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FProject # 18-425 Maodel: F 500 V3

Affidavit

PFS-TECO was contracted by Jetul North America Inc. (Jetul) to provide testing
services for the F 500 V3 Catalytic Wood-Fired Room Heater per EPA Method 28R,
Certification and Auditing of Wood Heaters. All testing and associated procedures were
conducted at PFS-TECO's Portland Laboratory beginning on 10/1/2018 and ending on
10/16/2018. PFS-TECO's Portland Laboratory is located at 11785 SE Highway 212 —
Suite 305, Clackamas, Oregon 97015. Testing procedures followed EPA Method 28R
and ASTM E2780, Standard Test Method for Determining Particulate Matter Emissions
from Wood Heaters. Particulate sampling was performed per ASTM E2515, Standard
Test Method for Determination of Particulate Matter Emissions Collected by a Dilution
Tunnel.

PFS-TECQ is accredited by the U.S. Environmental Protection Agency for the certification
and auditing of wood heaters pursuant to subpart AAA of 40 CFR Part 60, New Source
Performance Standards for Residential Wood Heaters and subpart QQQQ of 40 CFR
Part 60, Standards of Performance for New Hydronic Heaters and Forced Air Furnaces,
Methods 28R, 28WHH, 28 WHH-PTS, and all methods listed in Sections

60.534 and 60.5476. PFS-TECO holds EPA Accreditation Certificate Numbers 4 and
4M (mobile). PFS-TECO is accredited by IAS to ISO 17020:2012 “Criteria for Bodies
Performing Inspections, By AZLA to ISO 17025:2005 “Requirements for Testing
Laboratories”, and by Standards Council of Canada to ISO 17065:2012 "Requirements
for Bodies Operating Product Certification Systems”.

The following people were associated with the testing, analysis and report writing
associated with this project.

Sebastian Button, Laboratory Supervisor
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Project # 18-425 Model: F 500 W3

Introduction

Jotul of Gorham, ME, contracted with PFS-TECO to perform EPA certification testing on
the F 500 V3 Catalytic Wood-Fired Room Heater. All testing was performed at PFS-
TECO's Portland Laboratory. Testing was performed by Mr. Sebastian Button.

Notes

= Prior to start of testing, 50 hours of conditioning was performed per ASTM
E2780.

= Prior to start of testing, the dilution tunnel was cleaned with a steel brush.

= Front filters were changed on sample train A at one hour for all 6 test runs.

= A total of 6 test runs were performed in accordance with EPA Method 28R, 1 at
the maximum burn rate category, 1 at the medium high burn rate category, 2 at the
medium low burn rate category, one of which was meets the 1.00 kg/hr or less
requirement for stoves operating at minimum air setting, 1 fan confirmation test,
and another attempted medium low category test, during which the fire went
out, and the test was not completed. All test runs, other than the one during which
the fire went out, met validity requirements, and all of those but the fan
confirmation test are included in the weighted average. See Run Narrative
section for further detail on each run.
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Project # 18-425 Model: F 500 V3

Wood Heater Identification and Testing

= Appliance Tested: F 500 V3

= Serial Number: Un-serialized Prototype — PFS Tracking Number 0011

=  Manufacturer: Jetul North America, Inc.

= Catalyst: Yes

= Heat exchange blower: Optional

= Type: Wood Stove

= Style: Free Standing

=« Date Received: Monday, September 24, 2018

= Wood Heater Aging: September 25, 2018 — September 28, 2018

= Testing Period — Start: Monday, October 01, 2018 Finish: Tuesday,
October 16, 2018

= Test Location: PFS-TECO Portland Laboratory, 11785 SE HWY 212 - Suite
305, Clackamas, OR 97015

= [Elevation: =131 Feet above sea level

= Test Technician(s): Sebastian Butfon

- Observers: | of Jotul (Test Runs 1 through 5 only).
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Project # 18-425 Model: F 500 V3

Test Procedures and Equipment

All Sampling and analytical procedures were performed by Sebastian Button.  All
procedures used are directly from ASTM E2780 and ASTM E2515. See the list below
for equipment used. See Appendix C submitted with this report for calibration data.

Equipment List:

Equipment ID# | Equipment Description
040 Delmhorst J-2000 Wood Moisture Meter
041 Rice Lake 3'x3' floor scale w/digital weight indicator
050 Digiweigh DWP12i Platform Scale
053 APEX XC-60 Digital Emissions Sampling Box A
054 APEX XC-60 Digital Emissions Sampling Box B
055 APEX Ambient sampling box
057 California Analytical ZRE CO2/C0/02 IR ANALYZER
109A/B Troemner 100mg/200mg Audit Weights

107 Sartorius Analytical Balance
051 10 Ib audit weight
090 Dewalt Tape Measure
092 Digital Calipers
095 Anemometer
111 Microtector

CC144992 Gas Analyzer Calibration Span Gas

CC332147 Gas Analyzer Calibration Mid Gas
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Project # 18-425 Maodel: F 500 V3

Results

A total of 6 test runs where performed on the F 500 V3. Run #3, the fire went out, and
Run #6, a fan confirmation test, are not used in any weighted average results calculations.
The weighted average emissions rate for the 4 run test series was measured to be 0.5
g/hr with a Higher Heating Value efficiency of 78.4%. The average CO emission rate for
the 4 tests was 0.5 g/min. The Jgtul F 500 V3 Catalytic Wood- Fired Room Heater
meets the 2020 crib wood PM emission standard of < 2.0 g/hr per CFR 40 part 60, §60.532

(b).

Detailed individual run data can be found in Appendix A submitted with this report.

Summary Table

cat2 |[ANOTPRG|iEAt. & oA S Cat. 4 Fan
<1.00 o Max Burn | Confirmation
kghr. =1.00 1.25 1.90 Rate (Cat. 2)?
ka/hr.! kg/hr. kalhr.
Date 10742018 10/2/2018 | 1022018 | 10/M1/2018 10/5/2018 10/16/2018
Run Mumber 4 3 2 1 5 (5]
Emission Rate
0.28 MNIA 0.40 0.52 B ;
{g/hr). 083 0.45
Burn Rate
0.91 NIA 117 1.4 ; ;
(kafhr) & 2.96 1.21
Heat Cutput
(Btu/hr) 14,001 MNIA 17,565 20,500 38,804 17,437
Overall
Efficiency 832 MIA 80.6 8.7 70.5 715
(% HHY)
CO Emissions
(g/MJ Output) 046 MIA 0.3 0.01 2.81 0.10
CO Emissions
(g/kg Dry Fuel) 7.60 MIA 4.90 0.16 39.20 1.58
CO Emissions
(g/min) 0.11 MiA, 0.09 0.00 1.9 0.03
ASTM E2515
Emissions — 0.33 MNIA 0.55 0.64 0.41 0.66
First Hour (g/hr)
Weighted particulate emission average of 4 test runs: 0.5 grams per hour.
Weighted average HHV efficiency of 4 test runs: 78.4%.
Average CO emissions of 4 test runs: 0.5 g/min

! Fire went out during test
2 Fan Confimation test net included in weighted average calculations.
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Project # 18-425

Weighted Average Calculation Summary

Model: F 500 V3

28R Weghea Averige uam
EPA Method 28R Weighted Average Emissions
Chent  Johd
Stove Modsl: F 500 V3
Test Dates: 10712018 - 10V52018 A
Job Mumber.  16-42% Sigrature/Date: il 1W1 72018
Weighted Average Particulale Emissions (gphr):
Weighted Average HHY Efficiency (%):
Weighted Average LHV Efficiency (%)
Average CO Emissions (gimin];
Individual Run Summaries
Run Mumber: 4 Run Number: 2
Bum Rate (dry kg/hr): 087 Bum Rate {dry kghel: 17
Ermussizns Rate (g'hr): 028 Emissicns Ratwe (phe)l: 040
HHV Eficiency (%)  B3.2% HHV Efficiency (%):  80.6%
LHY Eficiency (%) S0.0% LHV Efficiency (%) 87.1%
Weightng Percentage (%) 3002% Weighting Percentage (%) 25.14%
Ruf MNumber: 1 Run Number -]
Bum Rate (dey kghrl 148 Bum Rate jdrykghrl: 294
Emissions Rate (ghr) 052 Emissicns Rate [phr): 003
HHV Efficiency (%) 75.7% HHY Efficlency (%): T0.5%
LHV Efficiensy (%)° B1.0% LHV Efficiency (%) T4.2%
‘Weightng Percentage (%):  28.00% ‘Weighting Percentage (%) 18.23%
Emission Rate vs Burn Rate Plot
1.00
= 050 -
5 em —
oo ;
[ i m—
0.50 =
040 —*
030 L
W 020
i
GO0
0.00 L] 1.0 1.5 2.00 250 .00 EE ]
Bumn Race (gry kghr)
PRI-TECC Fage fof1
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Project # 18-425 Model: F 500 V3

Test Run Narrative

Run 1
Run 1 was performed on 10/1/2018 as a category 3 test, per EPA Method 28R. The
total test time was 250 minutes. The particulate emissions rate for the test was 0.52
g/hr, the burn rate was 1.46 kg/hr with an HHV efficiency of 75.7%. The Train A front
filter was changed at 1 hr to determine 1! hour emissions. All test results were
appropriate and valid. There were no anomalies and all test criteria were met.

Run 2
Run 2 was performed on 10/2/2018 as a category 2 test, per EPA Method 28R. The
total test time was 300 minutes. The particulate emissions rate for the test was 0.40
a/hr, the burn rate was 1.17 kg/hr with an HHV efficiency of 80.6%. The Train A front
filter was changed at 1 hr to determine 1% hour emissions. All test results were
appropriate and valid. There were no anomalies and all test criteria were met.

Run 3
Run 3 was performed on 10/3/2018 as an attempted category 2 test, per EPA Method
28R. During testing this fire went out as defined in EPA Method 28 8.1.1.3.2, more than
30 minutes elapsed without any measurable weight loss. Another category 2 test (Run
4) was performed in lieu of this test.

Run 4
Run 4 was performed on 10/4/2018 as a category 2 test, per EPA Method 28R. The
total test time was 410 minutes. The particulate emissions rate for the test was 0.28
g/hr, the burn rate was 0.91 kg/hr with an HHV efficiency of 83.2%. The Train A front
filter was changed at 1 hr to determine 1% hour emissions. All test results were
appropriate and valid. There were no anomalies and all test criteria were met.

This test meets the burn rate requirements described in EPA Method 28 Section
8.1.1.3.2 as a category 2 test with a burn rate of 1.00 kg/hr or less for wood stoves that
cannot be operated at burn rates less than 0.8 kg/hr. This test was performed with the
air control set to its lowest setting, it is not possible to operate the stove at a lower air
setting. Therefore, this test will be used in lieu of a category 1 test.

Run 5
Run 5 was performed on 10/5/2018 as a category 4 test, per EPA Method 28R. The
total test time was 120 minutes. The particulate emissions rate for the test was 0.93
g/hr, the burn rate was 2.96 kg/hr with an HHV efficiency of 70.5%. The Train A front
filter was changed at 1 hr to determine 1% hour emissions. All test results were
appropriate and valid. There were no anomalies and all test criteria were met.
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Project # 18-425 Madel: F 500 V3

Run 6
Run 6 was performed on 10/16/2018 as a category 2 fan confirmation test, per EPA
Method 28R. The total test time was 300 minutes. The particulate emissions rate for
the test was 0.45 g/hr with a burn rate of 1.21 kg/hr. All test results were appropriate
and valid. There were no anomalies and all test criteria were met. Since the particulate
emissions rate is within 1.0 g/hr of the other category 2 test (run 2, 0.40 g/hr) the blower
is determined not to have a significant impact on emissions performance and may
therefore be approved as an optional accessory. This test run is not included in the
weighted average calculations presented in the results summary.
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Project # 18-425 Maodel: F 500 V3

Test Conditions Summary

Testing conditions for all runs fell within allowable specifications of ASTM E2780 and
ASTM E2515. A summary of facility conditions, fuel burned, and run times is listed

below.
Ambient (°F) EBALYE Average | Prebum | L e oot | TestFuel | TestRun
Riins Humidity (%) B:ﬂ‘-'m‘ﬁ"t: Fuel Weight | Moisture Time
ressure Waight
{Ibs) (%4DE) {Min}
Pre | Post | Pre Post (In. Hg.) (Ibs)
73 76 45 6 33.1 2867 13.10 16.20 22.5 250
73 | 74 | 420 | 225 29.65 18.56 15,81 22.1 300
73 | 74 | 286 | 224 20.76 17.04 15.90 216 580
72 | 74 | 306 | 204 29.91 19.53 16.42 216 410
75 | 77 | 27.7 | 254 29.92 17.75 15.52 20.1 120
73 77 21.7 15.8 30.10 18.05 16.94 205 300

Appliance Operation and Test Settings

The appliance was operated according to procedures as described in the Operations
Manual, found in Appendix B submitted with this report. Detailed run information can be
found in Appendix A submitted with this report.

Settings & Run Notes

Pre-Burn Air Setting Test Run Air and Fan Settings*
Run 1 Adjuslllzab!e Primary Air Contral (PAC) open ﬁ..djl:lstabla FAC open 0.383" from fully closed, fan on turned on to low
0.383" from fully closed setting.
Run 2 | Adjustable PAC open 0.133° Adjustable PAC open 0.133", fan on turned on to low setting.
Run 3 | Adjustable PAC open 5/64" Adjustable PAC open 5647, fan on turned on to low setting,
Run 4 | Adjustable PAC open 0.128" Adjustable PAC npen_n. 126°, fan on turned on to low satting.
Run 5 | Adjustable PAC fully open Adjustable PAC fully open fan on high setting.
Adjustable PAC open 0.126° Adjustable PAC open 0.126", fan off, fan confirmation test.

Run &

~ *The fixed stop on this prototype design was moved several times during testing in attempts to meetburn
rate requirements. All measurements above are references from a completely closed position, production
models have a fixed stop at 0.126" from completely closed, see Appendix D for further detail.

Page | 11




Project # 18-425 Model: F 500 V3

Appliance Description

Model(s): F 500 V3

Additional Models Discussion: None

Appliance Type: Catalytic Wood-Fired Room Heater
Firebox Volume: 2.41 ft?

Air Introduction System: Primary Air enters the firebox from the rear bottom of the
appliance and is channeled up the sides of the appliance and down through the air
wash, as well as through a fixed pilot air opening in the front of the firebox, and a small
amount of bleed air up through the ash grate. Primary air is controlled via a damper arm
located above the ashlip which moves right (open) to left (closed). Secondary air is
pulled through an opening in the back of the appliance and channeled up through the
secondary air baffle. Secondary air is automatically metered into the firebox fire a
control damper that opens and closes via a bimetallic damper. Dimensions on all these
features can be found in Appendix D.

Baffles: A secondary air manifold/baffle plate is constructed of 0.075" thick Stainless
Steel.

Refractory Insulation: The firebox is lined with 1.25" thick firebrick.
Flue Outlet: 6-inch exhaust outlet located on the top of the appliance.

Catalytic Combustor: Applied Ceramics corrugated metal combustor, measuring
23.25" x 4.26" x 2.12", 25 cells per square inch.

Fan: The appliance is optionally offered with a convection fan that attached to the
bottom rear on the appliance.

Gasketing: The cast iron appliance utilizes and assortment of gasket material for
sealing of various seems, see drawings in Appendix D for a full breakdown.

Appliance Dimensions
F 500 V3 Unit Dimensions

- : Firebox
Height Width Depth s
28.12" 28.2" 17.42" 2.41ft*

Appliance design drawings can be found in Appendix D submitted with the CBI copy of
this report.
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Project # 18-425 Model: F 500 W3

Appliance Front
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Project # 18-425 Model: F 500 V3

Appliance Right
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Project # 18-425 Maodel: F 500 V3

Test Fuel Properties

Test fuel used was dimensional Doug fir lumber, air-dried to the specified moisture
content range. Typical fuel loads are pictured below:

Typical Test Fuel Load Configuration

Typical Test Fuel Loaded in Test Stove
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Project # 18-425 Model: F 500 V3

Sampling Locations and Descriptions

Sample ports are located 16.5 feet downstream from any disturbances and 1 foot
upstream from any disturbances. Flow rate traverse data was collected 12 feet
downstream from any disturbances and 5.5 feet upstream from any disturbances. (See
below).

Sample Points

Dilution Tunnel
Diameter
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Project # 18-425 Model: F 500 V3

Sampling Methods

ASTM E2515 was used in collecting particulate samples. The dilution tunnel is 6 inches
in diameter. All sampling conditions per ASTM E2515 were followed. No alternate
procedures were used, and no sampling intervals fell outside of proportional rates of +/-
10%.

Analytical Methods Description

All sample recovery and analysis procedures followed ASTM E2515 procedures. At the
end of each test run, filters, O-Rings and probes were removed from their housings,
dessicated for a minimum of 24 hours, and then weighed at 6 hour intervals to a
constant weight per ASTM E2515-11 Section 10.

Calibration, Quality Control and Assurances

Calibration procedures and results were conducted per EPA Method 28R, ASTM
E2515-11 and ASTM E2780. Test method quality control procedures (leak checks,
volume meter checks, stratification checks, proportionality results) followed the
procedures outlined.

Appliance Sealing and Storage

Upon completion of testing, the appliance was secured with metal strapping and the
seal below was applied, the appliance was then returned to the manufacturer's location
at: 55 Hutcherson Drive, Gorham, ME 04038, for archival.

Sealing Label

ATTENTION:

THIS SEAL IS NOT TO BE BROKEN WITHOUT PRIOR AUTHORIZATION FROM THE
UNITED STATES ENVIRONMENTAL PROTECTION AGENCY.

THIS APPLIANCE HAS BEEN SEALED INACCORDANCE WITH REQUIREMNTS OF 40CFR
PART 60 SUBPART AAA §60.535 (a)(2){wii)

REPORT # DATE SEALED
MANUFACTURER MODEL #
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Project # 18-425 Model: F 500 V3

Sealed Unit
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Project # 18-425 Model: F 500 V3

List of Appendices

The following appendices have been submitted electronically in conjunction with this
report:

Appendix A — Test Run Data, Technician Notes, Sample Analysis, and Photos
Appendix B — Labels and Manuals

Appendix C —Equipment Calibration Records

Appendix D — Design Drawings (CBI Report Only)

Appendix E — Manufacturer QAP (CBI Report Only)
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Condilioning Dala. xlsm

Conditioning Data

PFS-TECD

Client: Jotul Job #: 18-425
Model: F 500 V3 Tracking #; 0011
Date(s): 9/25/18 - 9/28/18 Technician: SJB
Average: 3348 75.3 729
Elapsed Time |Scale Reading Weight 5 i Catalyst Exit
(hrs) (Ibs) Change (ibs) | T1We (F) | Ambient ('F) ('F)
0 79 - 482 71 736
1 6.8 EE 593 75 958
2 237 16.9 503 76 1115
3 37 -10.0 440 Fi 253
4 10.8 29 320 77 690
5 8.8 -2.0 273 76 510
6 78 1.0 262 76 558
7 6.9 1.0 256 76 579
8 5.9 .0 218 75 508
9 5.9 0.0 216 75 499
10 4.7 1.2 202 74 450
11 47 0.0 147 74 343
12 59 1.2 329 70 414
13 37 T.B 534 B85 1074
14 8.8 4.9 3a1 70 849
15 13.7 449 473 T2 1045
16 8.8 49 373 74 841
17 59 3.0 275 73 11
18 15.8 10.0 a7 74 959
19 9.8 6.1 355 76 806
20 7.8 B 271 75 590
71 18.8 1.0 416 76 879
22 17.8 1.0 449 77 991
23 11.8 6.0 358 il 818
24 9.8 -2.0 267 78 600
25 8.8 0.8 252 7B 576
26 6.8 20 250 77 571
27 5.8 -0.9 245 T 554
28 59 0.0 236 77 523
29 4.8 -1.3 206 =] 435
30 85 3.9 400 73 859
ai 46 38 260 73 585
32 128 8.1 372 74 874
33 7.8 5.0 355 74 782
34 46 3.1 262 75 580
35 2.7 8.1 419 76 964
36 7.8 4.8 315 fir 692
37 10.8 3.0 368 78 860
38 6.9 -3.89 318 78 718
i) 18.7 11.8 441 79 993
40 12.7 -5.1 382 79 835
41 9.1 =35 302 79 [+a1]
42 7.8 -1.3 269 79 581
43 5.8 -1.0 228 78 a7
44 58 -0.9 220 78 484
45 59 0.1 204 L 452
46 98 38 361 7 823
47 178 8.0 408 T2 935
48 10.7 -1 280 Td a0o
49 19.8 9.0 404 75 870
50 12,7 -7.1 394 7B 885
s
Page 10f 1 SignaturaDate: G
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Run T.xlsm

Sample Calculations — ASTM E2780 & E2515

Client:  Jotul
Model: F 5003
Rum: 1

Equations used to calculate the parameters listed below are described in this appendix. Sample
calculations are provided for each equation. The raw data and printout results from a sample run are
also provided for comparison to the sample calculations.

