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Introduction

1.1. General

This report concerns testing of a free-standing cast iron wood heater, type Morsg 2B Classic 2020

The certification test report holds 35 annexes. From this 2. revision of the report, do not any longer
distinguish between CBI and non-CBI reports. The same unitary report applies for all purposes, meaning
only one version of the report is issued.

Please find the full list of annexes in chapter 14.

Figures are stated in European notation, with a comma as the decimal separator and period as the
thousand’s separator.

1.2. Report revision history overview
Release Report number Number of pages Issued date
(report only)
initial 300-ELAB-2526-EPA (CBI and non-CBI) 45 (non-CBI) 18. Nov. 2020
Rev 1 300-ELAB-2526-EPA Rev 1 211221 (CBI 45 (non-CBI) 21. Jan. 2021
and non-CBI)
Rev 2 300-ELAB-2526-EPA Rev 2 220621 48 22. June 2021
Rev 3 300-ELAB-2526-EPA Rev 3 250621 49 25. June 2021
Rev 4 300-ELAB-2526-EPA Rev 4 110821 49 11. August 2021
1.3. Revision 1 changes

1.4.

1.5.

New issue date 21. January 2021 and revision # raised to Rev 1

Clause 3.5 amended with the laboratory’s declaration of test appropriateness, starting with “Based on the
evidence above”

Clause 3.6 amended with the laboratory’s declaration of test appropriateness, starting with “Based on the
evidence above”

Clause 3.8 amended with the laboratory’s declaration of test appropriateness, starting with “Based on the
evidence above”

Annex 35; new annex holding the laboratory hand notes

Revision 2 changes

New issue date 22. June 2021 and revision # raised to Rev 2

Clause 1.1 General amended with notice of abandoning of distinguishing between a CBI and a non-CBI report.
Now one unitary report applies for all purposes.

New clause 1.3 added, holding the EPA list of findings

Clause 3.2, further elaboration of the reason for discarding of the HF1 test due to a clogged filter

Clause 4.2, Note added on discarding of the HF1 results

Report page count raised from 45 to 48

Revision 3 changes

New issue date 25. June 2021 and revision # raised to Rev 3

Clause 7.3, the test string “and the action of the air controls” was added

Revised Annex 26, Assembly drawings showing in detail how the lower restriction of the air controls is
accomplished, notably drawing 2B-148 (Primary Air Controls) showing the bushing which stops the spinner
from being closed below three quarters of a turn. Further drawing 2B-511 (Main assy drawing) displaying an
explanatory note on the air controls extreme settings, the minimum being 0,75 turn which resembles an
effective open valve area of 212 sqg mm.

Revised annex 31a, US Users’ manual, on page 9 (printed manual pages 14-15) providing information in a
highlighted frame on the nature of the lower air controls restriction and a warning of NOT to tamper with the
physical stop.

Revised annex 31b, CAN(Fr) Users’ manual, the same warning

300-ELAB-2526-EPA Rev4 110821
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e Revised annex 34, Manufacturers’ QA plan, showing on page 4 where and how to
check the action of the air controls, again emphasizing that the minimum primary air
controls setting is 0,75 turn corresponding to a gap between the spinner and the
door on approximately 1 mm

e Report page count raised from 48 to 49

1.6. Revision 4 changes

New issue date 11. August 2021 and revision # raised to Rev 4
New clause 1.3 added, describing the report changes from the initial (final) report to the Rev 1 report
New clause 1.4 added, describing the report changes from the Rev 1 to the Rev 2 report
New clause 1.5 added, describing the report changes from the Rev 2 to the Rev 3 report
New clause 1.6 added, describing the report changes from the Rev 3 to the Rev 4 report

1.7. List of Issues found (ref. Sanzhez email of June 10. 2021)

DANISH
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that the stove cannot

3 turn as described in
the low burn test.

See additional
notes below.

Need to document

burn any lower than the

and validity of all
test runs, including
runs attempted but
not completed. The
retained
certification test
documentation
must include, as
applicable, detailed
discussion of all
anomalies,
whether all burn

clarification in
the TR about
the 34 turn for
the low burn
setting.

annex 26
(reply clarified the 21/6
2021 by JSA)

List of Issues Found
Issue Applicable Notes How the [Clause
Method/Rule manufacturer/test |# or
Section lab addressed the |page #
issue where
to find
addres-
ing of
irregu-
larities
1. Page 32 "For 40 CFR 60.537 Manual says There is a fixed stop in IAnnex 26
the low fire (2) All that the low place on production models |(assembly
_tesi_:,_afte:' documentation fire is fixed and | that prevents the air drawings),
Ignition the pertaining to the cannot be controls from being closed |page 2, the
air valve is e s . .
throttled to 3 | Certification test adjusted more that as tested (3/4 of |main assy
quarters of a | Used to obtain further. turn), which results in a drawing 2B-
revolution certification, linear measurement of 511 and on
open, and for including the full This means 1mm between the spinner [page 7,
the medium fire | test report and raw | that it was and the frame. The primary air
test, after data sheets, tested at the appliance cannot be turned [controls
|gn||t|o'n the air | |aporatory lowest possible | any lower down than what fassy,
valve I technician notes, burn rate. Is was tested. This restriction |drawing 2B-
throttled to 1 . . . .
and one calculations, the that is shown in detail in 148
quarter of a test results for all assertion drawing 2B-148, page 7 of
revolution test runs, and correct? annex 26 (assembly (21/6 1JSA)
open." discussions of the drawings) and further in
appropriateness Need drawing 2B-511, page 2 of

300-ELAB-2526-EPA Rev4 110821
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rate categories
were properly
achieved, any data
not used in the
calculations and,
for any test runs
not completed, the
data that were
collected and the
reason that the
test run was not
completed. The
retained
certification test
also must include
documentation
that the burn
rate for the low
burn rate
category was no
greater than the
rate that an
operator can
achieve in home
use and no
greater than is
advertised by the
manufacturer or
retailer.

DANISH
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Page 36,
Discussion of
Results doesn't
document run

appropriateness

The basis for
determining
whether or not
the appliance has
complied with
this requirement
is based on 40
CFR
60.533(b)(5).
Per the
requirement,
"Documentation
must include
discussion of
each test run and
its
appropriateness
and validity, and
must include
detailed
discussion of all
anomalies,
whether all burn
rate categories
were achieved,
any data not
used in the
calculations and,
for any test runs
not completed,
the data
collected during

Revised
discussion.

The test run summaries
(sections 3.3, 3.5, and 3.7)
have been edited to state
that the runs were
determined to be
appropriate.

(reply modified the 21/6 by
JSA - former page
numbers deleted)

End of
section 3.3
on page 14;

End of
section 3.5
on page 18;

End of
section 3.7
on page 21

(21/6 JSA)
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the test run and

the reason(s)

that the test run

was not

completed and

why."

3. Page 54-56, Date just This was a typo that has Annex 3
Annex 3 says, needs to be been corrected. cover page;
"Sequence of changed in the Annex 3
images from test report. header on
the tests, the
5th February pages 2-4
2020"

but report indicates (21/6 ISA)

test was 9/2/2020.

4. Page 484 - 40 CFR 60.536 Would User manual instructions Annex 31a
doesn't include | (g)(3)(iii) Proper | recommend have been updated to Users’
proper use of use of air controls, | manufacturer provide more clarity on manual (US)
air controls and including how to modifying text | various operational settings |page 9;
proper low fire . . . . X
operation. establlsh_ good to give more mcjudmg images for better

combustion and description on guidance Annex 31b
In manufacturer how to ensure home use Users’
instructions to the lab good combustion instructions on | (reply modified and manual
they included things at the lowest burn operating the clarified the 21/6 by JSA - |[(CAN) page
such as turning controls | rate for which the air controls. former page number &)
3 Y for fully open etc. heater is deleted)
warranted. (21/6 JSA)

5. Did not see raw | 40 CFR 60.533 Need filter Technician notes have been |Annex 35 in
data sheets for | (b)(5) weight raw added to the report, see its entirety;
filter weighing data sheets Annex 35
etc. and raw Annex 21

6. Did not see raw technician ] Gas meter values are HF1 Logger
data sheets for notes. Submit | recorded pre- and post test [data, page
dry gas meter data. only, in-test monitoring of [7-11 (main
for each test sample rates and train flow
run. proportionality are done via Jvel. in the

calibrate flow meters, data [right most
from these flow meters are [column,
shown on raw data sheets. |abelled Flow
H) and
Calibration certificates by pages 12-16
external Force Technology |[(split train
to be seen in Annex 15, flow vel. in
page 34-36 (main train - the left most
instrument id 144236 column,
tracible to DTIs’ instrument [abelled Flow
database D)
And further page 37-39
(split train - instrument id JAnd similarly
144239) in annexes
22-25 for
(reply amended the 21/6 the
by JSA - Flow metering remaining
details added and former tests
page number deleted)
(21/6 JSA)

300-ELAB-2526-EPA Rev4 110821
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7. HF1 was If the TR is There are no fewer than 6 [Clause 3.2
omitted and we being modified, | references to the fact that Jon page 10;
see the then please HF1 was excluded due to
description in make the filter issues, including all  [Clause 3.3
the anomalies .
section which appropriate the relevant summary on page 14
we find changes to tables (3.1, 3.2, 4.1, 4.2, |(bottom);
acceptable. justify the and 11)
8. HF1 in other exclusion of As well as the individual Clause 11
sections HF1. run summary section on page 40
(tables) needs A statement in | (3.3), where else would
the same note each table that | you have us include this (21/6 JSA)

stating that it
was omitted
due to a

says:

information?

clogged filter. "HF1 was (reply amended the 21/6
excluded due by JSA - the statement
to a clogged “HF1 was excluded due to

filter." a clogged filter” was
amended to the
explanatory note
underneath clause 3.2
‘Main results’)

1.8. Scope of testing

The appliance was tested to demonstrate compliance with the NSPS 2020 limits, using the ASTM E3053
ALT-125 Cordwood test method broadly accepted by the administrator. Please find the letter of acceptance
enclosed in annex 1.

1.9. Site

Testing was accomplished by Danish Technological Institute, Kongsvang Allé 29, DK-8000 Aarhus C,
Denmark in accordance with DTI’s accredited EPA test procedure ELAB-PP-BR-15.
The test procedure is amended in annex 14.

1.10. Participants

DTI staff
Testing in the laboratory was accomplished by:

- Jes Sig Andersen, Senior Specialist (lead)
- Rene Lyngsg Hvidberg, Senior specialist (trainee)

Client staff
The test work was witnessed by:

- Frank Juel Nielsen, Morsg Jernstgberi A/S

1.11. Test specimen

The stove was manufactured by:

Company:
Address:

Morsg Jernstgberi A/S
Furvej 6

300-ELAB-2526-EPA Rev4 110821
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Postcode/town: DK-7900 Nykgbing Mors

Country: Denmark

The stove weighs 98 kg.

The stove is not equipped with a catalyst. The landscape type of firebox is deeper that its wide,
accommodation up to half a meter wood logs.

Variants: At the time of testing there was no known variants of the 2B Classic 2020 wood heater.

1.12. Description of the wood heater
Appliance Manufacturer: Morsg Jernstgberi A/S

Wood Stove Model: 2B Classic 2020

Type: Freestanding, radiant-type wood fired room heater.

WOOD HEATER DESCRIPTION

Materials of Construction: The unit is constructed primarily of cast iron with a stainless-steel secondary
combustion air supplying baffle. The firebox is lined with molded vermiculite firebricks. The feed door has

a 145 mm by 158 mm glass panel and one 870 mm by 8 mm glass fiber gasket. The ash door is sealed
with one 570 mm by 8 mm glass fiber gasket.

300-ELAB-2526-EPA Rev4 110821
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Air Introduction System: Air enters the firebox through a spin-draft located at INSTITUTE

the front of the appliance at the top of the fuel-loading door. Secondary air enters
the appliance through the upper back and supplies a three-step, tiered hollow baffle.

Combustion Control Mechanisms: The combustion air inlet is controlled by a spin draft on the fuel-
loading door.

Combustor: N/A.

Internal Baffles: A stainless steel baffle with a ceramic blanket is mounted in the upper portion of the
firebox. The flame path is forced to the front of the firebox where it travels up through the opening
between the baffle and primary air manifold.

Other Features: N/ A.

Flue Outlet: The 6" diameter flue outlet is located at the top of the unit.

Firebox volume: 0,01943 m3 or 0,6826 ft3 calculated in SolidWorks CAD simulator. Please find the firebox
drawing showing details on the firebox dimensions amended in Annex 33

2. Aging prior to testing

The stove had been aged more than 50 hours of operation prior to the certification test while pre-testing
at Morsg including:

The 21% of August 10 hours
The 24% of August 10 hours
The 26 of August 10 hours
The 27 of August 10 hours
The 28% of August 11 hours

Please find the set of pre-conditioning data in annex 2.

300-ELAB-2526-EPA Rev4 110821
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3.1. Test schedule
The full certification test comprises three HF test runs, one MF test run and one LF test run.
Date Test I Test I1 Remarks
2-9-2020 HF test LF test Both tests valid, however the HF filters clogged
3-9-2020 HF test MF test Both tests valid
4-9-2020 HF test none Valid HF test

3.2. Main results

Please see also the full set of test results in table of chapter 11 and with more decimals in section 4.10

Burn rate kg dry matter/hour Emission grams/hour
#1* | HF1 2-9 1,92 2,3
#2 LF 2-9 0,61 0,1
#3 HF2 3-9 2,05 1,7
#4 MF 3-9 0,92 0,3
#5 HF3 4-9 2,33 1,1
Weighted average 0,5

*) The HF1 test is discarded of in the weighted average emission calculation. HF1 was excluded due to a
clogged filter. Please find details in the test summary below in section 3.3

3.3. Summary of the CS+HF and LF tests the 02-09-2020

Data logger files Id: 2020-09-02_08:43:10 (CS+HF) and 2020-09-02_14:01:25 (LF)

12:19:15 | Ignition of the Cold Start part test using the gas torch for 45 seconds. The air valve
is set in position 100% open (full action = 3 and one quarter revolution open).
0.604 kg of kindling (10% moisture DB) and 0.913 kg start-up fuel (19,7% moisture
DB) was entered
12:20:00 | Ignition is over, the door is kept ajar.

12:24:00 | The door is closed, and the air valve is maintained in its fully open position
12:47:05 | End of the Cold start at 550 grams of embers, which value is taken down. The
embers are evened out

12:47:10 | Loading of the High Fire fuel load; 4 logs of 3,155 kg beech wood (19.1% moisture
DB)

12:47:50 | End of loading time after 40 seconds.

The door was closed right away, and the air valve was maintained in its fully open
position, being the High Fire setting allowing maximum output rate

13:19:15 | Change of the filter holder arrangement in the split extraction train at the hour at
gas meter reading 8856,9 normal litres

13:40- The flow rate of the main train needs repetitive adjustments, the filter has taken on
13:50 to clogging

13:50:45 | PM sampling in the main train is suspended and the pair of filters extracted
13:53:50 | PM sampling in the main train is resumed on a fresh pair of filters

14:00:30 | End of High Fire test cycle at 300 grams of embers (net). The combined bed of
ember mass at the end of the High fire test hence amounted 550+300 = 850 g.
The bed of embers was evened, and the air valve kept in its fully open position
14:06:00 | Loading of the Low Fire fuel load; 5 logs of in total 3,840 kg of firewood (19,5%
moisture DB) at platform scale reading 675 grams

14:06:50 | End of loading time after 50 seconds has elapsed; the door is closed right away
14:15:35 | The air valve is throttled to its final position being 34 of a revolution open according
to the 15% of the fuel load mass combusted criteria

15:06:20 | Change of the filter holder arrangement in the split extraction train at the hour at
gas meter reading 9577,91 normal litres

19:19:48 | The Low Fire test is over at platform scale reading of 675 grams

300-ELAB-2526-EPA Rev4 110821
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Post The mass combusted during the last 30 minutes of the LF test was 736,6-675,2 =
Check 61,4 grams, thus rendering the LF test valid with respect to the fire out criteria of no
less the 50 g combusted during half an hour.

Please find the corresponding sequence of images in annex 3

Platform scale, last 30 minutes
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Low Fire test - #2
2020-09-02
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HF1 proportional sampling rate variation [%]
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=

Sampling rate proportional variation (%)
(2]

CS and HF1 (#1) proportional sampling rate variation as per ASTM E2515 clause 9.8.1
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LF Proportional sampling rate variation (%)
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LF (#2) proportional sampling rate variation as per ASTM E2515 clause 9.8.1
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20

Evidence of filter temperature maintained in-between 26,7-32,2 °C (80-90 F) on the 2" of September as

12:19

12:30
12:42
12:53
13:05

CS+HF+LF Filter temperatures 02-09-2020 [°C]

Lo el A

“ﬁ 2

13:16
13:28
13:39
13:51
14:02
14:14
14:25
14:37
14:48
15:00
15:11

e Ambient Main train

Main train filters clogging

15:23
15:34
15:46
15:57
16:09
16:20
16:32
16:43
16:55
17:06
17:18
17:29
17:41
17:52
18:04

18:15

e Spilt train 1.

hour

18:27
18:38
18:50
19:01
19:13

e Split train remaining time

per Alt-125 letter clause 1) requirement modifying the ASTM E2515
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EPA Surface Surface Surface Surface Surface Mean
Flue gas temperature temperature temperature temperature  temperature temp
Time Temperature Right side
(°C) Top (°C) Rear (°C) (°C) Left side (°C) Bottom (°C) (°C)
12:19:15 23,3 24,3 24,0 25,9 25,4 24,7 24,9

Evidence of cold starting conditions on day one, the 2" of September 2020 to ASTM E3053 clause 8.5.1
(Ambient temp was 24,0 degr C at 12:19:15 hours)

Based on the evidence presented above and, DTI declares test runs #1 (Cold start and High fire 1 test)
and #2 (Low fire test) was determined to be conditional and appropriate. Because the filter clogged and
sampling had to be suspended temporarily during test run #1, we exclude test run #1, meaning it will
not be used for the average result calculations. Test run #2 however is deemed valid in any respect.

Please also see section 3.9 Anomalies for further discussion of the test run #1 filter clogging incident.

3.4. Duct traverse data 2. September 2020

Measuring points Start Intermed. Center Intermed. Last
ref. ASTM E2515 6,70% 25% 50% 75% 93,30% | [relative]
Fig6 12,7 37,5 75,0 112,5 137,3 [mm]
First direction (X) 21,3 23,3 31,9 25,9 18,2 Pd [Pa]
Angular direction (Y) 25,6 32,6 32,8 28,9 20,4 Pd [Pa]
Pitot tube Duct Pitot tube
dynamic tempera- static
pressure ture pressure
30,8 Pd [Pa] 24,3 Temp [°C] 48,8 Ps [Pa]

Resulting pitot factor Fp: 0,92
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3.5. Summary of the CS+HF and MF tests the 03-09-2020 Tﬁgﬁ!‘rlSTLgGlCAL

Data logger file Id: 2020-09-03_08-30-28

11:34:00 | Ignition of the Cold Start part test using the gas torch for 60 seconds. The air valve
is set in position 100% open (full action 3 and one quarter revolution). 0.603 kg of
kindling (10% moisture DB) and 0.897 kg start-up fuel (19,7% moisture DB) was
entered
11:39:45 | Ignition is over, the door is closed. The air valve is maintained in its fully open
position
11:55:26 | End of the Cold start at 550 grams of embers, which value is taken down. The
embers are evened out
11:55:30 | Start loading of the High Fire fuel load using 4 logs of 3,190 kg firewood (19,3%
moisture DB)
11:56:25 | End of loading time after 55 seconds.
12:01:25 | The door was closed after 5 minutes acrac, and the air valve was kept in its fully
open position
12:34:00 | Change of the split train filter holder arrangement at the hour, at gas meter reading
11828,3 normal litres
13:04:51 | End of High Fire test cycle at 300 grams of embers (net), the combined bed of ember
masses at the end of the High fire test was hence 550+300 = 850 g.
The bed of embers was evened, and the air valve kept in its fully open position
Break Pass time to meet the LF start of test criteria
13:14:40 | At the platform scale reading of 675 grams, start loading of the Medium Fire fuel
load using 5 logs of in total 3,736 kg of firewood (19,4% moisture DB)
13:15:25 | End of the loading time after 45 seconds and the air valve kept fully open to a start
and then slowly reduced stepwise.
13:19:30 | At platform scale reading 4,25 kg, the air valve is set in its final MF position being 1
and a quarter revolution open
14:14:40 | Change of the filter holder arrangement in the split extraction train at the hour, at
gas meter reading 12471,6 normal litres

16:38:18 | The Medium Fire test is over at platform scale reading of 675 grams
Please find the corresponding sequence of images in annex 4

High Fire 2 test (#3)

2020-09-03
15 - 350
—— Weight e=———Flue T
+ 300
+ 250 &
10 o
2
— + 200 O
E + 150 %
(=)}
.0-5 g
3 + 100 S
L
+ 50
0 0
11:34 12:46

Time [hh:mm]
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Medium Fire test (#4)
2020-09-03
15 350
300
3}
250 2,
10 -
=3
— 200 ©
<)) } .
z 150 @
[=)] )
‘Q [7)]
3 5
100 g
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0 0
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CS and HF2 proportional rate variation [%]
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CS and HF2 (#3) proportional sampling rate variation as per ASTM E2515 clause 9.8.1
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MF proportional rate variation [%] INSTITUTE
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MF (#4) proportional sampling rate variation as per ASTM E2515 clause 9.8.1

32,0

30,0

28,0

26,0

24,0

22,0

20,0

11:33
11:42
11:50
11:59
12:07
12:16
12:24
12:33
12:41
12:50
12:58
13:07

13:15

CS+HF+MF Filter temperatures 03-09-2020 [2C]

End of HF test at 13:04:51

13:24
13:32
13:41
13:50
13:58
14:07

14:15
14:24

14:32
14:41
14:49
14:58
15:06
15:15
15:23
15:32
15:40
15:49
15:57
16:06
16:14
16:23
16:31

e Ambient e \2iN train === Split train 1 hour  e=====Split train remaining time

Evidence of filter temperature maintained in-between 26,7-32,2 °C (80-90 F) the 3rd of September as per
Alt-125 letter clause 1) requirement modifying ASTM E2515

Time

11:34:00

EPA Surface Surface Surface Surface Surface Mean

Flue gas temperature temperature temperature  temperature  temperature  €MP

Temperature Right side

(°C) Top (°C) Rear (°C) (°C) Left side (°C) Bottom (°C) (°C)
23.0 24,3 23,6 25,5 24,9 24,5 24,6

Evidence of cold starting conditions on day two, the 3™ of September 2020 to ASTM E2515 clause 9.8.1
(Ambient temp was 23,8 degr C at 13:34:00 hours)
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Based on the evidence presented above, DTI declares test runs #3 (cold start and TECHNOLOGICAL
high fire 2) and #4 (medium fire test) were determined to be as well appropriate as INSTITUTE
valid.
3.6. Duct traverse data the 3. September 2020
Measuring points Start Intermed. | Center Intermed. Last
ref. ASTM E2515 6,70% 25% 50% 75% 93,30% | [relative]
Fig 6 12,7 37,5 75,0 112,5 137,3 [mm]
First direction (X) 24,9 30,8 33,2 29,3 23,3 Pd [Pa]
Angular direction (Y) 20,5 22,5 32,7 27,3 22,5 Pd [Pa]

Pitot tube Duct Pitot tube

dynamic tempera- static

pressure ture pressure

31,5 Pd [Pa] 26,5 Temp [°C] 48,4 Ps [Pa]

Resulting pitot factor Fp: 0,92
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Data logger file Id: 2020-09-04_09-16-26

10:05:58 | Ignition of the Cold Start part test using the gas torch for 55 seconds. The air valve
is set in position 100% open (full action 3 and one quarter revolution). 0.605 kg of
kindling (10% moisture DB) and 0.909 kg start-up fuel (19,5% moisture DB) was

entered

10:11:54 | Ignition is over, the door is closed. The air valve is maintained in its fully open
position

10:30:40 | End of the Cold start at 550 grams of embers, which value is taken down. The bed of
embers is

10:31:00 | Start loading of the High Fire fuel load using 4 logs of 3,183 kg firewood (19,2%
moisture DB)

10:31:55 | End of loading time after 55 seconds.

10:36:50 | The door was closed after 5 minutes and 50 seconds acrac, and the air valve was
kept in its fully open position

11:05:58 | Change of the split train filter holder arrangement at the hour, at gas meter reading
13924,5 normal litres

11:32:25 | End of High Fire test cycle at 290 grams of embers (net), the combined bed of ember
masses at the end of the High fire test was hence 550+290 = 840 g.

CS and HF3 test (#5)

2020-09-04
15 350
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CS+HF3 proportional rate variation [%]
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CS and HF3 (#5) proportional sampling rate variation as per ASTM E2515 clause 9.8.1

CS+HF Filter temperatures 04-09-2020
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e Ambient =~ e Main train  e=—Split train 1 hour === Split train remaining time

Evidence of filter temperature maintained in-between 26,7-32,2 °C (80-90 F) the 4th of September as per
Alt-125 letter clause 1) requirement modifying ASTM E2515
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EPA Surface Surface Surface Surface Surface
Flue gas temperature temperature temperature temperature temperature
Time Temperature Right side
(°C) Top (°C) Rear (°C) (°C) Left side (°C) Bottom (°C)
11:34:00 234 25,4 24,5 25,9 25,3 24,6

Evidence of cold starting conditions on day three, the 4t of September 2020 to ASTM E2515 clause 9.8.1
(Ambient temp was 24,2 degr C at 10:05:55 hours)

Based on the evidence presented above, DTI declares test run #5 (Cold start and High fire 3 test) was
determined to be as well appropriate as valid.

3.8. Duct traverse data the 4. September 2020

Measuring points Start Intermed. | Center Intermed. Last
ref. ASTM E2515 6,70% 25% 50% 75% 93,30% | [relative]
Fig 6 12,7 37,5 75,0 112,5 137,3 [mm]
First direction (X) 22,3 25,1 29,8 29,3 19,9 Pd [Pa]
Angular direction (Y) 18,7 20,8 30 29,4 18,9 Pd [Pa]

Pitot tube Duct Pitot tube

dynamic tempera- static

pressure ture pressure

28,8 Pd [Pa] 27,4 Temp [°C] 44,9 Ps [Pa]

Resulting pitot factor Fp: 0,92

3.9. Anomalies

In the first HF test, the 2" of September (#1) the front filter in the main train took to clogging after an
hours and ten minutes. It was not possible to maintain the target flowrate, so the PM sampling had to be
aborted temporarily, while the pair of filters were changed.

Because of the high vacuum building up over the filter holder, the back-filter Teflon tissue was torn when
the hose was removed.

It is quite peculiar why the filters take on to clogging as there was only 2,3 milligrams of particulate mass
on the filter. This does not indicate very poor combustion quality for a High Fire test. However, we

300-ELAB-2526-EPA Rev4 110821
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observed that the particulate specimen was quite sticky, which is the closest we TECHNOLOGICAL
can get to an explanation why the filter clogged. INSTITUTE

On earlier occasion where we have seen the Teflon-filters clogging, it also
happened close to an hour into the test, either shortly before or shortly after changing of the filters in the
split sampling train.

