T Cr E -

User behavior Technology of

Maloperation (realistic-practice)

Chimney Retrofit systems

]
]
appliance :
1
1

<::|
:

e ——————

- 1

- 1

: Partload |or! Nominal load :

' - I - I

| H H

E Ignition Refilling with different batch masses Cooling down
1 Ty Eemmmmmmmemmee- R B ey e el

E Overload Low load

v" The new test method includes typical phases of real life heating operation,
but it does not cover every possible situation which can affect emissions

and efficiency of real life heating operation (which is not possible at all)
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