Mze — Weight of test fuel spacers, dry basis, kg

Mea— Weight of test fuel crib, excluding nails and spacers, dry basis, kg
De4, - Density of fuel crib, excluding spacers and nails, dry basis, Ibs/ft’
Mpraq - Total weight of fuel crib excluding nails, dry basis, kg

BR — Dry burn rate, kgfhr

V. — Average gas velocity in the dilution tunnel, ft/lsec

Q. — Average gas flow rate in dilution tunnel, dscfihr

Wiy — Volume of gas sampled, corrected to dry standard conditions, dscf
m,, = Total particulate matter collected, mg

C, - Concentration of particulate matter in tunnel gas, dry basis, corrected ta STP, g/dscf
Ey — Total particulate emissions, g

PR - Proportional rate variation

PMg — Particulate emissions for test run, grhr

FM: — Particulate emissicn factor for test run, gidry kg of fuel burned

PFE-TECO Page 1 of 15




Run 1.xism

Msqp — Weight of test fuel spacers, dry basis, kg
ASTM E2780 equation (1)

Msan = (Mg J(100/(100 + FMg))

Where,
FMz

average fuel moisture of test fuel spacers, % dry basis

Ms.s weight of test fuel spacers, wet basis, kg
Sample Calculation:
FMs= 94 %

M= 1.4 Ilbs
0.4536 = Conversion factor from Ibs to kg

Msw  =[{ 1.4 x 0.4536) (100/((100+ 0.4 )

Mzaw=  0.60 kg

PFS-TECO Page 2.of 15



Run 1.xi&m

Mca— Weight of test fuel crib, excluding nails and spacers, dry basis, kg
ASTM E2780 equation (2)

Meas = E[{Mopres) (1004100 + FMge.00]

Where,

1l

weight of each test fuel piece n in fual crib, excluding nails and spacers, wet basis, kg
Average fuel moisture of test fuel nin fuel crib, % dry basis

Mcprws
FMGFH

Sample Calculation (test fuel piece 1)

Mcpm - 2.01
FMepn= 24.9

20 (100/(100+ 248 )
1.6 Ibs

Total dry crib weight, excluding spacers = 12,11 Ibs
M{;m = 5.49 kg

PFS-TECO Page Jof 15



Rur 1.xi%m
Decas - Density of fuel crib, excluding spacers and nalls, dry basis, |bs/ft’
ASTM E2780 equation (3)

Deae = Mcmﬁ"c

VWhere,
Ve = Volume of fuel crib, ft*

Sample calculation:

3

Ve = 7245 in
1728 = conversion from in® to ft*
Doy = 1211 /7245 * 1728

= 2888 Ibsit

PFS-TECO Page daf 16



Run 1.xism

Merags - Total weight of fuel crib excluding nails, dry basis, kg
ASTM E2780 equation (4)

Merade = Msge + Meg

Sample calculation:

MFFAIH = 06 + 549

6.09 kg

PFE-TECD Page Sl 18



Rum T.xlsm

BR — dry burn rate, kglhr
ASTM E2780 equation (5)

Br = 50 Meras
a
Where,
8 = Total length of test run, min
Sample Calculation:
Mg = 6.09 kg

B = 250 min

60x 6.00
BR = 250
BR = 146 kg/hr

PFS-TECO Page 6of 15



Rur 1.x/5m

V. = Average gas velocity in the dilution tunnel, ftisec
ASTM E2515 equations (9)

-
- f siava)
vs—ﬁxkpxcpx( ﬂF}&m:‘f m
Where:
Fo = Adjustment factor for pitot tube center peint reading = —m‘f-"m— , ASTM E2515 Equation (1)
Vm
Veeern =  Dilution tunnel velocity calculated after the multi-point pitot fraverse at the center, fi'sec
Versw =  Dilution tunnel velocity calculated after the multi-point pitot fraverse, filsec
ks = Pitot tube constant, 85.49
Cp = PFitot tube coefficient: 0.99, unitless
AP* = Velocity pressure in the dilution tunnel, in HyO
T, = Absclute average gas temperature in the dilution tunnel, °R; (°R = °F + 480)
P. = Absolute average gas stafic pressure in dilution tunnel, = Peo, + Fg.inHg
Pur = Barometric pressure at test site, in. Hg
P, = Static pressure of tunnel, in, Hz0; {in Hg = in Ha0M3.8)
M, = ™The dilution tunnel wet molecular weight; M, = 28.78 assuming a dry weight of 29 Ib/lb-mole
Sample calculation:
17.14
Fp= = [(.843
18.17
1005 + 480 12
V.= 0 ; : 0.265 x -0.22
= 0943 x B549x 088 x ( ( 2087 + ]x 2878 )
13.6

Vs= 17.12 fifs

*The ASTM test standard mistakenly has the square root of the average delta p instead of the average of the sguare root
of delta p. The current EPA Method 2 is also incorrect. This was verified by Mike Toney at EPA

**The ASTM test standard mistakenly identifies Ms as the dry molecular weight. It should be the wet molecular weight as
indicated in EPA Method 2.
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Rurn 1.xism

Q.y — Average gas flow rate in dilution tunnel, dscffhr
ASTM E2515 equation (3)

Q3d=3500x{1—5m}xvsxgqx—rﬁm—x 2

Where:

3600
Bus
A
Teu
Pl

Ta[aug]
P

Sample calculation:

qﬂ}:

5?

PFS-TECD

=

&{avi) Psrd

= Cenversion from seconds to hours (ASTM method uses B0 to convert in minutes)

= Water vapor in gas stream, proportion by volume; assume 2%
= Cross sectional area of dilution tunnel, it

= Standard absolute temperature, 528 °R

= Absclute average gas static pressure in dilution tunnel, = Py, + P, in Hg

=  Absolute average gas temperature in the dilution tunnel, °R; (°R = °F + 480)
= Standard absolute pressure, 29.92 in Hg

2967 + 022
528 13.6

X
100.5 + 480 28.92

3B00x{1-002)x 1712 x 01963 x

11068.5 dscfihr
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Vinjaty = Volume of Gas Sampled Corrected to Dry Standard Conditions, dscf
ASTM E2515 equation (B)

AH
Pbrrr + (m)
Vmi.'.'rr.f]' = KI Vm ¥ T
Where: o
K, = 17.64 °Riin. Hg
Vo = Volume of gas sample measured at the dry gas meter, def
Y = Dry gas meter calibration factor, dimensionless
Ppar = Barometric pressure at the testing site, in. Hg
aH = Average pressure differential across the orifice meter, in. H,0
Tm = Absolute average dry gas meter temperature, °R

Sample Calculation:

Using equation for Train 1 ( 2067 + 214 )
Vg = 1764 x 37479 x 1002 «x 13.6

Voysg = 35626 dscf

Using equation for Train 2: ( 2067 209
Visig = 1764  x 36646 x 0897 x ' 13.6

-
e il

Vs = 34.757  dscf

Using equation for ambient train: 0.00
{ 286687 +——m—
Vi = 1764 x 3331 x 0898 x 126

( 753 + 480 )

+
—

Vinisig = 32,534 dscf
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Run T.xlsm

m,, = Total Particulate Matter Collected, mg
ASTM E2515 Equation (12)

Mm,=m,+m,+m,

n

Where;
m, = mass of particulate matter from probe, mg
my = mass of particulate matter from filters, mg
my, = mass of particulate matter from filter seals, mg

Sample Calculation:

Using equation for Train A (first hour):
m,= 0.0 + 0 + 00

mM,= 06 mg

Using equation for Train A {post-first hour):
my,= 02 + 01 + 07

M= 08 mg

Train A aggregate;

m,= 086 * 0.8
m,= 14 mg

Using equation for Train B:

me= 0 + 12 + 07

m,= 1.8 mg
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Run 1.xism

C, - Concentration of particulate matter in tunnel gas, dry basis, corrected to STP, g/dscf
ASTM E2515 equation {13)

R L
m (5t )
Where:
Kz = Constant, 0.001 g/mg
My, = Total mass of particulate matter collected in the sampling train, mg
Vingaiy = Volume of gas sampled corrected to dry standard conditions, dscf

Sample calculation:

For Train 1:
1.4
3563

Cs=  0.001x

C.= 0.00004 gidscf

For Train 2
1.8
34.76

C:= 0.001x

Cs= 0.00005 gfdscf

For Ambient Train
0.0
32.53

Ci= 0.001x

C,= 0,000000 g/dsci
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Run 1.xism

E; — Total Particulate Emissions, g
ASTM E2515 equation (15)

E, =(c,-¢,)xQy x0

Where;
Cs = Concentration of parliculate matter in tunnel gas, g/dscf
C: = Concentration parliculate matter room air, gfdscf
Lo = Average dilution tunnel gas flow rate, dscffhr
-] = Total time of test run, minutes

Sample calculation:

For Train 1
Er=( 0.000039 - 0.000000 )x 110885 x 250 80
Er= 1.81 q
Far Train 2
Er=( 0.0000585 - 0.000000 ) x 110685 x 250 180
ET = 2§2 g
Average
E= 2.1 g

Total emission values shall not differ by more than 7.5% from the total average emissions

7.5% of the average = 0.16
Train 1 difference = 0.35
Train 2 difference = 0.35
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Run 1.xl=m

PR - Proportional Rate Variation
ASTM E2515 equation (16)
:i'mrh W T, 4T,
B aW, e W, T, T,

10

Where:
= Total sampling time, min
8 = Length of recording interval, min
Vo = Volume of gas sample measured by the dry gas meter during the “ith"
time interval, def
Vim = Wolume of gas sample as measured by dry gas meter, dcf

Vy = Awerage gas velocity in the dilution tunnel during the "ith" time interval, ft'sec
Wy = Awverage gas velocity in the dilution tunnel, ftlsec
Tm = Absolute average dry gas meter temperature during the "ith" time interval, °R
T, = Absolute average dry gas meter temperature, °R

Ts = Absolute average gas temperature in the dilution tunnel during the "ith” time interval, °R
= Absolute average gas temperature in the dilution tunnel, "R

Sample calculation (for the first 1 minute interval of Train 1):

250 x 1454 x 1742 x( 1050 + 460 6 + 4

PR= ': L X { pes Bﬂl)xmu
10 x 37479 x 1718 x( 100.5 + 460 ) x ( 730 + 460 )

PR = 101 %
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Run 1.xism

PMg - Particulate emissions for test run, g/hr
ASTM E2780 eguation (B)

PMg = 60 (Evf8)

Where,
E;r = Total particulate emissions, grams
8 = Tatal length of full integrated test run, min
Sample Calculation:

Ey (Dual train average) = 217 g
8 = 250 min

PMz=60 x{ 217/ 250)

PM; = 0.52 gihr
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Run 1.xlsm

PMg - Particulate emission factor for test run, gidry ka of fuel burned
ASTM E2780 equation (7)

PMe = Er/Meraan

Sample Calculation:

E; (Dual frain average) = 217 g
Magp = 6.08 kg
PMe = 217! 6.09
PMe = 038 glkg
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WOOD STOVE TEST DATA PACKET
ASTM E2780/E2515

/
PFS-TECO

\/

Run 1 Data Summary

Client: Jotul
Model: F 500 V3
Job # 18-425
Tracking #: 0011
Test Date: 10/1/2018

/%i‘ 10/17/2018

Techician Signature Date

PFS-TECO Page 1 of 10



Run 1.xism

TEST RESULTS - ASTM E2780 / ASTM E2515

Client; Jotul Job # 18-425
Madel: F 500 v3 Tracking #: 0011
Run #: 1 Technician: SJB
Date; 10/1/2018
| Burn Rate (kgthr):| 146 |
‘“S":::;‘ f.f;ﬁ i:';ﬁ'; 15t Hour Filter
Total Sample Velume (%) 33.310 37478 36,646 8857
Average Gas Velocity in Dilution Tunnel (fifsec) 17.1
Average Gas Flow Rale in Diluion Tunnel {dscilhry 11068.5
Average Gas Meter Temperature (*F) 753 04.8 §3.0 81.4
Total Sample Volume [dscf) 32,534 35,826 34757 10.321
Average Tunnel Temperature (*F) 100.5
Total Time of Test (min) 250
Total Particulate Calch {mg) 0.0 1.4 1.9 0.6
Pariculate Concentration, dry-standard fﬂidsc!’} 00000000 00000393 00000547 00000581
Taotal PM Emissions (g) 0.00 1.81 252 0.64
Farticulate Emission Rate (g/hr) 0.00 0.43 0.81
Emigsions Factor (g/kg) = 0.30 0.41 z
Difference from Average Total Parliculate Emissions (g) - 0.35 035 .
Difference from Average Emissions Factor (gikg) 2 0.06 0.06 -
Final Average Results
Total Particulate Emissions (g)
Particulate Emission Rate (g/hr)
Emizssions Factor (g/kg) 0,36
HHV Efficiency (%) TE. 7%
LHV Efficiency (%) 81.9%
0 Emissions (gimin) 0.00
GQuality Checks Reguirement Observed
oua T prc A vt | sunson
Filter Temps <00 °F 78,0
Face Velocily < 30 fimin 81
Leakage Rate Less than 4% of average sample rale 0.002 cfm
Ambient Temp 5580 °F Min: 73 F Max: 76
P h
Negative Probe Weight Evaluation <58 of Total Catch mua;f:;eﬂm
Pro-Rate Variation s “mdi"“ﬁ mz:aﬁ&m greaterthan | e Data Tabs
Stove Surface AT <128°F 60,8
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Run 1.xism

B415.1 Efficiency Results

VERSION:

PFS-TECO

Manufacturer: Jotul
Model: F 500 V3
Date: 10/01/18
Run: 1
Control #:; 18-425
Test Duration: 250
Qutput Category: 3

Test Results in Accordance with CSA B415.1-09

HHV Basis LHV Basis
Overall Efficiency 75.7% 81.9%
Combustion Efficiency 99.5% 99.5%
Heat Transfer Efficiency 76.1% 82.3%
Qutput Rate (kJ/h) 21,610 20,500 (Btu/h)
Burn Rate (kg/h) 1.44 3.17 (Ib/h)
Input (kJ/h) 28,534 27,067 (Btu/h)
Test Load Weight (dry kg) 6.00 13.23 | dry Ib
MC wet (%) 18.35
MC dry (%) 22.47
Particulate (g ) 217
CO (g) 1
Test Duration (h) 417
Emissions Particulate co
g/MJ Output 0.02 0.01
a/kg Dry Fuel 0.36 0.16
a/h 0.52 0.22
g/min 0.01 0.00
Ib/MM Btu Output 0.06 0.02

Air/Fuel Ratio (AJF)] 13.92 |

2.2 121412009
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Rurm 1.xism

WOODSTOVE FUEL DATA - ASTM E2780

Client: Jotul Job # 18-425
Model: F 500 V3 Tracking # 0011
Run#: 1 Technician: SJB

Date: 10M1/2018

Preburn Fuel Information
Moisture Moisture
Size Length (in) Content Size Length (in) Content
% DB) (% DB)
2x4 20.00 201 2x4 14.00 19.7
2xd 20.00 211 2wd 14.00 227
24 14.00 22.4
2x4 14.00 206
2x4 14.00 231
x4 14.00 215
2x4 14.00 19.4
234 14.00 18,6
Total Fuel Weight (|lbs): 13.1 Average Maisture (%DB). 209
Firebox Volume {ft’}: 2.41 Coal Bed Range (20-25%):
Total 2«4 Crib Weight, with spacers (Ibs}: 7.05 Min (Ibs): 3.24
Total 4x4 Crib Weight, with spacers (lbs): 8,15 Max (Ibs): 4.05

Total Wet Fuel Weight, with spacers (Ibs): 16.20

Test Fuel Information
Size Length (in) | Wieight (lbs) Moisture Content (%DEB) Dry Weight (Ibs)
24 18.00 2.01 250 246 250 1.61
2x4 18.00 2.08 238 2410 24.0 1.69
2xd 18.00 1.87 24.5 22.5 18.7 1.53
414 18.00. 4.14 18.9 18.6 20.1 3.46
Axd 18.00 4,65 202 227 225 3.82
Total Dry Weight. no spacers (ibs): 12.11
Total Dry Weight, with spacers (lbs): 13.42
Spacer Moisture Readings (%DB)
9.0 11.1 7.3 10.5
10:1 10.4 7.6 11.4
8.7 a7 8.1 10.0
7.8 84 9.8 8.9
Quality Checks Reguirement Observed
Fuel Density 25 - 35 (Ibs/ft®, DB) 28.9
Loading Density 6.3-7.7 (Ibs/ft’, WB) 6.72
2x4 Fuel Mix 35 - 65 % of total weight 44%
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Rurn 1.xism

WOODSTOVE PREBURN DATA - ASTM E2780

Client: Jotul
Model: F 500 V3
Run #: 1

Prebum Start Time:  10:45
Recording Interval {min):
Run Time {min): &80

10

Job #: 18-425

Tracking #:

Technician:
Date:

0011

SJB

10/1/2018

Temperatures (°F)

Elapsed | Scale Flue Draft Stove
Time | Reading (in H,0) FE Left| FB Right | FB Back| FB Top |FB Bottom| Surface | Flue | Ambient
(mimn) (Ibs) Average
0 105 00081 | 460 405 310 587 207 | 3938 | 483 72
10 10.5 -0.075 449 391 316 531 221 3816 437 73
20 8.5 -0.071 434 379 323 493 255 376.8 397 T4
30 1.8 -0.065 440 386 325 480 254 3770 383 73
40 58 -0.078 448 414 311 504 249 385.2 497 73
50 4.6 -0.071 473 452 313 548 248 407.0 448 74
G0 1T 0,053 484 462 318 518 253 407.2 408 72
PFS-TECO Paga 5of 10




Run 1.xism

Client: Jotul

Model: F 500 W3

Run#: 1

Test Start Time; 12:05

DILUTION TUNNEL & MISC. DATA - ASTM E2780 / E2515

Job #: 16-425
Tracking # 0011
Technician: SJB

Date: 10/1/2018

Total Sampling Time (min): 250 Beginning| Middle End Avg.
Recording Interval (min): 10 Puar (in Hg): | 2968 29.67 2085 28.67
Meter Box v Factor: 1.002  (A)
Meter Box y Facter. ~ 0.897  (B) Dilution Tunnel MW (dry): 20.00 IbAb-mole
Meter Box y Factor; 0.988  (Amb) Dilution Tunnel MW{wet): 28.78 Ibfib-maole
Tunnel Area: 0.1963 fi*
Post-Test Leak Check Dilution Tunnel HyO: 200 percent
(% 0002 cfm @ -13° in.Hg Tunnel Diameter; B inches
(8 0.000 cfm -12  in. Hg Pitot Tube Cp: 0.99
(AMB) 0002 cfm @ =14 in. Hg Dilution Tunnel Static: -0.215 in H,O
Ambient Sample Volume: 33.310 it
Tunnel Traverse Information
Pt Pt.2 Pt.3 Pt.4 Pt.5 PtLE Pt.7 Pt.8 Center
dP (in H;0) 0.058 0.068 0.064 0.056 0.080 0.068 0.070 0.050 0.07
Tunnel Temp (*F) 102 102 102 102 102 102 102 102 102
Vi 1714 fifsec F.. 0843 [rafio]
Viewrn: 1817  fiisec Initial Tunnel Flow: 1828  scfimin

Test Fuel Properties

Default Fuel Values

Fuel Type:
HHV {kJikg)
%C

%H

%0

YeAsh

FFS-TECO

D. Fir
12,810
48,73
B.67
43.9
0.5

Oak
19,887
50
6.6
42.9
05

Page & of 10

Actual Fuel Used Properties

Fuel Type: D. Fir

HHV (kJ/kg) 12,810
WC 48.73

YeH &.87

%0 439

*%Ash 0.5

MC (%DB) 22.5




Run 1.xlsm

BOX A TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job #: 18-425
Model: F 500 V3 Tracking #: 0011
Run#: 1 Technician: SJB
Date: 10/1/2018
Parliculate Sampling Dala Fuel Weight (k) Temperature Dala °F})
Elapsed Dilution | Orifice Mater ’ i
E:::; Gair:‘,';'er ﬂgfﬂs;n} ‘r::r:_'e: cr]:JP {-'ndl-:o} Tehmﬂ ‘:ﬁ‘m:;r]n P""c;m Hﬁ::':g ;ﬁ'ﬁ: QWU | Fuue | Fiter | Ambient
o | o000 - 0070 | 001 73 0.02 18.2 128 | 413 | 76 73
10 1.454 0.145 0.070 2.25 75 ] 101 14,8 14 105 408 76 73
20 2928 0.147 0.070 2,25 78 o 102 154 14 106 435 76 74
a0 4,404 0.148 0,070 222 81 2.6 101 121 1.3 106 430 76 T4
40 5,805 0,148 0.070 233 BS 218 101 10.8 13 108 420 T 74
50 7372 0,148 0.070 221 Ba -1.84 101 8.5 13 105 433 74 74
60 B.867 0.150 0.070 2.25 an 241 101 8.3 43 105 428 75 75
70 10,350 | 0.140 0.070 223 82 -2.02 100 7.2 11 105 432 75 75
&0 11,858 | 0.150 0.070 222 94 o 100 8.1 EE] 104 411 75 7a
a0 13,350 0.150 0.070 221 o5 -1.24 100 5.3 -0.8 102 388 75 75
100 | 14887 | 0.150 0.070 224 ar 1] 100 46 07 102 388 76 76
110 | 18384 | 0.151 0.070 222 a8 -0.88 100 4.0 06 01 3683 76 76
120 | 17.888 | o0.150 0.070 223 og -0.36 100 34 0.8 100 a7s 75 76
130 | 18372 [ 015 oovo | 222 f=E] -0.2 100 28 05 100 a7z 74 78
140 | 20882 | ©.151 0,070 224 100 -0.85 100 28 03 100 354 75 78
180 | 22386 | 0150 0.070 223 100 o o8 22 0.4 28 352 75 76
180 23886 | 0.151 0.070 232 101 -1.46 ag 18 0.3 o7 338 78 78
170 | 25404° | 0.151 0.070 222 10 1] 88 18 0.1 96 aza 7 76
180 | 28813 | 0.151 0.070 222 101 i} L] 1.5 0.3 85 313 74 78
190 | 28421 | 0151 0.070 222 101 0.8 EL] 12 03 o4 anz' 75 76
200 | 200828 | 0151 0.070 223 102 -0.44 a0 1.0 02 a3 305 7B 78
210 | 31442 | 0151 0.070 223 102 0,23 =12 0.8 0.2 8 284 77 75
220 | 32g48 | 0.151 0.070 2223 102 -2.38 aB 0.5 0.3 52 284 T4 75
230 | 34458 | 0151 0.070 222 102 0,43 a0 02 0.3 83 282 75 75
240 | 35088 | 0.151 0.070 223 102 -0.87 L] 01 01 8z 280 75 7&
250 | ardre | 0151 0,070 224 102 0 a8 0.0 01 a4 280 76 78
AvgTol | 37.478 | 0.150 0.070 2.14 as -0.81 100 101 385 75 753
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Run 1.xism