4. High Fire net fuel consumption and burn rate calculations

Dry mass
HF1; 02-09-2020 Mass (kg AF)|%-moisture |Ref basis |(kg)/(/b)
Kindling 0,604 10|DB 0,549
Start-up fuel 0,913 16,5 |WB 0,762
HF fuel load 3,155 16,0 (WB 2,650
Total mass entered 4,672 3,962
End of CS bed of embers recorded 0,550 0 -0,550
Incremental HF bed of embers 0,300 0 -0,300
Cascaded mass of embers 0,850| Total wood consumption 3,112
Net dry fuel mass for ASTM PM calc 0 3,112
Net dry fuel mass for ASTM burn rate calc 0 2,350
HF Test duration (hours) 01:13:20(—> |decimal 1,222
Resulting HF1 burn rate (kg/h) dry 1,923
Weighted avg WB moisture% for CSA PM calc 15,20
WB moisture% for CSA CO calc 16,00
Input total wet fuel mass for CSA PM calc (kg) 15,20|WB 3,670
Input total wet fuel mass for CSA PM calc (lb) 15,20|WB 8,090
Input total wet fuel mass for CSA CO calc (kg) 16,00|WB 2,798
Input total wet fuel mass for CSA CO calc (Ib) 16,00|WB 6,168

Dry mass
HF2; 03-09-2020 Mass (kg AF)|%-moisture |Ref basis |(kg)/(Ib)
Kindling 0,603 10|DB 0,548
Start-up fuel 0,897 16,5|WB 0,749
HF fuel load 3,190 16,2|WB 2,673
Total mass entered 4,690 3,970
End of CS bed of embers recorded 0,550 0 -0,550
Incremental HF bed of embers 0,300 0 -0,300
Cascaded mass of embers 0,850| Total wood consumption 3,120
Net dry fuel mass for ASTM PM calc 0 3,120
Net dry fuel mass for ASTM burn rate calc 0 2,373
HF Test duration (hours) 01:09:21|——»|decimal 1,156
Resulting HF2 burn rate (kg/h) dry 2,053
Weighted avg WB moisture% for CSA PM calc 15,34
WB moisture% for CSA CO calc 16,20
Input total wet fuel mass for CSA PM calc (kg) 15,34|WB 3,686
Input total wet fuel mass for CSA PM calc (lb) 15,34|WB 8126
Input total wet fuel mass for CSA CO calc (kg) 16,20|WB 2,832
Input total wet fuel mass for CSA CO calc (Ib) 16,20|WB 6,243
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Dry mass
HF3; 04-09-2020 Mass (kg AF)|%-moisture [Ref basis |(kg)/(lb)
Kindling 0,605 10|DB 0,550
Start-up fuel 0,909 16,2 (WB 0,762
HF fuel load 3,183 16,1 (WB 2,671
Total mass entered 4,697 3,982
End of CS bed of embers recorded 0,550 0 -0,550
Incremental HF bed of embers 0,290 0 -0,290
Cascaded mass of embers 0,840| Total wood consumption 3,142
Net dry fuel mass for ASTM PM calc 0 3,142
Net dry fuel mass for ASTM burn rate calc 0 2,381
HF Test duration (hours) 01:01:25|———— decimal 1,024
Resulting HF1 burn rate (kg/h) dry 2,326
Weighted avg WB moisture% for CSA PM calc 15,22
WB moisture% for CSA CO calc 16,10
Input total wet fuel mass for CSA PM calc (kg) 15,22(WB 3,706
Input total wet fuel mass for CSA PM calc (Ib) 15,22(WB 8171
Input total wet fuel mass for CSA CO calc (kg) 16,10(WB 2,837
Input total wet fuel mass for CSA CO calc (lb) 16,10|WB 6,255
4.1. Summary of test results
] Ove_era_ll Heat Emission Oye_erall
Test run Test I:::itsz;:)l:\r f:;és?go;;‘) Burn rate output (cg’f/::,g) ef(f;;c:’n)e :;:y
number | designation rate (g/h) | from (Kg/h) (B.Il-_/l-lh\) at HHV
ASTM calc
1% HF1 2,85 2,32 1,92 27585 0,55 80,3
2 LF 0,51 0,11 0,61 9037 3,33 82,2
3 HF2 1,97 1,75 2,05 28092 0,91 76,9
4 MF 1,12 0,33 0,92 13150 2,66 79,8
5 HF3 1,17 1,13 2,33 31988 1,02 76,6

*) HF1 is discarded of in the weighted average calculations

4.2. ADEC 18 AAC 50.077 Compliance (Fairbanks proof)

. Lo AAC 50.077(C)(2)
. . First hour emission
Test run number Test designation t h
rate (g/h) 1H emi < 6 g/h
1* HF1 2,85 Pass
LF 0,51 Pass
HF2 1,97 Pass
MF 1,12 Pass
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5 | HF3 1,17 | Pass
*) HF1 is discarded of in the weighted average calculations
4.3. CSA HF1 PM report (#1)
DTI HF1 PM calc
Manufacturer: Morsg Technicians:
Model: 2B Classic 2020 -Jes Sig Andersen
-Rene Lyngsp
Date: 09-02-20 Hvidberg
Run: #1
Control #: Fully open
Test Duration: 101,023
Output Category: High fire

Test Results in Accordance with CSA B415.1-10

HHV Basis

LHV Basis

Overall Efficiency

08,6% "

Combustion Efficiency

105,6y/
W

Heat Transfer Efficiency

9 0
" 999

/106,2%

34.276 /

Output Rate (kJ/h) . (Btu/h)
Burn Rate (kg/h) 5 s (Ib/h)
input (i) |~ 34.755 732,969 (Btu/h)
Test Load Weight (dry kg) 3,11 6,86 dry Ib
MC wet (%) 15,2
MC dry (%) 17,92
Particulate (g) 3,92
co@)|—=ar"
Test Duration (h) 1,68
Emissions Particulate CO
g/MJ Output 0,07 064 /
g/kg Dry Fuel 1,26 -11}4
g/h 2,33 1,98
Ib/MM Btu Output 0,16 -1,49
Air/Fuel Ratio (A/F) 11,42
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Version 2,4

15-04-2010

4.4. CSA HF1 CO, HO, EFF report (#1)

Manufacturer:
Model:

Date:

Run:

Control #:

Test Duration:
Output Category:

Test Results in Accordance with CSA B415.1-10

DTI, HF1 CO Calculation

Morsg
2B Classic 2020

09-02-20
#1
Fully open
72,5165
High fire

HHV Basis LHV Basis
Overall Efficiency 80,3% 86,0%
Combustion Efficiency 99,5% 99,5%
Heat Transfer Efficiency 81% 86,5%
Output Rate (kJ/h) 29.367 27.858 (Btu/h)
Burn Rate (kg/h) 1,95 4,29 (Ib/h)
Input (kJ/h) 36.567 34.687 (Btu/h)
Test Load Weight (dry kg) 2,35 5,18 dry Ib
MC wet (%) 16
MC dry (%) 19,05
Particulate (g )_/O/
CO (9) 20
Test Duration (h) 1,21
Emissions Particulate P CO
g/MJ Output 0,00 / 0,55
g/kg Dry Fuel 0,99/ 8,37
g/h _~0.00 16,28
Ib/MM Btu Output 0,00 1,29
Air/Fuel Ratio (A/F) 10,69
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4.5. CSA LF report (#2)

Manufacturer:
Model:

Date:

Run:

Control #:

Test Duration:
Output Category:

15-04-2010

DTI, LF Calculation

Morsg

2B Classic 2020

2nd Sept 2020

#2

Closed to 3/4 rev.
313,0681667

Low fire

Test Results in Accordance with CSA B415.1-10

HHV Basis LHV Basis
Overall Efficiency 82,2% 88,1%
Combustion Efficiency 96,3% 96,3%
Heat Transfer Efficiency 85% 91,5%
Output Rate (kJ/h) 9.526 9.037 (Btu/h)
Burn Rate (kg/h) 0,62 1,36 (Ib/h)
Input (kJ/h) 11.583 10.988 (Btu/h)
Test Load Weight (dry kg) 3,21 7,09 dry Ib
MC wet (%) 16,3
MC dry (%) 19,47
Particulate (g) 0,59
CO (9) 165
Test Duration (h) 5,22
Emissions Particulate CO
g/MJ Output 0,01 3,33
g/kg Dry Fuel 0,18 51,47
g/h 0,11 31,71
Ib/MM Btu Output 0,03 7,74
Air/Fuel Ratio (A/F) 10,64
Version 2,4 15-04-2010
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4.6. CSA HF2 PM report (#3)

Manufacturer:

Model:

Date:

Run:

Control #:

Test Duration:
Output Category:

DTI, HF2 PM Calculation

Morsg

2B Classic 2020

09-03-20
#3
Fully open
91,02183333
High fire

Test Results in Accordance with CSA B415.1-10

HHV Basis LHV Basis
Overall Efficiency 100,2%/ 107,4%/
Combustion Efficiency 2348% W
Heat Transfer Efficiency / 101% AO7,9%
Output Rate (kJ/h) 41.251 3901317 | (Btuh)
Burn Rate (kg/h) P 429 (Ib/h)
Input (kJ/h) /41.162 39.047 (Btu/h)
Test Load Weight (dry kg) 3,32 7,32 dry Ib
MC wet (%) 15,34
MC dry (%) 18,12
Particulate (g ) 2,65
CO (9) -
Test Duration (h) 1,52
Emissions Particulate CO
g/MJ Output 0,04 -1,11/
g/kg Dry Fuel 0,80 -20495
g/h 1,75 7,88
Ib/MM Btu Output 0,10 -2,58
Air/Fuel Ratio (A/F)
11,99
Version 2,4 15-04-2010
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4.7. CSA HF2 CO, HO, EFF report (#3)

Manufacturer:

Model:
Date:

Run:

Control #:

Test Duration:
Output Category:

Test Results in Accordance with CSA B415.1-10

DANISH
TECHNOLOGICAL
INSTITUTE

DTI, HF2 CO Calculation

Morsg

2B Classic 2020
09-03-20

#4
Fully open
69,51649999
High fire

Technicians:

-Jes Sig Andersen
-Rene Lyngsg Hvidberg

HHV Basis LHV Basis
Overall Efficiency 76,9% 82,4%
Combustion Efficiency 99,4% 99,4%
Heat Transfer Efficiency 77% 82,9%
Output Rate (kJ/h) 29.614 28.092 (Btu/h)
Burn Rate (kg/h) 2,05 4,52 (Ib/h)
Input (kJ/h) 38.517 36.537 (Btu/h)
Test Load Weight (dry kg) 2,37 5,23 dry Ib
MC wet (%) 16,2
MC dry (%) 19,33
Particulate (g ) /U/
CO (9) 31
Test Duration (h) 1,16
Emissions Particulate CO
g/MJ Output 0,00 0,91
g/kg Dry Fuel 0 13,21
g/h /0,00 27,06
Ib/MM Btu Output 0,00 2,12
Air/Fuel Ratio (A/F) 11,78
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4.8. CSA MF report (#4)

Manufacturer:

Model:
Date:
Run:

Control #:
Test Duration:

Output Category:

DTI, MF Calculation

Morsg

2B Classic 2020
3rd Sept 2020
#4

setat 1 and 1/4 rev open

203,0461667
Medium fire

Test Results in Accordance with CSA B415.1-10

DANISH
TECHNOLOGICAL
INSTITUTE

Technicians:
-Jes Sig Andersen

-Rene Lyngsg Hvidberg

LHV
HHV Basis Basis
Overall Efficiency 79,8% 85,5%
Combustion Efficiency 97,3% 97,3%
Heat Transfer Efficiency 82% 87,9%
Output Rate (kJ/h) 13.862 13.150 (Btu/h)
Burn Rate (kg/h) 0,92 2,04 (Ib/h)
Input (kJ/h) 17.376 16.483 (Btu/h)
Test Load Weight (dry kg) 3,13 6,89 dry Ib
MC wet (%) 16,3
MC dry (%) 19,47
Particulate (g) 1,12
CO (9) 125
Test Duration (h) 3,38
Emissions Particulate CO
g/MJ Output 0,02 2,66
g/kg Dry Fuel 0,36 39,82
g/h 0,33 36,81
Ib/MM Btu Output 0,06 6,17

Air/Fuel Ratio (A/F)

11,28
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4.9. CSA HF3 PM report (#5)

Manufacturer:

Model:

Date:

Run:

Control #:

Test Duration:
Output Category:

DTI, HF3 PM Calculation

Morsg

2B Classic 2020

09-04-20
#5
Fully open

86,52133334

High fire

Test Results in Accordance with CSA B415.1-10

HHV Basis

LHV Basis

Overall Efficiency

1075%

116,8%”

Combustion Efficiency

5%

%o

Heat Transfer Efficiency

108%

9
/117,4%

44,069~

11.804”

Output Rate (kJ/h) (Btu/h)
Burn Rate (kg/h) 248 4480 (Ib/h)
input (krh) L="_ 40.977 38871 (Btu/h)
Test Load Weight (dry kg) 3,14 6,93 dry Ib
MC wet (%) 15,22
MC dry (%) 17,95
Particulate (g) 1,63
CO (9) =
Test Duration (h) 1,44
Emissions Particulate CO /
g/MJ Output 0,03 -1,2
g/kg Dry Fuel 0,52 -26,02
g/ 1,13 /5453
Ib/MM Btu Output 0,06 4/ -2,88
Air/Fuel Ratio (A/F) 11,65
Version 2,4 15-04-2010
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-Jes Sig Andersen
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CSA HF3 CO, HO, and EFF report (#5)

Manufacturer:

Model:

Date:

Run:

Control #:

Test Duration:
Output Category:

DTI, HF3 CO Calculation

Morsg

2B Classic 2020
#5
Fully open
61,0135
High fire

Test Results in Accordance with CSA B415.1-10

DANISH
TECHNOLOGICAL
INSTITUTE

Technicians:
-Jes Sig Andersen

-Rene Lyngsg Hvidberg

HHV Basis LHV Basis
Overall Efficiency 76,6% 82,1%
Combustion Efficiency 99,2% 99,2%
Heat Transfer Efficiency 77% 82,7%
Output Rate (kJ/h) 33.721 31.988 (Btu/h)
Burn Rate (kg/h) 2,34 516 (Ib/h)
Input (kJ/h) 44.021 41.759 (Btu/h)
Test Load Weight (dry kg) 2,38 5,25 dry Ib
MC wet (%) 16,1
MC dry (%) 19.19 B
Particulate (g ),/0/
CO (9) 35
Test Duration (h) 1,02
Emissions Particulate CO
g/MJ Output 0,00 / 1,02
g/kg Dry Fuel O’V 14,67
gh|  _ABoo 34,36
Ib/MM Btu Output 0,00 2,37
Air/Fuel Ratio (A/F) 10,99
Version 2,4 15-04-2010
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4,11,

Model name

Usable Firebox Volume - ft3
Convection air fan

Average for Each Test Run Category
Burn Rate - kg/h DB*
PM Emission Rate - g/h
CO Emissions Rate - g/h
Overall Efficiency - CSA B415.1-10
% HHV Basis
% LHV Basis
Heat Output - Btu/h
Category Weighting

ASTM E3053 Weighted Averages
PM Emission Rate - g/h
CO Emissions Rate - g/h
Overall Efficiency - CSA B415.1-10
% HHV Basis
% LHV Basis

Heat Output Range - Btu/h

CO arithmetical average for EPA g/h **
CO arithmetical average for EPA g/min

DANISH
TECHNOLOGICAL
INSTITUTE

Weighted avg. calculation (LF#2, HF2#3, MF#4, HF3#5)

Morsg 2B Classic
2020
0,686
No
LF MF HF2 HF3
0,61 0,92 2,05 2,32
0,1 0,3 1,7 1,1
31,7 36,8 27,1 34,4
82 80 77 77
88 85 82 82
9037 13150 28092 31988
40% 40% 10% 10%
0,5
33,5
80
86
9037 to 31988
32,4
0,5

*) The LF burn rate is corrected from 0,62 kg dry/h as suggested by the CSA HF2 CO, HO & EFF
calculation to the true burn rate of 0,61 (0,6145) kg dry/h from the ASTM calculation.

Similarly, the HF3 burn rate is corrected from 2,34 kg dry/h as suggested by the CSA HF1 CO, HO &EFF
calculation to the true burn rate of 2,33 kg dry/h (2,326) from the ASTM calculation.

**) please also find the arithmetic CO emi average in the Main results table, chapter 10
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4.12. Test facility conditions TECHNOLOGICAL
INSTITUTE
DTI is located at Kongsvangs Allé 29, DK-8000 Arhus Denmark, at sea level.
Latitude North: 56,1374
Longitude East: 10,1864
Altitude above sea level: 15 meters

Test facility room temperature, relative humidity and barometric pressure is monitored by the software
TERMOGUARD REPORT Copyright Thermoguard Deutchland / Johannes Schmitt

@ About Thermoguard Report / Path Information x

Thermoguard Fepart
Wergion 2.93 - Build of Februar 16, 2017

Copyright @ 2005-2017 Thermoguard Deutschland / Johannes Schmittt

Path information
C:M\Program Files [«BEAT hermoguardh T GReparts

C:WProgramD ata\TGReport Data'

TG Report program:

TG Report config. data;

TG Main prg config. data: Yt
* tg data filesx WA
4.13. Fuel properties

The test fuel was natural Beech wood split and cut according to the manufacturer’ written instructions and
compliant with the provisions of ASTM E3053, clause 8.4

The specific gravity of 0,67 dry weight to dry volume ratio was taken from E3053 Fig 2 page 6. Similarly,
the gross calorific value of 18800 MJ/kg or 8088 Btu/Ib was selected from E3053 Annex Al, table A.1.1
page 17.

The length of the wood logs was 32-34 cm. The basic shape of the wood logs was approximated triangular,
trapezoidal or rhombic respecting the minor to major ratio > 40% according to figures 1A and 1B of E3053

The composition of the HF and LF/MF fuel batches were calculated using the standard XLS Wood calculator
adjunct to ASTM E3053

The nominal mass of the HF fuel load was 3,112 kg or 6,862 Ib

The nominal HF mass range was 3,00-3,30 kg or 6,50-7,20 |b

The allowable mass range of the HF Core load was 1,40-2,00 kg or 3,10-4,50 |b

The allowable mass range of the HF Remainder load was 1,10-1,70 kg or 2,40-3,80 |b

The nominal mass of the LF/MF fuel load was 3,735 kg or 8,234 |b

The nominal LF/MF mass range was 3,548-3,922 kg or 7,822-8,646 Ib

The allowable mass range of the LF/MF Core load was 1,681-2,428 kg or 3,705-5,352 Ib

The allowable mass range of the LF/MF Remainder load was 1,301-2,054 kg or 2,882-4,529 |b

For the High fire test fuel loads, the mass was distributed on 4 logs, 3 core and 1 remainder

Fir the Low fire/Medium fire fuel loads, the mass was distributed on 5 logs, 3 core and 2 remainder

300-ELAB-2526-EPA Rev4 110821
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4.14. Summary of test fuel load properties TECHNOLOGICAL
INSTITUTE
Core 1 Core 2 Core 3 Remainder | Remainder | Rem1/Rem
1
HF1 mass (kg) 0,598 0,633 0,700 1,224
HF1 moist. (% DB) 18,5 20,0 18,8 19,0
LF mass (kg) 0,700 0,742 0,759 1,059
LF moist. (% DB) 22,2 18,8 18,0 19,8
HF2 mas (kg) 0,669 0,671 0,617 1,233
HF2 moist. (% DB) 18,8 18,3 18,9 20,5
MF mass (kg) 0,776 0,703 0,650 1,020
MF moist (%DB) 19,2 18,7 19,2 20,8
HF3 mas (kg) 0,671 0,654 0,634 1,224
HF3 moist. (% DB) 18,9 19,8 18,9 19,2

Please find the ASTM E3053 fuel load calculations enclosed in appendices 5-8

Total amount of firewood for the CS+HF+LF tests the 2-9-2020: (top left to bottom right)

Kindling bits
Start-up fuel

HF fuel load of 4 logs
LF fuel load of 5 logs

300-ELAB-2526-EPA Rev4 110821
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5. Test accomplishment TECHNOLOGICAL
INSTITUTE

5.1. Remarks

The certification tests were accomplished in accordance with the manufacturers written test instruction for
the lab (please find enclosed in annex 11), the ASTM E3035-17 Cordwood test standard, the EPA ALT125
letter and the ASTM E2515-11 dilution tunnel and sampling standard.

5.2. Start-up operation

The Morsg 2B Standard 2020 stove has a traditional air control system with a rotary type dial on the
loading door to the front. For start-up operation, the air valve is kept fully open (3 and one quarter of a
revolution), which position is maintained throughout the high fire tests. For the low fire test, after ignition
the air valve is throttled to 3 quarters of a revolution open, and for the medium fire test, after ignition the
air valve is throttled to 1 and one quarter of a revolution open.

Please find a detailed description of the start-up procedure in the manufacturers test instruction for testing
procedure (annex 11)

5.3. Sampling arrangement

The PM specimen is extracted from the @150 mm Full Flow Dilution Tunnel by means of a dual probe and
filter holder system as specified by ASTM E2515-11, clause 6.1.1.1. The filter holders are of type 47 mm
Pall 1235. There are 3 sets of backed-up filter holders for PM sampling and one single filter holder for the
room blanc measurement. The PM sampling line filter holder arrangements have thermostatic support to
maintain the filter temperatures in between 26,7-32,2 degrees C, respectively 80-90 degrees F.

300-ELAB-2526-EPA Rev4 110821
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TECHNOLOGICAL
INSTITUTE

5.4. Fluepipe and chimney configuration

The chimney is composed by single wall uninsulated black painted steel fluepipe in combination with half
insulated system steel chimney compliant with ASTM E3053-17 clause 6.3

The single wall fluepipe extends to 2,50 m above the test rig floor. In combination, the insulated system
chimney extends to 4,40 m above the test rig floor, compliant with ASTM E3053-17 clause 8.2.3, stating
2,6 £0,1 m for the uninsulated part of the flue and 4,6 £ 0,3 m for the total height of the chimney.

Please find a schematic drawing of the chimney configuration in annex 13

The chimney was connected to the stove using the top flue outlet

300-ELAB-2526-EPA Rev4 110821
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6. Sampling methods TECHNOLOGICAL
INSTITUTE

6.1. Particulate extraction system

The particulate matter is sampled in accordance with ASTM E2515-11. Two identical sampling trains are
placed at angular position to each other. The sampling trains consists each of a set of front and back Pall
type 1235 Al 47 mm in-line filter holders. Filter for PM sampling are Pall TX-40 EMFAB Teflon-coated 47

mm membrane filters.

The sampling train operated throughout the entire duration of the test is called the ‘Main train’.

The other sampling train, shifting filters at the hour is called the ‘Split train’.

6.2. Calculation of PM emission

The calculations are enclosed in a format following the notation of equations in ASTM E2512-11

Please find the calculation of the first High Fire test (test run #1) in annex 16; the calculations of the Low
Fire test (test run #2) in annex 17; the calculations of the second High Fire test (test run #3) in annex 18,

the calculations of the Medium Fire test (test run #4) in annex 19 and the calculations of the third High
fire test (test run #5) in annex 20

7. Quality assurance

7.1. Instrument calibration

There is a set of EPA instrument calibration certificates in annex 13

7.2. Logger data

Please find the sets of logger data, sampled every 5 seconds and recorded every 30 seconds in appendices
21 (HF1 test 020920), annex 22 (LF test 020920), annex 23 (HF2 test the 030920), annex 24 (MF test
030920) and in Annex 25 (HF3 test 040920)

For verification please request XLS logger files from DTI.

Legend:
Rum - [°C] Filter-1-H - [°C] Filter-2-D1 - [°C]

1 2 3
Ambient Main train Split train 1H
temperature filter temp filter temp

Row 1 is the original Danish notation incl metric
Row 2 is the data logger channel number
Row 3 -5 are the corresponding terms in English

7.3. Morsg’s Quality Assurance Plan

Quality Assurance Plan is a plan for assuring the quality for products, tested according to NSPS by taking
measurements and checks of some key components and the action of the air controls, referred to as K-list
components.

Please find the entire QA plan amended in annex 34.
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8. Documentation material TECHNOLOGICAL
INSTITUTE

Documentation material:

Assembly drawings in annex 26

Parts drawings in annex 27a

Spare parts drawing in annex 27b

Materials sheets in annex 28

Label(s) in annex 29

Picture(s) in annex 30

User’s manual North America in annex 31a

User’s manual Canada (in French language) in annex 31b
Sample analysis in annex 32

Firebox drawing incl volume indication in annex 33
Manufacturers QA plan in annex 34

Laboratory hand notes in annex 35
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9. Remarks TECHNOLOGICAL
INSTITUTE

9.1. Internal correction of gasmeters

The Végtlin Red-Y gasmeters have internal correction to as well normal temperature (here 0-degree C)
and to pressure (here 1013 hPa)

Consequently, in the calculations, the gasmeter temperature and pressure is entered as 0 degr C
respectively 1013 hPa.

1013 Hectopascal (hPa) equals 14,69 psi or 10329,7 mm water column.

9.2. Unitary DTI Cribwood and Cordwood spreadsheet

The spreadsheet used for calculation of the emissions is a unitary Cribwood and Cordwood spreadsheet, in
so far as the particle emission calculation is identical for Cribwood and Cordwood. When used for a
Cordwood test there are some void spaces under the cribs and spacers calculations in the beginning. Also,
generally the fuel is referred to as ‘Cribs’ even though for good reasons, for Cordwood, wood logs are
used.

9.3. Request of restriction of the air valve action

The action of the air valve must be restricted by means of a physical stop as to prevent use of the stove at
any valve setting lower than the one used during the Low Fire test, here 3 quarters of a revolution open.

9.4. Duplicated High fire calculations

As well for the ASTM calculations as for the CSA calculations we have performed double calculations. One
which applies for the HF part alone, to return the burn rate and another for the combined CS + HF part
tests, to return the particle emission. On each of the duplicate HF result sheet, the invalid result sections
are blanked out with a red bar.

10. Discussion of Results

For some of the burn rate calculations, there is a minor still insignificant deviation from the (true) ASTM
calculation to the CSA calculation.

For the Low fire test, the true burn rate is 0,6145 (rounded to 0,61) kg dry matter per hour. CSA suggests
0,62 kg dry matter per hour

For the HF3 test, the true burn rate is 2,3256 (rounded to 2,33) kg dry matter per hour. CSA suggests
2,34 kg dry matter per hour

The deviating results are attributed to different rounding and number of decimal places, metric conversion

factors in combination with direct test run timekeeping for ASTM calculation, but derived or truncated test
run timekeeping for the CSA calculation to the nearest sampling time in a 30 seconds interval.
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11. Main results TECHNOLOGICAL
INSTITUTE

High fire . High fire Medium | High fire 3
* Low fire .
1 2 fire
Date 2-9-2020 2-9-2020 3-9-2020 3-9-2020 4-9-2020
Run Number #1 #2 #3 #4 #5
ASTM 3053
Emission Rate 2,3 0,1 1,7 0,3 1,1
g/Hr.
ASTM E3053
Emissions -
First Hour 2,8 0,5 2,0 1,1 1,2
(g/hr)
ASTM 3053
Burn Rate 1,92 0,61 2,05 0,92 2,33
Kg/Hr.
BTU/Hr. 27858 9037 28092 13150 31988
Overall
Efficiency (%) 80 82 77 80 77
HHV
CO Emissions
(g/MJ Output) 0,6 3,3 0,9 2,7 1,0
CO Emissions
(g/kg Dry Fuel) 8,4 51,4 13,2 39,8 14,7
CO Emissions 16,3 31,7 27,1 36,8 34,4
(g/hr)
CO Emissions 0,3 0,5 0,5 0,6 0,6
(g/min)
Weighed particle emission rate, average 0,5 g/h
of 4 test runs (LF, HF2, MF, HF3) 29
Weighted average energy efficiency (at 80 %
HHV) of 4 test runs (LF, HF2, MF, HF3) 0
Arithmetical average emission of CO for . .
EPA of 4 test runs (LF, HF2, MF, HF3) 32,4 g/h respectively 0,5 g/min

*) The High fire 1 results are discarded off in the weighted average calculation
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12. Test details TECHNOLOGICAL
INSTITUTE

12.1. Pre-conditioning

The stove had been aged more than 50 hours at the client’s internal test lab prior to the certification test.

Please find the documentation of pre-conditioning amended in annex 2
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12.2. Data, HF1 (#1) test run 2" of September 2020 TECHNOLOGICAL
INSTITUTE
Parameter Value Unit
Pitot factor (F_p) 0,92
Dynamic pressure duct, Pd 30,8 Pa
Static pressure duct, Ps 48,8 Pa
Date of testing 02-09-2020 dd-mm-yyyy
Start of Cold start test 12:19:15 hh:mm:ss
Start of the High fire test 12:47:10 hh:mm:ss
End of High fire 14:00:30 hh:mm:ss
Test duration (Cold start + High fire) 1:41:15 hh:mm:ss
Duration of the High fire test 1:13:20 hh:mm:ss
Mean stove surface temperature at the start 24,9 °C
Kindling and Start-up fuel load 1,517 kg
Start-up fuel moisture 19,7 % DB
Test fuel load 3,155 kg
Test fuel moisture 19,1 % DB
Resulting burn rate 1,92 mkagtt(edrr)»//h
Particulate emission rate, first hour 2,85 g/h
Particulate emission rate, overall 2,32 g/h
Sampled gas volume (nl), main train 720,7 NI
Captured pm mass, main train 4,3 mg
Sampled gas volume (nl), split train 726,2 NI
Captured pm mass, split train 4,8 mg
PM mass total (average) 3,92 g
Relative deviation in pm emission, main train to split
train 4.8 %
Ab;olute deviation in pm emission, main train to split 013 g/kg (dry
train ! matter)
Mean flow rate probe, main train 7,25 m/s
Mean flow rate probe, split train 7,31 m/s
Mean flow rate duct 7,30 m/s
Flue gas temperature (mean) 146 °C
Flue draught (mean) 9 Pa
Parameter Start value End value Units
Ambient temperature 24,3 24,4 °C
Relative humidity 40 38 %
Barometric pressure 1018 1015 hPa
Draft in front of the test rig 0,08 0,05 m/s
Flue gas temperature 27 166 °C
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12.3. Data, LF (#2) test run 2" of September 2020 TECHNOLOGICAL
INSTITUTE
Parameter Value Unit
Pitot factor (F_p) 0,92
Dynamic pressure duct, Pd 30,8 Pa
Static pressure duct, Ps 47,1 Pa
Date of testing 02-09-2020 dd-mm yyyy
Start of test 14:06:00 hh:mm:ss
End of test 19:19:48 hh:mm:ss
Test duration 05:13:48 hh:mm:ss
Mean stove surface temperature at the start NA °C
Kindling and Start-up fuel load NA kg
Start-up fuel moisture NA % DB
Test fuel load 3,840 kg
Test fuel moisture 19,5 % DB
Resulting burn rate 0,61 mkagtt(edrr)»;h
Particulate emission rate, first hour 0,51 g/h
Particulate emission rate, overall 0,11 g/h
Sampled gas volume (nl), main train 2246,0 NI
Captured pm mass, main train 0,8 mg
Sampled gas volume (nl), split train 2245,6 NI
Captured pm mass, split train 0,8 mg
PM mass total (average) 0,59 g
Relative deviation in pm emission, main train to split
train 0,51 %
Absolute deviation in pm emission, main train to split g/kg (dry
train -0,002 matter)
Mean flow rate probe, main train 7,29 m/s
Mean flow rate probe, split train 7,30 m/s
Mean flow rate duct 7,32 m/s
Flue gas temperature (mean) 65 °C
Flue draught (mean) 4 Pa
Parameter Start value End value Units
Ambient temperature 24,4 24,5 °C
Relative humidity 38 37 %
Barometric pressure 1015 1013 hPa
Draft in front of the test rig 0,05 0,07 m/s
Flue gas temperature 208 33 °C
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12.4. Data, HF2 (#3) test run 3" of September 2020 TECHNOLOGICAL
INSTITUTE
Parameter Value Unit
Pitot factor (F_p) 0,92
Dynamic pressure duct, Pd 30,5 Pa
Static pressure duct, Ps 47,1 Pa
Date of testing 03-02-2020 dd-mm-yyyy
Start of Cold start test 11:34:00 hh:mm:ss
Start of the High fire test 11:55:30 hh:mm:ss
End of High fire test 13:04:51 hh:mm:ss
Test duration (Cold start + High fire) 01:30:51 hh:mm:ss
Duration of the High Fire test 01:09:21 hh:mm:ss
Mean stove surface temperature at the start 24,6 °C
Kindling and Start-up fuel load 1,500 kg
Start-up fuel moisture 19,7 % DB
Test fuel load 3,190 kg
Test fuel moisture 19,3 % DB
Resulting burn rate 2,05 mkagtt(edrr)»//h
Particulate emission rate, first hour 1,97 g/h
Particulate emission rate, overall 1,75 g/h
Sampled gas volume (nl), main train 647,9 NI
Captured pm mass, main train 2,9 mg
Sampled gas volume (nl), split train 647,9 NI
Captured pm mass, split train 3,3 mg
PM mass total (average) 2,55 g
E{rzliantlve deviation in pm emission, main train to split 5,95 %
Ab;olute deviation in pm emission, main train to split 011 g/kg (dry
train ! matter)
Mean flow rate probe, main train 7,25 m/s
Mean flow rate probe, split train 7,26 m/s
Mean flow rate duct 7,28 m/s
Flue gas temperature (mean) 178 °C
Flue draught (mean) 11 Pa
Parameter Start value End value Units
Ambient temperature 23,8 24,6 °C
Relative humidity 40 41 %
Barometric pressure 1013 1011 hPa
Draft in front of the test rig 0,04 0,02 m/s
Flue gas temperature 26 177 °C
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12.5. Data, MF (#4) test run 3" of September 2020 TECHNOLOGICAL
INSTITUTE
Parameter Value Unit
Pitot factor (F_p) 0,92
Dynamic pressure duct, Pd 29,8 Pa
Static pressure duct, Ps 46,0 Pa
Date of testing 03-09-2020 dd-mm-yyyy
Start of test 13:14:40 hh:mm:ss
End of test 16:38:18 hh:mm:ss
Test duration 03:23:38 hh:mm:ss
Mean stove surface temperature at the start NA °C
Kindling and Start-up fuel load NA kg
Start-up fuel moisture NA % DB
Test fuel load 3,736 kg
Test fuel moisture 19,4 % DB
Resulting burn rate 0,92 mkagtt(edrr)»/lh
Particulate emission rate, first hour 1,12 g/h
Particulate emission rate, overall 0,33 g/h
Sampled gas volume (nl), train 1 1423,7 NI
Captured pm mass, train 1 1,2 mg
Sampled gas volume (nl), train2 1423,8 NI
Captured pm mass, train 2 1,4 mg
PM mass total (average) 1,12 g
Relative deviation in pm emission, train 1 to train 2 6,73 %
Absolute deviation in pm emission, train 1 to train 2 -0,05 gr/nkagtt(edrr)y
Mean flow rate probe, train 1 7,15 m/s
Mean flow rate probe, train 2 7,16 m/s
Mean flow rate duct 7,19 m/s
Flue gas temperature (mean) 98 °C
Flue draught (mean) 7 Pa
Parameter Start value End value Units
Ambient temperature 24,5 24,3 °C
Relative humidity 40,0 41,0 %
Barometric pressure 1013,0 1011,0 hPa
Draft in front of the test rig 0,02 0,03 m/s
Flue gas temperature 174 48 °C
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12.6. Data, HF3 (#5) test run 4t of September 2020 TECHNOLOGICAL
INSTITUTE
Parameter Value Unit
Pitot factor (F_p) 0,92
Dynamic pressure duct, Pd 30,8 Pa
Static pressure duct, Ps 48,8 Pa
Date of testing 02-09-2020 dd-mm-yyyy
Start of Cold start test 12:19:15 hh:mm:ss
Start of the High fire test 12:47:10 hh:mm:ss
End of High fire 14:00:30 hh:mm:ss
Test duration (Cold start + High fire) 1:41:15 hh:mm:ss
Duration of the High fire test 1:13:20 hh:mm:ss
Mean stove surface temperature at the start 24,9 °C
Kindling and Start-up fuel load 1,517 kg
Start-up fuel moisture 19,7 % DB
Test fuel load 3,183 kg
Test fuel moisture 19,2 % DB
Resulting burn rate 2,05 mkagtt(edrr)»//h
Particulate emission rate, first hour 1,17 g/h
Particulate emission rate, overall 1,13 g/h
Sampled gas volume (nl), main train 609,9 NI
Captured pm mass, main train 1,8 mg
Sampled gas volume (nl), split train 610,5 NI
Captured pm mass, split train 1,8 mg
PM mass total (average) 1,63 g
E{rzliantlve deviation in pm emission, main train to split 0,20 %
Absolute deviation in pm emission, main train to split g/kg (dry
train 0,002 matter)
Mean flow rate probe, main train 7,16 m/s
Mean flow rate probe, split train 7,17 m/s
Mean flow rate duct 7,20 m/s
Flue gas temperature (mean) 181 °C
Flue draught (mean) 11 Pa
Parameter Start value End value Units
Ambient temperature 24,3 24,9 °C
Relative humidity 44 44 %
Barometric pressure 1012 1013 hPa
Draft in front of the test rig 0,09 0,03 m/s
Flue gas temperature 23 199 °C
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13. Test equipment TECHNOLOGICAL
INSTITUTE

Testing was carried out at test rig C. (EPA setup)

Instrument number

Instrument Traceability .
Testrig C

Scale, Mettler, 600 kg, KC 600 ELAB 270-A-1638

Thermo couples, EPA sampling train ELAB Id No. 145092

Type T

Thermo couples, others,

Type T and type K ELAB Id No.134396

DOP version II - -

Data acquisition unit, HP 34970A DANAK 200 270-A-1630

Surface temperature, DANAK 200 270-A-0976

Technoterm 5500
Surface temperature, Dan 1200 DANAK 200 270-A-0876

Pressure gauge, Autotran 700

(flue draught) ELAB 270-A-1632
Pressure gauge, Autotran 700 (Pd) ELAB Id No. 145065
Pressure gauge, Autotran 700 (Ps) ELAB 270-A-1634
Calibrator, Jofra 650 SE DANAK 200 270-A-0912
Scale, Mettler Toledo

(15kg/1g) ELAB Id No. 5822
Scale, Mettler Toledo XS4002S (4,1kg/10mg) ELAB Id No. 135794
Scale, Mettler Toledo XS204 (220g/0,1mg) DANAK 200 Id No. 7084
Te_sto 440_ and Turbolence probe DANAK 200 Id No. 176529
(Air velocity Laboratory)

TSI Micromanometer and Pltottube DANAK 200 1d No. 4771 (270-A-2406)
(Air velocity Dilution tunnel)

Hygrometer (air humidity) Thermoguard DANAK 200 Id No. 142357
Barometric reading

(atmospheric pressure) Thermoguard / (Ahlborn) DANAK 200 Id No. 7102
Pitot tube (air velocity in flue) ELAB 270-A-1631-14

Dust measuring equipment

: . . - Id No. 145093
(particle measuring equipment)

Gas meter, Red-y (-H)

(Whole charge, With outlet) DANAK 200 Id No. 144236
Gas meter, Red-y (-D)

(Divided charge with outlet) DANAK 200 Id. No. 144239
Flow meter (-R) DANAK-200 Id No. 144257

(Room blanc)
Thermo sensor, Dilution tunnel, Pt 100 DANAK 200 270-A-1628

PST leakage meter

(Brooks glass tube) ELAB Id no. 83013
CO/CO: analyzer, ABB IR ELAB 270-A-2276

Spangas CO/CO2, AGA

(High CO and CO3) Swedac Id no. 135573
Spangas CO/CO2, AGA (Low CO) Swedac Id no. 135574
Moisture meter ELAB Id No. 145070
Vacuum meter (-H) DANAK 200 Id No. 145074

(Main train)
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Vacuum meter (-D) DANAK 200 Id No. 145076
(Split train)
Vacuum meter (-R) DANKA 200 1d No. 145077
(Room)
Pressure meter (-H) DANAK 200 Id No. 145078
(Main train)
Pressure meter (-D) DANAK 200 Id No. 145079
(Split train)
Thermometer (Fuel storage room) ELAB Id No. 145081
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EPA Letter of acceptance, ALT 126 (3 pages)
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Images from the test sequence the 2. September 2020 (3 pages)
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Images from the test the 4. September 2020 (2 pages)

High fire 1 fuel load calculator 020920 (2 pages)
Low fire fuel load calculator 020920 (2 pages)
High fire 2 fuel load calculator 030920 (2 pages)
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High fire 3 fuel load calculator 040920 (2 pages)

Manufacturer’s test instruction (4 pages)
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DTI test procedure EPA tests (26 pages)

Set of calibration certificates (79 pages)

HF1 ASTM calculations (11 pages)

LF ASTM calculations (11 pages)

HF2 ASTM calculations (11 pages)

MF ASTM calculations (11 pages)

HF3 ASTM calculations (11 pages)

Set of HF1 logger data 020920 (25 pages)
Set of LF logger data 020920 (65 pages)
Set of HF2 logger data 030920 (24 pages)
Set of MF logger data 030920 (61 pages)
Set of HF3 logger data 040920 (28 pages)
Assembly drawings (7 pages)

Annex 27a: Parts drawings (60 pages)
Annex 27b: Spare parts drawings (2 pages)

Annex 28
Annex 29
Annex 30

: Material sheets (32 pages)
: Labels (2 pages)
: Pictures (2 pages)

Annex 31a: User’ manual North America (13 pages)
Annex 31b: User’ manual Canada (13 pages)

Annex 32
Annex 33
Annex 34
Annex 35

: Sample analysis (5 pages)

: Firebox drawing with volume (1 page)
: Manufacturers QA Plan (10 pages)

: Laboratory hand notes (8 pages)
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
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M 8 RESEARCH TRIANGLE PARK, NC 27711
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FEB 2 82018

. . OFFICE OF
Mr. Justin White AIR QUALITY PLANNING
Hearthstone QHPP, Inc. AND STANDARDS

#17 Stafford Ave.
Morrisville, VT 05661

Dear Mr. White,

I am writing in response to your letter dated January 12, 2018, regarding wood heaters
manufactured by Hearthstone QHPP, Inc. (Hearthstone). This response, dated February 28, 2018,
supercedes our previous response (dated February 26, 2018) to correct an inaccuracy regarding
required changes to ASTM E3053-17.

You are requesting to use an alternative test method, using cord wood, as referenced in section
60.532(c) of 40 CFR part 60, Subpart AAA, Standards of Performance for New Residential
Wood Heaters (Subpart AAA) to meet the 2020 cord wood alternative compliance option. The
2020 cord wood alternative compliance option states that each affected wood heater
manufactured or sold at retail for use in the United States on or after May 15, 2020, must not
discharge into the atmosphere any gases that contain particulate matter in excess of 2.5 g/hr.
Compliance must be determined by a cord wood test method approved by the Administrator
along with the procedures in 40 CFR 60.534. You have requested approval to use the procedures
and specifications found in ASTM Method E3053-17, a cord wood test method titled, “Standard
Test Method for Determining Particulate Matter Emissions from Wood Heaters using Cordwood
Test Fuel,” in conjunction with ASTM E2515-11 and Canadian Standards Administration (CSA)
Method CSA-B415.1-10, which are specified in 40 CFR 60.534.

We understand that Hearthstone is also requesting that the alternative method proposed above be
approved to apply broadly to all wood heaters manufactured by Hearthstone meeting the
requirements of Subpart AAA, from the approval date of this request until such time that Subpart
AAA is revised or replaced to require a different cord wood certification method, providing all
requirements of section 60.533 of Subpart AAA are met.

With the caveats set forth below, we approve your alternative test method request for certifying
wood heaters using ASTM E3053-17 in conjunction with section 60.534 of Subpart AAA to
meet the 2020 cord wood compliance option until such time that Subpart AAA is revised or
replaced to require a different cord wood certification method. We also approve application of
this alternative method to all wood heaters manufactured by Hearthstone meeting the
requirements of Subpart AAA.

Intemet Address (URL) e http://www.epa.gov
Recycled/Recyclable « Printed with Vegetable Oil Based Inks on Recycled Paper (Minimum 25% Postconsumer)
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As required in Subpart AAA, section 60.354(d), you or your approved test laboratory must also
measure the first hour of particulate matter emissions for each test run using a separate filter in
one of the two parallel sampling trains. These results must be reported separately and also
included in the total particulate matter emissions per run. Also, as required by Subpart AAA,
section 60.534(e), you must have your approved laboratory measure the efficiency, heat output,
and carbon monoxide emissions of the tested wood heater using CSA-B415.1-10. For
measurement of particulate matter emission concentrations, ASTM 2515-11 must be used.

The following change to ASTM E3053-17 must be followed:

1. Coal bed conditions prior to loading test fuel. The coal bed shall be a level plane without
valleys or ridges for all test runs in the high, low, and medium burn rate categories.

The following changes to ASTM E2515-11 must be followed:
1. The filter temperature must be maintained between 80 and 90 degrees F during testing.

2. Filters must be weighed in pairs to reduce weighing error propagation; see ASTM 2515-
11, Section 10.2.1 Analytical Procedure.

3. Sample filters must be Pall TX-40 or equivalent Teflon-coated glass fiber, and of 47 mm,
90 mm, 100 mm, or 110 mm in diameter.

4. Only one point is allowed outside the +/- 10 percent proportionality range per test run.

A copy of this letter must be included in each certification test report where this alternative test
method is utilized.

It is reasonable that this alternative test method approval be broadly applicable to all wood
heaters subject to the requirements of 40 CFR part 60, Subpart AAA. For this reason, we will
post this letter as ALT-125 on our website at Attp.//www3.epa.gov/ttn/emc/approalt. html for use
by other interested parties. As noted earlier in this letter, this alternative method approval is valid
until such time that Subpart AAA is revised or replaced to require a different cord wood
certification method, and at such time, this alternative will be reconsidered and possibly
withdrawn.



If you have additional questions regarding this approval, please contact Michael Toney of my
staff at 919-541-5247 or toney.mike@epa.gov.

Sincerely,

Steffan M. Johnson; Group Leader
Measurement Technology Group

g Amanda Aldridge, EPA/OAQPS/OID
Adam Baumgart-Getz, EPA/OAQPS/OID
Rafael Sanchez, EPA/OECA
Michael Toney, EPA/OAQPS/AQAD
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Annex 2

Morsg 2B Classic 2020 pre-test conditioning
Last 50+ hours at medium burnrate
Date Time Fuel added Fuel moisture | Flue gas temperature
dd.mm.yyyy (hour) (kg) (% wet basis) (C°)
28.08.2020 0 1,53 =10/20,1 23,16
0,53 3,237 17,5 160,63
1 183,86
1,77 3,9 18,8 168,48
2 128,64
3 99,74
4 49,42
5 37,52
6 33,37
7 31,45
8 30,93
9 30,22
10 29,76
11 29,99
27.08.2020 0 1,54 =10/17,9 23,09
0,51 3,273 17,7 164,62
1 155,8
1,86 3,878 18,9 167,53
2 145,98
3 98,13
4 50,92
5 37,76
6 33,56
7 31,64
8 30,86
9 30,27
10 30,02
26.08.2020 0 1,504 =10/19,1 23,24
0,56 3,23 18,8 141,16
1 178,88
1,95 3,765 19,2 162,29
2 172,18
3 109,58
4 51,79
5 38,04
6 33,17
7 30,62
8 29,81
9 29,35
10 29,29
24.08.2020 0 1,516 =10/15,5 21,38




Annex 2

0,58 3,171 15,8 161,05
1 161,83
1,88 3,882 16 183,46
2 145,67
3 108,64
4 51,17
5 38,11
6 33,91
7 31,78
8 30,89
9 30,63
10 30,54
21.08.2020 0 1,525 ~10/17,5 24,17
0,51 3,214 18,4 152,75
1 200,91
1,71 3,812 18,9 180,6
2 131,42
3 85,98
4 46,3
5 36,66
6 33,12
7 32,14
8 30,93
9 29,94
10 30,85
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Sequence of images from the tests, the 2" September 2020

Annex 3

1) Aged 2B Classic 2020 on the test rig

2) Supply of natural Beech wood logs

3) Pre-selection of wood logs

4) Measurement of surface temp (5 in total)

5) Day 1 fuel loads prepared

6) Recording of HF fuel load moisture

7) Recording of LF fuel load moisture

8) Arrangement of kindling and SU fuel




Sequence of images from the tests, the 2" September 2020

Annex 3

9) Measurement of air velocity prior

10) Bed of embers at the end of the Cold start

11) Firebed shortly after loading the HF batch

12) Clogged first pair of HF filers

13) Bed of embers at the end of the HF test

14) Shortly after loading the LF fuel load




Sequence of images from the tests, the 2" September 2020 Annex 3

15) Temp controlled sampling lines 16) Intermediate air velocity measurement

17) Air velocity measurement at the end

18) Insulated part of the measurement section
and the hood. No visible smoke detected.
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Sequence of images from the tests, the 3rd of September 2020 Annex 4

1) Preparation of wood logs 2) Kindling, start-up fuel and HF and MF loads

3) Arrangement of kindling and SU fuel 4) Air velocity measurement prior

5) Bed of embers at the end of the Cold Start 6) Firebed shortly after loading the HF fuel load

7) Intermediate air velocity measurement 8) Bed of embers at the end of the HF test




Sequence of images from the tests, the 3rd of September 2020 Annex 4

9) Air velocity measurement, end of the MF test | 10) Platform scale, end mass of the MF test
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Sequence of images from the test, the 4" September 2020 Annex 5

1) Kindling, SU fuel and HF fuel load line up 2) Record of HF fuel moisture
3) Arrangement of HF fuel load 4) Air velocity measurement prior
5) Arrangement of kindling and SU fuel 6) Ignition from the top

7) Bed of embers at the end of the Cold start 8) Air velocity measurement end of the HF test




Sequence of images from the test, the 4" September 2020

Annex 5

9) Preparation of seals

10) Sealed 2B Classic 2020 stove
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Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 10 Ib/ft3 Nominal Load Density
Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight

Values to be input manuaIIyI I

Imperial units

[For Al Usable Firebox Volumes - High Fire Test Only

Nominal Required Load Density (wet basis)

10,000]1b/ft3

Usable Firebox Volume 0,68616]ft3
Total Nom. Load Wt. Target 6,862 |b
Total Load Wt. Allowable Range 6,500 to 7,200 Ib
Core Target Wt. Allowable Range 3,100 to 4,500 Ib
Remainder Load Wt. Allowable Range 2,400 to 3,800 Ib
Mid-Point
Core Load Pc. Wt. Allowable Range 1,000 to 1,700 b 1,350
Remainder Load Pc. Wt. Allowable Range 0,700 to 3,800 Ib 2,250 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis
Core Load Piece Wt. Actual 1 1,318]Ib In Range 18,1 19 18,4 18,5 In Range 1,113 Ib 0,505 kg
2 1,396]Ib In Range 21 20,9 18,1 20,0 In Range 1,163 |b 0,528 kg
3 1,543|Ib In Range 19,2 18,3 18,8 18,8  InRange 1,299 b 0,589/ kg
Core Load Total. Wt. Actual 4,26 |b In Range
Pc. #
Remainder Load Piece Wit. 1 2,698]Ib In Range 19,1 19,3 18,6 19,0 In Range 2,268/ Ib 1,029 kg
(1to 3 Pcs.) 2 Ib NA NA | NA NA b NA kg
3 Ib NA NA NA NA b NA kg
Remainder Load Tot. Wt. Act 2,698 Ib In Range Total Load Ave. MC (%-dry basis) 19,1 InRange
Total Load Wt. Actual 6,956 b In Range Total Load Ave. MC % (wet basis) 16,0
Core % of Total Wt. 61% In Range 45-65% Total Test Load Weight (dry basis) »> 5,842 |b 2,650 kg
Remainder % of Total Wt. 39% In Range 35-55%
Actual Load % of Nominal Target 101% In Range 95-105% Kindling Moisture (%-dry basis)
Actual Fuel Load Density 10,1 Ib/ft3 10 10 10 | 10,0 In Range 1,211 Ib 0,549 kg
Kindling and Start-up Fuel Start-up Fuel Moisture Readings (%-dry basis)
Maximim Kindling Wt. (20% of Tot. Load Wt.) 1,391 Ib 19,4 19,9 19,8 | 19,7 In Range 1,682 Ib 0,763 kg
Actual Kindling Wt. Ib In Range 19,1%
Maximum Start-up Fuel Wt. (30% of Tot. Load Wt.) 2,087 Ib Total Wt. All Fuel Added (dry basis) > 8,735 Ib 3,96 kg
Actual Start-up Fuel Wt. 2,013]Ib In Range 28,9% Total Wt. All Fuel Burned (dry basis) » 6,861 |b 3,112 kg
Allowable Residual Start-up Fuel Wt. Range 0,696 to 1,391 b Mid-Point
Actual Residual Start-up Fuel Wt. 1,213|lb In Range 1,043
Total Wt. All Fuel Added (wet basis) 10,30 Ib
High Fire Test Run End Point Range Low High Mid-Point
Based on Fuel Load Wt. (w/tares) 0,626 to 0,765 Ib 0,696
Actual Fuel Load Ending Wt. 0,661]lb In Range




Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 10 Ib/ft3 Nominal Load Density
Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight

Values to be input manuaIIyI I

Metric units

[For Al Usable Firebox Volumes - High Fire Test Only

Nominal Required Load Density (wet basis) 160,185]kg/m3
Usable Firebox Volume 0,01943]m3
Total Nom. Load Wt. Target 3,112 kg
Total Load Wt. Allowable Range 3,000 to 3,300 kg
Core Target Wt. Allowable Range 1,400 to 2,000 kg
Remainder Load Wt. Allowable Range 1,100 to 1,700 kg
Mid-Point
Core Load Pc. Wt. Allowable Range 0,500 to 0,800 kg 0,650
Remainder Load Pc. Wt. Allowable Range 0,300 to 1,700 kg 1,000 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis
Core Load Piece Wt. Actual 1 0,598 kg In Range 18,1 19 18,4 18,5 In Range 1,113 Ib 0,505 kg
2 0,633]kg In Range 21 20,9 18,1 20,0 In Range 1,163 |b 0,528 kg
3 0,700]kg In Range 19,2 18,3 18,8 18,8 In Range 1,299 Ib 0,589 kg
Core Load Total. Wt. Actual 1,93 kg In Range
Pc. #
Remainder Load Piece Wit. 1 1,224] kg In Range 19,1 19,3 18,6 19,0 In Range 2,268/ Ib 1,029 kg
(1to 3 Pcs.) 2 kg NA NA | NA NA b NA kg
3 kg NA NA NA NA b NA kg
Remainder Load Tot. Wt. Act 1,224 kg In Range Total Load Ave. MC (%-dry basis) 19,1 InRange
Total Load Wt. Actual 3,155 kg In Range Total Load Ave. MC % (wet basis) 16,0
Core % of Total Wt. 61% In Range 45-65% Total Test Load Weight (dry basis) »> 5,842 |b 2,650 kg
Remainder % of Total Wt. 39% In Range 35-55%
Actual Load % of Nominal Target 101% In Range 95-105% Kindling Moisture (%-dry basis)
Actual Fuel Load Density 162,4 kg/m3 10 10 10 | 10,0 In Range 0,549 Ib 0,249 kg
Kindling and Start-up Fuel Start-up Fuel Moisture Readings (%-dry basis)
Maximim Kindling Wt. (20% of Tot. Load Wt.) 0,631 kg 19,4 19,9 19,8 | 19,7 In Range 0,763 Ib 0,346 kg
Actual Kindling Wt. kg In Range 19,1%
Maximum Start-up Fuel Wt. (30% of Tot. Load Wt.) 0,947 kg Total Wt. All Fuel Added (dry basis) > 7,154 b 3,25 kg
Actual Start-up Fuel Wt. I 0,913|kg In Range 28,9% Total Wt. All Fuel Burned (dry basis) » 6,304 |b 2,860 kg
Allowable Residual Start-up Fuel Wt. Range 0,316 to 0,631 kg Mid-Point
Actual Residual Start-up Fuel Wt. I O,SSOIkg In Range 0,473
Total Wt. All Fuel Added (wet basis) 4,67 kg
High Fire Test Run End Point Range Low High Mid-Point
Based on Fuel Load Wt. (w/tares) 0,284 to 0,347 kg 0,316
Actual Fuel Load Ending Wt. I O,SOOIkg In Range
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Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 12 Ib/ft3 Nominal Load Density
Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight

Imperial units

Values to be input manually|

For Usable Firebox Volumes up to 3.0 ft*- Low and Medium Fire

Total Wt. of Fuel Burned During Test Run lb.