BOX B TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job #: 1B6-425
Model: F 500 V3 Tracking # 0011
Run#: 1 Technician: S5JB
Date: 10/1/2018
Particulate Sampling Data Flue Gas Data
Elapsed Gas Mater Sample | Orifice dH Meter Mster Pro. Rate - Flue Draft
Tirnes (i) e Rate (cfm}| (nH:0) | Temp (°F) ";m';';‘ %) Fliter ('F) (nH,op | CO:0%) | CO%)
0 0.000 0,00 72 - T 0.000 819 0.03
10 1.401 0140 222 74 271 ] 78 0,070 7.48 0.00
20 2.843 0144 219 il 28 102 78 -0.080 1032 0.00
30 4,287 0.144 218 80 -0.87 101 78 -0.070 11.01 0.00
40 5733 0145 | 218 83 147 101 78 -0.080 11.24 0.00
50 787 0.145 218 8 28 1m 78 -0.0860 1202 0.00
&0 8545 0,146 218 89 0.78 1 7 -0.070 11.85 0.01
70 10,106 0.148 247 a 2,84 100 8 -0.070 12.25 0.00
B0 11.571 0,147 218 a2 -1.85 100 78 -0,080 1010 0.00
1] 13.037 0.147 218 84 -1.83 100 78 -0.060 638 0,00
100 14,605 0.147 247 a5 2,75 100 78 -0.060 a70 0,00
110 16,676 0.147 217 a6 072 100 78 -0.060 852 0.00
120 17.444 0.147 217 a7 247 100 78 -0,060 862 .00
130 18.922 0.147 247 o7 A7 100 78 -0,080 B.08 0.00
140 20,386 0.147 247 a8 -1.75 100 TaE -0.060 8107 0.00
150 21.873 0.148 217 88 -2.84 100 78 -0,060 7.23 0,00
160 23,350 0.148 218 a9 -2.48 aa 78 -0.050 6,87 0.00
170 24,826 0.148 218 aa -1.27 ag 78 -0,060 871 0.00
180 26,304 0,148 218 93 -0.78 ag 7a -0,060 731 0.01
180 27,778 0,148 2.18 100" 2,58 L] T8 -0.080 7.88 0.00
200 29,257 0.148 247 100 2.8 a8 78 0,050 7.28 0,03
210 30,733 0.148 2.7 100 -2.41 a8 78 -0,060 7.80 0.00
220 32211 0.148 216 100 -1.03 a8 ] -0.060 T.BO 0.00
230 33.668 0.148 218 100 -0.9 29 78 -0,050 762 0.00
240 35,188 0.148 247 100 0,73 ] 78 -0.050 7.04 0.00
250 35,646 0148 218 101 -1.63 a8 7 0,040 7.81 0.01
AvgiTat 36,546 0147 2.09 23 -1.84 100 78 -0.058 879 0.00
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Rur 1.xism

WOODSTOVE SURFACE TEMPERATURE DATA

Client; Jotul Job# 18-425
Model; F 500 V3 Tracking # 0011
Run# 1 Technician: SJB
Date: 1v172018
Stove .ﬂ.T:| B1
Temperalure Data ['F)

Elapsed Time {min) FB Left FB Right FB Back FB Top FB Bottom s'?;:::::“ Catalyst Exit
0 476 438 az1 4T3 257 3926 608
10 454 385 31 470 268 3778 BES
20 443 353 285 490 276 606 B48
30 435 342 270 404 277 636 035
40 4585 348 282 453 277 367.0 814
50 469 374 258 492 273 732 943
60 4BT 410 258 500 268 360.8 034
70 474 433 284 515 258 369.0 861
B 473 442 272 £08 254 3698 911
a0 462 438 281 492 248 363.8 a7

100 454 437 288 478 244 360.4 859
110 438 447 280 470 230 AT6.4 842
120 428 448 208 480 237 3728 828
130 425 431 268 455 237 3692 £33
140 415 416 304 448 235 3636 B14
150 400 412 201 435 234 356.4 i
160 3 g8 288 414 235 34B.8 TaZ
170 383 383 205 398 237 330.2 724
180 374 373 293 384 240 3328 701
180 389 a0 2685 a7s 244 330.6 693
200 ‘383 366 285 arz 253 330.2 704
210 a8z e 263 387 Fidl 331.8 B84
220 350 364 20 384 283 332.2 Bas
230 355 361 283 383 288 332.0 683
240 352 35T 262 agz 282 331.0 688
250 347 358 284 385 285 331.8 685
Average 416 304 288 440 259 258 B
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Run 1.xism

LAB SAMPLE DATA - ASTM E2515

Client. Jotul Job #: 18-425
Model: F 50043 Tracking #: 0011
Run #: 1 Technician: SJB
Date: 10/1/2018
TRAIN A {1st Hour)
Filter, Probe, or Weights
Sample Component Sample T Rasrto
B i g pisType O-Ring # Final, mg Tare, mg Particulate, mg
A, Front filter catch Filter 3332 1237 4234 0.6
B. Rear filter catch Filter 0.0
| C. Probe catch® Probe 0.0
D. O-Ring catch® 0-Ring 0.0
Sub-Total  |Total Particulate, mg: | 0.6
TRAIN A (Post 1st hour)
Filter, Probe, or Weights
Sample Component Sample T LB g
- P He plaZlype O-Ring # Final, mg Tare, mg Particulate, mg
A, Front filter catch Filter 3333 120.0 118.7 0.3
B. Rear filter catch Filter 3334 119.9 1203 0.4
C. Probe catch® Probe 1A, 115629.0 115628.8 0.2
D. O-Ring catch® O-Ring 1A 3567.2 3566.5 0.7
Sub-Total  |Total Particulate, mg: | 0.B
Train A Aggregate|Total Particulate, ma: | 1.4
TRAIN B
Filter, Probe, or Weights
Sample Component Reagent i J
P P ) O-Ring # Final, mg Tare, mg Particulate, mg
A._Front filter catch Filter 3335 124.1 1228 13
B. Rear filter catch Filter 3336 11956 118.7 -0.1
C. Probe catch* Probe 1B 115903 1 115903.1 0.0
D. O-Ring catch® O-Ring 1B 3555.6 3554.9 0.7
[ Total Patticulate, mg: | 1.9
AMBIENT
Filter, Probe, or Weights
Sample Component Reagent s k
Pl P a O-Ring # Final, mg Tare, mg Particulate, mg
A, Filter catch® Filter 3337 121.0 121.0 0.0
| Total Particulate, mg: | 0.0

*Particulate catch that results in a negative number, is assumed to be zero for probes and O-rings, negative numbers for
filkers are assumed to be part of the O-Ring weight.

PFS-TECO
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ASTM E2780 Wood Heater Run Sheets

Client:_Jotul
"Maodel: F 500 V3

Job Mumber:_18-425
Fun Number:_1

Tracking #:;_0011
Test Date: 10/1/2018

Wood Heater Run Notes

Test Control Settings

Primary Air Setting(s).__ Open 0.383" from fully closed

Preburn Notes

Preburn Start Time: 10:45
Time MNotes
9:55 Loaded 7.6 Ibs of kindling
10:30 At 2.2 Ibs, scooped out coals, re-zeroed scale, loaded Pre-burn Fuel
10:45 Set air to test setting, turned fan on to low setting.
11:36 Stirred coals to ensure uniform charcoalization
12:04 Leveled coal bed, zeroed scale in preparation for fuel loading
Test Notes
Test Burn Start Time:___12:05
Test Fuel Loaded by, 40 seconds

Door Closed:_ 40 seconds

Air Contral Set at: 3 minutes

Other Loading Notes:__ N/A

Time MNotes
&0 min Changed 1-hour filter,
250 min End of Test
Test Burn End Time:__16:15
Background Filter Volume (ft%): _33.310
Filter Data
Train A A A A A B E B B AMB
Front Filter Frant Filter Rear O-Ring Front Rear C-Ring
Elemeant ; Prabsa : Probe z Filter
(First Hour) {Remaindear) Filter Pair Filler Filter Pair
O# 3332 3333 3334 1A 1A 3335 3326 ] 1B 3337
Tare (mag) 1231 1197 120.3 115628.8 3566.5 122.8 119.7 115903.1 | 35549 | 121.0
Final Weight (ma) 123.7 120.0 119.9 115620.0 3567.2 1241 119.8 115903.1 | 35556 | 121.0

Sample Train Leak Check: A:_0.002

@-13 "HgB:_0.000 @-12 *Hg AMB:;_ 0.002 @ -14 "Hg

Technician Signature: %ﬂ Date;11/16/2018
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ASTM E2780 Wood Heater Run Sheets

Client:_Jotul
‘Meodel: F 500 V3

Job Number:_18-425
Run Number;_1

Tracking #:

0011

Test Date:_10/1/2018

Flue Gas Concentration Measurement

Calibration Gas Values: Span Gas CO:z(%)_1693 CO(%)_4.33
Mid Gas CO=z(%):_10.0 CO (%) 2.51
Calibration Results:
Pre Test Post Test
Zero Mid Span Zero Mid Span
Time 822 9:30 9:25 16:50 16:57 16:53
CO2 0.00 10.06 16.93 0.07 9.92 16.78
co 0.000 2.549 4.330 -0.012 2517 4274
Flue Gas Probe Leak Check: Initial: No Leakage Final:_MNo Leakage
Dilution Tunnel Flow
Pitot Tube Leak Test: Initial: No Leakage Final:_Mo Leakage
Velocity Traverse Data
Ft.1 Pt.2 Pt.3 Pt.4 Pi.5 Pt& Pt7 Pt.8 Center
dP (inHz0): 0.058 | 0.068 | 0.064 | 0.056 | 0.060 | 0.086 | 0Q.070 | 0.050 | 0.070
Temp (°F): 102 102 102 102 102 102 102 102 102
Dilution Tunnel Static Pressure (inHz0): -0.215
Supplemental Data
Room Air Velocity (ft/min): Initial:_<50 Final:_=50
Scale Audit (lbs): Initial;_10 Final:_10
Stack Diameter (iny_6 Initial Middle | Ending
Induced Draft (in Hz0): 0
Naucad Drefl (v HO): 0. Po(inHg) | 29.68 2067 | 2965
% Smoke Capture:__100
Flue Pipe Cleaned Prior to First Test in L) 458 a7 8t

Series: Date:_ 10/1/2018

Technician Signature: %i__ Date:11/16/2018
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WOOD STOVE TEST DATA PACKET
ASTM E2780/E2515

/
PFS-TECO

\/

Run 2 Data Summary

Client: Jotul
Model; F 500 V3
Job #: 18-425
Tracking #: 0011
Test Date: 10/2/2018

%Z/i 10/17/2018

Techician Signature Date

PF5-TECO Page 1 of 11



Run 2.xlsm

TEST RESULTS - ASTM E2780 / ASTM E2515

Client: Jotul Job # 18-425
Madel; F 500 V3 Tracking #: 0011
Run# 2 Technician; SJB
Date: 10/2/2018
[ Burn Rate (kgihr:| 117 |
Sample | T | Traing |1stHour Fitr
Tolal Sample Volume (i) 40.383 44 530 44057 8620
Average Gas Velocity in Dilution Tunngl (ftisec) 171
Average Gas Flow Rate in Dilution Tunne! (dscfihr) 11249.2
Average Gas Meler Temperature (*F}) 738 54.9 834 #38
Tolal Sample Volume {dscf) 38,485 42,372 41,751 10.276
FAwerage Tunnel Temperature (°F) 0.5
Total Time of Test (min) 300
Total Particulate Catch (ma) 0.0 1.5 1.5 0.5
Particulate Concentration, dry-standard (gidscl) 0.0000000 0,0000354 0,0000359 0.0000487
Total PM Emissions 0.00 148 2.02 0.55
Particulate Emission Rate {ghr)| . 0.00 0.40 0.40 _
Emissions Factor (g/ka) » 0.34 0.34 -
Difference from Average Telal Particulale Emissions (g) g 0.0z 0.02 =
Difference from Average Emissions Factor (gika) - 0.00 0.00 b
Final Average Results
Total Particulate Emissions 2.01
Particulate Emission Rate (gfhr)
Emissions Factor (g/ka) 0.34
HHV Efficiency (%) B0.6%
LHV Efficiency (%) 87.1%
CO Emissions (g/min) 0.08
Quality Checks Requirement Observed
Dual Train Precision E“;"mﬂ; e gmmﬂmﬁ{m See Above
Filter Temps <80 *F 79.0
Face Velocity < 30 fmin 8.0
Leakage Rale Less than 4% of average sample rale 0.001 cftm
Amblent Temp 55-90 °F Min: 72 { Max: 75
Megative Probe Weight Evaluation <5% of Total Calch Pmm‘wc:ﬂm
Pro-Rala Variah 0% aof readlngi m:ﬁ:—&ﬁﬂgﬂe greater than See Data Tabs
Stove Surface AT <126°F 2.0

FFS-TECO Paga 2 of 11



Run 2.xism

B415.1 Efficiency Results

VERSIOMN:

PFS-TECO

Manufacturer:
Model:

Date:

Run:

Control #:

Test Duration:
Output Category:

Jotul
F 5003
10/02/18
2
18-425
300
2

Test Results in Accordance with CSA B415.1-09

HHV Basis LHV Basis
Overall Efficiency 80.6% 87.1%
Combustion Efficiency 99.5% 99 5%
Heat Transfer Efficiency 81.0% 87.6%
Output Rate (kJ/h) 18,516 17,565 (Btufh)
Burn Rate (kg/h) 1.16 2.56 (Ib/h)
Input (kJ/h) 22 969 21,788 (Btu/h)
Test Load Weight (dry kg)| 5.80 12.78 drylb |
MC wet (%) 18.10
MC dry (%) 22.09
Particulate (g ) 2.01
CO (g) 28
Test Duration (h) 5.00
Emissions| Particulate co
g/MJ Output 0.02 0.31
a/kg Dry Fuel 0.35 4.90
g/h 0.40 5.68
g/min 0.01 0.09
Ib/MM Btu Output 0.05 0.71
Air/Fuel Ratio (AIF)| 12.30

2.2

1211412008
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Run 2.xism

WOODSTOVE FUEL DATA - ASTM E2780

Client; Jotul Job #: 18-425
Model: F 500 V3 Tracking # 0011 =
Run#: 2 Technician; S5JB

Date: 10/2/2018

Preburn Fuel Information
Moisture Maoisture
Size Length (in) Content Size Length {in) Content
(% DB) (% DB)
2x4 200,00 21.5 x4 14.00 23.2
2xd 20,00 18.6 2wd 14.00 241
2u4 14.00 19.9 2xd 20.00 19.4
2xd 14.00 19.7 2x4 20.00 18.4
2xd 14.00 19.8
2x4 14.00 22.8
Zud 14.00 25.0
2x4 14.00 206
Total Fuel Weight (Ibs): 18.56 Average Moisture (%DEB): 21.1
Firebox Wolume {ft“‘}: 2.41 Coal Bed Range (20-25%):
Taotal 2x4 Crib Weight, with spacers (lbs): T4 Min (Ibs): 3.12
Tatal 4x4 Crib Weight, with spacers (lbs): 8.47 Max (lbs): 3.80
Total Wet Fuel Weight, with spacers (lbs): 15861
Test Fuel Information .
Size Length {in} Weight_ (lbbs) Muoisture Content (%DB) Dry Weight (lbs)
2x4 16.00 1.60 20.3 20,0 21.5 1.49
2x4 18.00 1.98 21.0 228 224 1.62
Zxd 18.00 209 23.8 24.4 2202 1.69
Ay 168.00 3.76 208 20.5 22.4 3.10
And 18.00 4.32 223 2332 241 3.51
Total Dry Weight, no spacers (Ibs): 11.42
Total Dry Weight, with spacers (Ibs): 12.93
Spacer Moisture Ruadingg (%DB)
8.4 8.4 85 9.9
10.1 8.8 i 10.1
o8 10.4 10.7 10.3
93 9.0 9.8 9.5
Quality Checks Requirement Observed
Fuel Density 25 - 36 (Ibs/ft’, DB) 27.2
Loading Density 6.3-7.7 (Ibs/ft’, WE) 6.48
2x4 Fuel Mix 35 - 65 % of total weight 46%
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R 2 xizm

WOODSTOVE PREBURN DATA - ASTM E2780

Client: Jotul Job #: 18-425

Model: F 500 V3 Tracking # 0011

Run#: 2 Technician: SJB

Date: 10/2/2018
Prebumn Start Time:  10:44
Recording Interval (min): 5
Run Time (min): 80
Temperatures (°F)
Elapsed | Scale Flue Draft Stove
Time | Reading (in H,0) FB Left| FB Right | FB Back| FE Top |FBE Bottom| Surface | Flue | Ambient
2
{min) (Ibs) Average
0 7.6 -0.066 424 428 a3z 480 183 365.6 394 62
5 s -0.073 424 426 314 479 188 367.2 351 62
10 7.0 -0052 | 422 421 324 482 192 3682 | 354 62
15 6.7 0055 421 407 324 486 185 366.6 360 62
20 6.5 -0.056 421 2096 321 458 198 364.8 363 61
25 6.0 -0.062 418 396 318 485 203 364.0 380 62
30 5.5 -0.060 | 422 408 316 498 206 3704 | 377 B2
35 5.2 -0.068 418 411 314 480 208 368.2 355 61
40 5.0 -0.063 411 407 2 474 211 363.0 336 61
45 4.8 -0.050 406 400 30 454 214 355.8 218 &1
50 48 -0.059 398 392 307 435 218 350.0 301 &1
55 4.5 -0.045 390 384 305 416 222 3434 287 B0
&0 4.3 -0.049 383 378 302 402 227 3384 2758 60
65 4.2 -0.047 378 372 289 388 232 333.8 261 60
T0 4.1 -0.044 389 368 256 373 236 3284 250 &0
75 4.1 -0.032 381 362 285 364 240 324.4 241 &0
80 4.0 -0.034 355, 357 283 355 244 | 3208 235 60
85 38 -0.037 350 353 291 350 247 318.2 225 60
an 38 -0.037 345 348 289 344 248 315.0 220 &0
PFE-TECO Page Sof 11




Run 2.xism

| DILUTION TUNNEL & MISC. DATA - ASTM E2780 / E2515 |

Client: Jotul Job #: 18-425
Model: F 500 V3 Tracking # 0011
Run# 2 Technician: SJB
Test Start Time: 12:15 Date: 10/2/2018
Total Sampling Time {min): 300 Beginning] Middle End Avg.
Recording Interval {min): 10 Puer (in HE): | 29,65 28,65 28,65 2885
Meter Box y Factor: 1.002  (A)
Meter Box y Factor: 0.5997 (B) Dilution Tunnel MW{dry): 28,00 Ibflb-mole
Meter Box v Factor: |~ 0.989  (Amb) Dilution Tunnel MW(wet):  28.78 Ibflb-mole
Tunnel Area: 0.1963 ft*
Post-Test Leak Check Dilution Tunnel H,O: 200 percent
iyl 0001 cim @ -13  in.Hg Tunnel Diameter: B inches
2y 0.000 cfm @ -12  in. Hg Pitot Tube Cp: 0.99
(AMB) 0.002 cfm @ -14  in. Hg Dilution Tunnel Static: 0.205 in H.O

Ambient Sample Volume: 40.353 ft*

Tunnel Traverse Information
Pt.1 Pt.2 Pt.3 P4 PL5 PL6 PL7 Pt8 | Center |
dP ({in H,0) 0.080 0.084 0.070 0.064 0.058 0.088 0.064 0.052 .07
Tunnel Temp [*F) 100 100 100 100 100 100 100 100 100
Viao: 17.24 fifsec F.. 0850 |[ratio]
Viear: 1814 flisec Initial Tunnel Flow: 1847  scfimin

Test Fuel Properties

Default Fuel Values Actual Fuel Used Properties
Fuel Type: D.Fir Oak Fuel Type: D. Fir
HHV (kJikg) 19,810 19,887 HHV (kJ/kg) 12,810