8,466 |b

Nominal Required Load Density (wet basis) 12,000} Ib/ft3
Usable Firebox Volume 0,68616]ft3
Total Nom. Load Wt. Target 8,234 |b
Total Load Wt. Allowable Range 7,822 to 8,646 Ib
Core Target Wt. Allowable Range 3,705 to 5,352 Ib
Remainder Load Wt. Allowable Range 2,882 to 4,529 Ib
Mid-Point
Core Load Fuel Pc. Wt. Allowable Range 1,235 to 2,058 Ib 1,647
Remainder Load Pc. Wt. Allowable Range 0,823 to 2,470 b 1,647 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis
Core Load Piece Wt. Actual 1] 1,543]lb In Range 25,2 20,5 21 22,2 InRange 1,263 |b 0,573 kg
2 1,636]Ib In Range 18,8 19,8 17,8 18,8 In Range 1,377 b 0,625 kg
3 1,673]lb In Range 17,9 18,1 18,1 18,0 InRange 1,418 |b 0,643 kg
Core Load Total. Wt. Actual 4,85 |b In Range
Pc. #
Remainder Load Piece Wt. 1] 2,335|lb In Range 18,6 22,3 18,6 19,8 InRange 1,948 |b 0,884 kg
(2 or 3 Pcs.) 2 1,279]lb In Range 18,5 18,5 18,3 18,4 In Range 1,080 |b 0,490 kg
3 Ib NA NA NA NA b NA kg
Remainder Load Piece Weight Ratio - Small/Large 55% In Range <67% Total Load Ave. MC % (dry basis) 19,5 InRange
Remainder Load Tot. Wt. Act 3,613 |b In Range Total Load Ave. MC % (wet basis) 16,3
Total Load Wt. Actual 8,466 |b In Range Total Test Load Weight (dry basis) 7,085 |b | 3,214 kg
Core % of Total Wt. 57% In Range 45-65% Total Fuel Weight Burned During Test Run (dry basis) 7,085 |b | 3,214 kg
Remainder % of Total Wt. 43% In Range 35-55%
Actual Load % of Nominal Target 103% In Range 95-105%
Actual Fuel Load Density 12,338 Ib/ft3
Allowable Charcoal Bed Wt. Range (Ib) 0,897 to 1,643 Mid-Point
Actual Charcoal Bed Wt. 1,488]lb In Range 1,270
Actual Fuel Load Ending Wt. 0,000]Ib Valid Test >90%




Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 12 Ib/ft® Nominal Load Density Metric units
Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight
Values to be input manuallyl I
For Usable Firebox Volumes up to 3.0 ft*- Low and Medium Fire
Nominal Required Load Density (wet basis) 192,222]kg/m?
Usable Firebox Volume 0,01943|m?
Total Nom. Load Wt. Target 3,735 kg
Total Load Wt. Allowable Range 3,548 to 3,922 kg
Core Target Wt. Allowable Range 1,681 to 2,428 kg
Remainder Load Wt. Allowable Range 1,307 to 2,054 kg
Mid-Point
Core Load Fuel Pc. Wt. Allowable Range 0,560 to 0,934 kg 0,747
Remainder Load Pc. Wt. Allowable Range 0,373 to 1,120 kg 0,747 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis

Core Load Piece Wt. Actual 1] 0,7001kg In Range 25,2 20,5 21 22,2 InRange 1,263 |b 0,573 kg

2 0,742)kg In Range 18,8 19,8 17,8 18,8 InRange 1,377 |b 0,625 kg

3 0,7591kg In Range 17,9 18,1 18,1 18,0 InRange 1,418 |b 0,643 kg
Core Load Total. Wt. Actual 2,20 kg In Range

Pc. #

Remainder Load Piece Wt. 1 1,059(kg In Range 18,6 22,3 18,6 19,8 InRange 1,948 |b 0,884 kg
(2 or 3 Pcs.) 2| 0,5801kg In Range 18,5 18,5 18,3 18,4 InRange 1,080 |b 0,490 kg

3 kg NA NA  NA NA b NA kg
Remainder Load Piece Weight Ratio - Small/Large 55% In Range <67% Total Load Ave. MC % (dry basis) 19,5 InRange
Remainder Load Tot. Wt. Act 1,639 kg In Range Total Load Ave. MC % (wet basis) 16,3
Total Load Wt. Actual 3,840 kg In Range Total Test Load Weight (dry basis) 7,085 |b | 3,214 kg
Core % of Total Wt. 57% In Range 45-65% Total Fuel Weight Burned During Test Run (dry basis) 7,085 |b | 3214 kg
Remainder % of Total Wt. 43% In Range 35-55%
Actual Load % of Nominal Target 103% In Range 95-105%
Actual Fuel Load Density 197,633 kg/m3
Allowable Charcoal Bed Wt. Range (kg) 0,434 to 0,718 Mid-Point
Actual Charcoal Bed Wit. 0,675]kg In Range 0,576
Actual Fuel Load Ending Wt. 0,0001kg Valid Test > 90%
Total Wt. of Fuel Burned During Test Run Ib. 3,840 kg
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Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 10 Ib/ft3 Nominal Load Density
Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight

Values to be input manuaIIyI I

Imperial units

[For Al Usable Firebox Volumes - High Fire Test Only

Nominal Required Load Density (wet basis)
Usable Firebox Volume

10,000]1b/ft3

0,686179]ft3

Total Nom. Load Wt. Target 6,862 |b
Total Load Wt. Allowable Range 6,500 to 7,200 Ib
Core Target Wt. Allowable Range 3,100 to 4,500 Ib
Remainder Load Wt. Allowable Range 2,400 to 3,800 Ib
Mid-Point
Core Load Pc. Wt. Allowable Range 1,000 to 1,700 b 1,350
Remainder Load Pc. Wt. Allowable Range 0,700 to 3,800 Ib 2,250 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis
Core Load Piece Wt. Actual 1 1,475]1b In Range 18,2 19,1 19,1 18,8 In Range 1,241 |Ib 0,563 kg
2 1,479]lb In Range 18,6 18,1 18,3 18,3 In Range 1,250 |b 0,567 kg
3 1,360]Ib In Range 19,2 18,4 19 189 InRange 1,144 b 0,519 kg
Core Load Total. Wt. Actual 431 |b In Range
Pc. #
Remainder Load Piece Wit. 1 2,718]Ib In Range 20,3 19,6 21,6 20,5 In Range 2,256/ Ib 1,023 kg
2 0,000]1b 0 0 0 0,0 NA b NA kg
3 0,000}1b - 0 0 0 0,0 - NA b NA kg
Remainder Load Tot. Wt. Act 2,718 Ib In Range Total Load Ave. MC (%-dry basis) 19,4 InRange
Total Load Wt. Actual 7,033 Ib In Range Total Load Ave. MC % (wet basis) 16,2
Core % of Total Wt. 61% In Range 45-65% Total Test Load Weight (dry basis) > 5,892 |b 2,673 kg
Remainder % of Total Wt. 39% In Range 35-55%
Actual Load % of Nominal Target 102% In Range 95-105% Kindling Moisture (%-dry basis)
Actual Fuel Load Density 10,2 Ib/ft3 10 10 10 | 10,0 In Range 1,209 Ib 0,548 kg
Kindling and Start-up Fuel Start-up Fuel Moisture Readings (%-dry basis)
Maximim Kindling Wt. (20% of Tot. Load Wt.) 1,407 b 19,3 19,6 20,2 | 19,7 In Range 1,652 |b 0,749 kg
Actual Kindling Wt. Ib In Range 18,9%
Maximum Start-up Fuel Wt. (30% of Tot. Load Wt.) 2,110 Ib Total Wt. All Fuel Added (dry basis) > 8,752 b 3,97 kg
Actual Start-up Fuel Wt. 1,978]lb In Range 28,1% Total Wt. All Fuel Burned (dry basis) » 6,878 |b 3,120 kg
Allowable Residual Start-up Fuel Wt. Range 0,703 to 1,407 b Mid-Point
Actual Residual Start-up Fuel Wt. 1,213|lb In Range 1,055
Total Wt. All Fuel Added (wet basis) 10,34 Ib
High Fire Test Run End Point Range Low High Mid-Point
Based on Fuel Load Wt. (w/tares) 0,633 to 0,774 |b 0,703
Actual Fuel Load Ending Wt. 0,661]lb In Range




Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 10 Ib/ft3 Nominal Load Density
Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight

Values to be input manuaIIyI I

Metric units

[For Al Usable Firebox Volumes - High Fire Test Only

Nominal Required Load Density (wet basis) 160,185]kg/m3
Usable Firebox Volume 0,019430|m3
Total Nom. Load Wt. Target 3,112 kg
Total Load Wt. Allowable Range 3,000 to 3,300 kg
Core Target Wt. Allowable Range 1,400 to 2,000 kg
Remainder Load Wt. Allowable Range 1,100 to 1,700 kg
Mid-Point
Core Load Pc. Wt. Allowable Range 0,500 to 0,800 kg 0,650
Remainder Load Pc. Wt. Allowable Range 0,300 to 1,700 kg 1,000 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis
Core Load Piece Wt. Actual 1 0,669]kg In Range 18,2 19,1 19,1 18,8 In Range 1,241 |Ib 0,563 kg
2 0,671]kg In Range 18,6 18,1 18,3 18,3 In Range 1,250 |b 0,567 kg
3 0,617]kg In Range 19,2 18,4 19 18,9 In Range 1,144 b 0,519 kg
Core Load Total. Wt. Actual 1,96 kg In Range
Pc. #
Remainder Load Piece Wit. 1 1,233|kg In Range 20,3 19,6 21,6 20,5 In Range 2,256/ Ib 1,023 kg
2 0,000[kg 0 0 0 0,0 NA b NA kg
3 0,000]kg - 0 0 0 0,0 - NA b NA kg
Remainder Load Tot. Wt. Act 1,233 kg In Range Total Load Ave. MC (%-dry basis) 19,4 InRange
Total Load Wt. Actual 3,190 kg In Range Total Load Ave. MC % (wet basis) 16,2
Core % of Total Wt. 61% In Range 45-65% Total Test Load Weight (dry basis) »> 5,892 |b 2,672 kg
Remainder % of Total Wt. 39% In Range 35-55%
Actual Load % of Nominal Target 102% In Range 95-105% Kindling Moisture (%-dry basis)
Actual Fuel Load Density 164,2 kg/m? 10 10 10 | 10,0 In Range 0,548 Ib 0,249 kg
Kindling and Start-up Fuel Start-up Fuel Moisture Readings (%-dry basis)
Maximim Kindling Wt. (20% of Tot. Load Wt.) 0,638 kg 19,3 19,6 20,2 | 19,7 In Range 0,749 |b 0,340 kg
Actual Kindling Wt. kg In Range 18,9%
Maximum Start-up Fuel Wt. (30% of Tot. Load Wt.) 0,957 kg Total Wt. All Fuel Added (dry basis) > 7,189 b 3,26 kg
Actual Start-up Fuel Wt. I 0,897|kg In Range 28,1% Total Wt. All Fuel Burned (dry basis) » 6,339 |b 2,875 kg
Allowable Residual Start-up Fuel Wt. Range 0,319 to 0,638 kg Mid-Point
Actual Residual Start-up Fuel Wt. I O,SSOIkg In Range 0,478
Total Wt. All Fuel Added (wet basis) 4,69 kg
High Fire Test Run End Point Range Low High Mid-Point
Based on Fuel Load Wt. (w/tares) 0,287 to 0,351 kg 0,319
Actual Fuel Load Ending Wt. I O,SOOIkg In Range
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Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 12 Ib/ft® Nominal Load Density

Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight

Values to be input manuallyl I

Imperial units

For Usable Firebox Volumes up to 3.0 ft*- Low and Medium Fire

Total Wt. of Fuel Burned During Test Run lb.

8,236

b

Nominal Required Load Density (wet basis) 12,000}]1b/ft3
Usable Firebox Volume 0,68618|ft3
Total Nom. Load Wt. Target 8,234 Ib
Total Load Wt. Allowable Range 7,822 to 8,646 Ib
Core Target Wt. Allowable Range 3,705 to 5,352 Ib
Remainder Load Wt. Allowable Range 2,882 to 4,529 Ib
Mid-Point
Core Load Fuel Pc. Wt. Allowable Range 1,235 to 2,059 Ib 1,647
Remainder Load Pc. Wt. Allowable Range 0,823 to 2,470 Ib 1,647 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis
Core Load Piece Wt. Actual 1] 1,711]lb In Range 18,5 18,1 21 19,2 InRange 1,435 |b 0,651 kg
2 1,550]Ib In Range 18,5 18,9 18,7 18,7 InRange 1,306 Ib 0,592 kg
3 1,433]lb In Range 19,1 18 20,4 19,2 InRange 1,203 |b 0,545 kg
Core Load Total. Wt. Actual 4,69 Ib In Range
Pc. #
Remainder Load Piece Wt. 1 2,249]Ib In Range 18,8 22 21,6 20,8 InRange 1,862 |b 0,844 kg
(2 or 3 Pcs.) 2| 1,294]1b In Range 18,7 18,9 18 18,5 InRange 1,092 |b 0,495 kg
3 Ib NA NA  NA NA b NA kg
Remainder Load Piece Weight Ratio - Small/Large 58% In Range <67% Total Load Ave. MC % (dry basis) 19,4 InRange
Remainder Load Tot. Wt. Act 3,543 b In Range Total Load Ave. MC % (wet basis) 16,3
Total Load Wt. Actual 8,236 |b In Range Total Test Load Weight (dry basis) 6,897 |b | 3,128 kg
Core % of Total Wt. 57% In Range 45-65% Total Fuel Weight Burned During Test Run (dry basis) 6,897 Ib | 3,128 kg
Remainder % of Total Wt. 43% In Range 35-55%
Actual Load % of Nominal Target 100% In Range 95-105%
Actual Fuel Load Density 12,003 Ib/ft3
Allowable Charcoal Bed Wt. Range (Ib) 0,874 to 1,597 Mid-Point
Actual Charcoal Bed Wt. 1,488]lb In Range 1,235
Actual Fuel Load Ending Wt. 0,000]1b Valid Test > 90%




Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 12 Ib/ft3 Nominal Load Density Metric units
Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight
Values to be input manually| |
For Usable Firebox Volumes up to 3.0 ft*- Low and Medium Fire
Nominal Required Load Density (wet basis) 192,222]|kg/m?
Usable Firebox Volume 0,01943|m?
Total Nom. Load Wt. Target 3,735 kg
Total Load Wt. Allowable Range 3,548 to 3,922 kg
Core Target Wt. Allowable Range 1,681 to 2,428 kg
Remainder Load Wt. Allowable Range 1,307 to 2,054 kg
Mid-Point
Core Load Fuel Pc. Wt. Allowable Range 0,560 to 0,934 kg 0,747
Remainder Load Pc. Wt. Allowable Range 0,373 to 1,120 kg 0,747 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis

Core Load Piece Wt. Actual 1] 0,776]kg In Range 18,5 18,1 21 19,2 InRange 1,435 |b 0,651 kg

2 0,703]kg In Range 18,5 18,9 18,7 18,7 InRange 1,306 |b 0,592 kg

3 0,6501kg In Range 19,1 18 20,4 19,2 InRange 1,203 |b 0,545 kg
Core Load Total. Wt. Actual 2,13 kg In Range

Pc. #

Remainder Load Piece Wt. 1] 1,020[kg In Range 18,8 22 21,6 20,8 InRange 1,861 |b 0,844 kg
(2 or 3 Pcs.) 2 0,587]kg In Range 18,7 18,9 18 18,5 InRange 1,092 |b 0,495 kg

3 kg NA NA |[NA NA b NA kg
Remainder Load Piece Weight Ratio - Small/Large 58% In Range <67% Total Load Ave. MC % (dry basis) 19,4 In Range
Remainder Load Tot. Wt. Act 1,607 kg In Range Total Load Ave. MC % (wet basis) 16,3
Total Load Wt. Actual 3,736 kg In Range Total Test Load Weight (dry basis) 6,897 |b | 3,128 kg
Core % of Total Wt. 57% In Range 45-65% Total Fuel Weight Burned During Test Run (dry basis) 6,897 |b | 3,128 kg
Remainder % of Total Wt. 43% In Range 35-55%
Actual Load % of Nominal Target 100% In Range 95-105%
Actual Fuel Load Density 192,275 kg/m?
Allowable Charcoal Bed Wt. Range (kg) 0,424 to 0,697 Mid-Point
Actual Charcoal Bed Wt. 0,675]kg In Range 0,560
Actual Fuel Load Ending Wt. 0,000]kg Valid Test >90%

Total Wt. of Fuel Burned During Test Run lb.

3,736 kg
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Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 10 Ib/ft3 Nominal Load Density
Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight

Values to be input manuaIIyI I

Imperial units

[For Al Usable Firebox Volumes - High Fire Test Only

Nominal Required Load Density (wet basis)

10,000]1b/ft3

Usable Firebox Volume 0,68616]ft3
Total Nom. Load Wt. Target 6,862 |b
Total Load Wt. Allowable Range 6,500 to 7,200 Ib
Core Target Wt. Allowable Range 3,100 to 4,500 Ib
Remainder Load Wt. Allowable Range 2,400 to 3,800 Ib
Mid-Point
Core Load Pc. Wt. Allowable Range 1,000 to 1,700 b 1,350
Remainder Load Pc. Wt. Allowable Range 0,700 to 3,800 Ib 2,250 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis
Core Load Piece Wt. Actual 1 1,479]b In Range 18,5 18,8 19,3 18,9 In Range 1,245 |b 0,565 kg
2 1,442]lb In Range 18,7 20,9 19,7 19,8 In Range 1,204 |b 0,546 kg
3 1,398|Ib In Range 18,7 19,2 18,9 189 InRange 1,175 b 0,533 kg
Core Load Total. Wt. Actual 4,32 |b In Range
Pc. #
Remainder Load Piece Wit. 1 2,698]Ib In Range 19,2 19,5 18,8 19,2 In Range 2,264/ b 1,027 kg
2 0,000]1b 0 0 0 0,0 NA b NA kg
3 0,000}1b - 0 0 0 0,0 - NA b NA kg
Remainder Load Tot. Wt. Act 2,698 Ib In Range Total Load Ave. MC (%-dry basis) 19,2 InRange
Total Load Wt. Actual 7,017 b In Range Total Load Ave. MC % (wet basis) 16,1
Core % of Total Wt. 62% In Range 45-65% Total Test Load Weight (dry basis) > 5,888 |b 2,671 kg
Remainder % of Total Wt. 38% In Range 35-55%
Actual Load % of Nominal Target 102% In Range 95-105% Kindling Moisture (%-dry basis)
Actual Fuel Load Density 10,2 Ib/ft3 10 10 10 | 10,0 In Range 1,213 Ib 0,550 kg
Kindling and Start-up Fuel Start-up Fuel Moisture Readings (%-dry basis)
Maximim Kindling Wt. (20% of Tot. Load Wt.) 1,403 Ib 18,8 19,5 20,2 | 19,5 In Range 1,677 b 0,761 kg
Actual Kindling Wt. Ib In Range 19,0%
Maximum Start-up Fuel Wt. (30% of Tot. Load Wt.) 2,105 Ib Total Wt. All Fuel Added (dry basis) > 8,778 b 3,98 kg
Actual Start-up Fuel Wt. 2,004]Ib In Range 28,6% Total Wt. All Fuel Burned (dry basis) » 6,904 |b 3,131 kg
Allowable Residual Start-up Fuel Wt. Range 0,702 to 1,403 b Mid-Point
Actual Residual Start-up Fuel Wt. 1,213|lb In Range 1,053
Total Wt. All Fuel Added (wet basis) 10,36 Ib
High Fire Test Run End Point Range Low High Mid-Point
Based on Fuel Load Wt. (w/tares) 0,632 to 0,772 |b 0,702
Actual Fuel Load Ending Wt. 0,661]lb In Range




Adjunct to ASTM E3053 Wood Heater Cordwood Test Method - May 10, 2017 Version

Cordwood Fuel Load Calculators - 10 Ib/ft3 Nominal Load Density
Core 45-65% of Total Load Weight, Remainder 35-55% of Total Load Weight

Values to be input manuaIIyI I

Metric units

[For Al Usable Firebox Volumes - High Fire Test Only

Nominal Required Load Density (wet basis) 160,185]kg/m3
Usable Firebox Volume 0,01943]m3
Total Nom. Load Wt. Target 3,112 kg
Total Load Wt. Allowable Range 3,000 to 3,300 kg
Core Target Wt. Allowable Range 1,400 to 2,000 kg
Remainder Load Wt. Allowable Range 1,100 to 1,700 kg
Mid-Point
Core Load Pc. Wt. Allowable Range 0,500 to 0,800 kg 0,650
Remainder Load Pc. Wt. Allowable Range 0,300 to 1,700 kg 1,000 Fuel Piece Moisture Reading (%-dry basis)
Pc. # 1 2 3 Ave. Pc. Wt. Dry Basis
Core Load Piece Wt. Actual 1 0,671]kg In Range 18,5 18,8 19,3 18,9 In Range 1,244 b 0,564 kg
2 0,654]kg In Range 18,7 20,9 19,7 19,8 In Range 1,204 |b 0,546 kg
3 0,634]kg In Range 18,7 19,2 18,9 18,9 In Range 1,175 Ib 0,533 kg
Core Load Total. Wt. Actual 1,96 kg In Range
Pc. #
Remainder Load Piece Wit. 1 1,224] kg In Range 19,2 19,5 18,8 19,2 In Range 2,264/ b 1,027 kg
0 2 0,000[kg 0 0 0 0,0 NA b NA kg
3 0,000]kg - 0 0 0 0,0 - NA b NA kg
Remainder Load Tot. Wt. Act 1,224 kg In Range Total Load Ave. MC (%-dry basis) 19,2 InRange
Total Load Wt. Actual 3,183 kg In Range Total Load Ave. MC % (wet basis) 16,1
Core % of Total Wt. 62% In Range 45-65% Total Test Load Weight (dry basis) > 5,888 |b 2,671 kg
Remainder % of Total Wt. 38% In Range 35-55%
Actual Load % of Nominal Target 102% In Range 95-105% Kindling Moisture (%-dry basis)
Actual Fuel Load Density 163,8 kg/m? 10 10 10 | 10,0 In Range 0,550 Ib 0,249 kg
Kindling and Start-up Fuel Start-up Fuel Moisture Readings (%-dry basis)
Maximim Kindling Wt. (20% of Tot. Load Wt.) 0,637 kg 18,8 19,5 20,2 | 19,5 In Range 0,761 b 0,345 kg
Actual Kindling Wt. kg In Range 19,0%
Maximum Start-up Fuel Wt. (30% of Tot. Load Wt.) 0,955 kg Total Wt. All Fuel Added (dry basis) > 7,199 b 3,27 kg
Actual Start-up Fuel Wt. I 0,909|kg In Range 28,6% Total Wt. All Fuel Burned (dry basis) » 6,349 |b 2,880 kg
Allowable Residual Start-up Fuel Wt. Range 0,318 to 0,637 kg Mid-Point
Actual Residual Start-up Fuel Wt. I O,SSOIkg In Range 0,477
Total Wt. All Fuel Added (wet basis) 4,70 kg
High Fire Test Run End Point Range Low High Mid-Point
Based on Fuel Load Wt. (w/tares) 0,286 to 0,350 kg 0,318
Actual Fuel Load Ending Wt. I O,SOOIkg In Range
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Manufacturers instruction for testing procedure

according to ASTM E3053-17
Morsg 2B Classic 2020 High Fire Procedure

Test Fuel:

Recommended test fuel species is beech.

The guidelines of the Cordwood standard E3053-17 are followed in regards of moisture content and weight
ratios for kindling, startup, core and sub loads.

The nominal length for High Burn core and sub load is 12"’ (30 cm.)

The usable firebox volume is 0.686199 ft3(0,019431 m3)

Kindling and Startup:

The Start-up load is added to the kindling load. Ignited together in the same batch.
A “top-down” approach is used when igniting the fire.

The firebox is deep and narrow. To make things simple keep the length of kindling and start-up
pieces just about the same lenght as the minimum width of the firebox.

Left to right:

e Startup load. Consist of 6-8 pieces.
Weight of each pieces varies from 100-
150 grams. Diameter 3cmto 5 cm.

e Kindling, medium size. Consist of pieces
with a weight of 30-60 grams. Diameter 1
cmto2cm.

e Kindling, small size. Consist of pieces with
a weight up to 20 grams. Diameter
approximate 0.5 cm

Start-up load at the bottom, distributed in two
layers. Each layer is perpendicular to each other.
Next, on top of the startup load, the medium sized
kindling is distributed in two to three layers. These
layers are also perpendicular to each other

Finally, the smallest kindling pieces is placed
loosely on top, all in the same direction, stove
front to stove back.

On top of the wood, place one or two fire-starters.
Re-arrange a couple of the top kindling pieces so
they support the fire-starters on the sides. This
will prevent the fire-starters from falling off and
ease ignition of the wood.

Keep a = 2" distance from the load to the baffle.

pg. 1
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If there is too much wood in the stack to comply
with this, then take the remaining kindling pieces
and lay next to the main stack.

Front

Load ignition

Set the air controller at maximum setting and fully open the stove door. Maximum setting is 3% turns on
the primary air control spinner

Build the start-up and kindling wood-stack as described. The wood-stack should be centered in the middle
of the hearth.

Ignite one of the fire-starters with a gas torch.
Keep the door ajar and let the fire built up for up to 5 minutes before closing the door.

High Fire loading and ignition:

The charcoal bed for the High Fire should be around the midpoint of the allowable range. But keep an eye
on the charcoal bed, do not wait too long, if the charcoal bed seems to burn out and getting too cold.

pg. 2
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High Fire Load sample High Fire Load sample
Nominal length 12" Arrangement

The High Fire fuel load consist of four pieces. The preferred configuration of the load is a bottom layer of
two pieces and second layer on top with two pieces. The load should be stacked compact without much air
between each piece.

It is important that the fuel load height is kept below the path of the secondary air outlet stream (baffle
plate)

Start the High Fire by fully open the stove door. Keep the air controller setting at maximum. If the burnt
Kindling and Start-up wood-stack has not collapsed completely, even out the charcoal pieces with a poker.
The bigger charcoal pieces should be poked to the front end of the hearth. Next load the fuel, keep a
distance between fuel load and the back wall of the firebox of approximately 0.5””-1"” (1.25 cm-2.5 cm).

The load should ignite rapidly
When the fire is steady close the door. This will take approximately 1 minute. Keep air controller fully open.

The High Fire should be stopped at the lower end of the allowable weight range.

Manufacturers instruction for testing procedure
according to ASTM E3053-17

Morsg 2B Classic Medium and Low Fire Procedure

Test Fuel:

Recommended test fuel species is beech.

The guidelines of the Cordwood standard E3053-17 are followed in regards of moisture content and weight
ratios for kindling, startup, core and sub loads.

The nominal length for High Burn core and sub load is 12" (30 cm.)
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The usable firebox volume is 0.686199 ft3(0,019431 m?)

Low and Medium Fire loading and ignition:

The Low and Medium Fire test is much like the High Fire, regarding both test procedure and load
arrangement.

The Low/Medium Fire fuel load consist of five pieces. The preferred configuration of the load is a bottom
layer of three pieces and second layer on top with two pieces. The load should be stacked compact without
much air between each piece.

It is important that the fuel load height is kept below the path of the secondary air outlet stream (baffle
plate)

Start the Low/Medium Fire by fully open the stove door. Keep the air controller setting at maximum. Even
out the charcoal pieces on the hearth with a poker. Next load the fuel, keep a distance between fuel load
and the back wall of the firebox of approximately 0.5”-1" (1.25 cm-2.5 cm).

The load should ignite rapidly.
When the fire is steady close the door. This will take approximately 1-3 minute.

Adjust and set the primary air controller at latest, half a minute before the allowable timeframe closes. The
Low Fire setting is % turn on the air controller valve. Medium Fire setting is 1% turn on the air controller
valve.

Low and Medium Fire Test Run Completion-The test run is completed when the scale indicates the
remaining weight of the test fuel load is 0.0 Ib. (0.00 kg) or less for 30 s OR if at least 90 % of the test fuel
load weight has been consumed and there is no measurable weight loss ( <0.1 Ib (0.05 kg) or 1.0 % of the
test fuel load weight, whichever is greater) for at least 30 min.
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WOOD HEATER INFORMATION
Appliance Manufacturer: Morsg Jernstgberi A/S
Wood Stove Model: 2B Classic 2020

Type: Freestanding, radiant-type wood fired room heater.

WOOD HEATER DESCRIPTION

Materials of Construction: The unit is constructed primarily of cast iron with a stainless-steel secondary
combustion air supplying baffle. The firebox is lined with molded vermiculite firebricks. The feed door has a
145 mm by 158 mm glass panel and one 870 mm by 8 mm glass fiber gasket. The ash door is sealed with
one 570 mm by 8 mm glass fiber gasket.

Air Introduction System: Air enters the firebox through a spin-draft located at the front of the appliance at
the top of the fuel-loading door. Secondary air enters the appliance through the upper back and supplies a
three-step, tiered hollow baffle.

Combustion Control Mechanisms: The combustion air inlet is controlled by a spin draft on the fuel-loading
door.

Combustor: N/A.

Internal Baffles: A stainless steel baffle with a ceramic blanket is mounted in the upper portion of the
firebox. The flame path is forced to the front of the firebox where it travels up through the opening
between the baffle and primary air manifold.

Other Features: N/ A.

Flue Outlet: The 6” diameter flue outlet is located at the top of the unit.
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Formalet med prgvningsproceduren er at afprgve breendeovne i henhold til metode til bestemmelse af
partikelemission, med Crib- og Cordwood, der kan opna godkendelse hos EPA i USA.

2 GYLDIGHEDSOMRADE

Afprgvningen omfatter lukkede braendeovne og indsatse til fyring med trae, og begraenset til en maksimal
ydelse pd 50 kW.

3 ANSVARSFORHOLD

Den laboratorieansvarlige er ansvarlig for procedurens vedligeholdelse.
De opgaveansvarlige er ansvarlige for dokumentets anvendelse pd opgaver inden for omradet.
Sektionsleder og Centerchefen har det overordnede ansvar for omradet.

4 Procedure for partikelmaling til EPA godkendelse
4.1 Indledning

Proceduren er baseret pa kravene i The Rule, ‘Standards of Performance for New Residential Wood
Heaters’ US EPA 40 CFR Part 60 som offentliggjort i the Federal Register mandag den 16. marts 2015
The Rule henviser i subpart AAA, §60.534 til test standarderne:

e ASTM E2515-11 (Sampling og analysemetoder, herunder brug af fortyndingstunnel)

e ASTM E2780-10 med undtagelser defineret af Metode 28R (Fyring og drift)

e US EPA Metode 28R (korrigendum til standarden ASTM E2780-10)

e US EPA Metode 28, udvalge elementer som specificeret af Metode 28R (Fyring og drift, samt
vagtet middelvaerdi emissionsberegninger)

e ASTM E3053-17 Bestemmelse af PM emission ved brug af Cordwood (dvs. breendetrae)

e CSA B415.1-10 (maling af CO emission og bestemmelse af virkningsgrad og varmeydelse
afsnittene 13.7-13.10).

o Standard regneark tilhgrende CSA B415.1-10
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Der henvises i gvrigt til punkt 6, Referencer.

4.1.1 Definitioner
-Cribwood; Prgveklodsen er sammensat af ‘Cribs’, dvs savskaret Douglas tree pa fast mal

-Cordwood; Prgvebreendsel i form af naturlige braendekaevler fra udvalgte Igvtraessorter
Se gvrige definitioner i de enkelte standarder.

4.1.2 Prgveudtagning, emne
I forbindelse med afprgvning efter denne procedure findes der ingen specielle retningslinjer for

prgveudtagning af emnet. Fabrikanten/Importgren forestar selv udvaelgelsen af prgveemnet.

4.1.3 Prgvningsmetode
-Prgvningen foretages som anfgrt i denne procedure. Se detaljer under punkt 4.7 og 4.9.

-Brug af fortyndingstunnel er primaert baseret pa ASTM E2515-11. Se punkt 4.7.

-Ved prgvning med Cribwood er betjening af ovnen er primaert baseret p& ASTM E2780-10 med
modifikationer efter EPA metode 28R. Se punkt 4.9.

-Ved prgvning med Cordwood er fyringsmgnster og betjening af ovnen baseret pa standarden ASTM
E3053-17 (Standard Test Method for Determining Particulate Matter Emissions from Wood Heaters Using
Cordwood Test Fuel)

4.1.4 Fortyndingstunnel
Partikelprgve udtages i en fortyndingstunnel som beskrevet i standarden ASTM E2515-11, 6.1.6. med

tillzeg af indbyggede plader til tvangsopblanding af rgggassen i miksesektionen, i overensstemmelse med
standarden CSA B415.1-10, 6.4.6

Fortyndingstunnellen maler indvendig diameter 150 mm + 2 mm i prgveudtagningssektionen. Hvis det
er mere hensigtsmaessigt kan kanal diameteren gges til 3200mm.

4.1.5 Princip
Prgvningsmetoden afprgver ovnen med hensyn til partikelemission ved forskellige ydelsesomrader.

Partiklerne udtages i fortyndingstunnel. Ovnen opstilles p& en platformsvaegt sdledes at afbraendingen og
grundglgdelaget kan registreres.

Der bestemmes en partikelkoncentration i fortyndingstunnelen, og ud fra denne samt ud fra flowet i
fortyndingstunnelen bestemmmes en samlet partikelemission angivet i gram/time [g/h]. Samtidig med PM
malingen bestemmes virkningsgrad, varmeydelse og emission af CO efter metoderne i standarden
CSA415.1-10, afsnittene 13.7 - 13.10

4.1.6 Prgvningsudstyr, stand C (EPA setup)

Instrument number

Instrument Traceability .
Test rig C

Scale, Mettler, 600 kg, KC 600 ELAB 270-A-1638

Thermo couples, EPA sampling train ELAB Id No. 145092

Type T

Thermo couples, others, ELAB Id No.134396

Type T and type K
DOP version I1 - -
Data acquisition unit, HP 34970A DANAK 200 270-A-1630

Surface temperature,
Technoterm 5500

Surface temperature, Dan 1200 DANAK 200 270-A-0876

DANAK 200 270-A-0976
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Pressure gauge, Autotran 700

(flue draught) ELAB 270-A-1632
Pressure gauge, Autotran 700 (Pd) ELAB Id No. 145065
Pressure gauge, Autotran 700 (Ps) ELAB 270-A-1634
Calibrator, Jofra 650 SE DANAK 200 270-A-0912
Scale, Mettler Toledo

! ELAB Id No. 5822
(15kg/19)
Scale, Mettler Toledo XS4002S (4,1kg/10mg) ELAB Id No. 135794
Scale, Mettler Toledo XS204 (220g/0,1mg) DANAK 200 Id No. 7084
Disa Dantec flow analyser
(Air velocity Laboratory) DANAK 200 Id No. 424 (13486)
TSI Micromanometer and Pitottube DANAK 200 Id No. 4771 (270-A-2406)
(Air velocity Dillution tunnel)
Hygrometer (air humidity) Thermoguard DANAK 200 Id No. 142357
Barometric reading
(atmospheric pressure) Thermoguard / (Ahlborn) DANAK 200 Id No. 7102
Pitot tube (air velocity in flue) ELAB 270-A-1631-14
Dust .measurlng .equmfant ) Id No. 145093
(particle measuring equipment)
Gas meter, Red-y (-H)
(Whole charge, With outlet) DANAK 200 Id No. 144236
Gas meter, Red-y (-D)
(Divided charge with outlet) DANAK 200 1d. No. 144239
Flow meter (-R) DANAK-200 Id No. 144257
(Room blanc)
Thermo sensor, Dilution tunnel, Pt 100 DANAK 200 270-A-1628
PST leakage meter
(Brooks glass tube) ELAB Id no. 83013
CO/CO: analyser, ABB IR ELAB 270-A-2276
Spangas CO/COz, AGA
(High CO and CO,) Swedac Id no. 135573
Spangas CO/COz, AGA (Low CO) Swedac Id no. 135574
Moisture meter ELAB Id No. 145070
Vaccum meter (-H) DANAK 200 Id No. 145074
(Whole)
Vaccum meter (-D)
(Divided) DANAK 200 Id No. 145076
Vaccum meter (-R) DANKA 200 Id No. 145077
(Room)
Pressure meter (-H) DANAK 200 Id No. 145078
(Whole)
Pressure meter (-D) DANAK 200 Id No. 145079
(Divided)
Thermometer (Fuel storrage room) ELAB Id No. 145081
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4.1.7 Underleverandgrer
Der bruges kun underleverandgrer til kalibreringer.

4.2 Opseetning af fortyndingstunnel og samplingslinje
Proceduren er primaert baseret pd standarden ASTM E2515-11 ‘Standard Test Method for Determination

of Particulate Matter Emissions Collected by a Dilution Tunnel’

4.2.1 Hastighed i fortyndingstunnel
Forud for test skal der bestemmes hastighed i fortyndingstunnel indenfor intervallet 4-10 m/s (Normalt

maksimalt 7 m/s). Hastigheden males med L-formet pitotrgr i center af kanal, og registreres pa
datalogger. Hastigheden skal afpasses saledes at der under ingen omstaendigheder slipper reggas ud ved
siden af heetten. Se 4.2.3.

4.2.2 Bestemmelse af pitotfaktor
Forud for hver prgve skal der bestemmes pitotfaktor Fp, som er udtryk for forskellig flow profil pa tveers

af kanalen.

Pitotfaktoren bestemmes som forholdet imellem hastighed for travers i forhold til hastigheden i center,
dvs. forholdet imellem middelvaerdien for de lokale flow, malt med TSI Micromanometer samt L-formet
pitotrgr (id nr. 4771, maerket 270-A-2406) i 8 punkter i samme plan, og det med pitotrgr kontinuert
malte flow i kanalens centrum. Fordelingen af de 8 forskellige enkeltmalinger, hvor der traverseres,
fremgar af figur 6 pd side 7 i E2515-11. Fp, der er en vaerdi pd ca. 0,90 bestemmes ud fra disse
malinger.

Placering af pitotrgr og traversmalinger skal opfylde angivelser i E2515-11 figur 3 side 4.

4.2.3 Kontrol af suge kapacitet
Efter at have indstillet fortyndingstunnellen, kontrolleres det visuelt at suge kapaciteten er tilstraekkelig til

at al régen der opstar, nar ovnen fyres med rigeligt med pindebraende og spjeeldet er indstillet til
maksimal ydelse, kan bortfjernes. Kontrollen udfsres bdde med Iagen lukket og aben. NB Haetten skal
have en 8bning pa mindst 4x kanal diameter.

4.2.4 L=k test af samplingslinje

Samplingslinjen skal laek testes forud for fortesten og igen efter afslutningen af en prgve. Straekningen
fra sonden til pumpen, hvor der er undertryk, testes ved at blokere sondedbningen.

Den maksimalt tilladte lsekage er 0,3 I/minut eller 4% af middel udsugningshastigheden.

Der skal her opnds et vakuum der er mindre end det der opnas ved prgven, eller -0,5 Bar.

Straekningen fra pumpen til og med gasmaleren, hvor der kunne vaere overtryk, testes i forbindelse med
den halv%rlige kalibreringsrunde. Se E2515-11 pkt. 9.6.1.

4.2.5 L=k test af pitotrgr med forbindelse

Ved fgrste ibrugtagning og ved den halvarlige kalibreringsrunde kontrolleres pitotrgret og dets
forbindelsesslanger for leekage.

Pitotrgret udtages og kontrolleres med tilhgrende forbindelsesslanger ved at blokere dbningerne i
pitotrgret og pafgre et tryk p& minimum 745 Pa, trykket skal holdes konstant i minimum 15 sekunder.
Dette ggres for bade Ps (Det statiske tryk i hullerne i siden) og Pt (Det totale tryk i spidsen).

Forbindelsen til pitotrgret bgr laek testes forud for fortesten og skal laek testes efter afslutningen af en
prgve. Se E2515-11 pkt. 9.6.4.2 0g 9.6.5.2.
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Ved den daglige kontrol af pitotrgrets forbindelsesslanger efterses slanger for begyndende
revnedannelse. Begges slanger fjernes fra trykmaler og blaeses med trykluft for at fjerne begyndende
tilstopning.

4.2.6 Partikelmaling
Forud for hver prgvning skal der konditioneres og afvejes 4 stk. udsugningsrgr incl. 4 stk. forreste

filterhus part og 2x3+1 pakninger (O-Ringe) Samt 7 stk. @47 glasfiber planfiltre. (3 saet sonder og et stk.
sonde til maling af baggrundsluft)
Konditioneringen foregdr sdledes:
- Filtre, forreste part af farste filterhus, alle pakninger (O-Ringe) og udsugningsrgr konditioneres
ved 20 +- 5,6 grader i eksikator i minimum 24 timer.
- Filtre og pakninger (O-ringe) vejes parvis, forreste part af fgrste filterhus incl. udsugningsragr
vejes enkeltvis.
- Vejningen skal ggres pa under 2 minutter i laboratoriemiljget.
- Der vejes med minimum 0,1mg oplgsning pa vaegt.
Vaegten kontrolleres med 50-150% af vaegten pa et filter. Hvis fejlen er mere end +0,1mg skal
vaegten kontrolleres sporbart i 5 punkter, indenfor det anvendte male omrade, far brug.

Der skal males partikler sdledes:
- Et saet bestdende af 2 stk. @47mm filtre i serie skal male over hele prgveperioden
- Et saet bestdende af 2 stk. @47mm filtre i serie skal male over den fgrste time i proveperioden.
- Et saet bestdende af 2 stk. @47mm filtre i serie skal male efter 1 times prgvning og resten af
prgveperioden.
- Et enkelt filter @47mm skal male baggrundsluften i laboratoriet over hele prgveperioden.

I samplingslinjerne i forlaengelse af de 3 fgrstnaevnte saet filtre, skal rgggasen udtgrres og afkgles til
maksimalt 27,5 °C, for den ledes ind i en gasmaler. Afkglingen sker ved at lede gassen igennem
glaskglere som er kglet ned til <5°C. I det sidste filter til baggrundsluften méles der flow udelukkende
ved brug af flowmeter sammenholdt med udsugningstiden.

Der skal udsuges maksimalt 7 liter/min (0,42 m3/h) pa hver af filterserierne.

Udsugningshastigheden i samplingslinjerne, udtrykt i m/s, skal ligge indenfor 10%’s variation af
kanalhastigheden, ligeledes udtrykt i m/s.

Proberne placeres i samme plan, indenfor en imaginaer cirkel af diameter 50 mm omkring centerlinjen, 90
grader forskudt i forhold til hinanden og med mindst 25 mm horizontal afstand mellem de to rgr
mundinger. Der skal méles pa 2 szt filtre hele tiden hvor det ene szt skiftes efter 1 time hvis
prgveperioden overstiger 1 time. Omgivelses m%lingen skal foretages maksimalt 3,1m fra hatten hvor
fortyndingsluften suges ind i fortyndingstunnellen.

Efter prgven konditioneres udsugningsrgr og planfiltre igen helt som fgr prgvningerne, og den udsugede
partikelmasse bestemmes.

4.2.7 Renggring af fortyndingstunnel mm
Fortyndingstunnellen renggres fgr hver test.

Pitotrgr renses fgr hver test.
Probergr renses fgr hver test ved brug af saebevand og herefter blaeses med trykluft. Hvis probergr har

veeret udsat for meget stgv vil disse 0ogsa blive renset med acetone. Efter rensning konditioneres og vejes
probergr som foreskrevet.

4.3 Klarggring til prgve
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4.3.1 Klarggring af ovnen generelt
Der skal males laekage p& kold ovn. Herunder skal alle spjaeldgreb saettes i position ‘lukket’. Hvis der er

tilsigtede dbninger der ikke lukkes via spjaeld, lukkes disse ogsa og laekagen males igen.

Leekagen, males ved at pafgre et overtryk pa 25 Pa i ovnen med lukket spjaeld og evt. andre tilsigtede
luftindtag ogsa lukket. Der males hvilket flow der skal til for at opretholde dette tryk i ovnen, og flowet
bar her ikke overstige ca. 5 m3/h eller anden vaerdi specificeret af fabrikanten.

Ovnen vejes.

Bestem braendkammerets effektive volumen som produktet af lzengde x bredde x hgjde. Som hgjde
regnes sa langt op som braendsel kan placeres, nar der tages hensyn til regvenderplade, luftkanaler eller
andre permanente forhindringer.

Som laengde regnes den stgrste af breendkammerets vandrette dimensioner, der er parallel med en vaeg.
Som bredde regnes den mindste af breendkammerets vandrette dimensioner, der er parallel med en vaeg.
Safremt breendkammerets isoleringsmateriale daekker mere end 1/3 af braendkammerets sider, er det
tilladt at male laengde/bredde som afstanden mellem de modstdende isoleringsplader. Hvis der findes et
permanent kaevlefang, er det tilladt ikke at medregne det rum der ligger udenfor kaevlefanget.
Kaevlefanget ma dog maksimalt have en udstraekning pa 1/5 af den totale dimension i samme plan.

Ved bestemmelse af bundarealet regnes hele bundarealet med. Hvis rggvenderpladen gaber mere end 10
cm til nogen af braeendkammeret vaegge, skal volumenet over rggvenderpladen, indtil en hgjde af 10 cm
over indfyringsdbningens overkant, regnes med til det effektive breendkammer volumen.

Ovnen forberedes for montering at termoelementer midt pd hver af de 5 ydersider af breendkammeret;
Begge sider, top, bund og bagside. Fremfgring af termoelementer ma ikke pavirke betjening af lage eller
spjaeldgreb og eventuel askeskuffe, bypass greb eller andre betjeningsgreb. Vaer opmaerksom pa
eventuelle indbyggede luftkanaler og juster eventuel fglerplacering.

En ny ovn skal breendes ind i tilstraekkelig tid, inden prgven. Ovnen skal have braendt i 50 timer ved
middel belastning forud for prgven, men ikke ngdvendigvis i traek.

fldning af ovnen skal kunne dokumenteres, eksempelvis ved hjeelp af kurveforlgb over rggtemperatur
som funktion af tid eller kurveforlgb over breendkammerets overfladetemperaturer som funktion af tid.

4.3.2 Klarggring af ovnen, saerligt for Cordwood
Det er tilladt fabrikanten at specificere omrader i breendkammeret, hvor der ikke ma placeres braendsel

(ref. E3053-17, clause 8.3). Kontroller derfor vejledningen, for at se om fabrikanten har angivet en ‘'max
load limit’ eller pa anden made undtaget bestemte omrade hvor braende ikke ma placeres, og beregn det
effektive braendkammer volumen i overensstemmelse hermed

4.3.3 Klarggring af prgvebraendsel Cribwood
Til prgve og til forfyring skal der benyttes Douglas gran opskaret som bygningstemmer. Tommeret skal
have en densitet pd 401-578 kg/m3 som tgr basis og fugtindhold 16-20% pa vad basis, svarende til 19-
25% pa tgr basis.
Note: Det anbefales i almindelighed at vaelge tree med forholdsvis hgj densitet, for at begraense
prgveklodsens volumen mest muligt. Dog kan trae med lavere densitet have lettere ved at faenge.
Overvej evt at sammensaette proveklodsen af trae af forskellig densitet, sa det lette tree findes placeret
der hvor treeet skal anteendes.
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Der benyttes bygningstemmer pa nominelt mal 2”x4"” og 4"x4".

Aktuel mal for 2”"x4" skal vaere 38x89 mm = 1,5 mm.

Aktuel mal for 4”x4" skal vaere 89x89 mm = 1,5 mm.

Der skal desuden bruges afstandskloder af mal 130x40x20 mm £ 1,5 mm.

Braendslet skal vaere konditioneret indenfor temperaturintervallet 18-32 grader Celcius.

Braendslets fugtighed males med en elektronisk fugtmaler. Der males pa mindst 3 forskellige sider,
stifterne bankes i til ca. 19 mm dybde, og det resulterende fugtindhold beregnes som middelvaerdien af
de udfgrte malinger. Fugtindhold skal oplyses i naermeste heltal.

Proveklodsen skal pafyres senest 4 timer efter at fugtigheden i traeet er blevet malt.

Temperaturen i breenderummet noteres som prgveklodsens temperatur.

Til breendkamre med et effektivt volumen pa under 43 liter benyttes udelukkende 38x89 mm tgmmer.

Til breendkamre med et effektivt volumen pa 43-85 liter benyttes en kombination af 38x89 og 89x89 mm
tgmmer.

Til breendkamre med et volumen pd over 85 liter benyttes udelukkende 89x89 mm tgmmer.

Prgveklodsens masse beregnes som 112 11,2 kg/m3 (100,8-123,2 kg/m3) effektiv breendkammer
volumen, som vad basis.

Prgveklodsens sammensaettes som vist i figur 1 i standarden ASTM E2780-10, idet der for enden af hvert
stykke tgmmer, bade pa forsiden og p& bagsiden, passmmes afstandsklodser, sdledes 4 i alt pr stykke
tgmmer.

Prgveklodsen skal mindst kunne daekke 5/6 af breendkammerets laengste dimension af l&engde. Langde
er i den forbindelse den laengste af breendkammerets vandrette dimensioner.

Ved kontrol af prgveklodsens densitet indenfor 401-578 kg/m3 pa tgr basis, indgar alene selv
braendestykkerne i beregningen. Men ved beregning af praveklodsens vaegt pa vad basis, indgar ogsa

afstandsklodser men ikke sgm.

4.3.4 Klarggring af prgvebraendsel, Cordwood

Der fyres med klgvet breende med grundliggende trekantet tvaersnitsfacon (ref E3053-17 Fig 1, side 6)
og tilvirket af bgg, birk, ask, ahorn, eg, elm eller anden sort (ref E3053-17 Fig 2, side 6), og som
specificeret af fabrikanten i vejledningen.

Lengden af braendestykkerne skal veere som angivet i vejledningen, dog indenfor 300-600 mm.
Samme traesort benyttes til bade pindebraende, forfyring og provebraendsel.

Til High Fire prgven beregnes breendemaengden ud fra densitetskrav pa 161 kg/m3 (dry)

Til Medium Fire og Low Fire prgverne beregnes braendemaengden ud fra densitetskrav pa 194 kg/m3
(dry)
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For det enkelt breendestykke skal fugtindholdet ligge p& 18-28% tgr basis, tilsv. 15-21,3% vad basis. For
den samlede breendemaengde, skal middelfugtindholdet vaere pd 19-25% tgr basis, tilsv. 15,6-19,4% vad
basis. Der foretages 3 malinger af hvert braendestykke, hvortil det er tilladt af forbore hullerne til
sgmmene, dog fraregnet de sidste 6-10 mm.

Pindebraende der er opbevaret ved rumtemperatur og ved en relativ luftfugtighed pd 50£10% i mindst 2
d@gn formodes at have et fugtindhold pd 10% (dry basis)

Nar breendet har vaeret opbevaret minimum 24 timer i breenderummet forud for bestemmelse af
fugtindhold, seettes braendets temperatur lig med rumtemperaturen.

Braendestykkerne til prgven vaelges eller tildannes, s de har et forhold mellem dimensionerne ‘Minor’ og
'‘Major’ (ref E3053-17 Fig 1 side 6), sdledes at Minor malet er pa mindst 40% af Major malet.
Det er tilladt at opdele prgvebraendet i to sub-loads der m& pafyres successivt.

4.3.5 Klarggring af prgvestanden

Vaegten nulstilles inden ovnen placeres pa platformsvaegten.