%WC 4873 50 %C 48.73

%H 687 6.6 %H 6.87

%0 439 42.9 %0 43.9

%Ash 05 0.5 S%Ash 0.5
MC (%DB) 221

PF5-TECO Page Gof 11



Run 2 xism

BOX A TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job #: 18-425

Model: F 500 W3 Tracking #: 0011

Run#: 2 Technician: S.JB

Date: 10/2/2018
Particulate Sampling Data Fuel Weight () Temperature Dala (*F}

Elapsed Dilution | Orifice Melar

{1;::; G’E‘,‘f“ R:ﬂ?;“} Tﬁ:rl]-f: gf {inuHr:G} Tmﬂ mr;l P’”qua'e Rﬁg ﬁ'ﬁ;’é ?:L‘:IL:: Flue | Filter | Ambient
o | o000 - 0070 | 001 78 02 -E- 113 | so8 | 74 73
10 | 1462 | v14s | oovo | 224 78 444 | 101 14.8 08 g8 | 282 75 72
20 | 2833 | o147 | oovo | 220 8o A0z | 101 14.0 08 87 | 260 78 72
30 | 4403 | o147 | oovo | 22 83 488 | 101 134 | -08 88 | 272 77 73
40 | B878 | o147 | novo | 220 g6 256 | 101 126 08 50 | 284 77 73
s0 | 735 | o147 | oovo | 218 B9 011 100 11.5 1.1 80 | 208 77 73
g0 | 8828 | o148 | oov0 | 220 g1 477 | 100 10.5 1 o2 |am | 7 73
70 | 10320 | o14s | oovo | 218 23 007 | 101 9.4 .1 93 |2z | 78 74
80 | 11802 | o148 | oovo | 220 94 245 | 100 85 09 93 | am 75 74
20 | 13288 | o14s | po7o | 221 85 24 100 7.7 08 84 |3 | 75 74
100 | 14777 | o1as | oczo | 212 96 437 | 100 87 -1 o5 | 238 | 74 74
110 | 18285 | o14s | oovo | 218 a7 285 | 100 57 1 6 | 348 | 74 75
120 | 12782 | o14s | oov0 | 218 a7 245 | 100 49 08 85 | 341 74 75

" 130 | 18243 | o148 | ooro | 218 a8 038 | 100 43 08 85 | am 75 75
140 | 20738 | 0148 | ooro | zi7 g8 033 | 100 16 07 o5 |3 | 78 75
150 | 22228 | o14s | oo70 | 218 g9 078 | 100 a3 03 a4 |Fsiz | 7e 75
160 | 23715 | o1as | oova | 221 a8 08 100 27 08 o3 | ao0s 77 75
170 | 25208 | o14s | o070 | 218 g9 0 w00 | 25 02 | 82 | 2 77 75
180 | 28708 | o150 | oo7o | zas g9 027 | 100 22 03 g1 270 78 75
190 | za194 | o149 | o070 | 218 g 028 99 20 02 8s | 254 75 74
zo0 | zeee8 | oi4s | ocoza | 220 g5 279 as 17 03 88 | 243 74 74
210 | 31182 | o1s0 | oovo | 218 100 o a9 16 0.1 88 | 237 75 74
220 22676 0,149 0,070 218 100 =2.5 89 1.3 0,3 87 228 75 74
230 | 34169 | 0149 | oo7o | 220 100 168 99 12 01 8 | 22 75 74
240 | 35663 | o014s | oo7a | 221 100 1.95 98 1.0 02 86 | 225 75 74
250 | 37458 | o1s0 | oove | 220 100 1.05 ag 08 02 85 | 2z 75 73
260 | 38653 | o14e | oo7o | 218 g9 019 g8 0.7 01 | e | 218 75 73
270 | 40147 | o142 | o070 | 220 g9 248 g9 04 03 85 | 217 75 73
280 | 41644 | 0150 | 0070 | 220 | es | 087 | ee 04 0 85 | 214 | 75 73
200 | 43138 | o1s0 | oo7a | 217 99 218 98 0.2 02 84 | 210 75 73
aon | 44620 | o14e | oovo | 222 gg 0.57 9 0.0 02 85 | 208 75 74

AvglTol| 44630 | 0142 | 0070 | 213 25 1325 100 81 276 75 738

PF3-TECO Page 7 of 11




Run 2.xlsm

BOX B TEST DATA - ASTM E2780 /| ASTM E2515

Client: Jowl Job #: 18-425
Model: F 500 V3 Tracking #: 0011
Run#: 2 Technician: 5J8
Date: 10/2/2018
Particulate Sampling Dala Flue Gas Data
Elapsed Gas !:leler Sample | Orifice dH Mater J:fﬂn Prao. Rale ‘ Filter (F) Fiue Dra cO, (%) CO (%)
Tirne (min) (i) Rate (cfm) | (i HzD) Temp (°F) (in Hg) {58) | {in HaCY
0 oo [N o« 77 4 77 0.000 3,77 0.21
10 1.443 0144 222 77 -1.78 101 T3 -0.040 582 0.03
20 2,888 0,145 220 78 -0.6 101 78 -0.040 875 0,04
a0 4,340 0,145 219 82 -2.33 101 78 -0.050 8,68 0,06
40 5793 0.145 217 85 -1.68 100 rird -0,050 .71 0.06
50 7.251 0146 217 a7 -2.86 100 ird {01,060 14.27 0.07
&0 8710 0,146 247 88 0.7 100 78 0,060 13.83 013
70 10173 0,146 216 a1 =212 100 78 0,080 1215 0,03
B0 11.638 0147 218 92 -1.23 100 T8 -0.060 11.40 0.02
an 12105 0447 247 a3 218 100 73 -0,060 10,56 0.04
100 14.573 0.147 218 84 -0.74 100 78 0,060 1322 0.08
110 16,042 0,147 247 85 -1.49 100 78 0,080 1326 0,08
120 17513 0,147 216 26 -1.27 100 TT 0,060 11.95 0,00
130 't_s.mis 0147 247 96 -08 100 i -0,050 2,25 0.01
140 20,455 0147 247 a7 -1.47 100 78 -0,050 11.47 0.00
150 21.927 0,147 218 o7 -1.73 100 79 -0.080 272 0.08
180 23401 0,147 218 a7 -2.62 100 78 -, 050 8994 0.02
170 24 875 0147 217 a7 -0.75 100 78 -0.050 7.98 0.00
180 26,349 0147 218 88 272 100 Ta -0.040 2,04 0.05
180 27.824 0,148 247 1] 0,82 a9 78 -0,040 876 0.00
200 29,301 0,148 217 28 224 100 T -0.040 898 0.02
210 30,776 u.::E; : 217 28 -1.04 g9 78 -0.040 895 .03
220 32.252 0,148 218 ] -1.27 1] 748 -0.040 5,05 0.01
230 33728 0,148 247 ] -2 ag 74 0040 8,00 0.08
240 35,203 0,148 218 a8 215 ag 78 0040 8,37 0.08
250 36.678 0,148 218 28 -1.24 99— 78 =0.040 8.20 0.05
260 38,153 0,147 218 28 -2.41 ag il -0.040 5.08 0.05
270 39,628 0,148 218 28 -1.82 93 7T -0).060 8,61 0.03
280 41104 0148 z18 a8 281 as i -0.030 9,49 0.04
280 42.580 0.148 218 ] 077 ag 78 -0.040 8,69 0.00
300 44,057 0,148 218 98 274 a9 i) -00.040 9.42 0.03
AvgTol 44,057 0147 210 93 -1.66 100 78 -0.047 .91 0.05
PFS-TECD Fage 8of 11




Run 2.xlsm

BOX B TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job # 18-425
Madel: F 500 V3 Tracking # 0011
Run# 2 Technician; SJB
Date: 10/2/2018
Particulate Sampling Data Flue Gas Dala
. Meter
Elapsed Gas Meter Sample | Orifice dH Meder Pro. Rate ) o Flue Draft
Time (min) ) Rate (cfm)| (nH0) | Temp ('F) m’;ﬁ (%) Fer(F) | gamoy | ©O:(0 | COR)
Page 9of 11
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Run 2 xlsm

WOODSTOVE SURFACE TEMPERATURE DATA

Client: Jotul Job #: 18-425

Model: F 500 V3 Tracking # 0011

Run# 2 Technician: SJB

Date: 10272018
Stove AT: 8
Temperature Data {F)
Elapsed Time (min) FB Left FB Right FB Back FB Top FE Botlom 5“’::5:;:“ Catalyst Exit
0 343 348 288 240 248 3138 467
10 335 3 278 352 255 306.2 545
20 a4 284 259 366 261 298.8 728
30 270 244 a87 263 207 4 774
40 331 265 235 406 263 300.4 B80S
50 341 275 234 423 258 F06.4 B25
&0 374 310 238 455 253 A25.6 BET
70 408 338 242 486 244 340.0 871
B 421 381 247 459 236 344.8 850
80 a24 383 2531 452 29 3482 821
100 416 388 258 466 222 3522 - gaz
110 418 423 266 487 217 3622 203
120 423 430 278 487 218 366.4 873
130 428 428 284 287 218 3646 819
140 472 418 285 455 217 360.4 BAT
150 415 420 281 247 218 3582 780
160 405 418 284 431 221 354.0 770
170 306 405 284 415 237 347 .4 724
180 381 3p3 283 gz 234 3386 678
190 arz 266 282 73 243 3332 B4%
200 364 are 204 363 250 3298 633
210 356 368 204 355 253 325.2 BT
220 261 381 281 348 256 314 A0S
230 347 355 ZBR 345 254 nve 805
240 334 250 285 345 254 315.6 B0F
250 345 346 282 344 253 314.0 B0E
260 342 245 278 343 251 312.0 593
270 340 342 276 344 248 3100 CBO7
280 238 240 275 343 246 308.6 8071
290 340 330 272 339 244 306.8 592
300 338 338 270 338 242 304.8 586
Avarage a1 359 273 398 242 329 | 719
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Run 2.xism

LAB SAMPLE DATA - ASTM E2515

Client; Jotul Job #: 18-425
Model: F 5003 Tracking #: 0011
Run# 2 Technician; SJB
Date: 1V212018
TRAIN A (1st Hour)
Filter, Probe, or Weights
Sample Component Sample Type gt !
o i gl O-Ring # Final, mg Tare, mg Particulate, mg
A. Front filter catch Filter 3338 124.0 123.5 0.5
B. Rear filter catch Filter 0.0
C. Probe catch* Probe 0.0
L D. O-Ring catch* O-Ring 0.0
Sub-Total  [Total Pariculate, mg: | 05§
TRAIN A (Post 15t hour)
Filter, Probe, or Weights
Sample Component Sample S 3
P pe i O-Ring # Final, mg Tare, mg Particulate, mg
A. Front filter catch Filter 4338 118.9 11839 0.0
B. Rear filter catch Filter 3340 121.0 1211 0.1
C. Probe catch® Probe 28 116240.5 116240.5 0.0
D. O-Ring catch” O-Ring 28, 3553.5 3552.4 1.1
Sub-Total  |Total Particulate, mg: | 1.0
Train A Aggregate | Total Particulate, mg: | 1.5
TRAIN B
Filter, Probe, or Weights
Sample Component Reagent it b
i e ? O-Ring # Final, mg Tare, mg Particulate, mg
A. Front filter catch Filter 3341 12386 123.0 0.6
B. Rear filter catch Filter 3342 1198 119.7 0.1
C. Probe catch® Probe 2B 1163308 116330.6 0.0
D. O-Ring catch® O-Ring 2B 3571.8 3571.0 08
| Total Particulate, mg: | 1.5
AMEIENT
Filter, Probe, or Weights
Sample Component Reagent e A
P Lo . O-Ring # Final, mg Tare,mg | Particulate, mg
A. Filter catch® | Filter 3343 1207 120.7 0.0
| Total Particulate, mg: | 0.0

*Particulate catch that results in a negative number, is assumed to be zero for probes and O-rings, negative numbers for
filters are assumed to be part of the O-Ring weight.

PFS-TECO
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ASTM E2780 Wood Heater Run Sheets

Client;_Jotul Job Number: 18-425

‘Model: F 500 W3 Run Number:_ 2

Wood Heater Run Notes
Test Control Settings

Primary Air Setting(s):__Open 0.133" from fully closed

Preburn Notes

Preburn Start Time: 10:44

Tracking #._0011
Test Date: 10/2/2018

Time MNotes
8:40 Loaded 7.5 |bs of kindling
9:08 At 2.2 Ibs, loaded Pre-burn Fuel
10:44 Set air to test setting, turned fan on to low setting
11:07 Stirred coals to ensure uniform charcoalization
12:14 Leveled coal bed, zeroed scale in preparation for fuel loading
Test Notes

Test Burn Start Time:___12:15

Test Fuel Loaded by.__ 40 seconds
Door Closed:__ 45 Seconds

Air Control Set at: 4 minutes
Other Loading Notes:__ N/A

Time MNotes

60 min Changed 1-hour filter.
300 min End of Test

Test Burn End Time:  17:15
Background Filter Volume (ft¥); _40.353

Filter Data
Train A A A A A B B B B AMB
et Front Filler Front Filter Rear Probe | O Front Rear orope | O =
(First Hour) {Remainder) Filter Pair Filter Filter Pair
o # 3338 3330 3340 2A A 3341 3342 2B 28 3343
Tare {ma) 1235 1189 1211 116240.5 | 35624 1230 118.7 | 116330.6 | 3571,0 | 120.7
Final Weight {mg) 124.0 118.8 121.0 116240.5 35563.5 123.6 119.8 1163306 | 3571.8 | 120.7

Sample Train Leak Check: A:_0.000 @ -14 "Hg B:_0.000 @ -12 "Hg AME:

Technician Signature: /

Date: 1116/2018

0.002 @ -14_"Hg
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ASTM E2780 Wood Heater Run Sheets

Client:_Jotul
‘Model: F 500 W3

Job Number: 18-425
Fun Number;_2

Tracking #:

0011

Test Date:_10/2/2018

Flue Gas Concentration Measurement

Calibration Gas Values: Span Gas COz(%):_16.93 CO (%)._4.33
Mid Gas COz(%):_10.0 CO (%) 2.510
Calibration Results:
Fre Test Post Test
Zero Mid Span fero Mid Span
Time 9:15 8:20 8:18 17:30 17:32 17:35
CO: 0.00 10.07 16.93 0.01 10.12 17.05
co 0.000 2.543 4.330 0.015 2.523 4.437
Flue Gas Probe Leak Check: Initial: Mo Leakage Final:_No Leakage
Dilution Tunnel Flow
Pitot Tube Leak Test: Initial;_ Mo Leakage Final:_No Leakage
Velocity Traverse Data
Pt.1 Pt.2 Pt.3 Pt.4 PL5 Pt.6 PL7 Pt.8 Center
dP (inH;0): 0.060 | 0.064 | 0.070 | 0.064 | 0.058 | 0.068 | 0.064 | 0.052 | 0.070
Temp (°F): 100 100 100 100 100 100 100 100 100
Dilution Tunnel Static Pressure (inH:0): -0.205
Supplemental Data
Room Air Velocity (ft/min): Initial:_<50 Final:_<50
Scale Audit (Ibs): Initial:_10 Final:_10
Stack Diameter (in):_6____ Initial Middle | Ending
Ind D in HzO%: 0
ouced DN (nbads 0 Py (inHg) 29.65 29.65 29 65
% Smoke Capture:__ 100
Flue Pipe Cleaned Prior to First Test in RH 1) 20 284 <R

Series: Date: 10M1/2018

Technician Signature; / o Date:11/16/2018
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WOOD STOVE TEST DATA PACKET
ASTM E2780/E2515

PFES-TECO

/O \
PFS-TECO

\/

Run 3 Data Summary

Client: Jotul

Model: F 500 V3

Job #; 18-425
Tracking #: 0011
Test Date; 10/3/2018

%f—— 10/17/2018

TecFicianLSign ature Date
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Run J.xlsm

TEST RESULTS - ASTM E2780 / ASTM E2515

Client: Jotul Job #: 18-425
Model: F 500 V3 Tracking #: 0011
Run# 3 Technician: SJB
Date; 10/3/2018
| Burn Rate (kgihr):|  0.61
‘;‘:r'::;';' S ?‘f’a";f'g 15t Hour Filter
Total Sample Velume (") 7E.761 88,240 B7.188 8833
Average Gas Velocity in Dilution Tunnel (filsec) 16.9
Average Gas Flow Rate in Dilution Tunnel (dscifhr) 11377.8
Average Gas Meter Temperature {F) 740 100.2 96.0 B34
Total Sample Valume (dscf) 77.354 83.304 82,088 10.312
Average Tunnel Tempearature (°F) 81.6
Total Time of Test (min) 560
Total Particulate Catch (mg) 0.0 0.0 0.0 0.0
Particulate Conceniration, dry-standard (g/dscfi|  0.0000000 (.0000000 0.0000000 0.0000000
Taolal PM Emissions (g) 0.00 0.00 0.00 0.00
Particulate Emission Rate (ahr)] 0.0 0.00 0.00  |INOGORNN
Emissions Faclor {g0/kg) = 0,00 0.00 .
Difference from Average Total Particulate Emissions (g) - 0.00 0.00
Difference from Average Emissions Factor (g/kg) - 0.00 0.00 .
Final Average Results
Total Particulate Emissions (g) 0.00
Particulate Emission Rate (a/hr)
Emissiong Factor {g/ka) 0.00
HHV Efficlency (%) B5.0%
LHV Efficiency (%) 91.0%
€O Emissions (g/min) 0.21
Quality Checks Requirement Observed
Dual Train Precision E’;:;::; :‘rﬂ:::ﬂ;ﬁ :MT‘?;;’;H" See Above
Filter Temps <80 °F 2.0
Face Velocity < 30 f'min 8.1
Leakage Rate Less than 4% of average sample rate 0 cfm
Ambient Termp 5500 °F Min: T2 f Max: 76
Negative Probe Weight Evaluation <5% of Total Catch e
Pro-Rate Variation b “mimﬁ ;;T::u;:m greaterthan | .o Data Tobs
Slove Surface AT <126°F 145.2
PFS-TECO Pago 2of 13



Run 3.xism

B415.1 Efficiency Results

VERSION:

PF3-TECO

Manufacturer:
Model:

Date:

Run:

Control #:

Test Duration:
Output Category:

Jotul
F 500 va
10/03/18
3
18-425
590
1

Test Results in Accordance with CSA B415.1-09

HHV Basis LHV Basis
Overall Efficiency 85.0% 91.9%
Combustion Efficiency 98.9% 98.9%
Heat Transfer Efficiency 86.0% 92.9%
Output Rate (kJ/h) 10,160 9,638 (Btu/h)
Burn Rate {Kg-'h:l 0.60 1.33 {Ib/h)
Input (kJ/h) 11,955 11,341 {Btu/h)
Test Load Weight (dry kg) 5.93 13.08 | dry Ib
MC wet (%) 17.74
MC dry (%) 21.57
Particulate (g ) 0.00
CO (g) 125
Test Duration (h) 9.83
Emissions| Particulate Cco
g/MJ Output 0.00 1.25
a/kg Dry Fuel 0.00 21.04
a’h 0.00 12.70
g/min 0.00 0.21
Ib/MM Btu Output 0.00 2.90
Air/Fuel Ratio (A/F)| 11.91

2.2

1214/2009
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Run 3.xism

WOODSTOVE FUEL DATA - ASTM E2780

Client: Jotul Job #: 18-425
Model; F 500 V3 Tracking #: 0011
Run# 3 Technician: SJB

Date: 10/3/2018

Preburn Fuel Information
Moisture Maoisture
Size Length (in) Content Size Length (in) Content
(% DB) (% DB)
2und 20.00 24.3 2xd 14.00 218
2xd 20000 21.7 2xd 14.00 20.1
- 2x4 14.00 228 x4 20.00 19.0
2x4 14.00 245 x4 200,00 19.7
2xd 14.00 18.4
2xd 14.00 24.3
2x4 14.00 19,2
2x4 14.00 19.9
Total Fuel Weight (lbg): 17.04 Average Moisture (%DB): 213
Firebox Yaolume {ﬂ’J: 241 Coal Bed Range (20-25%):
Total 2x4 Crib Weight, with spacers (Ibs): | 6.83 Min (Ibs): 3.18
Total 4x4 Crib Weight, with spacers (Ibs): 9.06 Max (Ibs). 3.98

Total Wet Fuel Weight, with spacers (lbs): 15.80

Test Fuel Information
Size Length (in) | Woeight (Ibs) Maoisture Content (%DEB) Dry Weight {Ibs)
2x4 18.00 1.80 215 23.2 22:3 1.55
2xd4 18.00 1.87 19.3 18.8° 19.7 1.57
254 18.00 1.85 19.1 18.8 205 1.55
dx4 18.00 4.18 238 23.8 228 3.40
4x4 18.00 4.45 238 225 238 361
Total Dry Weight, no spacers (lbs): 11.67
Tatal Dry Weight, with spacers (Ibs): 13.19
Spacer Moisture Readings (%DB}
7.7 8.0 7.9 9.4
8.3 8.4 7.6 8.7
6.3 B.7 8.3 83
7.3 8.0 7.6 101
Quality Checks Reguiremant Observed
Fuel Density 25 - 36 (Ibsift”, DB) 27.8
Loading Density 6.3- 7.7 (lbsit, WB) 6.60
2xd Fuel Mix 35 - 65 % of total weight 43%

PFS-TECO Page 4 of 13



Run A.xism

WOODSTOVE PREBURN DATA - ASTM E2780

Client; Jotul Job #: 18-425
Model: F 500 V3 Tracking # 0011
Run# 3 Technician: SJB

Date: 10/372018

Preburn Start Time; | 7:43
Recording Interval {(min): | 10
Run Time (min). | 100

Temperatures ('F)
Elapsed | Scale Flue Draft Stove
Timea Reading (in H,0) FB Left| FB Right | FB Back| FBTop |FB Bottom| Surface | Flue | Ambient
{min) (lbs) Average
0| 7e 0.065 | 540 465 285 589 279 4336 | 398 66
10 7.0 -0.076 484 429 287 556 27 408.4 380 67
20 6.2 -0.066 475 405 280 554 261 3a7.0 arz 66
30 5.6 -0.077 454 292 285 535 255 384.2 358 66
40 4.8 -0.064 441 292 285 506 282 376.2 384 66
50 4.3 -0.080 431 395 287 478 254 388.2 326 (&3]
60 40 | 0042 412 380 284 454 255 357.0 304 (5]
70 38 -0.050 3g8 369 279 427 258 346.0 284 63
B0 36 -0.040 382 363 275 393 265 335.6 247 64
80 213 -0.031 366 355 273 362 271 325.4 223 63
100 3.2 -0.023 351 340 269 335 277 314.4 185 62
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DILUTION TUNNEL & MISC. DATA - ASTM E2780 / E2515