Efter at ovnen er opsat pa vaegten, men inden skorsten og fglere forbindes, tjekkes vaegtens kalibrering
ved at belaste vaegten yderligere med et kalibreret lod, der vejer 20-80% af prgveklodsens masse.
Vaegten skal kunne gengive loddets masse indenfor enten 5 grams ngjagtighed, eller 1% af
prgveklodsens masse, hvad nu der er stgrst.

Efter at skorsten, termoelementer og maleudstyr er blevet monteret, tareres vaegten af kold ovn incl
skorsten mm. Vaagten skal senere bruges til bestemmelse af grundglgdelag forud for prgvens start.

Kanal stremningshastigheden indstilles til en veerdi pa nominelt 6,0 m/s (4-10 m/s, Normalt maksimalt 7
m/s), hvilket svarer til ca. 381 Nm3/time, i en @150mm kanal. Der er mulighed for at gge kanal
diameteren til @200mm hvis dette i enkelte tilfeelde kan vaere mere hensigtsmaessigt. Regtreekket malt i
skorstenen her pa kold ovh m& maksimalt vaere 1,25 Pa.

Udsugningssystemet, opbygges som udgangspunkt med et probergr med en udvendig diameter pa @6,35
mm og en godstykkelse p& 0,89mm. Flowet i udsugningssonden indstilles ogsa til en nominel veerdi pa
6,0 m/s hvilket svarer til ca. 0,35 m3/time (5,9 I/min). Der suges med ca. samme hastighed i proben
som der er i kanalen. Der er mulighed for at gge flowet op til 7 I/min. i sonden, og kanal flowet gges
tilsvarende.

Fgr og efter hver prgve skal udsugningslinjen kontrolleres for laekage. Se 4.2.4

Efter hver prgve skal forbindelsen til pitotrgret samt forbindelse kontrolleres for leekage, Se 4.2.5
Rumluft filterhus klarggres til prgve.

4.3.6 Valg af skorsten

Medmindre andet er specificeret af fabrikanten, skal der bruges en skorsten der er sammensat af et
uisoleret stalrgr indtil en hgjde af 2,40 m + 0,10 m over gulvet (heri indgar ovnens hgjde). Ovenpad det
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uisolerede stalrgr fortsaetter en isoleret sektion (25 mm isolering = halvisoleret skorsten) til en samlet
hgjde af 4,60 m £ 0,30 m over gulvet.

Maling af regtemperatur skal foretages i en hgjde af 2,60 + 0,15 m over gulvet, dvs nominelt 0,20 m

oppe i den isolerede del af skorstenen. Rgggasser til bestemmelse af CO og CO2 skal udtages 0,05 m

ovenover det sted hvor rggtemperaturen males.

Rogtraek males i en hgjde af 0,30 m over rggstudsen.

Samme type skorsten bruges til bade fritstdende ovne og til indsatse.
Skorstenens diameter skal modsvare rggstudsens diameter, dvs brug af adaptor skal ikke finde sted.

Hvis det udtrykkeligt kraeves i fabrikantens vejledning, m& der benyttes en skorsten der er isoleret i hele
sin udstraekning (zero clerance ovne).

Hvis der bruges andet end en standard skorstenen, skal den anvendte skorsten efter prgven er ovre
forsegles og opbevares sammen med den ligeledes forseglede ovn.

4.4 Fyringsmgnster samt betjening af ovnen, Cribwood
Proceduren for fyring med Cribwood er primaert baseret pa standarden ASTM E2780-10, med andringer

specificeret i Metode 28 R der henviser til visse bestemmelser fra US EPA Metode 28

4.4.1 Optaending og forfyring

Arranger balet i ovnen og optaend som angivet i fabrikantens vejledningen. Ud over pindebraende og
teendmateriale, er det til forfyringen tilladt at bruge mindre stykker af tree, dog ikke mindre end 1/3 af de
stykker der indgdr i proveklodsen. Det er tilladt at toppe op med ekstra breendsel, undervejs i
prgvefyringen.

Prgvefyringen bruges til at finde den spjzeldindstilling der skal benyttes for at opnd den gnskede
forbraendingshastighed. Mindst en time forud for prgvens start skal spjeeldet vaere sat i den omtrentlige
stilling, der skal benyttes under prgven.

I tiden frem til et kvarter inden prgvens start, er det tilladt at foretage mindre justeringer af:

Spjeeldindstilling

Tilfgre ekstra braendsel

Fjerne breaendsel eller traekul

SI8 naesten forbraendte breendestykker itu for at sikre ensartet forbraending af traeet
Fa balet til at falde sammen

Udjaevne eller arrangere glgder og traekul

oA whe

Noter alle justeringer der ggres incl tidspunktet.

I tidsrummet 0-15 minutter inden prgvens start, er det kun tilladt at udjsevne eller arrangere glgder og
traekul. I den forbindelse ma lagen ikke vaere aben mere end 1 minut sammenlagt.

Overgange for afslutning af forfyringen til start af prgven ma ske, nar braendslet er nedbraendt til kun at
udggre 20-25% af prgveklodsens masse.

Grundglgdelaget defineres som den gjeblikkelige vaegt at varm ovn incl skorsten mm, glgder og traekul,
minus tara vaegten af den kolde ovn incl skorsten mm.

Noter det valgte grundglgdelag.
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4.4.2 Prgveperioden
Progveperioden begynder ndr forfyringen er afsluttet som beskrevet ovenfor. Gasmalere aflaeses, sonderne

placeres i kanalen, vaegten af grundglgdelaget registreres, pumpen startes og der noters
starttidspunktet.

Braendeklodserne skal vaere pafyret senest 1 minut efter starttidspunktet, men i praksis altid hurtigst
muligt, 8bnes 13gen og breendeklodserne arrangeres som indstuderet. Braendslet skal placeres saledes at
afstandsklodserne ligger parallelt med ovnens bund, dvs temmer stykkerne enten liggende pa den flade
side, eller stdende pd hgjkant, og med tilstadende ender af afstandsklodserne. Vaer opmaerksom pd om
glagder eller trae forhindre pilot- og tertizer huller i at skyde Iuften ud som gnsket.

N&r braendeklodserne er pafyret noteres tiden (Maksimalt 1 minut fra starttidspunktet). Det er her tilladt
at holde 13gen pa klem og bruge spjeeldene til at f& forbreendingen ordentlig i gang indtil 5 minutter efter
starttidspunktet. Nar de 5 minutter er gaet skal dgren vaere lukket og spjeeldet sat i den blivende
position.

Noter alle justeringer der foretages i Igbet af de fgrste 5 minutter.

Efter de 5 minutter er gdet, er det ikke tilladt at andre spjzeldindstilling eller omplacere braendet, dog
med fglgende to undtagelser:

1. Det er tilladt at omplacere braendslet, én gang, hvis mere end 60% af prgveklodsens masse er
blevet omsat, og massen i Igbet af 10 minutter ikke er aftaget med mere end 50 gram, eller 1%
af den oprindelige masse, hvad nu der er hgjest. Lagen ma hgjst vaere dben i 15 sekunder, i
forbindelse med omplaceringen.

2. Hvis ovnen har regulering af den tertizere luftforsyning, ma den, under naermere beskrevne
vilkdr, justeres én gang i Igbet af prgveperioden, i overensstemmelse med fabrikantens
betjeningsvejledning. Justeringen ma dog ikke resultere i en sendring af afbraendingshastigheden
pd mere end 25%. Se afsnit 8.10 i Metode 28, for fuldstaendig beskrivelse af krav til, og
forudsaetninger for at justering af tertizer luftforsyning kan benyttes.

Hvis ovnen er forsynet med en konvektionsluft blaeser, skal blaeseren benyttes i henhold til fabrikantens
brugsvejledning, eller i fraveer af instruktion, stilles blaeseren til hgj ydelse.

Eventuel rysterist og bypass spjaeld ma betjenes én gang i Igbet af praven, i henhold til fabrikantens
brugsvejledning.

Hvis preven straekker sig over mere end en time, skiftes det det ene filterarrangement pa timen,
gasmaler aflaeses og der fortsaettes med nyt filterarrangement resten af tiden. Det andet
filterarrangement benyttes gennemgaende over hele prgven.

Proveperioden afsluttes nar al det pafyrede provebraendsel er blevet omsat og veegten viser samme
grundglgdelag som ved starttidspunktet, hvorefter:

Rumluft filter flowmeter afleeses

Pumpene standses

Gasmalere aflzeses

Filter arrangement udtages af fortyndingstunellen

Der udfgres laek test af samplings linjen

Sonde og forreste filterhus afrenses for stgv og partikelmasse.

Filterarrangement overfgres straks til vejerum og klarggres til konditionering i eksicator skab.

Nounhswne
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8. Kontroller at ovnen har veaeret i termisk ligevaegt. Der m& maksimalt vaere 70 graders forskel pa
middel overfladetemperaturen fra start til slut.

9. Kontroller at total emissionen afviger maksimalt 7,5% fra middelvaerdien eller forskellen pa de 2
malinger er maksimalt 0,5 g/kg (Tgr). Hvis bare en af disse 2 forhold er opfyldt kan prgven
accepteres.

4.4.3 Flere prgver i rekkefgige
Der er tilladt at kagre flere prgver i reekkefglge, men der skal vaere et ophold af mindst en times varighed

mellem hver prgve.

Forud for ny prgve rages glgder og aske ud, og der taendes op med ny optaending og forfyring som
beskrevet under 4.4.1

4.4.4 Ekstra prgver
Det er tilladt at kgre flere prgver p& samme belastningstrin. Hvis en prgve er mislykket, skal der kgres to

andre som er vellykkede. Resultaterne fra 2/3 af de korte prgver skal indgd i beregning af den veegtede
gennemsnitlige emission. Alle prgver, uanset udfaldet skal dokumenteres og indga i rapporten.

4.4.5 Belastningsomrader
Ovnen skal testes ved 4 belastningsomrader

e BR1 som er <0,80 kg tg@rstof i timen

e BR2som er 0,80 - 1,25 kg tgrstof i timen
e BR3somer 1,25 - 1,90 kg tgrstof i timen
e BR4 som er Maksimal ydelse

BR4 prgven skal kgres med forbraendingsluft forsyningen 100% aben, hvilket omfatter bade skylleluft og
bundluft.

Safremt ovnen ikke kan klare at breende i BR1, skal der kgres en ekstra prgve i BR2. En af de to BR2
prgver skal dog ligge pa under 1,00 kg tgrstof afbraendt i timen.

Safremt ovnen ved spjaeldet 100% 3aben ikke klarer at komme op i BR4, duplikeres prgvningsresultaterne
ved max ydelse op i den eller de hgjere belastningsomrader.

Som bevis pa at ovnen ikke kan klare at braende i BR1, skal der foreligge mindst to dokumenterede
forsgg, hvor ovnen enten er gdet ud eller hvor afbraendingshastigheden var over 0,80 kg tgrstof i timen,
til trods for at spjeeldet stod i den lavest mulige indstilling.

Ovnen anses for vaerende gdet ud, ndr der er forlgbet mindst 30 minutter og veegten maksimalt har
&ndret sig med 50 gram eller 1% af prgveklodsens masse, hvad end der nu er stgrst.

4.5 Fyringsmgnster samt betjening af ovhen, Cordwood
Der fyres efter et szerligt fyringsmgnster (burn rates) til Cordwood prgven, bestdende af High Fire, Low

Fire og Medium Fire. Til High Fire proven skal spjaeldet std i stilling 100% aben, dvs max output. Til Low
Fire prgven skal spjaeldet std i lavest mulige stilling, dvs min output. (der m& gerne veere en stop’
ligesom til DEFRA prgven, hvorved spjeeldets vandring begraenses nedadtil) Til Medium Fire prgven skal
spjeeldet sta i en stilling pa maksimalt halvvejs mellem max og min setting. Se videre detaljer om krav til
Medium Fire spjeeldindstilling i E3053-17, clause 8.8

4.5.1 Optaending og forfyring
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Overgangen for forfyring til préveperiode defineres ved et glgdelag pd 10-20% af prgvebreendets
samlede masse pa vad basis. Brug billed- eller video til at dokumentere glgdelagets tilstand, ved
overgangen fra forfyring til prgveperiode. Vaegten af glgdelaget registreres eller vaegten tareres inden
prgvens start. Hvis pafyringen er langstrakt og der derunder forbruges glgder/masse, geelder den initiale
registrering som startvaegt.

High Fire prgven startes fra kold ovn, dvs optaending og braendsel til forfyring laegges i pa én gang.
Provebraendslet p&fyres ndr man er nede pad et grundglgdelag (residential start-up fuel bed) pa 10-20%
af prgvebraendets samlede masse pa vad basis, i overensstemmelse med E3053-17 clause 8.5.8

Medium Fire prgven er en varm-til-varm prgve, der kan udfgres i forlaengelse af High Fire prgven eller
tilsvarende forfyring . Se endvidere E3053-17, clause 8.6

Low Fire prgven er en varm-til-varm prgve, der kan udfgres i forleengelse af High Fire prgven eller
tilsvarende forfyring. Se endvidere E3053-17, clause 8.6

4.5.2 Prgveperiode
Det er tilladt at opdele prgvebraendslet i to sub-batches der pafyres successivt. Den tid det ma vare, indtil

hele maengden er pafyret, beregnes som funktion af det effektive breendkammer volumen s3dledes; 1060
sekunder per kubikmeter. (Eksempel; En braendeovn har et effektivt breendkammer volumen pa 0,33
m3. S3 bliver tiden 1060/0,33 = 3180 sekunder, svarende 53 minutter indtil det sidste af provebraendslet
skal veere pafyret)

Ved start af prgveperioden startes pumpen inden der taendes op.

I overensstemmelse med fabrikantens vejledning, er det tilladt at holde I3gen pa klem under optaending
for at sikre god anteending af pindebraende og forfyring.

Det er tilladt at &bne 18gen p& klem i op til 5 min efter udlgbet af den maksimale p&fyringsperiode og
herunder om arrangere braendet, for at sikre en god antaendelse af prgvebrandet.

Derefter er det tilladt at ompositionere braendt én gang i indtil 15 minutter efter udlgbet af den
maksimale pafyringsperiode (ref E3053-17, clause 8.5.9.5 stk 1)) I den forbindelse ma 18gen hgjst veere
aben i 30 sekunder, og der skal tages billeddokumentation fgr og efter. Billederne sammen med en
skriftlig begrundelse skal indga i rapporten.

Hvis ilden er ved at ga ud efter at 60% af breendemassen er fortaeret, her defineret som der afbrandes
mindre en 50 gram p& 10 minutter, er det tilladt af 8bne I3gen og rage op i braendet. Tag for&efter
billeder og tage dem med i rapporten.

Andre spjzeld en forbraendingsluftspjaeldet ma betjenes én gang pa et vilkarligt tidspunkt i prgven, som
beskrevet i vejledningen. Eventuelle automatisk styrede spjaeld skal have lov at arbejde som de ggr.

Prgven afsluttes og pumpen standses, nar 90% af det pafyrede prgvebraendsel er blevet fortaeret
Ved Low Fire og Medium Fire prgver der ikke udfgres i forleengelse af en High Fire prgve, skal der
opbygges et glgdelag tilsvarende i overensstemmelse med High Fire proceduren i E3053-17, clause 8.5.2

- 8.5.9.8. Det er i den forbindelse tilladt at justere spjeeldet og udjaevne glgdelaget inden starten af Low
Fire eller Medium Fire prgven, i overensstemmelse med fabrikantens angivelser i vejledningen.
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I sjeeldne tilfeelde er der ikke plads til at al treeet kan placeres i fyrboksen. Hvis alt har vaeret forsggt, er
det tilladt at undlade p&fyring af det sidste stykke braende, i overensstemmelse med E3053-17, clause
8.6.3.1. Dokumentation og begrundelse skal medtages i rapporten. Registrer vaegten af det udeladte
braendestykke og genberegn load densiteten som benyttet under prgven.

Spjaeldet ma bruges i op til 15 minutter efter pafyring.

Fabrikanten skal anvise braendets placering (orientering) i fyrboksen

Hvis mindre end 90% af breendemaengden er blevet fortaeret ndr for braendingen gar i std, her defineret
som en forbrug pd under 50 gram eller 1% ilgbet af 30 minutter, betegnes prgven som ugyldig.

Low Fire prgven kgres ved spjaeldet i den laveste indstilling og ovnen skal brae ned i mindst 8 timer eller
have en burn rate pé’l mindre end eller lig med 1,15 kg/h (dry matter). Hvis 8 timers kriteriet veelges, ma
burn rate ikke overstige 1,5 kg/h (dry matter)

Medium Fire prgven skal kgres ved en spjeeldindstilling p& maksimalt halvdelen af vandingen mellem min
0g max setting, malt ud fra spjeelgrebet. Hvis den derved opndede burn rate er hgjere end medianen
mellem min og max output, skal spjeeldet saettes yderligere ned, indtil kravet om max 50% er overholdt.

4.5.3 Ekstra prgver
Det er tilladt at kgre flere prgver pa samme belastningstrin. Hvis en prgve er mislykket, skal der kgres to

andre som er vellykkede. Resultaterne fra 2/3 af de kgrte prgver skal indgd i beregning af den veegtede
gennemsnitlige emission. Alle prgver, uanset udfaldet skal dokumenteres og indga i rapporten.

4.6 Samtidig bestemmelse af Virkningsgrad, varmeydelse og emission af CO
Under EPA emissionsprgven, er det tilladt samtidigt at bestemme ovnens virkningsgrad, varmeydelse og

emission af CO. Det skal ske efter standarden CSA B415.1-10 ‘Performance testing of ‘Solid-fuel-burning
heating appliances’, afsnittene 13.7-13.10

Udtagning af rgggasser skal ske 50 mm ovenfor det sted i den isolerede del af skorstenen, hvor der
males rggtemperatur.

Beregning af virkningsgrad, varmeydelse og emission af CO skal ske i det regneark, der fglger med
standarden CSA B415.1-10. Der beregnes kun pa veerdier en gang pr minut.

4.7 Afrapportering
Se forslaget til rapport disposition i Metode 28, afsnit 12.6

For Cordwood prgver skal rapporten endvidere indeholde et "Test Summary’ indeholdende

nggleoplysninger og billeder. Til formalet benyttes en Excel template der er udleveret ved kgb af
standarden.
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4.8 Registrering af maledata
Flere steder kreeves det at maledata skrives ned hvert 10 minut. Idet DTI benytter Igbende periodisk

dataopsamling, registreres alle data hver 30. sekund. Der beregnes 10 minutters vaerdier som
middelvaerdi af data indenfor den pagaeldende 10 minutters periode. Det omfatter udsuget volumen (dog
ikke rumluft blanc filter), kanal temperatur, kanal hastighed og gasmaler temperaturer.

Se endvidere pkt 4.6 ifbm beregning af virkningsgrad, CO og varmeydelse.

5 Beregninger
5.1 Beregninger for Cribwood
Beregning af den vaegtede middelemission for Cribwood med indtil 4 burn rates udfgres i

overensstemmelse med standarden E2780-10, clause 10.

5.2 Beregninger for Cordwood
Beregninger af emissioner fra de tre output niveauer, og beregning af vaegtet middelemission udfgres i

overensstemmelse med standarden E3053-17, clause 9

5.3 Beregning for fortyndingstunnel (faelles)
Beregning af flow, udsuget volumen og balance mellem de to sampling trains sker i overensstemmelse

med standarden E2515-11.

6 Usikkerhed
Usikkerhed beregnes for hver enkelt prgvning lig angivelser i ASTM E2515-11 Bilag X1.

6.1 Preaecision og bias
Bade standarden for Cribwood (E2780-10) og standarden for Cordwood (E3053-17) anfgrer i clause 11.1

at det ikke er muligt at opggre praecisionen ved en prgve af PM emission, fordi sdvel betjening,
fyringsmetode og ovnen selv giver anledning til varierende emissioner. Af den arsag kan test resultatet
ikke benyttes til at fastseette metodens reproducerbarhed (mellem afprgvningsinstitutter) eller
repeterbarhed (gentagne prgver indenfor samme institut)

Bade standarden for Cribwood (E2780-10) og standarden for Cordwood (E3053-17) anfgrer i clause 11.2,
at der ikke kan oplyses noget om metodernes bias, da der ikke findes noget referencemateriale.

7 REFERENCER

- The Rule, NSPS 40 CRF Part 60, 16. Marts 2015

- ASTM Designation: E2515-11, Offentliggjort December 2011.

- ASTM Designation: E2780-10, 2010 udgaven

- ASTM Designation: E3053-17, 2017 udgaven

- US EPA Metode 28R: som del af NSPS offentliggjort i Federal Register, mandag den 16. marts
2015

- US EPA 28: Certification and Auditing of Wood Heaters. Downloadet 08.11.2016 fra EPA’s
hjemmeside. Samt eventuelle underliggende EPA metoder der er henvisning til, fra metode 28.

- CSA standard 415.1-10: Performance testing of solid fuel burning appliances, bekrzeftet udgave
fra 2015.

8 Bilag:
Bilag 1 Udskrift af anvendte formler (Appendix 4 til rapporten pa 11 sider)
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Calculations PM

ASTM EZTED and E2515

EN-NEEPA-Ber-3-12 Rev. 22-06-2017 MXB

Marafachurar

Type:

ELAB o

(e rumber
Teswate

Flla Name

Tesr:

il et g tid [Stari;

AT
AT

Forelebig baregring
aT

o
AT
AT

o

Wislght of teat fual spacers, dry basls, kg

E2780
100
tan (1) Miap = (M_Swb) s [—————
Eguation (1) Misn f_Swh) 1D'l}‘r'.'-rf}
M_sat AT  kg(wetbasls)
FM_s AT % jory basis)
M _sdby - { AT 1 ] { 100
M _sod - AT kg {drybasls)

Weight of test fuel crip, excluding nails and spacers, dry basis. kg

E27E0
Egquation (2] Megs = ZIMe pas
M_CPrraty AT
F_CPn AT
M_Cdo -
M_Cdo -

y 100 :|
100 + FMgp,

kg {wet basls)

3% jdry basis)

I AT ) ¥ { 10
AT kg oy basks)

Density of fuel crip, excluding spacers and nails, dry basis, kgim3

E27E0
M,
Equation (3} Dpgn = _:_‘”"
M_Cdo AT
VG AT
D Cdb -
D _Cdb -

g oy bas)
m32
aT T kg [dry)/ m3
AT kgjoy)im32
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Append 42
Total weight of fuel crip excluding nails, dry basis, kg
ExFa0
Equation (4) Mpragp = Mgy + Mea

M_Stb #T  kgioyDasis)
M_Coo AT kgiohybasis)

M FTA® = AT + ST  kg(drybask)
MFTAR - AT kg {oybasks)

Burn rate, kg (dryih)
ExFa0

&b« M_FTAdb

Eauation (5] BR
L] ]

M FTAdn  #T  kg{orybasis)
a 0.00 min

R - B0 x AT
ER - aT
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Appendh £3
Air velocity in tunnel at traverse measurements:
E2515
) = — TS
Equatian (9) Vi = Fp= KpoCpe JAPHEp « —
N Poa My
Fp 1,00 (Direckt)
Ko 307 -
Cp 0,5 -
AP awg AT  mmvs P_Dynamisk AT Pa
s AT K T_Kanal AT *C
Ps AT mmHg Ps AT Pa Ps_] #T Fa
M5 29,00 g'g maie
VE - 100 x M% ¥ 099 ¥ (ﬂ-‘r}”‘sx (ﬁ)”
VE - AT mis [V_scen)
Pitot tube factor for center:
E2515
F—— __ Vstrm
oLl BT Veeanr
sy AT ms {Average)
W scem AT ms {Average)
AT
Fr AT
Fp - AT -
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Air velocity in dilution tunnel during test charge

E2515
£ ¢ 9 Vi Fp«RKp+(C AP T8
quation 'sE=rps peLlpr Jaravg « e =
\ PseMs
Fp AT -
Ko 3497 -
cp 099 -
Deia P_avg #VARDIE mmvs P Dynamisk #wesEss Pa
Ts FVERDE K
Ps SERDE mmHg
M5 29,00 glgmale
Vs - AT x %% x 029 x (m)o's
Vs - AT mis (V_scem)
Average gas flow rate in dilution tunnel:
E2515
> Tatd « Px
Equation(3)  Qutd = 60 (1 = Bwse) s Ve e d o | = .,,.,'_'.']
5w o2 -
Vs AT s
A 0017671 m2
T_std 2B K
Ps SUERDI mmHg Ps #mmPa Ps Tk == Pa
T SERDE K TKana #%°C
P su 760 mmiHg
Q sd - 60 X ( 1 - ag ) x #AT x
Q std - AT dscvmin
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Measurements sample train 1 entire charge
E2515

Equarion (T,) Ve = ¥ o= (Lp = La) = B
Phar +

Al 4
Equation (T} '.'rll:'lfl'lil:l-ﬁ'l-llﬂ‘l{-!l'-(J:l

Tm
W_m AT dem
¥ 10,3855 KimmiHg
¥ 1 Gasmiler Faktor
P_loar 733,B1058 mmHg P par 013 mBar
Defta H 0 mmv'5
™m ITIK T_Gasmller [y
Lp 0 m3min
La 0 mmin
1] D min
W_me - AT - { a - o) X o
W_me - AT dsem
A s 1&%
W_mc{shd) - D3&55 AT Ed 1 £ — =
W_mcisid) - AT dsecm
Fauatian (120 My, = M + g 4y
0'mg
mf 0 mg
mag 0 mg
m_n - o + o + a
m_n - ] mg
A L™
Equadion (15} CymKas T
¥,
K_2 0,001 g'mg
m_n 0mg
W _miisad) AT dsom
- a
Cs 0,001 t Ehd
Cs - AT gdsom
Equation (15) Br= =)o Qpy v 8
=X AT gidsom
cr AT gidsem
& std AT dsemimin
@ 0 min
ET - i =T S 1 ¥ &3T x o
ET - AT g
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Measurements sample train 2 first hour of charge
E2515

Equarion (T,) Ve = ¥ = (Lp = La) « 8
Pbar +

Y
Equation (7T} '.'.-ll:'lrrn:lll-ﬁ'l.-l'm{-!-'-[A:l

Tm
Wom AT  dom
¥_1 10,3855 KimmiHg
¥ 1 Gasmaler Faldor
P par 753,506 mimHg 2 bar 1013 mBar
Defta H 0 MImivE
™m ITIK T_Gasmblar 0c
Lp 0 m3min
L= 0 m3min
8 0 min
W_me - art - i i - 0 ) x DO
v.me - aT dem
TEEA - 1“'5'.
_me{sid) - 03835 = T S 1 E —
W_mc{sd) - AT  dscm
Eauaatian [12) My = Wy g+ my,
0mg
mf 0 mg
0 mg
m_n - o + o + a
mn - 0 mg
1 L
Equation (15) ComKan 7
lard
K2 0,001 g'mg
m_n D mg
W _misid) AT  dsom
- a
Cs 0,001 ] Ehd
Cs - AT gidscm
Equation (15) Er=(Cp=CpleQpq el
cs AT  gidscm
cr AT giosom
s AT dsemimin
8 0 min
ET - I #T AT 1 ¥ #AT = o
ET - AT g
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Measurements sample train 2 from 1 hour and rest of charge

E2515

Fouation (T}

Equation (7} Foolgid) = K1« Prac el = (

Eguation (12)

Fauotion (1)

Eguatian (15)

e = ¥m

W_me

W me

V_moista)

W_megst)

750,510 mimHg

(Lp =La) =8

AN 4
Fhar + !.3_,ﬁ :I
Tm

AT dom
0,365 KAmmiHg
1 Gasmdler Faktor
P par
0 s
T3 K
0 mmin
0 m3min
0 min

T_GZasmiler

- ar - i a

- AT dom

- AT dscm

My = My + My +my,

Lp
mf
mg

mn

mn

ComKyapr o

¥ 2

m_n
W_mnisad)

Cs

Cs

£

= oo
[ e
g

ET

ET

= [

omg
0mg
omg

Ll

0,001 g'mg
0 mg
AT deam

- 0,001

- AT gidsem

Ce)o Qg v B

AT gosem

AT gosen

#T  dscmumin
0 min
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Appends £5
Room blanc
Ersis .
| Phar + ;':5
Eguation (8) Veeristd) = Kle VPrars ¥ « t —Li@
Tm |
K_1 03855 KAmmHg
womr AT dem
¥ 1 Gasmiler Fakhor
P _jnar 750,608 mmiHg 2 par 1013 mBar
Defia H 0 mmv'S
Tm ITIK T_Gasmiler oc
gL —ﬂg
W_mnsid) - 03555 x T % 1 H —
W_mrjstd) - AT dscm
m,
Eouation {14 [y
Vi o
K_2 0,001 g'mg
mr 0 mg
W_m_rjstd) AT deom
- a
cr 0,001 t Ehd
cr - AT gdsom
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Proportional Rate first 10 minutes
E2515
n P 0w (Vg w0 0T s T
Eguation (18] PR = m'
0,00 min
HERDE |
MT ms
AT K
JERDE K
AT |
FVERDI mis
K
¥

ERLEE - R |

IERDE
ALERDI

I—|I—|-r_’-f-.'_’ e ]
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Notation and units
E2TEn
Equation (1) M _Swb  welghtof all test fusl spacers, wet basks, kg
FM_S average fuel molstura of all test fuel spacers, % dry basls
M_Edb  weighlof all test fued sp@cers, dry bass, kg
Equation (2] M_CPmab  weight of each t6 fusd plece N in fuel orip, excluding ralls and spacans, wet basls, kg
Fl_CPn  avarage fusl molsiure of test fusl placa n in Tued crip, % dry basts,
n Indihidil tesst usl plecas that comprise the et fusl onip, a5 apgileable
M_Cdo  weightof fugd crin, exciudng nalls and spacers, dry basls, kg
Equation (3] M Cdo  welghtof fusd orid, excudng nalls and spacers, dry basls, kg
V.G Wolume of fusl orin, m3
D_Cdb  density of fu, ori, exciudng spacers and ralls, dry basls, kgm3
Squaion (4] M_Sob  weightof all testfusd sp@cess, dry bass, kg
M_Cdo  welghtof fusl oo, excudng nalls and Spacers, dry basls, kg
M_FTAGD ot weight of fusl oip exciiding nalls, dry basls, kg
Equation (5] M _FTAh iotal weight of fuel erip excluding nails, dry basls, kg
a ‘toksi leng® of test rin, min.
BR ary bum rate, kg'h
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Appendh: £11
E2515
Equalon (2] Fp - Adustment facior for canter of tunel piot fube placement
K_p - Piot Tube Consant 3297 misas
cp - Pt fube coeialent, dimentionicss (3ssignad a valLe of 0.59)
=3 MMVE  Average velocity preseure In cliution funnel, mm watsr
Ts K Apssiunz average gas emperabure In the diiuiion tunnsS
Fs mMHg  AbsOiUie average ges sttt pressure In diuton tunne
M_E gomole  The diution sunnel oy gas MoiEcular welght {may be assumed to be 23 gig molg)
VE mis Average gas velocity In the diution wunnel
Equation (1) F_p - Adustment factor for canter of funnel pot fube placement
W sy mis Awerage gas velocity cakculated after the mutipoint PHiot raverse
Vsent  mis Awerage gas velocity 2t the center of the diiufon tunnel caiculated after the Piiot fube raverse
Equaion (3] E_ws - VWater vapor In the gas steam, proportion by volume (assumed o be 0.02 [2.09%))
VS mis Averane gas velocty In the diition Lunned
& m2 Cross-pactional arsa of funned
T_sid K Sandard absoiube temperatune, 293K
Fs mmHg  ADSOilis aVErage gas Static prESsUNE I CiLton funned
TE K ADs0ilris SVEFage 035 temperalur: In the dliuson tunne
P_sid mimHg ‘Siandard absoiube pressure, 760 mm Hg
o_st GSCTUTIN  Average gas fiow rate I dilution funned
Equation 7] V_m dem Voiume of g5 Samgie 35 Measured by ory gas meter
Lp TEMIN Leakage rae obGErved uring the postisst isakcheck
La mamin Maximum accepiahie Ieakage rate Tor efner 3 oretest of post-ies! leak-check, equal to 00003 mamin
a M Tota samping time
\_me - Vm-[Lp-La"e
K1 KmmHg 13855 Kimm Hg
ke - Dry gas meter callbration factor
P _Bar mmHg  Baometnc pressure a the sampling sie.
AH AVEraQe pressUre & Me outel of the dry gas meter o the avarage difienential pressure across the orffice meter
™m Absoiliis VErage oy gas metsr iemperalre
W_me{std) aiume of alr sample messured oy e dry gas meter, comacied to standard condtions

Ve
K
gscm
Equation {12} m_p mg masE of particuate from prooe
mt g mass Of particuate from Mites
mg mg mass Of particuate from gaskets
m mg
gmg
mg
dscm

Total amount of pariculate matier colected

Qoo

Equation {13} K_2
m_m Total amouri HMHEWW

W_m{std) iaume of gas samipie measured by the dry gas meter, comected to standard condltions
CE scm  Corseniration of panticulaie matter in tunned gas, dry basls, comected i standam condlikns
Equation {15} ¢ & gdsem  Consenfration of particulate matter In funnel gas, dry basls, comeched to standand conditkons
cr gdscm Consentation of particulate matier room alr, ary basis, comected to standand condltions
Qs dsCTUMIN  Average gas fiow rate In dilution tunned
Min Total sampiing time
ET q Total particulate emissions
Bquation (B] K_1 KimemHg 3855 Kfmm Hg
w_mr dom ‘iaiume of room ar sampled a5 measured by dry gas meter
¥ - Dry gas meter callbration factor

P _foar mmHg  Baomelnc pressure at the sampiling she.
mMVC Average pressure 3 e outel of the dry gas meter or the avarage diferential pressure across the orfice meter
K Azeinz average ory gas meter iempenare
dsom ‘aiume of room ar sample measured by the dny gas meter, comected o standard condifons
Equation (14) K_2 omg (il
mr mg mass of pariculate from the fier, fiter gaske?, and probe assamibly from the: maom air biank fiker hioider assembly
V_mn{si)  dsem idume of room ar sample measured by the dry gas meter, comected 1o standand condions
Min
dom
mis
K
K
dom
dom
K
K

Equation {16) @ Total sampling time
v_mi Woilume of 935 Samiie 35 measured by dry 538 netsr duning e3ch 10-min Interval, |, of the 26t n
VS Average gas velocty In the diution tunnel
Tm AZEOILNE BVErage dry gas meter emperalre
T sl Annilfie average gas liemperature In the diiugon funnel dunng each 10Hmin Intenal, |, of the test un
WV_m alume of gas samie 35 measured by diy gas meter
W sl oiume of gas samisied 3 measured by dry gas meter during each 10-min Imend, |, of e test un
Ts ADetilfs BvErage 0as lemperaiure In the dikon turne
T_mi Ansnilne a'aa}eﬂ'ygm meder lemperaiure during each 10HTIn Intenval, I, of the iest un
FR Proportional Rate Variation - Caculated PR for each 10-min indenv, |1, of e test un
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Internt kalibreringscertifikat vedr. kalibrering af vaegte i Afdeling: DT/ Laboratorium:
DTI’s laboratorier Energi ELAB
Obligatorisk for vaegte, som anvendes til vejninger, der er omfattet af DTI’'s DANAKs akkrediteringer,
bortset fra akkreditering nr. 200. Certifikatet ma i uddrag kun gengives, safremt DTI’s kvalitetschef har Afdelingsnummer: | Certifikatnummer:
godkendt uddraget.
270 ELAB-38-2019
Dato for Dato for Dato for Certifikatdato: Vedr. akkr. Nr.: Sidenummer:
kalibrering/klassificering | modtagelse af | kalibreringens Side 1af1
af lodder: lodder: udfgrelse:
12.11.2014/F1
09.04.2014 /M2 + 16.09.2019 18.09.2019 23.09.2019 300
ukendte 15x20kg fra
murveerk, 300kg i alt
Identifikation den kalibrerede vaegt: Ansvarlig: Antal bilag:
270-A-1638, KC 600, 600kg, Stand C
Vaegtens max- Vaegtens Vaegtens delingi | Vaegtens Vaegtens Vaegtens serienummer:
kapacitet: deling i 1. 2. range: kalibreringsvaerdi i kalibreringsveerdii 2.
range: 1. range: range:

600kg d=1g e=
Kontrol af nivellering, nulpunkt og taraindretning Temperatur: 22
Ved kalibreringens start:
Viser veegten nul i ubelastet tilstand? X ja
Er taraindretningen frakoblet? Xja
Star veegten stabilt og vandret? Xja
Vejeprgve Overholdt: XlJa[INej
Belastningspunkt B Visning, opvejning; | Visning, nedvejning; | Evt. tilleegslast; Fejlvisning, Fejlvisning, nedvejning;

| opvejning/nedvejning opvejning; F F
0,0 kg 0,000 0,000 0 0
1,0kg 1,000 1,002 0 0,002
6,0 kg 6,001 6,003 0,001 0,003
16,0 kg 16,002 16,004 0,002 0,004
100,0 kg 99,990 99,992 - -
106,0 kg 105,988 105,991 -0,002 -0,001
116,0 kg 115,989 115,990 -0,001 -0,002
200,0 kg 199,928 199,940 - -
206,0 kg 205,927 205,920 -0,001 -0,020
300,0 kg 299,901 299,904 - -
306,0 kg 305,901 305,901 0,000 -0,003
Undersggelse af repetérbarhed Overholdt: XlJa[INej
Ca. 10 % af Max 1. vejning 2.vejning 3.vejning 4.vejning 5.vejning
40,0 kg 40,005 40,004 40,004 40,005 40,004
Ca. 80 % af Max 1. vejning 2.vejning 3.vejning 4.vejning 5.vejning
80,0 kg 79,999 79,999 79,999 79,999 79,998
Prgvning af excentricitet Overholdt: XIJal INg
Ca. 33 % af Max 1. vejning (HB) 2.vejning (VB) 3.vejning (VT) 4.vejning (HT) DIFF
120,0 kg 119,942 119,974 119,965 119,952 0,032kg
Metodegrundlag: Sporbarhed pa anvendte lodder (oplys certifikatnummer og Kalibreringen er udfgrt | Godkendt af:
Institutprocedure nr. 900-6.0-1 | dato): af:

KMSA
200-P-22776 (F1) og 200-P-22557 (M2)

Gron

25-09-2020 09:57:22
This PDF document is only valid if digitally signed with the OCES digital signature for Max Bjerrum, Danish Technological Institute.



Kalibrering af Igse termofglere i EPA stand E

Méleskema til kontrol af temofalere i stand E (EPA)

Dato: 15-09-2020 Udfert af: MXB
Braendeovnsprgvestand: E (c) Emne Id nr.: 145092
Certifikat nr.: ELAB-38-2020
#nye korr.
Kalibrator ref.: 270-A-1625 (Jofra) kopieret fra gverste filterraekker
(Brugt ved Kalibrering) (Ny valgt korr.)
Aktuel Korrektion Ny Korrektion Ber. Ber. Ber.
PC indgang Sand temp. Vist temp. Fejl Konst. 1. gard Konst. 1. grad Uden korr. Ny korr. Ny fejl.
Rum temp. -1 29,39 28,7 -0,69 0,1 1 0,1 1 28,6 28,7 -0,7
-2 29,39 29,8 0,41 0,3 1 0,3 1 29,5 29,8 0,4
-3 29,39 29,6 0,21 0,3 1 0,3 1 29,3 29,6 0,2
-4 29,39 30 0,61 0,6 1 0,6 1 29,4 30,0 0,6
Filter-4-R A -5 29,39 29,8 0,41 0,5 1 0,5 1 29,3 29,8 0,4
Koler-1-H -6 29,39 29,7 0,31 0,5 1 0,5 1 29,2 29,7 0,3
Koler-2-D -7 29,39 30 0,61 0,9 1 0,9 1 29,1 30,0 0,6
Gasm-H -8 29,39 29,8 0,41 0,8 1 0,8 1 29,0 29,8 0,4
Gasm-D -9 29,39 29,9 0,51 0,8 1 0,8 1 29,1 29,9 0,5
Gasm-R -10 29,39 29,6 0,21 0,5 1 0,5 1 29,1 29,6 0,2
Gas-Disp -11 29,39 29,6 0,21 0,6 1 0,6 1 29,0 29,6 0,2
Los fgler tilknyttet 29,39 - #VFERDI! 0,1 1 #VFERDI! #VAERDI! #VAERDI!
B -2 29,39 29,7 0,31 0,3 1 0,3 1 29,4 29,7 0,3
D1B -3 29,39 29,6 0,21 0,3 1 0,3 1 29,3 29,6 0,2
D2B -4 29,39 29,8 0,41 0,6 1 0,6 1 29,2 29,8 0,4
Filter-4-R B -5 29,39 29,7 0,31 0,5 1 0,5 1 29,2 29,7 0,3

Krav

T N N e N

ikke monteret (ikke til stede i logger-opsaetning)



Kalibrering af Igse termofglere i breendeovnsprgvestand B, C og D

M&leskema til kontrol af temofglere i stand B, C og D

Dato: 15-09-2020 Udfart af: MXB
Braendeovnsprgvestand: E/C Emne Id nr.: 134396
Certifikat nr.: ELAB-38-2020
Kalibrator ref.: 270-A-1625 (Jofra) #Ny indtastet 2020
(Brugt ved Kalibrering) (Ny valgt korr.)
Aktuel Korrektion Ny Korrektion Ber. Ber. Ber.
PC indgang Sand temp. Vist temp. Fejl Konst. 1. gard Konst. 1. grad Uden korr. Ny korr. Ny fejl. Krav
Rum temp. 29,39 28,7 -0,69 0,1 1 0,1 1 28,6 28,7 -0,7 1,5
Br.rum 83,99 84,7 0,71 1,4 1 1,4 1 83,3 84,7 0,7 2
Konv. 83,99 84,9 0,9 1,5 1 1,5 1 83,4 84,9 0,9 3
Gasmaler 83,99 #1/T #1/T #1/T #1/T #1/T 2 Alm. C provestand
Disp-T1 83,99 #1/T #1/T #1/T #1/T #1/T 2 Alm. C prgvestand
Disp-T2 83,99 #1/T #1/T #1/T #1/T #1/T 2 Alm. C prgvestand
Disp-T3 83,99 84,6 0,61 0 1 0,5 1 84,6 85,1 1,1 2
Disp-T4 83,99 84,0 0,01 0,1 1 -0,5 1 83,9 83,4 -0,6 2
Disp-T5 83,99 84,0 0,0 0,1 1 -0,4 1 83,9 83,5 -0,5 2
Disp-K6 83,99 83,8 -0,19 1,1 1 -0,7 1 82,7 82,0 -2,0 2
Disp-K7 83,99 84,4 0,41 1 1 0,6 1 83,4 84,0 0,0 2
Disp-K8 83,99 83,7 -0,29 -0,2 1 -0,8 1 83,9 83,1 -0,9 2
Disp T Bag (disponibel-T) 83,99 #1/T #1/T #1/T #1/T #1/T 2 Alm. C provestand
Disp T side 83,99 #1/T #1/T #1/T #1/T #1/T 2 Alm. C prgvestand
Dsip 1K 83,99 #1/T #1/T #1/T #1/T #1/T 2 Alm. C prgvestand
Disp 2K 83,99 #1/T #1/T #1/T #1/T #1/T 2 Alm. C prgvestand
Reg EN 83,99 82,4 -1,59 -1 1 -1 1 83,4 82,4 -1,6 5
Reg EN 249,48 249,7 0,22 -1 1 -1 1 250,7 249,7 0,2 5
Reg EN 348,61 349,3 0,69 -1 1 -1 1 350,3 349,3 0,7 5
NS rag 83,99 83,4 -0,59 -1,3 1 -1,3 1 84,7 83,4 2
NS rgg 249,48 249,2 -0,28 -1,3 1 -1,3 1 250,5 249,2 2
NS rag 348,61 349,2 0,59 -1,3 1 -1,3 1 350,5 349,2 2
For Kat. 83,99 82,7 -1,29 -1,3 1 -1,3 1 84,0 82,7 -1,3 3
For Kat. 249,48 250,2 0,72 -1,3 1 -1,3 1 251,5 250,2 0,7 3
For Kat. 348,61 350 1,39 -1,3 1 -1,3 1 351,3 350,0 1,4 3
Ovf. Top 83,99 83,6 -0,39 -0,5 1 0 0,99 84,1 83,3 -0,7 1
Ovf. Top 249,48 251,4 1,92 -0,5 1 0 0,99 251,9 249,4 -0,1 1
Ovf. Top 348,61 351,7 3,09 -0,5 1 0 0,99 352,2 348,7 0,1 1
Ovf. Bag 83,99 86,6 2,61 2,1 1 1 0,99 84,5 84,7 0,7 1
Ovf. Bag 249,48 252,3 2,82 2,1 1 1 0,99 250,2 248,7 -0,8 1
Ovf. Bag 348,61 352,8 4,19 2,1 1 1 0,99 350,7 348,2 -0,4 1
Ovf. Side-1 83,99 84,7 0,71 1,4 0,99 0,5 0,99 84,1 83,8 -0,2 1
Ovf. Side-1 249,48 250,7 1,22 1,4 0,99 0,5 0,99 251,8 249,8 0,3 1
Ovf. Side-1 348,61 349,8 1,19 1,4 0,99 0,5 0,99 351,9 348,9 0,3 1
Ovf. Side-2 83,99 85,3 1,31 1,8 1 0,5 1 83,5 84,0 0,0 1
Ovf. Side-2 249,48 251,1 1,62 1,8 1 0,5 1 249,3 249,8 0,3 1
Ovf. Side-2 348,61 350,5 1,89 1,8 1 0,5 1 348,7 349,2 0,6 1
Ovf. Bund 83,99 83,3 -0,69 0,5 0,99 2 0,99 83,6 84,8 0,8 1
Ovf. Bund 249,48 247,7 -1,78 0,5 0,99 2 0,99 249,7 249,2 -0,3 1

Ovf. Bund 348,61 346,2 22,41 0,5 0,99 2 0,99 349,2 347,7 -0,9 1



TEKNOLOGISK
INSTITUT

Teknologiparken

KALIBRERINGSCERTIFIKAT Kongsvang Al 29

Bygning 14
8000 Aarhus C
TIf. +45 72 20 20 00
CERTIFIKATNR.: info@teknologisk.dk
200'E'208 11 www.teknologisk.dk
Side 1 af 3
Antal bilag: 0
Rekvirent: Teknologisk Institut, Biomasse og bioraffinering
Kongsvang Allé 29
8000 Arhus C
Emne: Datalogger
Fabrikat: Hewlett Packard A/S Model: 34970A
Serienr.: MY44006319 Kundemeerke: 270-A-1992
Omrade: mV, V, mA Klasse: -
Inddeling: 0,001 mVv / 0,00001V/ Type: =
0,0001 V
Udgangssignal: - Diameter: =
Tilbehgr: -
Rekvisitionsnr.: MXB
Periode: Modtaget: 09-09-2019 Kalibreret: 10-09-2019
Procedure: D1-7.1 & D1-7.3
Bemaerkninger:
Vilkar: Kalibreringen er udfgrt akkrediteret i henhold til gaeldende vilk3r fastlagt af DANAK, jf. www.danak.dk, og i

henhold til Teknologisk Instituts almindelige vilkar, som er gzeldende pa tidspunktet for aftaleindgdelsen.
Kalibreringsresultater gaelder udelukkende for det kalibrerede emne. Kalibreringscertifikatet ma kun gengives
i uddrag, hvis laboratoriet skriftligt har godkendt uddraget.

Kalibreret af: Javier I. Camacho, 72 20 25 92, jcam@teknologisk.dk

e Moo
Godkendt og

digitalt signeret Jan Nielsen
30-09-2019 af: .
Cand. Scient

AL
N,

Y,

@?

/Ei\\

2 DANAK

CAL Reg.nr. 200

\‘\‘\\
/,/II

7 N\ N
’I/”/uln\“\\\

Dette PDF dokument er kun gyldigt, hvis det er digitalt signeret med OCES digitalsignaturen for Jan Nielsen, Teknologisk Institut.



Dato:

2019-09-10

TERMOMETRILABORATORIET

TEKNOLOGISK INSTITUT

Certifikat :

KALIBRERINGSCERTIFIKAT

200-E-20811

Voltmeter: Udfert pa kabel mrk.1 ilogger kanal 201

Kalibrering af mA loggere

Omrade

100 mV
100 mV

1V

1V
10V
10V
10V
10V
10V

Omrade & Input

10V 20 mA

Kabel

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

Kabel:

212

13

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

Kanal:

112

113

301

302

303

304

305

306

307

308

309

310

311

312

313

314

Referenceveerdi

(Indstilling)

0,000 mV

100,000 mV
0,00000 V
1,00000 V
0,0000 V
1,0000 V
2,0000 V
5,0000 V
10,0000 V

Referenceveerdi

0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V
0,0000 V
2,0000 V

Afleesning

0,000 mV
100,004 mV
0,00000 V
1,00003 V

0,0000 V
1,0000 V
2,0000 V
5,0001 V
10,0002 V

Aflaesning

0,0000 V
1,9999 V
0,0000 V
2,0004 V
0,0000 V
2,0001 vV
0,0000 V
2,0003 V
0,0000 V
2,0008 V
0,0000 V
2,0006 V
0,0000 V
1,9998 V
0,0000 V
1,9997 V
0,0000 V
1,9995 V
0,0000 V
1,9995 V
0,0000 V
1,9990 V
0,0000 V
1,9991 V
0,0000 V
2,0000 V
0,0000 V
2,0007 V
0,0000 V
1,9995 V
0,0000 V
2,0004 V

Side:

Fejl

1,0E-07 V
4,0E-06 V
0,0E-06 V
3,5E-05 V
0,0E-05 V
2,0E-05V
4,0E-05 V
9,8E-05 V
1,9E-04 V

Fejl

0,0E-05 V
-0,6E-04 V
0,0E-05 V
4,4E-04 V
0,0E-05 V
1,3E-04 V
0,0E-05 V
2,8E-04 V
0,0E-05 V
7,7E-04 V
0,0E-05 V
5,8E-04 V
0,0E-05 V
-2,4E-04 V
0,0E-05 V
-3,5E-04 V
0,0E-05 V
-5,0E-04 V
0,0E-05 V
-5,1E-04 V
0,0E-05 V
-10,0E-04 V
0,0E-05 V
-9,1E-04 V
0,0E-05 V
0,4E-04 V
0,0E-05 V
7,0E-04 V
0,0E-05 V
-5,0E-04 V
0,0E-05 V
3,7E-04 V

2af3

Usikkerhed

5,9E-07 V
2,8E-06 V
5,8E-06 V
1,3E-05 V
5,8E-05 V
5,9E-05 V
6,2E-05 V
8,8E-05 V
1,3E-04 V

Usikkerhed

5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V
5,8E-05 V
1,9E-04 V



TERMOMETRILABORATORIET

TEKNOLOGISK INSTITUT

Dato: 2019-09-10 Certifikat : 200-E-20811 Side: 3af3

KALIBRERINGSCERTIFIKAT

Kalibrering af TC Type K : Udfgrt pa logger kanal 202 (*)

Input Referenceveerdi Aflaesning Fejl Usikkerhed
(Simuleret TC-Temp.)

0,0000 mV 0,0 °C 0,3 °C 3,0E-01 °C 1,2E-01 °C

4,0920 mV 100,0 °C 100,3 °C 2,8E-01 °C 1,3E-01 °C

8,1385 mV 200,0 °C 200,3 °C 3,4E-01 °C 1,3E-01 °C

16,3971 mV 400,0 °C 400,3 °C 3,0E-01 °C 1,2E-01 °C

24,9055 mV 600,0 °C 600,3 °C 2,8E-01 °C 1,3E-01 °C

Kalibrering af TC Type T : Udfert palogger kanal 203 (*)

Input Referenceveerdi Aflaesning Fejl Usikkerhed
(Simuleret TC-Temp.)

0,0000 mV 0,0 °C 0,0 °C 0,0E-01 °C 1,2E-01 °C

2,0357 mV 50,0 °C 50,0 °C 0,0E-01 °C 1,2E-01 °C

4,2785 mV 100,0 °C 100,0 °C 0,0E-01 °C 1,2E-01 °C

6,7041 mV 150,0 °C 150,0 °C 0,0E-01 °C 1,2E-01 °C

9,2881 mV 200,0 °C 200,0 °C 0,0E-01 °C 1,2E-01 °C

(*) Thermocouple Test med ekstern cold junction v. 0 °C - elektromotorisk kraft defineret i DS/EN 60584-1:2014

Bemaerkninger:
Afleesning er middelveerdien af flere aflaesninger pa det kalibrerede maleinstrument.

Fejl = Afleesning - referenceveerdi.

Den rapporterede ekspanderede usikkerhed er angivet som standardusikkerheden af malingen
multipliceret med deekningsfaktoren k=2, saledes at daekningssandsynligheden svarer til ca. 95 %.

Kalibreringsforhold:
Rumtemperatur: 23°C+x1°C

Sporbarhed:
Dette kalibreringscertifikat er omfattet af DANAK akkreditering og EA's og ILAC's multilaterale
aftaler for kalibrering, hvilket sikrer, at malingerne er sporbare til S| enhedssystemet.