Client: Jotul

Model: F 500V3

Run# 3

Test Start Time: 9:24

Job #: 18-425
Tracking # 0011
Technician: SJB

Date: 10/3/2018

Total Sampling Time {min); 580 Beginning| Middle End Avg. |
Recerding Interval (min): 10 Pear (in Hg): | 29.83 26,74 29.71 29.78
Meter Box v Factor: 1.002  (A)
Meter Box y Factar: 0887 (B) Dilution Tunnel MWi{dry): 29.00 Ibfib-mole
Meter Box y Factor: ~ 0.899  (Amb) Dilution Tunnel MW{wet): 2B8.78 Io/b-mole
Tunnel Area: 0.1963 #°
Post-Test Leak Check Dilution Tunnel HO: 200 percent
A 0.000 cfm @ - in. Hg Tunnel Diameter: B inches
8y 0.000 cfm @ - in. Hg Pitot Tube Cp: 0.89
(AMB)  0.000 cfm @ - in. Hg Dilution Tunnel Static: -0.220 in H;O
Ambient Sample Volume:  7B.761 f*
Tunnel Traverse Information
Pt.1 Pt.2 Pt.3 Pt.4 PtL.5 Pt.6 Pt7 | Pt8 | Center
dP {in H,0) 0.058 0.070 0.088 0.052 0.060 0.070 0068 0.056 0.07
Tunnel Temp (*F) a9 83 8g 8g 8o 89 89 89 ag
Ve 17.04  fiisec F.. 0952 [ratio]
Viean:  17.91  ftisec Initial Tunnel Flnw:_ 1871  scilmin

Test Fuel Properties

Default Fuel Values

Fuel Type:
HHV (kJikg)
%C

%H

%0

YAsh

PFE-TECO

D. Fir
18,810
48.73
6.87
439
0.5

Dak
19,887
&0
6.5
42.9
0.5

Actual Fuel Used Properties

Fuel Type: D. Fir

HHV (kJikg) 19,810

%C 48,73

%H 6.87

%0 43.8

%Ash 0.5
MC (%DB) 21.6

Fage 6ol 13




Run 3.xlsm

BOX A TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job # 18-425
Model: F 500 V3 Tracking # 0011
Runm#: 3 Technician: SJB
Date: 10/3/2018
Particulate Sampling Data Fuel Weighi (Ib) Temperature Data (*F)
Elapsed Dilution | Ovifice Meber ) :

Tine |50 [Rat | TP | oy | Vaowm | 5% cendng | Crage | Tomer | Foe | Fer | Ambin
0 0.000 - 0.070 0.01 76 011 15.9 108 278 76 73
10 1.448 0.145 0.070 227 ird -1.88 101 15.4 05 84 202 75 72
20 2918 0,147 0.070 225 &0 ] 102 14.8 06 81 182 75 72
30 4,352 0,147 0.070 223 83 -0.55 102 14.3 05 82 182 75 72
40 5889 0.148 0.070 220 &7 -1.44 1 13.8 05 82 189 75 73
50 7.348 0.148 0.070 222 80 073 101 13.2 08 | 81 183 74 73
80 8833 0,148 0.070 222 82 -2.56 1 127 0.5 81 188 74 73
70 10,827 | 0.149 0.070 220 84 -0.03 101 120 07 8z 198 75 73
80 11814 | 0.149 0.070 223 a5 0 100 11.5 0.5 a2 180 76 73
a0 13.305 | 0.148 0.070 221 96 AT 100 11.0 05 81 185 78 73
100 | 14798 | 0.148 0.070 222 a7 -0.04 100 10.5 0.5 &1 181 T 73
10 | 18290 | o0.149 0.070 213 o8 <182 100 1001 0.4 a1 177 77 73
120 | 17782 | o0.140 0.070 2. 1] 258 100 i 04 81 173 i 73
130 | 19278 | 0.150 0.070 220 a9 022 100 85 02 a1 167 77 73
140 | 20774 | 0150 | opogo | 248 100 o 100 8.0 0.5 &1 185 7 73
150 22286 0,148 0.070 221 100 -0.88 100 B.6 0.4 . 81 185 T T3
160 | 23782 | 0150 0.070 221 100 -2.38 100 8.3 0.3 81 1683 77 73
170 | 26280 | 0.150 0.070 220 101 <248 100 8.0 0.3 81 159 i 73
180 | 28755 | o0.150 0.070 221 101 o 100 T8 0.4 80 156 77 73
180 28 251 0.150 0.070 23 101 -2.28 100 T4 -0.2 80 155 ir 73
200 29.749 0.150 0.070 2,22 101 =2.55 100 71 0.3 81 158 T T
210 | 31243 | 0140 0.070 22 101 1] 100 [ 0.4 81 1688 I 73
220 | az7as | o050 0.070 218 102 2.4 100 8.0 07 82 188 7 73
230 | 34238 | 0150 0.070 2139 102 253 100 5.3 07 83 181 77 74

240 | 35732 | 0148 0,070 218 102 0,13 100 47 06 a3 185 77 73
250 | anze | 0149 0,070 248 102 -1.11 100 43 0.4 83 199 7 74
260 | a&725 | 0150 0,070 218 102 -1.88 100 3.8 0.5 85 221 ried 74
270 | 4pzz2 | 0150 0.070 2189 102 -2.39 100 35 0.3 86 229 77 74
280 | 41716 | 0149 0.070 220 102 -0.45 100 az 03 85 218 74 74
700 | 43213 | 091%0 0,070 218 102 -0.38 100 3.0 02 85 203 74 74
00 | 44712 | 0150 0.070 220 103 1] 100 2.8 -0.2 84 181 74 75
30 | 46208 | 0.150 0.070 221 103 .82 100 27 0.1 83 180 75 74
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R 3.xism

BOX A TEST DATA - ASTM E2780 / ASTM E2515

Client. Jotul Job # 18-425
Model: F 5003 Tracking # 0011
Run#: 3 Technician: SJB

Date: 10/3/2018

Particulale Sampling Data Fuel Weight (1) Temperature Data (°F)
Elapsed | oy mstar| Sampla | Chulon | Orfice | e | Meler o Rale| Scale | Welght | Dilution :
Time 5 Tunnel dP dH Vacuum s Flue Filtes Ambient
imin) )y Rale (cim) {in Hs0) | {in HyO) Tamp (*F} {in Hg) (%) Reading | Change | Tunnel
320 | 47.704 | 0150 0.070 22 103 215 100 26 -0.1 82 144 78 75
330 48,206 0,150 0.070 219 108 0.3 100 25 -0.1 g2 132 T T
340 | 50702 | 0150 0.070 220 103 077 100 2.5 o 82 125 74 75
350 | 52198 | 0.150 0.070 218 104 o a8 23 0.2 82 125 75 75
360 | 53898 | 0.150 0.070 219 104 -0.78 100 2.2 0.1 a1 118 75 75
370 | 55186 | 0.150 0,070 218 104 -2.55 98 20 02 81 121 76 75
380 | 5B.E34 | 0.150 0.070 218 104 i} o9 20 o 81 1 76 75
380 | 58187 | 0.150 0.070 2.20 104 164 100 18 01 81 122 74 75
400 | 58686 | 0.150 0.070 218 104 -1.68 ag 18 0.4 a1 124 75 75
410 | 61186 | 0.150 0.070 220 104 -0.88 100 1.8 0 81 114 76 75
430 | 626958 | 0150 0.070 219 104 -2.39 100 1.7 04 80 112 i 75
430 | G487 | 0.150 0.070 221 104 i} o8 17 o a0 111 75 75
440 65.701 0.150 0.0 b 105 -228 100 1.6 0.1 80 109 74 ¥
450 | 67202 | 0.150 0,070 218 105 o 88 16 0.1 80 108 75 75
460 | 68703 | 0.150 0.070 218 105 182 o8 15 o 80 107 76 75
470 | 70208 | 0.151 0.070 218 105 -0.05 100 14 04 80 106 78 75
480 | 71708 | 0.150 0.070 2.20 105 a a8 14 o 80 106 77 75
480 | a2 0.150 0.070 218 105 -2.34 o 1.3 0.1 80 105 74 75
500 74,718 0.151 0.070 218 105 o 100 1.4 0.1 i) 105 5 5
510 | 7B.216 | 0.150 0.070 218 105 -0.04 28 1.3 0.1 80 102 75 75
520 | 7723 | 0.5 0.070 218 105 208 100 1.3 o 78 102 76 75
530 | 791228 | 0.150 0.070 218 105 012 a8 1.1 02 78 101 78 75
540 | BO.728 | 0.150 0.070 218 105 -2.53 a8 1.2 0.1 78 25 77 75
550 82233 0.151 0.070 2,20 105 -2.35 100 1.1 0.1 74 94 7B 75
560 | BAT3E | 0.150 0.070 217 105 -2.08 28 10 0.1 78 85 T4 74
570 | 85238 | 0150 0.070 218 105 -0.08 o8 1.0 o 78 a4 74 74
sa0 | BEF4E | 0151 0.070 220 104 o 100 1.0 o 78 85 75 74
580 88,240 0.150 0,070 249 104 o g 1.0 o 8 o4 75 74
AvgiTot | 88248 | 0.150 0.070 216 100 110 100 82 154 76 74.0
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Run 3.xism

BOX B TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job#: 18-425
Model: F 500 V3 Tracking #: 0011
Run#: 3 Technician: SJB
Date: 100372018
Particulate Sampling Data Flue Gas Data
Elopsed | GasMeter | Sample | OrficsdH | Matar xrr:::eu:n Pro.Rate | cuerpry | TUEPRR | oo g | come
Time (min} {ft") Rate {cfm) | {in HyO) Temp (*F) (in Hg) (%) fin Hy0)

0 0,000 0.00 75 -1 77 0.000 6.87 0,02
10 1418 0,142 224 76 216 100 78, -0.060 4,08 0.03
20 2,870 |:|.14$” 225 Ta 0.7 102 78 -0.040 8.57 0.05
an 4,324 0.145 221 82 -1.65 102 78 -0.040 1037 0,04
40 5783 0.148 220 86 -0.68 101 i -0.050 11,24 0,06
50 7.247 0,146 2.20 88 -2.37 101 77 -0.030 11.37 0,08
B0 B.714 0.147 220 a1 =1.05 101 i -0.050 12.68 0.04
70 10,182 0.147 218 az 23 101 78 -0.040 14.48 027
80 11.653 0.147 221 24 -0.81 100 74 -0.040 1211 0,06
80 13.128 0.147 218 a5 -282 100 T8 -0.040 11.78 0,05
100 14,602 0.148 220 g6 077 100 T 0,040 11.84 0.04
110 16.075 0147 220 a7 -0.62 100 i -0.030 11,23 0,08
120 17.552 0.148 220 a7 -268 100 77 -0.030 10,98 0,08
130 18,030 0.148 218 a8 274 100 78 -0.030 10,62 0.08
140 20,510 0148 220 a8 -2.08 100 74 -0.030 10,69 0.09
150 21,800 0,148 2.20 g9 -1.67 100 79 -0.030 1118 0.07
160 23,468 0,148 218 L] 274 100 77 -0.020 11.01 0,03
170 24,948 0,148 218 9% -1.64 100 77 -0.040 10.85 0.09
180 26.428 0.148 219 1] -1.82 100 78 -0.030 10,66 0.08
180 27,907 0,148 218 100 -2.55 100 78 -0.030 10.72 0.07
200 20,388 0,148 219 100 28 100 78 -0.030 12.07 0.08
210 30,870 0148 218 100 -1.31 100 78 -0.030 14.45 0.08
220 32,352 0148 218 100 -282 100 il -0.040 14,35 258
230 33.833 0148 218 100 075 100 v -0.040 14,88 1.83
240 35.311 0.148 218 101 -2.78 100 78 -0.040 14.19 0.38
260 36,792 0,148 219 101 -1.55 100 78 -0.040 13,33 0.05
260 38272 0.148 217 101 17 100 78 -0.040 12,37 0.07
270 39,762 0.148 218 101 ~1.88 100 7 -0.030 a.93 0.04
280 41,234 0148 218 101 -0.81 100 i -0.040 8.86 0,02
290 42.718 0.148 218 101 -1.08 100 78 -0.040 2.01 0.02
300 44198 0,148 217 102 -2.61 100 78 -0.030 910 002
310 45 678 0.148 217 102 -1.16 100 78 -0.020 B.88 0.01
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Run 3.xism

BOX B TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job # 18-425
Model: F 500 V3 Tracking #: 0011
Run# 3 Technician; SJ8
Date: 100372018
Farticulale Sampling Data Flue Gas Data
Elapsed | GasMeter | Sample | Orifice dH Meter v'::ubz:n ProRate | o .o | Fuedmht | oo ol o0 e
Time {min} ift") Rate (cfm) | (in H0) Temp (*F) {in Hg) (%) fin HyQ}
320 47157 0148 217 102 -0.04 100 T8 -0.030 B.74 0.04
330 48,638 0.148 218 102 -2.63 100 i -0.020 B.50 0.04
340 50,120 0,148 219 102 28 100 Fis -0.020 8.39 0,04
350 51.604 0148 2.18 103 0.71 100 78 -0.020 11.62 0.02
360 53.085 0,148 247 103 -2.58 L] 78 -0.020 11.58 002
aTo 54,566 0.148 278 103 -0.89 o8 78 -0.020 1110 0.00
380 56,048 0.148 219 103 074 100 78 -0.020 10,76 0,03
380 57.528 0.148 218 103 275 -1-] 78 -0.010 10,69 0.02
400 58,010 0.148 217 103 -1.65 100 78 -0.020 10.51 0.04
410 80.404 0.148 27 103 -2.52 100 7 -0.020 10.06 0,00,
420 61.976 0.148 2,18 103 -0.83 28 Fird -0.010 10,13 0,00
430 B83.458 0.148 218 103 -2.65 1] 78 0.000 10.12 0.02
440 B4.940 0.148 247 103 215 a8 78 -0.020 9,98 0.00
480 66,421 0.148 216 103 -1.3 o9 79 -0.010 10.10 0.01
460 67.904 0.148 247 104 -1.34 L] 78 -0.010 8.51 0.01
470 86,389 0.14% 218 104 -0.68 8 78 -0,020 8,50 0,02
480 TO.872 0.148 217 104 -2.67 a8 78 -0.010 7.08 0.03
480 72,354 0.148 237 104 -1.45 el e -0.010 721 0.00
500 T3.836 0,148 216 104 -0.73 L] 77 -0.020 CICES 0,04
510 75,318 0.148 218 104 -0.78 L] 78 -0.010 .24 0,02
520 76,801 0,148 247 104 -1.63 88 78 -0.020 6.14 a,01
530 TH.287 0.14% 218 104 -1.27 L] 78 0.000 6,56 0,00
540 70,770 0.148 217 103 0,77 a8 78 -0.010 11.15 0.05
_é‘éﬂ 81,253 E.'lda 217 103 =2.87 28 i -0.010 8.74 0.02
560 82.735 0.148 218 103 28 L] ird -0.010 878 0.04
570 24,218 0.148 2.18 103 28 88 s -0.010 T.66 0,10
580 85,701 0,148 217 103 -2.18 a0 78 -0.020 6,88 018
580 87.186 0.14% 2.18 103 -1.56 a8 78 -0.010 8,57 0.21
AvgTot 87,186 0.148 215 T -1.74 100 78 -0.025 10,15 0,13
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WOODSTOVE SURFACE TEMPERATURE DATA

Client: Jotul Job #: 18-425
Model: F 5003 Tracking #: 0011
Run#: 3 Technician; 5J8
Date: 100372018
Stove AT: 145
Temperature Data (*F)
y . Stove Surface
Elapsed Time {min) FB Left FE Right FB Back FB Top FB Bottom i Catalyst Exit

348 338 260 332 278 3130 A67
10 324 a03 258 320 276 296.4 524
20 304 275 243 a2 2N 2828 584
a0 260 257 230 331 265 2764 585
40 300 249 2 340 257 2734 558
50 298 245 216 340 250 269.8 585
60 300 244 213 348 244 2898 626
70 309 247 212 a7z 237 275.4 700
80 218 253 213 a7e 23 T8 653
20 2zt 258 218 a7z 205 278.4 637
100 319 264 216 367 218 277.0 B2T
110 316 270 220 as 214 276.2 618
120 a1z 276 223 355 208 2750 547
130 307 281 226 348 208 2734 582
140 a4 282 229 341 20 2714 571
150 a0z 2687 231 336 187 2706 570
160 a0 287 233 335 193 269.8 565
170 a0 Z88 238 230 180 2684.0 554
180 290 287 238 326, 187 267.4 545
150 287 2EE 240 3z 183 288.0 535
200 295 288 241 azz 180 2652 551
210 268 201 244 336 177 2688 B4
220 a12 207 246 35B 173 2792 G5
230 330 308 251 393 L 2908 TAT
240 347 318 257 410 169 300.2 737
250 380 azs 262 413 167 306.6 732
260 365 ada 285 425 168 3108 755
270 368 as 266 435 172 3124 730
280 382 330 264 385 176 305.4 B49
290 348 27 262 arz 182 298.4 BO7
300 338 a2z 260 348 187 291.4 557
310 330 316 258 328 102 284.8 514
3 a8 310 254 308 196 277.2 477
330 306 302 251 288 188 269.0 445
340 295 293 246 273 197 2608 418
350 285 282 241 250 1086 2528 419
360 277 274 235 257 196 247.8 412
aTo 274 267 231 255 187 244.8 414
380 788 262 227 252 167 241.2 407
390 264 258 225 248 186 238.4 04
400 261 256 222 249 105 236.8 408
410 258 253 220 241 193 233.0 377
420 252 250 218 235 180 229.0 367
430 248 248 215 23 186 2256 ]
440 243 247 212 226 182 2220 351
450 239 248 210 223 178 219.2 345
460 33 248 206 218 174 2156 340
470 230 245 204 218 170 213.0 33z
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WOODSTOVE SURFACE TEMPERATURE DATA

Client. Jotul Job #: 18-425
Model: F 500 V3 Tracking # 0011
Run#: 3 Technician: SJB
Date: 10/3/2018
Stove AT: 145
Temperalure Data (°F)

Elapsed Time (min) FB Left FB Right FB Back FB Tap FE Botiom 5"’:‘:;:;?“ Catalyst Exit
480 224 243 201 212 168 2002 324
480 218 239 196 207 162 204.5 315
=00 215 234 182 202 158 200.2 i
510 ‘210 228 187 167 164 195.2 267
520 206 23 182 163 180 1802 280
530 201 214 ATT 180 147 1856 284
540 196 208 172 187 144 181.6 280
550 193 206 168 185 142 178.8 274
560 191 205 1685 183 140 176.8 272
E70 188 202 161 180 138 1738 285
580 185 198 158 177 137 171.0 260
580 180 194 155 174 138 167.8 254

Average 281 268 233 205 191 252 488
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LAB SAMPLE DATA - ASTM E2515

Client: Jotul Job# 18-425
Model: F 500 V3 Tracking # 0011
Run# 3 Technician: SJB
Date: 10/3/2018
TRAIN A (1st Hour)
Filter, Probe, or Weights
Sample Component Sample T B 1
bl PIeTYPE | O-Ring # Final, mg Tare,mg | Particulate, mg
A, Front filter catch Filter 0.0
B. Rear filter catch Filter 0.0
C. Probe catch” Probe 0.0
D. O-Ring catch* 0-Ring 0.0
Sub-Total  [Total Particulate, mg: | 0.0
TRAIN A {Post 1st hour)
Filter, Probe, or Weights
Sample Component Sample Type e !
i pa ple Typ O-Ring # Final, mg Tare, mg Particulate, mg
A, Front filter catch Filter 0.0
B. Rear filter catch Filter 0.0
C. Probe catch® Probe 0.0
D. O-Ring catch® 0-Ring 0.0
Sub-Total  [Total Particulate, mg: [ 0.0
Train A Aggregate | Total Particulate, mg: | 0.0
TRAINB
Filter, Probe, or Weights
Sample Component Reagent it )
P P y O-Ring # Final, mg Tare, mg Particulate, mg
A, Front filter catch Filter 0.0
B. Rear filter catch Filter 0.0
| C. Probe catch® Probe 0.0
D. O-Ring catch® O-Ring 0.0
| Tatal Particulate, mg: | 0.0
AMBIENT
Filter, Probe, or Weights
Sample Component Reagent e d
P i 9 O-Ring # Final, mg Tare, mg Particulate, mg
A. Filter aat-ch'[ Filter 0.0
| Total Particulate, mg: | 0.0

*Particulate catch that results in a negative number, is assumed to be zero for probes and C-rings, negative numbers for
filters are assumed to be part of the O-Ring weight.