KONTROL AF TRYKMALERE

? DANISH
TECHNOLOGICAL
INSTITUTE
cp Test af kontinuerligt registrerende trykmalere
Sidelaf1 Udstedt af: ELAB

Logbog/kontrol — Autotran 700/ACI tryktransmittere

Emne nr.: Id nr. 148230 (0-25,4Pa)

Placering: Stand C, Rggtraek

Dato: 07-09-2020

Certifikat nr.: ELAB-37-2020

Signatur: MXB

Ref. Udstyr: 270-A-2406 TSI

Ca. Malepunkt Ca. Malepunkt [PA] | Reference [Pa] Aflaest tryk [Pa] Fejl [Pa]
[Pa] (0-60Pa) (1 decimal) (1 decimal)

(0-25,4Pa) <1Pa

0 0 0,0 0,0

4 5 4,2 4,1

8 10 8,4 8,3

12 15 12,5 12,3

16 20 16,7 16,5

20 40 20,1 19,9

24 55 23,7 23,4

Grgn OK




KONTROL AF TRYKMALERE

? DANISH
TECHNOLOGICAL
INSTITUTE
cp Test af kontinuerligt registrerende trykmalere
Page1lof1 Udstedt af: ELAB

Logbog/kontrol — Autotran 700/ACI tryktransmittere

Emne nr.: Id nr.: 148231 (0-60Pa)

Placering: Stand C, Pd

Dato: 07-09-2020

Certifikat nr.: ELAB-37-2020

Signatur: MXB

Ref. Udstyr: 270-A-2406 TSI

Ca. Malepunkt Ca. Malepunkt [PA] | Reference [Pa] Aflaest tryk [Pa] Fejl [Pa]
[Pa] (0-25,4Pa) (0-60Pa) (1 decimal) (1 decimal) <1Pa

0 0 0,0 0,0

4 5 5,3 5,2

8 10 10,0 9,9

12 15 15,3 15,2

16 20 20,2 20,0

20 40 41,0 40,6

24 55 55,0 54,5

Grgn OK




KONTROL AF TRYKMALERE
? DANISH
TECHNOLOGICAL
INSTITUTE
cp Test af kontinuerligt registrerende trykmalere
Sidelaf1 Udstedt af: ELAB

Logbog/kontrol — Autotran 700/ACI tryktransmittere

Emne nr.: Id nr. 94839 (0-254Pa)
Placering: Stand C, Ps

Dato: 07-09-2020

Certifikat nr.: ELAB-37-2020
Signatur: MXB

Ref. Udstyr: 270-A-2406 TSI

Ca. malepunkt [Pa] | Ca. malepunkt [Pa] | Reference [Pa] Aflaest tryk [Pa] Fejl [Pa]
(0-25,4Pa) (0-250 Pa) (1 decimal) (1 decimal) <3Pa

0 0 0,0 0,0

4 5 5,5 5,5

8 10 10,4 10,2

12 20 21,4 21,6

16 50 50,2 49,9

20 100 102,5 102,2

24 240 233,3 231,8

Grgn




KALIBRERINGSCERTIFIKAT

CERTIFIKATNR.:

200-T-23175

Rekvirent:

Emne:

Rekvisitionsnr.:

Periode:

Procedure:

Bemeaerkninger:

Vilkar:

Kalibreret af:

Godkendt og
digitalt signeret
17-09-2020 af:

TEKNOLOGISK
INSTITUT

Teknologiparken
Kongsvang Allé 29

Bygning 14
8000 Aarhus C
TIf. +45 72 20 20 00
info@teknologisk.dk
www.teknologisk.dk
Side 1 af 3
Antal bilag: 0
Init:
BINI/SOAN
Teknologisk Institut
Kongsvang Allé 29
8000 Arhus C
Temperatur-kalibrator, digital
Fabrikat: Ametek Denmark A/S Model: 601
Serienr.: 912525 Kundemeerke: 270-A-1625
Omrade: 50 - 600 °C Inddeling: 1°C
Type: Terblok kalibrator
MXB
Modtaget: 10-09-2020 Kalibreret: 11-09-2020
D1-5.1

Kalibreret i omradet 30 - 350°C. Aksial inhomogenitet, hysterese samt
temperaturinstabillitet er undersggt iht. EURAMET cg-13 Version 3.0 (02/2015).
Kalibreringen er foretaget med en referencefgler pa 6,5 mm og et foret isoleringsrgr med
en diameter pd 32 mm og en hgjde pa ca. 200 mm. Isoleringsrgret er placeret omkring
referencefgleren oven pa tgrblokken. Indsats (uden id.) med én central udboring er
benyttet under kalibringen. Mellem tgrblokken og isoleringsrgret er der isoleret med
mineraluld

Kalibreringen er udfgrt akkrediteret i henhold til internationale krav (ISO/IEC 17025:2005) og i henhold til
Teknologisk Instituts almindelige vilkar. Kalibreringsresultater gaelder udelukkende for det kalibrerede emne.
Kalibreringscertifikatet ma kun gengives i uddrag, hvis Teknologisk Institut skriftligt har godkendt uddraget.

Bjgrn Kjaersgaard Nielsen, 72203534, bjni@teknologisk.dk

Seren And oz e

Sgren Lindholt Andersen
Konsulent, Ph.d.
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Dette PDF dokument er kun gyldigt, hvis det er digitalt signeret med OCES digitalsignaturen for Sgren Lindholt Andersen, Teknologisk Institut.



TEMPERATURLABORATORIET

TEKNOLOGISK INSTITUT
Certifikat nr.: 200-T-23175 Side 2 af 3

KALIBRERINGSCERTIFIKAT
Resultater

Kalibrator maerket: 270-A-1625

Reference- Aflaesning Fejl Usikkerhed Note
veerdi
°C °C °C °C
29,39 30,00 0,61 0,65
83,99 85,00 1,01 0,65
249,48 250,00 0,52 0,65
348,61 350,00 1,39 0,65

Bemaerkninger:

Aflzesning er middelveerdien af flere aflaesninger pa det kalibrerede maleinstrument.
Fejl = Aflaesning - referenceveerdi.

Temperatur - 20190221



TEMPERATURLABORATORIET
TEKNOLOGISK INSTITUT

Certifikat nr.: 200-T-23175 Side 3 af 3
KALIBRERINGSCERTIFIKAT
Fejlkurve
Kalibrator maerket: 270-A-1625
2,25
2,00
1,75
1,50 /”
O 1,25
by -
= 1,00 ~
E 0,75 /
«
0,50
0,25
0,00
'0,25 T T T T T T T 1
0 50 100 150 200 250 300 350 400

Aflaesning middel i °C

Kun de markerede punkter er mait.

Bemaerkninger:
Aflzesning er middelveerdien af flere aflaesninger pa det kalibrerede maleinstrument.
Fejl = Aflaesning - referenceveerdi.

Den rapporterede ekspanderede usikkerhed er angivet som standardusikkerheden af
malingen multipliceret med daekningsfaktoren k =2, sdledes at daekningssandsynligheden
svarer til ca. 95 %.

Alle temperaturer er i henhold til ITS90

Kalibreringsforhold:

Rumtemperatur: 22,5°C+1,1°C

Relativ fugtighed: 49,8 %rh £+ 8,1 %rh
Barometerstand: 1013,5 mbar + 4,2 mbar
Sporbarhed:

Dette kalibreringscertifikat er omfattet af DANAK akkreditering og EA's og ILAC's
multilaterale aftaler for kalibrering, hvilket sikrer, at malingerne er sporbare
til SI enhedssystemet.

Temperatur - 20190221



Internt kalibreringscertifikat vedr. kalibrering af vaegte i
DTI’s laboratorier

Obligatorisk for veegte, som anvendes til vejninger, der er omfattet af DTI’s DANAK akkrediteringer,
bortset fra akkreditering nr. 200. Certifikatet ma i uddrag kun gengives, safremt DTI’s kvalitetschef har

Afdeling: DTI/

Energi

Laboratorium:

ELAB

Afdelingsnumme

r: | Certifikatnummer:

godkendt uddraget.
270 ELAB-36-2020
Dato for Dato for Dato for Certifikatdato: Vedr. akkr. Nr.: Sidenummer:
kalibrering/klassificering | modtagelse af | kalibreringens Side 1 af1
af lodder: lodder: udfgrelse:
12.11.2014/Fl og 01.09.2020 03.09.2020 03.09.2020 300
09.04.2014/M2
Identifikation den kalibrerede vaegt: Ansvarlig: Antal bilag:
Mettler Toledo - 270-A-1989
Vaegtens max- Vaegtens Vaegtens delingi | Vaegtens Vaegtens Vaegtens serienummer:
kapacitet: delingi 1. 2. range: kalibreringsveerdi i 1. kalibreringsveerdi i
range: range: 2. range:
15kg d=1g e= 2738141
Kontrol af nivellering, nulpunkt og taraindretning Temperatur: 23 grader
Ved kalibreringens start:
Viser vaegten nul i ubelastet tilstand? X ja
Er taraindretningen frakoblet? Xja
Star veegten stabilt og vandret? Xja
Vejeprogve Overholdt Ja Ng X*
Belastningspunkt B - Visning, opvejning; | | Visning, nedvejning; | Evt. tilleegslast;a Fejlvisning, opvejning; F Fejlvisning, nedvejning;
kg opvejning/nedne F
jnig
0,000 0,000 0,000 - -
0,005 0,005 0,005 - -
0,050 0,050 0,050 - -
0,200 0,200 0,200 - -
0,500 0,500 0,500 -0,001kg -
1,000 0,999 0,999 -0,001kg -0,001kg
2,000 1,999 1,999 -0,001kg -0,001kg
7,000 6,995 6,995 -0,005kg -0,005kg
12,000 11,990 11,990 -0,010kg -0,010kg
Undersggelse af repeterbarhed Overholdt xJa [INg
Ca. 10 % af Max 1. vejning 2.vejning 3.vejning 4.vejning 5.vejning
1,000kg 0,999 0,999 0,999 0,999 0,999
Ca. 80 % af Max 1. vejning 2.vejning 3.vejning 4.vejning 5.vejning
10,000kg 9,992 9,992 9,992 9,992 9,992
Prgvning af excentricitet Overholdt xJa [INg
Ca. 33 % af Max 1. vejning 2.vejning 3.vejning 4.vejning Diff.:
5,000kg 4,996 4,997 4,995 4,996 +0,001kg
Metodegrundlag: Sporbarhed pa anvendte lodder (oplys certifikatnummer og Kalibreringen er udfgrt | Godkendt af:
Institutprocedure nr. 900-6.0-1 | dato): af:
200-P-22776 (F1) og 200-P-22557 (M2) MXB

GUL *krav EN 5/10 gram hhv. under/over 7,5kg overskredet med 5g (under 7,5kg) og 10g (over 7,5kg).

Y:\Labspace\LAB2C_Labspace\Kalibrering Arbejdskopi\2020\EPA certifikater 3-kv-2020\09-Mettler Toledo,
270-A-1989, 15kg.docx




TEKNOLOGISK
INSTITUT

Teknclcgiparken
Kcngsvangs Alle 29
8£00 Aarhus C

CERTIFIKATNR: TIL +45 72 20 2C 00
200-A-162-1530 v teknologick dk

KALIBRERINGSCERTIFIKAT

Side 1 af 2
Antal bilag: 0

Rekvirent: Teknologisk Institut

Kongsvang Allé 29,

8000 Aarhus

Att.: Max Bjerum
Emne: Type: Digital Vaegt Kundemaerke: 7084

Fabrikat: Mettler Toledo Maleomrade: 0-220 g

Model: XS 204 Serienr.: B042079566

Modtaget dato: 03-09-2020 Kalibreringsdato: 03-09-2020

Testmetode: Auto D1-10.1
Kalibreringssted: Teknologisk Institut, Kongsvang Allé 29 - 8000 Aarhus
Sporbarhed: Dette kalibreringscertifikat er omfattet af DANAK akkreditering og EA's og

ILAC's multilaterale aftaler for kalibrering, hvilket sikrer, at malingerne

er sporbare til SI enhedssystemet.
Bemarkninger:  Resultatet af kalibreringen fremgar af de efterfglgende sider
Vilkar: Kalibreringen er udfgrt i henhold til geeldende vilkar fastlagt af DANAK, jf. www.danak.dk, og i henhold til

Teknologisk Instituts almindelige vilkar, som er geldende pa tidspunktet for aftaleindgaelsen. Kalibreringsresultater

geelder udelukkende for det kalibrerede emne. Kalibreringscertifikatet ma kun gengives i uddrag, hvis laboratoriet

skriftligt har godkendt dette.

Udfert af:
/ / - T
Dato: 04-09-2020 /l/d’&\‘g c_
MH. Hudecek - Faglig Ansvarlig Ivan Sand - Automobilteknik
1y,
i €2 DANAK
1@5 CAL Reg.nr. 200

AR


www.danak.dk

Maleresultater:

Ekcentrisk belastning

CERTIFIKATNR: 200-A-162-1530

Side 2 af 2

Position Deling 1 2 3 4 5
g] g] (g] (g] g] g]
Visning 0,0001] 50,0000 49,9999 50,0000 50,0000 49,9999
Fejl 0,0000 -0,0001 0,0000 0,0000 -0,0001
Stgrste Fejl: 0,0001
Placering af malepunkter
Repeterbarhed
Anvendt Malt
masse Deling 1 2 3 4 5
(g] (g] (g] (g] (g] (g] (g]
100,0000 0,0001] 99,9999 99,9999 99,9999 99,9999 99,9999
200,0000 0,0001] 199,9998 199,9998 199,9998 199,9998 199,9998
Linearitet
Reference Deling Malt Imiddel Fejl Udv. male- Daeknings
masse 11 12 usikkerhed  faktor
gl gl gl (g] gl gl gl
0,001000 0,0001 0,0010 0,0010 0,001000 0,000000 0,000064 2,00
0,050000 0,0001 0,0500 0,0500 0,050000 0,000000 0,000079 2,00
0,50000 0,0001 0,5000 0,5000 0,50000 0,00000 0,00012 2,00
5,00001 0,0001 5,0000 5,0000 5,00000 -0,00001 0,00022 2,00
20,00005 0,0001} 20,0000 20,0000 20,00000 -0,00005 0,00036 2,00
50,00013 0,0001| 50,0000 50,0000 50,00000 -0,00013 0,00052 2,00
100,00025 0,0001] 99,9999 99,9999 99,99990 -0,00035 0,00093 2,00
150,0004 0,0001] 149,9999 149,9999 149,9999 -0,0005 0,0014 2,00
220,0006 0,0001] 219,9998 219,9998 219,9998 -0,0008 0,0022 2,00
Den rapporterede ekspanderede usikkerhed er angivet som standardusikkerheden multipliceret med daekningsfaktoren k,
som for en t-fordeling, med det relevante antal frihedsgrader, giver en dakningssandsynlighed pa ca. 95%
Omgivelser: Temperatur 24,0 +1°C
Luftfugtighed 44 +5 %RH
Lufttryk 1011 £ 5 hPa

Beregnet Luftdensitet

1,180 + 0,012 kg/m3



TEKNOLOGISK
INSTITUT

Teknologiparken

KALIBRERINGSCERTIFIKAT Kongsvang Al 29

Bygning 14
8000 Aarhus C
TIf. +45 72 20 20 00
CERTIFIKATNR.: info@teknologisk.dk
200_ L_ 2 1 3 64 www.teknologisk.dk
Side 1 af 4
Antal bilag: 0
Init:
MICO/SORH
Rekvirent: Teknologisk Institut, Biomasse og bioraffinering
Kongsvang Allé 29
8000 Arhus C
Emne: Lufthastighedsmaler, Anemometer
Fabrikat: Testo Serienr.: 61503580
Kundemeerke: 176529 Omréde: 0-0,7m/s
Inddeling: 0,01 m/s Type: Varmetrddsanemometer
Udgangssignal: m/s
Tilbehgr: Displayenhed: Testo, id nr. 176529-Display, serie nr. 83010838
Rekvisitionsnr.: MXB
Periode: Modtaget: 07-09-2020 Kalibreret: 14-09-2020
Procedure: D1-2
Bemeaerkninger:
Vilkar: Kalibreringen er udfgrt akkrediteret i henhold til internationale krav (ISO/IEC 17025:2005) og i henhold til

Teknologisk Instituts almindelige vilkar. Kalibreringsresultater gaelder udelukkende for det kalibrerede emne.
Kalibreringscertifikatet ma kun gengives i uddrag, hvis Teknologisk Institut skriftligt har godkendt uddraget.

Kalibreret af: Mikkel Brochstedt Copeland, 72 20 13 87, mico@teknologisk.dk

Godkendt og

digitalt signeret Sgren Haack
16-09-2020 af:

Konsulent

W
7,

jlacwra WY DANAK

T 3

N CAL Reg.nr. 200
Ll | W

Dette PDF dokument er kun gyldigt, hvis det er digitalt signeret med OCES digitalsignaturen for Sgren Haack, Teknologisk Institut.



LUFTLABORATORIET

TEKNOLOGISK INSTITUT

Dato: 2020.09.14 Cert nr: 200-L-21364 Side: 2af4
KALIBRERINGSCERTIFIKAT
ANEMOMETER

Maleomrade: 0-0,7m/s
Luft Luft Reference Emnets Fejl Usikkerhed
temperatur massefylde hastighed visning
°C kg/m3 m/s m/s m/s m/s
22,76 1,198 0,050 0,07 0,020 0,023
22,76 1,198 0,202 0,22 0,018 0,023
22,76 1,198 0,403 0,41 0,007 0,023
22,76 1,198 0,605 0,62 0,015 0,023
22,76 1,198 0,706 0,72 0,014 0,023
22,76 1,198 0,706 0,73 0,024 0,023
22,76 1,198 0,605 0,62 0,015 0,023
22,76 1,198 0,403 0,41 0,007 0,023
22,76 1,198 0,202 0,22 0,018 0,023
22,76 1,198 0,050 0,07 0,020 0,023




LUFTLABORATORIET

TEKNOLOGISK INSTITUT
Dato: 2020.09.14 Cert nr: 200-L-21364 Side: 3af4

KALIBRERINGSCERTIFIKAT

LABORATORIEBETINGELSER OG SPORBARHED

Laboratoriebetingelser:

Rumtemperatur (°C) : 22,8 +0,6
Relativ luftfugtighed (%) : 57 10
Barometerstand (mbar) : 1023,4 +1
Referencer:

Dette kalibreringscertifikat er omfattet af DANAK akkreditering
og EA's og ILAC's multilaterale aftaler for kalibrering,
hvilket sikrer, at malingerne er sporbare til S| enhedssystemet.

Usikkerhed:

Den rapporterede ekspanderede usikkerhed er angivet som standardusikkerheden multipliceret med
dakningsfaktoren k = 2, som for en normalfordeling svarer til en deekningssandsynlighed pa ca. 95%.
Standardusikkerheden er fastlagt i overensstemmelse med EA-04/2.



LUFTLABORATORIET

TEKNOLOGISK INSTITUT
Dato 2020.09.14 Certnr 200-L-21364 Side: 4af4

KALIBRERINGSCERTIFIKAT

FEJLKURVE

0,025

0,020 K /

= /

%o,ms /g/\ jl
0,010

v
0,005
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Afleest lufthastighed m/s

—4— Malepkt. forbundet med rette linier

Sand hastighed = Aflzest - Fejl (med fortegn)

Usikkerhed: 0,023 m/s til 0,023 m/s



TEKNOLOGISK
INSTITUT

Teknologiparken

KALIBRERINGSCERTIFIKAT Kongsvang Al 29

Bygning 14
8000 Aarhus C
TIf. +45 72 20 20 00
CERTIFIKATNR.: info@teknologisk.dk
200'P'24979 www.teknologisk.dk
Side 1 af 4
Antal bilag: 0
Rekvirent: Teknologisk Institut, Biomasse og bioraffinering
Kongsvang Allé 29
8000 Arhus C
Emne: Mikromanometer
Fabrikat: TSI Model: 8705-M-GB
Serienr.: 56050491 Kundemeerke: 270-A-2406
Omréde: -1245 - 3735 Pa Inddeling: 0,1 Pa
Type: DP-CALC
Rekvisitionsnr.: MXB
Periode: Modtaget: 03-09-2019 Kalibreret: 05-09-2019
Procedure: D1-3.2
Bemeaerkninger:
Vilk&r: Kalibreringen er udfert akkrediteret i henhold til gaeldende vilkar fastlagt af DANAK, jf. www.danak.dk, og i

Kalibreret af:

Godkendt og
digitalt signeret
05-09-2019 af:

henhold til Teknologisk Instituts almindelige vilkar, som er gzeldende pa tidspunktet for aftaleindgaelsen.
Kalibreringsresultater gaelder udelukkende for det kalibrerede emne. Kalibreringscertifikatet ma kun gengives
i uddrag, hvis laboratoriet skriftligt har godkendt uddraget.

Javier I. Camacho, 72 20 25 92, jcam@teknologisk.dk

Kenn @holm
Konsulent, tekniker

\\\\\\np:l,,///
flacwra W2 DANAK
T 3
{”"/,/,’—,“\/_T\\\‘\F CAL Reg.nr. 200

Dette PDF dokument er kun gyldigt, hvis det er digitalt signeret med OCES digitalsignaturen for Kenn @holm, Teknologisk Institut.



TRYKLABORATORIET
TEKNOLOGISK INSTITUT

Certifikat nr.: 200-P-24979

KALIBRERINGSCERTIFIKAT
Malinger

Maleomrade: -1245 - 3735 Pa

Reference  Aflaesning Reference Afleesning Reference  Aflaesning

Side 2 af 4

Reference  Aflaesning

Op1 Ned 1 Op 2 Ned 2
Pa Pa Pa Pa Pa Pa Pa Pa
0,00 0,0 0,00 -0,1 0,00 0,0 0,00 -0,1
2,01 2,0 2,04 1,9 1,97 1,9 2,01 1,9
9,99 10,0 10,00 9,9 9,97 10,0 9,96 9,9
19,68 19,7 20,27 20,4 19,81 19,9 20,28 20,4
29,78 29,9 30,31 30,5 29,75 29,9 30,26 30,4
99,72 100,4 100,17 101,1 99,72 100,5 100,20 101,1
199,75 201,5 200,03 201,8 199,81 201,5 199,97 202,0
300,27 302,7 300,29 303,2 300,29 302,9 300,20 303,0



TRYKLABORATORIET
TEKNOLOGISK INSTITUT

Certifikat nr.: 200-P-24979 Side 3 af 4
Resultater
Maleomrade: -1245 - 3735 Pa
Reference Aflaesning Oplgsning  Hysterese Fejl Usikkerhed
middelveaerdi middelveerdi
Pa Pa Pa Pa Pa Pa
0,00 -0,05 0,1 0,07 -0,05 0,11
2,01 1,93 0,1 0,06 -0,08 0,10
9,98 9,95 0,1 0,11 -0,03 0,14
20,01 20,09 0,1 0,03 0,07 0,09
30,03 30,17 0,1 0,02 0,14 0,09
99,95 100,79 0,1 0,17 0,84 0,22
199,89 201,71 0,1 0,17 1,81 0,23
300,26 302,96 0,1 0,31 2,69 0,35
Maks. hysterese: 0,310 Pa
Maks. fejl: 2,690 Pa

Maks. relativ fejl
i forhold til maleomradet: 0,054 %



TRYKLABORATORIET
TEKNOLOGISK INSTITUT

Certifikat nr.: 200-P-24979 Side 4 af 4
KALIBRERINGSCERTIFIKAT
Fejlkurve
3,5
3,0 T
2,5 /{
o 2.0 T
E 1,5 //
€ 40 .
o T
0,0 ﬂ4’§/
-0,5 . . . . . . . .
-50 0 50 100 150 200 250 300 350

Aflaesning middel i Pa
Kun de markerede punkter er malt.

Bemaerkninger:

Alle vaerdier under 'Op' og 'Ned' er afrundede middelvaerdier af 10 malinger

(rddata). Veerdierne under 'Fejl' er ligeledes afrundede middelvaerdier af samme radata
(evt. 2 gange, dvs. 20 eller 40 malinger). Der kan derfor forekomme uoverensstemmelse
mellem maleresultater og fejl, da alle tal afrundes til 2 betydende cifre, jf. EA4/02.

Fejl = afleesningsveerdi - referenceveaerdi.

Den beregnede standardusikkerhed inkluderer relevante korttidsbidrag samt den halve
hysterese fra det kalibrerede emne.

Den rapporterede ekspanderede usikkerhed er angivet som standardusikkerheden af
malingen multipliceret med daekningsfaktoren k=2, sdledes at daekningssandsynligheden
svarer til ca. 95 %.

Kalibreringsforhold:

Prgvemedium:

Luft

Rumtemperatur: 20,3°C£0,4 °C

Relativ fugtighed: 62,7 %rh £ 6,6 %rh
Barometerstand: 1005,3 mbar £ 2,0 mbar
Sporbarhed:

Dette kalibreringscertifikat er omfattet af DANAK akkreditering og EA's og ILAC's
multilaterale aftaler for kalibrering, hvilket sikrer, at malingerne er sporbare

til SI enhedssystemet.



TEKNOLOGISK
INSTITUT

Teknologiparken

KALIBRERINGSCERTIFIKAT Kongsvang Al 29

Bygning 14

8000 Aarhus C

TIf. +45 72 20 20 00
CERTIFIKATNR.: info@teknologisk.dk

200-”-23649 www.teknologisk.dk

Side 1 af 5
Antal bilag: 0
Init: MO/SOAN

Rekvirent: Teknologisk Institut, Biomasse og bioraffinering
Kongsvang Allé 29
8000 Arhus C

Emne: Relativ fugtmaler, Luft fugtighed og Rum temperatur i ELAB
Fabrikat: Thermoguard Model: 57713
Serienr.: OK + 02457265 Kundemeerke: 142357
Omrade: 0 - 100 %RH / -40 - +80 Inddeling: 0,1 %RH / 0,1 °C
°C
Tilbehgr: Foler S/N: OK+02427057

Rekvisitionsnr.: MXB
Periode: Modtaget: 04-09-2020 Kalibreret: 10-09-2020
Procedure: D1-6.1

Bemaerkninger: Aflaesning er foretaget vha. software.
Kalibrering er foretaget i to-trykgenerator.

Vilk&r: Kalibreringen er udfgrt akkrediteret i henhold til internationale krav (ISO/IEC 17025:2005) og i henhold til
Teknologisk Instituts almindelige vilkar. Kalibreringsresultater gaelder udelukkende for det kalibrerede emne.
Kalibreringscertifikatet ma kun gengives i uddrag, hvis Teknologisk Institut skriftligt har godkendt uddraget.

Kalibreret af: Mette Pedersen, 72 20 12 32, mo@teknologisk.dk

/ ;é;;& 24%
Godkendt og

digitalt signeret  Mette Pedersen
11-09-2020 af:  \ jitets & maletekniker
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Dette PDF dokument er kun gyldigt, hvis det er digitalt signeret med OCES digitalsignaturen for Mette Pedersen, Teknologisk Institut.



FUGTLABORATORIET
TEKNOLOGISK INSTITUT

Certifikat nr.: 200-U-23649 Side 2 af 5
KALIBRERINGSCERTIFIKAT
Resultater
Reference- Reference- Aflaesning Fejl Usikkerhed Note
veerdi veerdi
°C %rh %rh %rh %rh
17,86 44,86 46,50 1,64 0,29
22,03 15,03 18,70 3,67 0,17
22,03 44,98 46,10 1,12 0,29
22,04 80,03 79,40 -0,63 0,44
28,03 45,21 46,70 1,49 0,29

Bemaerkninger:
Aflzesning er middelvaerdien af flere afleesninger pa det kalibrerede maleinstrument.
Fejl = Aflaesning - referencevaerdi.
Fugt - 20200818



4,0

FUGTLABORATORIET
TEKNOLOGISK INSTITUT

Certifikat nr.: 200-U-23649

KALIBRERINGSCERTIFIKAT
Fejlkurve

Side 3 af 5

3,5

3,0

2,5

2,0
1,5

1,0

Froige—

Fejl i %rh

0,5

0,0

-0,5

-1,0

-1,5
10

20 30 40 50 60 70 80
Aflaesning middel i %rh

Kun de markerede punkter er