PFS-TECO
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ASTM E2780 Wood Heater Run Sheets

Client:_Jotul Job Mumber:_18-425 Tracking #:_0011

‘Model:_F 500 V3 Run Number:_3 Test Date: 10/3/2018

Wood Heater Run Notes
Test Control Settings

Primary Air Setting{s);_ Open 5/84" from Fully closed

Preburn Notes

Preburn Start Time: 743

Time Motes

B:15 Loaded 7.5 lbs of kindling

B:55 At 2.2 |bs, Loaded Pre-burn Fuel

7:43 Set air to test setting, turned fan on to low setting

B:21 Stirred coals to ensure uniform charcoalization

9:07 Stirred coals to ensure uniform charcoalization

9:23 Leveled coal bed, zeroed scale in preparation for fuel loading
Test Notes

Test Burn Start Time:__ 9:24

Test Fuel Loaded by:___ 40 seconds
Door Closed:__ 40 seconds

Air Control Set at: 4 minutes
Other Loading Notes:__ N/A

Time Notes

&0 min Changed 1-hour filter.
340 min | Adjusted fuel load — 10 minutes without measurable weight loss, door open 10 seconds.
590 min | FIRE OUT - 30 minutes without a measurable weight loss; test aborted.

Test Burn End Time: ___ 19:14
Background Filter Volume (ft3): _78.761

Filter Data
Train A A A A A B B B B AMB
Front Fitter Front Filter Rear O-Ri Front Rear i
Element . Prabe _ng 5 Probe il Filler
{First Hour) {Remainder) Filter Pair Filter Filter Pair
1D # 3344 3345 3348 A 3A 3347 3348 3B iB 3349
Tare {mg) 122.7 121.0 121.8 116073.9 | 3580.0 1225 1193 | 116340.8 | 35683 | 121.5
Final Weight {rmg) = 3 5 = 5 n " - %
Sample Train Leak Check: A._- @-_ "HagB:_- @- "Hg AMB:_ - @ - "Hg

Technician Signature: %Z’ Date:11/16/2018
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ASTM E2780 Wood Heater Run Sheets

Job Mumber;_18-425
Run NMumber: 3

Client: Jotul
"Model: F 500 V3

Tracking #;_0011
Test Date: 10/3/2018

Flue Gas Concentration Measurement

Calibration Gas Values: Span Gas COz(%);_16.93 CO (%)._4.33
Mid Gas COz(%):_10.0 CO (%):_2.510
Calibration Results:
Fre Test Post Test
Zern Mid Span Zero Mid Epan
Time 748 7.54 7.50 = = R
CO2 0.00 10.06 16.83 - a
co 0.000 2.496 4,330 - "
Flue Gas Probe Leak Check: Initial: Mo Leakage Final:_No Leakage
Dilution Tunnel Flow
Pitot Tube Leak Test: Initial: No Leakage Final;_MNo Leakage
Velocity Traverse Data
Pt.1 Pt.2 Pt.3 Pt.4 Pt.5 PLE Pt.7 Pt.8 Center
dP (inH:0): 0.058 | 0.070 | 0.068 | 0.052 | 0.060 | 0.070 | 0.068 | 0.056 | 0.070
Temp (°F): 84 89 85 89 89 89 89 84 89
Dilution Tunnel Static Pressure (inH:0): -0.22
Supplemental Data
Room Air Velocity (ft'min): Initial:_<50 Final:_<50
Scale Audit (lbs): Initial:_10 Final:_10
Stack Diameter (iny_6 Initial Middle | Ending
Induced Draft (in Hz0): 0
raft(inH0: 0____ Py (inHg) 29.83 29.74 29.71
% Smoke Capture:__100
Flue Pipe Cleaned Prior to First Test in RH (%) 286 i =i

Series: Date:_ 10/1/2018

Technician Signature: %ﬁ’ " Date:11/16/2018
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WOOD STOVE TEST DATA PACKET
ASTM E2780/E2515

N
PFS-TECO

\/

Run 4 Data Summary

Client; Jotul
Model: F 500 V3
Job #: 18-425
Tracking #: 0011
Test Date; 10/4/2018

A%ﬁj 10/17/2018

Techician Signature Date

PFS-TECO Page 1of 12



Ruf 4.x18m

TEST RESULTS - ASTM E2780 / ASTM E2515

Client: Jotul Job # 18-425
Model: F 500 V3 Tracking # 0011
Run# 4 Technician: 5JB
Date: 10/4/2018
| Bum Rate (kg/hr):| 091 |
‘;“::'::‘I': ?‘r’a“i]f': ?‘:ﬂ“;f'; 1t Hour Filter
Total Sample Volume (ft’) 55028 6§1.312 50684 B.843
Awverage Gas Velocity in Dilution Tunnel (ft'sec) 16.8
Average Gas Flow Rate in Dilution Tunnel (dscifhr) 112521
Average Gas Meter Temperature (*F) 742 487 577 az.4
Total Sample Volume (dscf) 54303 56,328 57 548 10,366
Average Tunnel Temperature (*F) 84.9
Total Time of Test {min) 410
Total Particulate Cateh (mg) 0.0 1.7 1.2 0.3
Parniculate Concentration, dry-standard {o/dsef)|  0.0000000 0.0000281 0,0000200 0.0000289
Total PM Emissions (g) 0.00 224 1.60 0.23
Particulate Emission Rate (ghr)|  0.00 0.33 o2 N
Emissions Faclor {g/kg) - 0.38 0.26 .
Difference from Average Total Particulate Emissions (g) - 0.32 0.32 2
Difference from Average Emissions Factor (aika) : 0.05 0.05 =
Final Average Results
Total Particulate Emissions (g) 1.52
Parficulale Emission Rate |
Emissions Factor (g/kg) 0.31
HHY Efficiency (%) 83.2%
LHV Efficiency (%) 89.9%
CO Emissions (g/min} .11
Quality Checks Requirement Observed
e Pkt it | i
Filter Temps <80 °F 78.0
Face Velocity < 30 fifmin 8.1
Leakage Rate Less than 4% of average sample rate 0 cim
Ambient Temp 55-80 °F Min: 72 § Maxc 76
Megative Probe Weight Evaluation 5% of Tatal Catch P”’*‘;a;::'u?; it
Pro-Rate Variation et m'"’f‘l mr;:‘ 1::1“;0?“ greaterthan | cee Data Tabs
Siove Surface aT <126°F 62.4

PFS-TECD
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Run 4.xism

B415.1 Efficiency Results

VERSION:

PF5-TECO

Manufacturer:
Model:

Date:

Run:

Control #:

Test Duration:
Output Category:

Jotul

F 500 V3
10/04/18

4
18-425
410
2

Test Results in Accordance with CSA B415.1-09

HHV Basis LHV Basis
Overall Efficiency 83.2% 89.9%
Combustion Efficiency 899.5% 99.5%
Heat Transfer Efficiency 83.6% 90.4%
QOutput Rate (kJ/h) 14,760 14,001 (Btu/h)
Burn Rate (kg/h) 0.90 1.97 {Ibfh)
Input (kJ/h) 17,741 16,829 (Btu/h)
Test Load Weight (dry kg) 6.12 13.49 dry Ib
MC wet (%) 17.76
MC dry (%) 21.59
Particulate (g ) 1.92
_____COf9) _46
Test Duration (h) 6.83
Emissions Particulate co
g/MJ Output 0.02 0.46
a/kg Dry Fuel 0.31 7.60
g/h 0.28 6.80
g/min 0.00 0.1
Ib/MM Btu Output 0.04 1.07
Air/Fuel Ratio (A/F)| 11.36 |
22 1211412009
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Run 4.xlsm

WOODSTOVE FUEL DATA - ASTM E2780

Client: Jotul Job # 18-425
Model: F 500 V3 Tracking # 0011
Run# 4 Technician: SJB

Date: 10/4/2018

Preburn Fuel Information
Muoisture Maisture
Size Length (in) Content Size Length (in) Content
(% DB) (% DB}
2x4 20.00 22,5 24 14.00 22.3
2x4 20000 8.1 2xd 14.00 254
2xd 14.00 18.2 24 20.00 21.5
2x4 14.00 231 234 20,00 16.8
2x4 14.00 243
2x4 14.00 21.8
2xd 14.00 251
2x4 14.00 18.7
Total Fusl Weight (lbs). 19.53 Average Moisture (%DB):; 218
Firebox Yolume {ﬁaj: 2.41 Coal Bed Range (20-25%):
Total 2x4 Crib Weight, with spacers (lbs): 7.07 Min (Ibs): 3.28
Total 4x4 Crib Weight, with spacers (Ibs): 8.35 Max (lbs): 4.11

Total Wet Fuel Weight, with spacers (|bs): 16.42

Test Fuel Information
Size Length (in) Weight (Ibs) Moisture Content (%DB) Diry Weight {Ibs)
2x4 18.00 e 224 217 229 1.57
204 18.00 1.98 22.4 225 231 1.61
2x4 18.00 1.84 227 23.0 221 1.58
x4 18.00 4.37 22.4 19,7 18.9 3.63
4xd 18.00 452 205 19.7 19.9 377
Total Dry Weight, no spacers (Ibs); 12.16
Total Dry Weight, with spacers (lbs); 13.72
Spacer Moisture Readings (%DB)
FG) 7.8 B.4 8.7
9.0 a1 78 T3
Ly 9.0 a3 8.1
89 8.0 80 85
Quality Checks Requirement
Fuel Density 25 - 36 (Ibs/tt’, DB)
Loading Density 6.3 - 7.7 (Ibs/ft’, WB)
2w Fuel Mix 35 - B5 % of total weight

PFE-TECO Page 4of 12



Rurn 4.xizm

WOODSTOVE PREBURN DATA - ASTM E2780

Run Time (min): 100

Client: Jotul

Maodel: F 500 V3

Run# 4

Preburn Start Time:  10:21
Recording Interval (min): 10

Job # 18-425
Tracking # 0011
Technician: SJB

Date: 10/4/2018

Temperatures (°F)

Elapsed | Scale Elue Draft Stove
Time | Reading (in H,0) FB Left| FB Right | FB Back| FBTop |FB Bottom| Surface | Flue | Ambient
(min) {lbs) Average
0 7.6 -0.068 487 430 273 480 244 3828 405 65
10 7.0 -0.043 468 424 276 458 243 3734 324 B4
20 6.5 -0.054 443 388 275 432 23 357.2 300 63
30 a7 -0.052 431 380 275 432 234 353.8 330 62
40 5.3 -0.052 430 3e8 277 437 235 3534 204 &1
50 49 -0.064 400 a7z 275 418 242 3414 280 81
60 48 -0.052 381 361 274 384 253 3326 252 B1
70 4.4 -0.035 362 352 271 385 263 3226 223 &0
| B0 4.2 -0.038 250 244 270 242 271 3154 196 61
a0 36 -0.018 327 333 268 315 275 3056 183 &1
100 35 -0.024 327 321 264 200 273 297.0 157 61
FF3-TECO Page 5of 12




Run 4.xlsm

DILUTION TUNNEL & MISC. DATA - ASTM E2780 / E2515

Client: Jotul Job #; 18425
Model: F 500 W3 Tracking #: 0011
Run # 4 Technician: S4B

Test Start Time; 12:02

Date: 10/4/2018

Total Sampling Time (min): 410 Beginning) Middle End Ay,
Recording Interval (min): 10 Puy (inHg): | 2991 29,81 26,82 289
Meter Box y Factor: 1.002  (A)
Meter Box v Factor: 0887  (B) Dilution Tunnel MW{dry): 29.00 Ibb-mole
Meter Box y Factor: 0.899 (Amb) Dilution Tunnel MVW{wet): 28.78 Ib/lb-male
Tunnel Area: 0.1963 fi*
Post-Test Leak Check Dilution Tunnel H.O: 2.00 percent
w0000 cfm @ -4 in. Hg Tunnel Diameter: 6 inches
| 0.000 cfm @ -12 _ in. Hg Pitat Tube Cp: .99
(AMB)  0.001 cfm @ -14  in. Hg Dilution Tunnel Static: -0.185 in H.O
Ambient Sample Volume: 55.026 it
Tunnel Traverse Information
Pt.1 Pt.2 Pt.3 Pt4 Pt.5 Pt.6 Pt.7 PtL.8 Center
| dP (in H,0) 0054 | 0.088 | 0.068 0.052 0062 | 0.068 0088 | 0054 | 0.07
| Tunnel Temp (°F) 87 87 87 87 a7 a7 a7 87 87
Veraw 1681 ftisec Foi  0.841  [ratio]
Vicenw 17.85 ft/sec Initial Tunnel Flow: 1857 scfimin
Test Fuel Properties
Default Fuel Values Actual Fuel Used Properties
Fuel Type: D. Fir Oak Fuel Type: D. Fir
HHV (kJikg) 19,810 19,887 HHV (kJ/kg) 19,810
WC  4B.T3 50 %C 48,73
%H 687 g6 %H 6.87
%0 439 42.9 %0 439
“ehAsh 05 0.5 YeAsh 0.5

FFS5-TECOD

MC (%DB) 216
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Run 4.xism

BOX A TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul
Model; F 500 V3

Run#: 4

Job #: 18-425
Tracking #: 0011
Technician: SJB

Date: 10/4/2018

! Pardiculate Sampling Data Fusel Wizight (1) Temperalure Data (*F)
E%‘:ng:d |Gas Mater| Sarmple rﬂ'ﬁgfgp D::T! i v’:.::E:n Pro. Rale| Scale | Weight | Dition | o | caee | Amient
ekl 'y |Rate (cfm) i H:0) | fin H,0) Temp [*F} (in Hg) (%) Reading | Change | Tumnel
o | 0000 o070 | 000 | 74 0 %8 | 238 | 74 72
10 1.485 0.147 0.070 227 76 1] 102 15,9 05 83 181 74 72
20 2934 0.147 0.070 223 Ta 208 10 167 02 81 158 75 72
a0 4.408 0,147 0.070 2.23 82 247 101 15,4 03 81 162 7E 72
a0 5,882 0.148 0.070 223 BB -0.54 101 15.0 0.4 &1 175 7 72
50 7.360 0.148 0.070 2.20 8a -2.33 100 14,5 05 21 182 7 T2
60 8843 0.148 0.070 223 a1 o 100 129 08 81 188 T T2
T0 10.340 0.150 0.070 222 B3 -0.42 101 13,2 0.7 82 196 7B T2
20 11.832 0,149 0.070 2.2 o5 -1.18 100 127 0.5 B2 208 74 73
20 13.323 | 0.149 0.070 2.21 26 -1.38 100 i3 0.8 83 218 T4 7a
100 14.815 0.149 0,070 22 o7 -0.24 100 11.0 o8 85 240 74 73
110 | 18312 | o150 0.070 2.21 08 242 100 10:0 -1 a7 270 75 73
120 [ 17807 | 04150 0.070 2.20 1] -0.06 100 BA 14 a0 318 76 74
130 | 12300 | 0149 0.070 220 100 (1] 100 7.5 1.1 83 a4z 76 74
140 | 20784 | 0148 0.070 218 100 -0.04 101 6.3 42 a5 348 T4 75
190 | 22282 | 04150 0.070 220 101 221 101 54 0.8 95 351 T4 75
180 | 23787 | 0.50 0.070 218 101 282 100 45 0.8 85 340 75 75
170 | 25284 | 0.150 0.070 219 101 248 101 a8 0.7 85 320 rid 75
180 | 28782 | 0150 0.070 220 102 -0.08 100 34 0.4 83 286 74 75
190 | 28278 | 0150 0.070 221 102 -1.48 100 L 03 1 272 75 75
200 | 2o0778 | o0.150 0.070 2138 103 -2.04 100 29 02 20 251 77 75
210 | s1i278 | o.150 0.070 221 103 o 100 2T 02 88 228 74 75
220 32,777 0.150 0.070 218 103 -1.13 1;:4:! 2.5 0.2 &7 212 78 75
230 | 34277 | 0150 0.070 221 103 -1.85 100 24 0.1 86 185 7 75
240 | 38778 | 0150 0.070 220 104 ] 100 23 01 85 175 75 76
250 | 37279 | oaso 0.070 219 104 -1 58 o 2.2 01 84 155 76 75
280 | 3|79 | 0150 0.070 218 104 925 | o 20 | @2 83 152 75 76
270 | 40,283 | 0150 0.070 219 104 -0.43 1] 19 0.1 23 151 75 75
280 | 41780 | 0.150 0.070 218 104 17 a3 1.7 0.2 a2 144 76 75
200 | 43285 | 0D4&: 0.070 2.20 104 -2 45 0% 15 02 a2 142 74 75
300 44,7808 0.150 0.070 2.21 104 -1.63 a3 1.4 -0.1 g2 141 75 ¥a
310 | 48288 | 0.150 0.070 247 104 248 1] 1.2 -0.2 &1 137 78 78
PFS-TECO Page T of 12




Run 4.x15m

BOX A TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job #: 18-425
Model: F 500 V3 Tracking #: 0011
Run# 4 Technician: SJB
Date: 10/4/2018
Particulate Sampling Data Fual Weight {it) Temperature Data {°F)
E;p::d g ionen| sampl n?:rlﬂmP CTIE“ Wieter mm Fro. Rota| Sodle | Welght | DIBon |- iy | piner | lmitilan
(i) it")  |Rate (cfm) {in H,0) | (in Hy0) Temp (*F) {in Hg) (%) | Reading | Change | Tunnel
320 | 47.781 | 0.151 o070 | 221 104 -2.09 L] 1.0 -0.2 81 135 74 75
330 [ 49202 | 0.150 oo7e | 2149 104 -0.07 9% 0.8 -0.1 81 132 75 75
340 | 50.783 | 0.150 ooto | 221 104 0.92 88 0.8 -0.1 81 128 76 5
aso | s2288 | 0.151 poto | 221 104 0.05 99 0.7 -0.1 81 127 76 75
360 | 53788 | 0.150 0070 | 220 104 -0.82 99 0.8 -0.1 BO 126 75 75
0 | 8&302 | 0150 poro | 222 104 -1.03 ] 0.5 0.1 BO 124 75 75
30 | 58808 | 0.150 o070 | 221 104 281 59 0.4 -0.1 B0 122 76 75
380 | 58,305 | 0150 go70 | 222 104 0 o9 0.3 0.1 8O- | 121 7 74
400 | B8.812 | 0151 0.070 2.20 104 -0.02 99 0.1 0.2 78 118 74 T4
a0 | s1e12 | 0180 oore | 248 104 0.1 ] 0.0 -0.1 79 116 i 74
AvgTal | 81,312 | 0150 0070 | 245 o0 -1.08 100 _ B5 199 75 74.2

PFS-TECO Page 8of 12
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BOX B TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job# 18-425
Model: F 500 V3 Tracking #: 0011
Run# 4 Technician: SJB
Date: 10/4/2018 ==
Pariculate Sampling Data Flue Gas Dala
keter

| S || Ty | v | vicwm | "8 | waer | A2 | coptn | e
0 0,000 - 0.00 74 I B 0.000 885 0.00
10 1.438 0,144 2,95 75 2.42 101 78 -0,030 527 0,00
20 2,804 0,148 2.25 78 -2.1 102 78 -0,040 588 0.01
30 4,352 0,148 224 82 -0.96 10 T -(0,040 778 0.00
40 5813 0,146 222 a5 -2.68 ™ T 0,030 o944 0.01
50 7.278 0.147 221 88 25 100 78 0,040 10,30 0.0
B0 B.750 0,147 222 80 -2,08 100 T8 -0.040 11.08 0.00
70 10222 0,147 22 a2 -1.36 100 i) -0.040 11.25 0,00
80 11.696 0147 220 84 -2.73 100 78 {0,030 1231 0,09
a0 13.174 0148 z.z20 85 2,34 100 rird 0,040 1377 0.08
100 14,853 0.148 221 o6 2,57 100 TT -0.050 14,07 0,94
110 16,132 0.148 2.21 a7 -1.50 100 Ta -0,050 14.30 0.08
120 17.611 0.148 221 o8 -2.78 100 78 -0,070 14.75 0.26
130 16,080 0.148 214 98 -0.67 101 T -0.050 14.31 0.15
140 20,568 0.148 221 -T:] 072 101 TT -0.060 12.81 0.00
150 22,048 0,148 221 g 28 104 78 -0.070 11,78 0,00
160 23,530 0.148 220 100 072 101 T8 -0,060 11,82 0,00
170 25,014 0,148 221 100 2.77 101 78 -0.060 10,44 0.00
180 26 487 0.148 220 101 =214 100 78 -0.060 B42 0,01
180 274878 0.148 220 101 -1.42 100 78 -0.060 8,00 0,00
200 20,462 0.148 2,20 101 0,73 100 78 -0.040 17 0.00
210 20,948 0.148 218 102 -2.34 1:1-0 77 -0,040 7.88 0.00
220 32,431 0.148 218 102 -2.73 100 7 -0.050 813 0.00
230 33917 0148 2.20 102 -1.32 100 78 -0.030 8.26 0.00
240 35,403 0,149 219 103 11 an T8 0,030 BET 0.00
260 36.889 0,148 220 103 -1.07 a8 ] -0,030 8,54 0,00
280 38,374 0.148 220 103 -0.87 98 ] -0.040 10,08 0,00
270 39.860 0.1489 2.19 103 -2.58 98 8 =0.020 11.18 0.00
280 41.348 0,149 218 103 212 o 78 -0.030 11,42 0.00
290 42,834 0.119 221 103 24 a9 7T -0.020 12.23 0.00
300 44.320 0.149 22 103 -2.52 88 7a -0.010 12,53 0.00
310 45 80T 0148 2.21 103 -2.43 a9 78 -0.010 12.32 0.00
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BOX B TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job # 18-425
Model: F 5003 Tracking #: 0011
Run# 4 Technician: 5JB
Date; 10/4/2018
Panticulate Sampling Data Flue Gas Data
; Meter
| e s ) e e | P | e | MO8 | i | o
320 47,205 0.148 221 103 -0.86 g 79 -0.010 1210 0.00
330 48.783 0149 2.20 103 -1.19 98 78 0,010 11.08 0.00
340 50.268 0148 220 103 -0.76 a9 78 -0.010 12.51 0.00
350 51.754 0.148 2.20 103 -1.31 1] 77 -0.010 11.60 0.00
60 53,243 0,143 2.20 103 0,87 98 77 -0.010 11.28 0.00
aro 54,732 0.143 221 103 242 a9 78 -0.020 5.99 0.00
380 56.221 0.148 221 103 2T a9 79 -0.020 1147 0.00
380 57.708 0145 209 103 244 o8 7a -0.010 10.67 0.00
400 £9.185 0.1da 2.20 103 -2.11 a8 78 -0.010 11.67 0.02
410 850,684 0.149 221 103 -0.82 99 i -0.010 10,03 0.0z
Ao Tot 60,684 0.148 215 a8 -1.82 100 78 -0,033 10.73 0.04
PFS-TECO Page 10.0f 12
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WOODSTOVE SURFACE TEMPERATURE DATA

Client: Jotul Job # 18-425
Model: F 5003 Tracking # 0011
Run# 4 Technician: SJB
Date: 10/4/2018
Stove AT: B2
Temperature Drata (*F)

Elapsed Time (min) FB Left FB Right FE Back FB Top FB Botiom S“‘::::;:’:“ Catalyst Exit
] az4 320 263 200 272 2056 471
10 306 290 251 291 270 2616 450
FL I 285 265 234 277 285 65,4 452
30 270 248 28 277 258 2542 478
40 285 236 207 204 251 2506 538
50 268 230 200 a1 245 251.0 578
&0 275 228 195 223 240 2536 616
7o 286 232 183 349 235 250.0 657
an 300 238 163 a7s 229 267.0 720
an az0 246 185 405 226 278 4 778

100 341 258 158 439 | 2022 B51
110 366 275 205 473 223 308.4 B34
120 385 321 212 479 2326.0 BaS
130 420 358 24 485 24 2430 831
140 441 a8z 238 493 356.0 02
150 450 380 256 482 230 363.6 814
160 442 401 270 488 236 3674 BE1
170 430 407 281 476 243 367 4 B2T
180 492 402 287 447 245 3608 7T
180 407 384 286 414 253 348.8 707
200 380 368 286 330 260 339.0 669
210 ara 367 28B4 367 285 3292 B2z
20 261 148 281 353 262 321.0 505
230 353 340 276 341 257 3134 564
240 338 am | 326 251 303.4 531
250 326 3z8 269 a0g 247 295.8 487
260 394 324 e 204 241 289.0 455
270 305 a1 278 282 235 2842 443
2B0 286 323 262 274 228 2806 431
250 2687 3zt 282 267 220 276.6 418
300 280 327 Z78 260 213 2716 407
310 273 323 74 254 208 2660 398
azo0 268 319 Pk 249 198 260.8 ag
330 260 316 267 245 183 256.2 384
340 254 312 261 241 186 250.8 380
250 250 308 253 235 180 245.4 a7s
360 246 300 246 234 175 240.2 368
7o 241 293 238 229 170 234.2 A58
380 237 286 232 224 165 2288 350
360 232 280 225 220 181 2236 242
400 228 274 217 2B 157 218.4 335
410 223 268 21 211 153 213.2 A28
Average 318 312 247 a3 225 206 572
PFS-TECO Page 11 of 12
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LAB SAMPLE DATA - ASTM E2515

Client: Jotul Job #: 18-425
Model: F 500 W3 Tracking # 0011
Run# 4 Technician: SJB
Date: 10/4/2018
TRAIN A (1st Hour)
Filter, Probe, or Weights
Sample Component Sample Type gt .
P B sl O-Ring # Final, mg Tare, mg Particulate, mg
A, Front filter catch Filter 3350 123.6 123.3 0.3
B. Rear filter catch Filter 0.0
. Probe catch® Probe 0.0
D. O-Ring catch” Q-Ring 0.0
Sub-Total  |Total Particulate, mag: | 0.3
TRAIN A (Post 1st hour)
Filter, Probe, or Weights
Sample Component Sample T e :
RERER PeYPE | o.Ring# Final, mg Tare,mg | Particulate, mg
A, Front filter catch Filter 3351 124.1 123@ 0.8
B. Rear filter catch Filter 3352 119.4 118.5 -0.1
C. Probe catch* Probe 44, 116183.4 116183.3 0.1
D. O-Ring catch® 0O-Ring 4A 35583.8 SOEgIE 08
Sub-Total  |Total Particulate, mg: | 1.4
Train A Aggregate Total Pariculate, mg: | 1.7
TRAIN B
Filter, Probe, or Weights
Sample Component Reagent s 4
P po g O-Ring # Final, mg Tare, mg Particulate, mg
A. Front filter catch Filter 3353 1220 12 0.8
B. Rear filter catch Filter 33!_54 122.8 123.2 -0.4
C. Probe catch® Probe 48 116366.1 116366.0 0.1
D. O-Ring catch* O-Ring 4B 35816 3581.0 06
[ Total Particulate, mg: [ 1.2
AMBIENT
Filter, Probe, or Weights
Sample Component Reagent e ;
P BOmpY Lo O-Ring # Final, mg Tare, mg Particulate, mg
A. Filter catch® | Filter 3355 119.5 1185 0.0
( Total Particulate, mg: | 0.0

*Particulate catch that results in a negative number, is assumed to be zero for probes and O-rings, negative numbers for
filters are assumed to be part of the O-Ring weight.

PF3-TECO
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ASTM E2780 Wood Heater Run Sheets

Client:_Jotul
‘Model F 500 W3

Job Number:_18-425
Run Mumber:_4

Tracking #:_0011
Test Date: 10/4/2018

Wood Heater Run Notes

Test Control Settings

Primary Air Setting(s):

Open 0.126" from fully closed

Preburn Notes

Preburn Start Time: 10:21
Time MNotes
829 Loaded 7.5 Ibs of kindling
9:04 At 2.2 Ibs, Loaded Pre-burn Fuel
10:21 Set air to test setting, turned fan on to low setting
10:48 Stirred coals to ensure uniform charcoalization
11:48 Stirred coals to ensure uniform charcoalization, removed 0.6 |bs of coals.
12:01 Leveled coal bed, zeroed scale in preparation for fuel loading
Test Notes
Test Burn Start Time:___12:02
Test Fuel Loaded by;__ 40 seconds

Door Closed:___ 40 seconds

Air Control Set at: 5 minutes
Other Loading Motes:_ N/A
Time MNotes
&0 min Changed 1-hour filter.
410 min End of Test
Test Bumn End Time:___ 18:52
Background Filter Volume (ft3): _55.026
Filter Data
Train A A A A A B B B ) AME
Element Frant Filler Front Fifter Rear Piicbs O-Ring Front Rear . O-Ring =
{First Hour) {Remainder) Filer Pair Filter Filter o Pair "
1D # 3350 3351 3352 44 44 3353 3354 4B 4B 3355
Tare (mg) 123.3 123.3 118.5 116183.3 3593.2 1211 123.2 116366.0 | 3581.0 | 119.5
Final Weight (mag) 123.6 124.1 118.4 116183.4 35838 122.0 1228 116366.1 | 35816 | 119.5
Sample Train Leak Check: A:_0.000 @ -14 ‘HgB:_0.000 @ -12 "Hg AMB:__0.001 @ -14 "Hg

Technician Signature: / ~ Date:11/16/2018
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Client:_Jotul

ASTM E2780 Wood Heater Run Sheets
Job Number;_18-425

"Model: F 500 V3

Run Mumber: 4

Tracking #:

0011

Test Date: 10/4/2018

Flue Gas Concentration Measurement

Calibration Gas Values: Span Gas CO2(%);._16.93 CO (%):_4.33
Mid Gas CO:z(%);_100  CO (%): 2510
Calibration Results:
Pre Test Post Test
Zero Mid Span Zero Mid Span
Time 8.57 10:02 10:00 10:10 10:12 10:15
CO: 0.00 10.07 16.93 -0.02 10.08 16.97
co 0.000 2.497 4.330 -0.028 2.464 4.336
Flue Gas Probe Leak Check: Initial; Mo Leakage Final:_MNo Leakage
Dilution Tunnel Flow
Pitot Tube Leak Test: Initial;_ No Leakage Final:_No Leakage
Velocity Traverse Data
Pt.1 Pt2 Pt.3 Pt.4 Pt.5 Pt.6 PL.7 Pt.8 Center
dP (inH:0): 0.054 | 0.068 | 0.066 | 0.052 | 0.062 | 0.066 | 0.0668 | 0.054 | 0.070
Temp (°F): 87 87 87 a7 87 87 87 87 BT
Dilution Tunnel Static Pressure (inHz0): -0.195
Supplemental Data
Room Air Velocity (ffmin): Initial:_<50 Final;_=<50
Scale Audit {Ibs): Initial:_10 Final;_10
Stack Diameter (in}_6 Initial Middle | Ending
Induced Draft (in H:0): 0 Py (inHg) 29 91 29,91 29,92
% Smoke Capture:_ 100
=]
Flue Pipe Cleaned Prior to First Test in RH (%) ik i 204

Series: Date:_ 10/1/2018

Techniian Signature: / ~ Date:11/16/2018
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WOOD STOVE TEST DATA PACKET
ASTM E2780/E2515

PF3-TECO

/
PFS-TECO

Ny

Run 5 Data Summary

Client: Jotul
Model: F 500 V3
Job #: 18-425
Tracking #: 0011
Test Date: 10/5/2018

%Z/ 10/17/2018

Techician Signature Date

Page 10of 10



Run 5.xism

TEST RESULTS - ASTM E2780 / ASTM E2515

Client; Jotul Job & 1B-425
Madel: E 500 V2 Tracking #: 0011
Run# & Technician: SJB
Date; 10/5/2018
| Bumn Rate (kg/hr):| 296 |
-;::::r:t '3?;': : ?.?a”?f'; 1st Hour Filter
Total Sample Volume (%) 18,311 18,140 17.543 2,890
Average Gas Velocity in Dilution Tunnel (fisec) 174
Average Gas Flow Rale in Dilution Tunnel (dscfhr) 107832
Awverage Gas Meter Temperature (*F) 76,4 ans B9.5 833
Total Sample Volume (dscf) 16.034 17.517 17.178 10.425
Average Tunnel Temperalure (*F) 1281
Tofal Time of Test (min) 120
Total Particulate Catch (mg) 0.0 158 1.4 0.4
Parficulate Concentration, dry-standard (g/dscf)|  0.0000000 0.00008513 00000815 00000384
Total PM Emissions (g) 0.00 1.87 1.78 0.41
Particulate Emissian Rate (a/hr) o.00 g8 0.88 —
Emizsions Factor (g/kg) = 0.33 0.30 -
Difference from Average Total Parliculate Emissions (g} - 0.1 .11 -
Difference from Average Emissions Factor (a/kg) - ooz 0.02 -
Final Average Results
Total Parliculale Emissions (g) 1.85
Parficidate Emission Rate :gmr}—
Emissions Factor (g/kg) 0.31
HHV Efficiency (%) 70.5%
LHY Efficiency (%) T6. 2%
0 Emissions (g/min) 1.91
Quality Checks Requiremaent Observed
ous T rciin i X Smmnation s | i
Filter Temps <00 °F 79.0
Face Velocily < 30 fimin 83
Leakage Rate Less than 4% of average sample rate Ocfm
Ambient Temp 55-80 °F Min: 75 | Max: 77
Negalive Probe Weight Evaluation <5% of Total Catch Fmﬁ;ﬁ‘;"ﬂ‘
Pro-Rate Vaniation 0% dmﬂmim:;;ﬁ&m gresterthan | s Data Tabs
Slove Surface aT <126°F 92.2

PFS-TECO
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Run 5.xlsm

B415.1 Efficiency Results

VERSION:

FPF3-TECO

Manufacturer:
Model:

Date:

Run:

Control #:

Test Duration:
Output Category:

Jotul
F 500 V3
10/05/18
5
18-425
120
4

Test Results in Accordance with CSA B415.1-09

HHV Basis LHV Basis
Overall Efficiency 70.5% 76.2%
Combustion Efficiency a97.3% 97.3%
Heat Transfer Efficiency 72.5% 78.3%
Output Rate (kJ/h) 40,906 38,804 (Btu/h)
Burn Rate (kg/h) 2.93 6.45 (Ib/h)
Input (kJ/h) 58,017 55,035 (Btu/h)
Test Load Weight (dry ka) 5.86 12.91 dry Ib
MC wet (%) 16.71
MC dry (%) 20.07
Particulate (g ) 1.86
CO (g) 230
Test Duration (h) 2.00
Emissions| Particulate co
g/MJ Qutput 0.02 2.81
glkg Dry Fuel 0.32 39.20
g/h 0.93 114.82
g/min 0.02 1.91
Ib/MM Btu Output 0.05 6.52
Air/Fuel Ratio (A/F)] 11.53 |

2.2

121412009
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WOODSTOVE FUEL DATA - ASTM E2780

Client: Jotul Job & 18-425
Model: F 500 V3 Tracking & 0011
Run# & Technician: SJB
Date: 10/5/2018
Preburn Fuel Information
Maoisture Moisture
Size Length {in) Content Size Length (in) Content
(% DB) (% DB)
2x4 20.00 20.0 2x4 14.00 21.2
2xd 20,00 20.5 Zxd 14.00 19.4
2ud 14.00 18.7 2xd 20.00 204
24 14.00 20.3 234 20,00 221
2x4 14.00 16.8
2xd 14.00 19.7
2x4 14.00 2.2
2xd 14.00 221
Total Fuel Weight (lbs): 1775 Average Moisture (%DB): 205
Firebox Volume {ﬂ;’j'. 2.4 Coal Bed Range (20-25%):
Tatal 2x4 Crib Weight, with spacers (lbs): g8.15 Min (Ibs): 3.10
Total 4x4 Crib Weight, with spacers (lbs): 9.37 Max (Ibs): 3.88

Total Wet Fuel Weight, with spacers (|bs); | 15.52

Test Fuel Information
Size Length (in) | Weight ({Ibs) Moisture Content (3%:DB) Dry Weight (lbs)
2xcd 18.00 141 18.9 19.1 19.4 1.18
2x4 18.00 1.50 18.9 202 19.6 1.25
2x4 18.00 2.05 21.5 20.8 19.9 1.70
dxd 18.00 4.45 19.3 189 20.5 3.75
4xd 18.00 4.45 21.7 204 219 3.67
Total Dry Weight, no spacers (Ibs); 11.55
Total Dry Weight, with spacers (Ibs): 13.05
Spacer Molsture Readings (%DB)
7.8 8.7 B.4 8.4
8.1 8.8 8.8 9.1
7.4 a1 82 8.5
9.2 89 8.2 it
Quality Checks Reguirement Observed Result
Fuel Density 25 - 35 (Ibs/ft’, DB) 27.5 = :
Loading Density 6.3- 7.7 (Ibsfit’, WB) .44
24 Fuel Mix 35 - 85 % of total weight 40%

PFE-TECO Page 4 of 10
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WOODSTOVE PREBURN DATA - ASTM E2780

Client: Jotul Job # 18-425

Model: F 500 V3 Tracking & 0011

Run# 5 Technician: 5JB
Date: 10/5f2018

Preburn Start Time: = 10:10
Recording Interval {min): 10
Run Time (min}: _ B5

Temperatures (*F)
Elapsed | Scale Flue Draft Stove
Time | Reading (in H,0) FB Left| FB Right | FB Back| FB Top |FB Bottom| Surface | Flue | Ambient
{min) (Ibs) . Average
0 19.7 -0.063 376 a3z 165 424 105 2804 405 54
10 17.0 -0.081 411 434 174 538 138 31B.2 572 &4
20 14.1 -0.099 453 3581 188 620 178 382.0 621 65
30 1.0 0105 | 514 408 206 689 227 4080 | 658 64
40 8.1 -0.096 | 564 478 227 724 285 4556 | 662 64
50 P55 -0.084 595 563 256 726 342 496.4 651 63
60 40 -0.089 | E01 591 271 658 373 4988 | 579 63
65 35 -0.088 601 581 271 658 373 498 8 579 63
PFF5-TECO Fage Sof 10
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DILUTION TUNNEL & MISC. DATA - ASTM E2780 / E2515

Client: Jotul

Model: [F 500 V3

Run# &

Test Start Time: 11115

Job # 18-425
Tracking #: 0011
Technician: SJB

Date: 1/&/2018

Total Sampling Time (min): 120 Beginning| Middle End | Avg, |
Recording Interval (min); 10 Py (in Ho): | 29:94 2891 2981 29.92
Meter Box y Factor 1.002  (A)
Meter Box y Factor: 0887 (B) Dilution Tunme! MW{dry): 28.00 Ibflb-maole
Meter Box y Factor: 02899 (Amb) Dilution Tunnel M [wet): 2878 Inflb-maole
Tunnel Areg: 0.1963 ft*
Post-Test Leak Check Dilution Tunnel H,0: 2.00 percent
) 10.000 cfm @ =14 in. Hg Tunnel Diametar: & inches
8 0.000 cfm @ =14 in. Hg Pitat Tube Cp: 0.98
(AMB) 0.001 cfm @ -14  in. Hg Dilution Tunnel Static: -0.215 in HO
Ambient Sample Volume: 16.311 ft*
Tunnel Traverse Information
Pt.1 Pt.2 Pt.3 Pt.4 Pt.5 PLE PL7 Pt.8 | Center
dP (in H,0) 0.058 0.062 | 0070 0.052 0.058 0.070 0.064 0.052 0.07
Tunnel Temp {"F) 146 148 146 146 148 148 148 145 1486
Ve 17.62 ftizsec F.. 0838 [ratio]
Vieen: 1878  fiisec Initial Tunnel Flow: 1757 scfimin

Test Fuel Properties

Default Fuel Values

Fuel Type:
HHV (kJikg)
%C

%H

%0

%fsh

PF3-TECD

D. Fir

18,810

48.73
6.87
43.9
05

Cak
19,887
50
6.6
42.9
0.5

Page Gof 10

Actual Fuel Used Properties

Fuel Type: D, Fir
HHV (kJikg) 19,810
%C 48.73
%H 6.87
%0 43.8
YAsh 0.5
MC (%DB) 20.1




Run &.xilsm

BOX A TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job #: 18-425
Model: F 500 V3 Tracking #: 0011
Run# 5 Technician: SJB

Date: 10/5/2018

Parlicutate Sampling Data Fuel Waight (1) Temperature Data (°F)
El%up-::d G’*{ﬁ;"‘?ﬂ Rii"lg':n} Tu?;mn:fagp Gg&m Tmﬂ uziﬁ:n pr‘;‘,;“ Rﬁiﬁg C"'"::;'If; '.:I’."L“:;:;' Flse | Filter | Ambient
(min} finH0) | fin HaO) {in Ha}

0 0.000 0070 | 001 75 -0.08 172 | ssa | 7e 75
10 | 1443 | 0144 | o070 | 220 78 22 99 128 20 | 145 |es | 77 75
20 2604 0.146 0,070 231 78 -1:82 100 a7 -2.9 146 653 74 75
ao 4.3 E;qa 0,070 227 83 -1.61 100 7.5 -2.2 138 604 75 rid
40 | sess | o14s | coro | 220 87 012 | 100 6.1 R ) N (T 77
so | 738z | o150 | coro | 228 50 48 100 48 45 | 130 | se2 | 74 76
B0 8,890 0.150 0.070 220 a3 -0.2 84 3.4 4.2 128 537 75 76
70 | 10433 | o154 | o070 | 235 25 256 | 101 24 4 122 | s08 | 74 77
g0 | 11872 | o154 | coo | za7 a7 a2 | 100 1.8 o6 | 118 | 47w | 7 77
90 | 13508 | o154 | coro | 2ze 89 0 59 1.2 08 [ 115 | 484 | 78 77
100 | 15048 | 0154 | o070 | 234 100 2,21 a9 0.7 05 | 113 | 444 | 78 77
110 16,593 0,154 0.070 236 104 0,12 0] 03 0.4 110 424 7 T
120 | 18140 | o1ss | ooro | z3s 102 245 39 00 o3 | 108 [ 43| 7= 77
AvgTol | 18140 | 0.451 oot0 | 214 51 431 a0 _ 120 | s29 75 76.4

PFS-TECO Paga Tof 10
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BOX B TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job # 18-425
Model: F 500 V3 Tracking #: '_IE1
Run# 5 Technician: SJB
Date:; 10/5/2018
Pariculate Sampling Data Flue Gas Data
Meter
Tﬁml;p;:?m Gasmh"]aw nf:'}ﬂfm c:;ﬁf;g}l-‘ Tah:pm[[ﬂ ‘;m Pm:"};m ey Tutf Hu;ﬂm:t CO. (W) | Loty
o 0.000 0.00 74 -1 78 0.000 7.23 0.03
10 1.418 0.142 221 75 487 89 78 0,400 16.04 1.28
20 2,867 0.145 232 78 277 101 78 0,080 15.85 1.42
30 4,347 0.148 224 a2 25 102 T8 -0.080 11.33 0.00
40 5.832 0149 220 86 1,43 101 78 -0,080 1147 0.00
50 7.324 0.149 229 B9 2,52 101 78 0,080 11.69 0.01
B0 ‘8817 0.148 228 82 .08 100 78 0100 9,96 0.03
70 10,315 0.150 230 94 271 89 77 0,080 o668 o.00
BO 11.818 0.150 220 a6 -1.08 99 T8 -0.070 BE1 0.01
g0 13.321 0,150 2,28 97 2,97 59 77 -0.070 B.56 0.00
100 14.825 0,150 228 29 2,83 o8 78 0,070 BAB 0,00
110 16,335 0.154 2.28 100 188 8 78 0,070 B.21 .oz
120 17,843 0,151 227 100 243 98 T3 -0.070 E28 0.00
Avg/Tat 17.843 0.149 2.1 89 2.0 89 78 -0.078 10.39 0.22
PES-TECO Page &af 10




Run 5.xlsm

WOODSTOVE SURFACE TEMPERATURE DATA

Client: Jotul Job #; 18-425
Model: F 5003 Tracking #: 0011
Run# 5 Technician: SJB
Date: 10/5/2018
StoveaT:[ 82 |
Temperalune Data (*F)
Elapsed Time (mi) FB Left FB Right FB Back FB Top FB Baoitom s‘i":ﬁ:gf“ Catatyst Exil
0 581 - 583 277 60T 282 4880 782
10 582 523 275 674 396 430.2 1265
20 513 506 263 T1E 285 4978 1251
a0 520 E3n 261 B3 385 457 6 1103
40 588 540 257 B27 are 4796 1050
50 571 538 254 598 371 4666 1052
&0 548 540 250 576 368 458.2 857
70 522 521 263 539 357 442.4 848
B0 502 508 266 508 364 4292 a0t
90 489 485 272 483 255 418.8 Ba8
100 472 483 27T 463 346 408.2 845
110 464 474 282 441 351 402.4 g8
120 453 466 288 422 352 395.8 708
Average 539 517 260 564 370 452 a75
PFE-TECO Fage 3of 10
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LAB SAMPLE DATA - ASTM E2515

Client: Jotul Job # 18-425
Model: F 500 V3 Tracking #: 0011
Run# 5 Technician: 5JB
Date: 10/5/2018
TRAIN A {1st Hour)
Filter, Probe, or Weights
Sample Component Sample Type =
P pon AP O-Ring # Final, mg Tare, mg Particulate, mg
A. Front filter catch Filter 3356 121.2 120.8 0.4
B. Rear filter catch Filter 0.0
C. Praobe catch® Probe 0.0
D. O-Ring catch® O-Ring 0.0
Sub-Total Total Particulate, mg: 0.4
TRAIN A {Post 1st hour)
Filter, Probe, or Weights
Sample Component Sample Type e :
P PR P Ty O-Ring # Final, mg Tare, mg Particulate, mg
A, Front filter catch Filter 3357 123.4 123.2 0.2
B. Rear filter catch Filter 3358 119.6 1187 0.1
C. Probe catch* Probe 84 116770.4 1167702 0.2
D. O-Ring catch* O-Ring A 3535.3 3534.4 0.9
Sub-Total  [Total Particulate, mg; | 1.2
Train A Aggregate|Total Particulate, mg: | 1.6
TRAIN B
Filter, Probe, or Weights
Sample Component Rea £ ;
i pa i O-Ring # Final, mg Tare, mg Particulate, mg
A. Front filter catch Filter 3359 1223 1217 0.6
B. Rear filter catch Filter 3360 120.89 121.3 -0.4
C. Probe catch® Probe 5B 116880.7 116880.5 02
D. O-Ring catch® O-Ring 5B 3531.7 3830.7 1.0
| Total Particulate, mg: | 1.4
AMBIENT
Filter, Probe, or Weights
Sampl t Reagent :
R - O-Ring # Final, mg Tare, mg Particulate, mg
A. Filter catch* | Filter 3361 119.9 119.9 0.0
| Total Particulate, mg: | 0.0

*Particulate catch that results in a negative number, is assumed to be zero for probes and O-rings, negative numbers for
filters are assumed to be part of the O-Ring weight.

PFS-TECO
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ASTM E2780 Wood Heater Run Sheets

Client:_Jotul Job Mumber;_18-425 Tracking #:_0011
"Model: F 500 V3 Run Number._S Test Date: 10/5/2018

Wood Heater Run Notes
Test Control Settings

Primary Air Setting(s):__Fully open

Preburn Notes

Preburn Start Time:; 10:10

Time Motes
9:42 Loaded 7.5 lbs of kindling
10:10 Al 2.2 |bs, Loaded Pre-burn Fuel, set air to test setting, turned fan on to high setting
10:55 Stirred coals to ensure uniform charcoalization
1115 Leveled coal bed, zeroed scale in preparation for fuel loading
Test Notes

Test Burn Start Time:__11:15

Test Fuel Loaded by:___ 40 seconds
Door Closed: 40 seconds

Air Contral Set at: 0 seconds
Other Loading Motes:_ N/A

Time MNotes

&0 min Changed 1-hour filter.
120 min | End of Test

Test Burn End Time:__13:15
Background Filter Volume (ft*): 16.311

Filter Data

Train A A A A A B B B B AMB

Front Filter Front Filter Rear O-Ring Fron Rear O-Ring
Element 2 - " Probe : Probe Filter

{First Hour} {Remainder) Filter Pair Fikter Fikter Pair

o# 3356 3357 3358 5A 54 3358 3360 5B8 5B 3361
Tare (mg) 120.8 123.2 118.7 116770.2 | 35344 121.7 121.3 116880.5 | 3530.7 | 119.9
Final Weight (ma) 121.2 1234 119.6 1167704 | 35353 122.3 120.9 | 1168B0.7 | 3531.7 | 119.9

Sample Train Leak Check: A: 0.000 @ -14 "HgB:_0.000 @ -14 "Hg AMB:_ 0.001 @ -14 "Hg

Technician Signature; ﬂ Date: 11/16/2018

FPage 1 of 2



Client: _Jotul

ASTM E2780 Wood Heater Run Sheets

"Model:_E 500 V3

Flue Gas Concentration Measurement

Job Mumber: 18-425

Tracking #:

Run Number:_5

0011

Test Date: 10/5/2018

Calibration Gas Values: Span Gas COz(%)._16.93 CO (%)_4.33
Mid Gas COz(%):_10.0 CO (%) 2.510
Calibration Results:
Pre Test Post Test
Fero Mid Span Zera Mid Span
Time 10:20 10:25 10:22 13:40 13:42 13:45
CO: 0.00 10.05 16.93 0.07 10.07 16.99
co 0.000 2 464 4,330 -0.011 2473 4.318
Flue Gas Probe Leak Check: Initial: No Leakage Final:_MNo Leakage
Dilution Tunnel Flow
Pitot Tube Leak Test: Initial: Mo Leakage Final:_MNo Leakage
Velocity Traverse Data
Pt.1 Pt.2 Pt.3 Pt.4 Pt5 Pt& PL.7 Pt.8 Center
dP (inH:0): 0.058 | 0.062 | 0.070 | 0D.052 | 0.058 | 0.070 | 0.064 | 0.052 | 0.070
Temp (°F): 146 146 146 148 146 146 146 146 146
Dilution Tunnel Static Pressure (inH:0).___ -0.215
Supplemental Data
Room Air Velocity (ftfmin): Initial:_<50 Final: =50
Scale Audit (lbs): Initial:_10 Final:_10
Stack Diameter (iny_6 Initial Middle | Ending
Induced Draft (in H20): _0
hduced Drefi (n O 0. Po(inHg) | 29.94 2991 29.91
% Smoke Capture:__ 100
E
Flue Pipe Cleaned Prior to First Test in FRH %) il 258 25.4

Series: Date:_ 10/1/2018

Technician Signature: %ﬁ Date:11/16/2018
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WOOD STOVE TEST DATA PACKET
ASTM E2780/E2515

/.
PFS-TECO

\/

Run 6 Data Summary

Client: Jotul
Model; F 500 V3
Job #: 1B-425
Tracking # 0011
Test Date: 10/16/2018

%ﬁ 10/19/2018

Techician Signature Date

PFS-TECO Page 1 of 11
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TEST RESULTS - ASTM E2780 / ASTM E2515

Client; Jotul Job #: 18-425
Model: F 500 V3 Tracking # 0011
Run# 6 Technician; SJB
Date: 1W16/2018
| Burn Rate (kgihr):| 121 |
';":::sz ?_:’:IE‘: i::l::ﬂ; 15t Hour Filter
Tolal Sample Volume (ft") 40,452 43.972 44,736 8,641
Average Gas Yelocily in Dilution Tunnel (fi/sec) 16.9
Average Gas Flow Rate in Dilution Tunnel (dsciihr) 111615
Average Gas Meter Temperature ("F) 75.1 B4 o586 78,1
Tatal Sample Volume (dscf) 40.102 43.427 42832 10.168
Average Tunnel Temperature (*F) 87.3
Total Time of Tesl (min) 300
Total Particulate Cateh (ma) 0.0 148 16 0.8
Parliculate Concentration, dry-standard @dsd} 0.0000000 0.0000438 00000374 0.0000590
Total PM Emissions {g) 0.00 244 208 0.66
Particulate Emission Rate (g/hr) 0.00 0.49 042 | RRNGEGNN|
Emissions Faclor (g/ka) = 0.40 034 -
Difference from .ﬁnremge Total Parliculate Emissions I.'_g} s 0.18 018 -
Difference from Average Emissions Factor (glkg) - 0.03 0.03 -
Final Avorage Results
Total Pariculate Emissions (; 2.2
Particulate Emission Rate {gmri—
Emigsions Factor (gikg) 0.37
HHV Efficiency (%) 7T.5%
LHV Efficiency (%) 83, 7%
CO Emissions (g/min) 0.03
Quality Checks Requirement Observed
Dual Train Precision E“:'m":;;' :ﬂéﬁ: Emm See Above
Filter Temps =90 *F Bo.0
Face Velocity < 30 fifmin 81
Leakage Rate Less than 4% of average sample rate 0,001 cfm
Ambieni Temp 55-80 °F Min: 72 / Max 77
Negative Probe Weight Evaluation <5% of Tolal Catch v
Pro-Rate Variation O e s L ] st il
Stove Surface AT =128°F 65.6
PFS-TECO Page 2o0f 11
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B415.1 Efficiency Results

Manufacturer: Jotul
Maodel: F 500 V3
Date: 10/16/18
Run: 5]
Control #: 18-425
Test Duration: 300
Output Category: 2

Test Results in Accordance with CSA B415.1-09

HHV Basis LHV Basis |
Overall Efficiency 77.5% B3.7%
Combustion Efficiency 899.5% 99.5%
Heat Transfer Efficiency 77.9% 84.2%
Output Rate (kJ/h) 18,382 17,437 (Btu/h)
Burn Rate (kg/h) 1.20 264 (Ib/h)
Input (kJ/h) 23,725 22 506 (Btu/h)
Test Load Weight (dry kg) 5.99 13.20 | dry Ib
MC wet (%) 16.99
MC dry (%) 2047
Particulate (g ) 2.26
CO (g) 9
Test Duration (h) 5.00
Emissions| Particulate co
g/MJ Output 0.02 0.10
g/kg Dry Fuel 0.38 1.58
a/h 0.45 1.89
g/min 0.01 0.03
Ib/MM Btu Output 0.06 0.24
Air/Fuel Ratio (A/F)| 14.21 |
VERSION: 2.2 12/14/12009

FPF3-TECOQ Page 3of 11
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WOODSTOVE FUEL DATA - ASTM E2780

Client: Jotul Job # 18-425
Model: F 500 V3 Tracking #: 0011
Run# & Technician: 5JB

Date: 10M168/2018

Preburn Fuel Information
Moisture Maoisture
Size Length {ir) Content Size Length (in) Content
(% DB) (% DB)
2xd 20.00 22.0 2x4 14.00 201
2x4 20.00 19.8 2xd 14.00 204
24 14.00 18.7 2xd 20000 19.4
2xd4 14.00 189 254 20.00 18.7
2xd 14.00 19.8
2x4 14.00 27
24 14.00 20.3
2x4 14.00 19.4
Total Fuel Weight (lbs): 18.05 Average Moisture (%DB): 200
Firebox Volume (ft"): 241 Coal Bed Range (20-25%):
Total 2x4 Crib Weight, with spacers (lbs): 6.79 Min {Ibs}): 3.19
Total 4x4 Crib Weight, with spacers (lbs): 9.15 Max {Ibs): 3.99

Total Wet Fuel Weight, with spacers (Ibs): 15.94

Test Fuel Information
Size Length {in) | Weight (Ibs) Moisture Content (%DE) Dry Weight (Ibs)
2x4 18.00 1.76 20.4 200 19.3 1.47
2x4 18.00 1.34 19.4 18.0 19.1 1.12
2x4 | 18.00 2.36 22.1 228 21.8 1.83
Ay 18.00 423 208 19.7 18.8 3.63
x4 | 18.00 4.45 205 220 214 3.67
Total Dry Weight, no spacers (Ibs): 11.72
Total Dry Weight, with spacers (Ibs); 13.37
Spacer Moisture Readings (%DB)
7.8 10.0 g5 8.0
10.0 82 88 8.5
9.8 8.7 9.6 95
8.7 8.7 8.6 9.2
Quality Checks “Requirement Observed
Fuel Density 25 - 36 (Ibs/ft’, DB) 28.0
Loading Density 6.3-7.7 (Ibs/ft", WE) 8.61
2x4 Fuel Mix 35 - B5 % of total weight 43%

PF3-TECO FPage 4 of 11
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WOODSTOVE PREBURN DATA - ASTM E2780

Client: Jotul Job # 18-425
Madel: F 500 V3 Tracking # 0011
Run#: & Technician; SJB

Date: 10/16/2018

Preburn Start Time:  9:25
Recording Interval (min), 10
Run Time (min): = 60

Temperatures {*F)
Elapsed | Scale Flue Draft Stove

Time Reading (in H,0) FB Left| FB Right | FB Back| FBTop |FB Bottom| Surface | Flue | Ambient

(min) (lbs) Average
0 6.4 008 | 597 522 393 693 333 507.6 | 550 68
10 55 -0.070 573 522 419 616 338 493.6 419 BY
20 4.8 -0.058 526 492 426 552 333 465.8 378 =]
30 4.2 -0.068 487 467 425 512 328 443.8 347 65
40 3.8 -0.057 463 444 420 477 324 425.6 328 B5
&0 3.8 -0.045 440 425 413 448 323 408.4 309 B5
80 3.4 -0.058 421 408 403 420 322 354.8 299 B84
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Run G.xilsm

DILUTION TUNNEL & MISC. DATA - ASTM E2780 / E2515

Client: Jotul

Madel: |[F 500 W3

Run#: 8

Test Start Time; 11:28

Job #: 18-425
Tracking # 0011
Technician; SJB

Date: 10/16/2018

Total Sampling Time (min): 300 Beginning| Middle End Avg.
Recording Interval (minj: 10 Pea (imHa): | 3013 301 30.06 30.10
Meter Box y Factor: 1.002  (A)
Meter Box y Factor: D887 (B) Dilution Tunnel MW{dry): 29,00 Ibib-moale
Meter Box v Factor: 0.999  (Amhb) Dilution Tunnel MW (wet): 28.78 |bflb-mole
Tunnel Area: 0.1963 #*
Post-Test Leak Check Dilution Tunnel H,0: 2,00 percent
vy 01001 cfm @ =14 in. Hg Tunnel Diameter: B inches
(2 0.000 cfm @ -14  in. Hg Pitot Tube Cp: 0.99
(AMB)| 0.001 cfm @ -14  in. Hg Dilution Tunnel Static; -0.210° in H,O
Ambient Sample Velume: 40.462
Tunnel Traverse Information
Pt.1 Pt.2 Pt.3 Pt.4 Pt.5 Pt.6 PLT Pt.8 Center
dP {in HO) 0.058 0.0e8 0.068 0.054 0.058 0.066 0.068 0.052 0.07
Tunnel Temp (°F) o6 =] o5 o6 96 o] o8 95 o6
Varae 16.88  f/sec Fo:  0.842  [ratio)
Ve 17.94  ftisec Initial Tunnel Flow: 1848  scfimin

Test Fuel Properties

Default Fuel Values

Fuel Type: D.Fir
HHV (kJ/kag) 19,810

%C 4873

%H  6.487

%0  43.9
YeAsh 05

PFS-TECD

Cak
19,887
50
6.6
4248
0.5

Actual Fuel Used Properties

Fuel Type: D. Fir
HHV (kJikg) 19,810
%C 4873
%H B.87
%0 439
Y%Ash 0.5
MC (%DB) 20.5
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Run &.xism

BOX A TEST DATA - ASTM E2780 / ASTM E2515

Client: Jobul Job # 18-425
Model: F 5003 Tracking #: 0011
Run#: 6 Technician: 5J8
Date: 10162018
Particulale Sampling Data Fuel Weight {1b) Temperatuse Data (*F)
F12psed | Gos Meter| Sample | 00 | O Meter vt |Pro. Rate| Scale | wieight | Ditution | o
(mmin) () |Rate {cfm) (in H:0) | (in H:0) Temp (°F) in Ha) {3) Reading | Change | Tunmel
o 0001 0.070 0.00 74 0,14 158 120 355 74 73
10 1.408 0141 0.070 218 75 0 a7 147 4.2 101 a7z 74 72
20 2.848 0.144 0.070 215 75 252 100 13.8° -0.8 101 ara 74 73
30 4,288 0144 0.070 215 78 237 99 12,5 -1.4 100 385 TS5 73
40 5.734 0.145 0.070 216 77 284 100 11.3 1.2 102 394 78 73
50 7.185 0.145 0.070 218 78 25 100 24 1.4 104 412 75 74
B0 8.642 0.146 0,070 214 78 -1.42 100 88 1.3 102 382 75 74
70 10110 | o.47 0,070 2.15 &0 -2.48 101 7T 0.8 100 369 74 74
Bo | 11574 | 0148 0.070 247 81 2,37 100 a8 8 100 361 74 74
a0 13,088 | 0047 0.070 215 80 21 100 59 0.8 a9 358 74 74
100 | 14508 | o147 0.070 214 80 -1.33 100 54 -0.8 ag 362 75 75
110 | 15873 | oa47 0.070 215 81 -0.22 100 4.5 0.6 o 343 76 75
120 | 17441 | 0247 0,070 216 B2 257 100 38 -0.6 ag 338 77 76
130 | 18811 | D047 0.070 216 B3 «1.65 100 3.4 0.5 a8 325 78 75
140 | 200381 | 0147 0.070 218 (] 100 a9 0.3 a8 3189 78 75
150 | 21882 | 0147 0.070 214 -1.13 100 27 0.4 a7 a7 75 75
160 | 232323 | o047 0.070 214 CE! -0.81 100 2.4 0.3 a6 308 75 76
170 | 24796 | 0047 0.070 2168 B4 -2.49 100 22 -2 a5 287 76 78
180 | 26271 | 00148 0.070 2.16 B4 0 100 20 0.2 a4 280 77 78
180 | 27745 | 00147 0,070 218 B4 .31 100 1.8 0.2 93 278 74 Fi:]
200 28219 o147 0.070 218 83 -0.38 100 1.8 0.2 93 274 75 76
210 | 30686 | 0148 0.070 215 B3 -0.3 100 14 0.2 93 273 77 76
220 32170 0147 0.070 2,18 B3 -0.86 100 1.2 0.2 83 270 7o 7B
230 | 3EB48 | 0148 0.070 215 83 -0.62 100 14 0.1 a3 27 75 78
240 | 35122 | 0148 0.070 214 B4 o 100 0.8 0.2 3 273 7 76
250 | 38585 | 047 0.070 214 B4 -2.56 100 08 0.1 93 272 74 77
260 | 38071 | 0148 | 0070 | 215 85 282 | 100 08 <2 | Rl 76
270 | 29548 | 0148 0.070 215 B4 012 100 0.5 01 53 273 i Fird
280 | 41020 | 047 0.070 214 B85 -2.38 100 0.3 02 o4 273 75 76
280 | 42496 | 0948 0.070 215 B4 -0.24 100 0.1 0.2 93 270 78 77
300 | 43@72 | 0148 0.070 215 B85 o 100 0.0 0.1 53 272 76 il
Avgot| 43972 | 0147 | o070 | 208 81 420 100 _ a7 319 75 751 |
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Run G.xlsm

BOX B TEST DATA - ASTM E2780 / ASTM E2515

Client: Jotul Job # 18-425
Model: F 500 V3 Tracking #: 0011
Run# & Technician: SJB
Date: 10/16/2018
Particulate samﬁlim Data Flue Gas Data
Meter
Tﬁnlipz:?n} Ea?ﬁthm ngzn{ﬂ;: c;lrll‘lﬁﬁ.t; S}H TeTnE;E{ ') 1":::":';’]“ pm:'@?}m Filtar CF) FqliL:Ht:g;n CO; (%) | CO(%)
0 0.001 0.00 73 4 - 78 0,000 718 0.08
10 1.423 0.142 232 T4 0,65 100 78 -0.070 5.50 0.02
20 2,887 0.148 2.30 78 -0.87 102 78 -0.070 9,25 0,03
a0 4363 0.147 229 81 -0.72 101 ] -0.070 11.26 0.01
a0 5,825 0.147 229 85 -0.68 10 78 -0.060 15,08 2.01
&0 T.301 0,148 226 B8 2,67 10 78 -0.070 14,00 0.08
&0 B.782 0.148 228 a0 -2.93 104 78 -0.080 10,87 0.00
70 10,266 0.148 226 az -2 BT 100 78 -0.060 10,41 0.00
e 11.753 0.148 297 a4 -08 100 78 -0.080 10,56 0.00
a0 13244 0.148 227 s 211 100 80 -0,060 10,72 0.00
100 14,738 0,149 227 a7 -0.76 100 a0 -0.060 10,15 0.00
110 16,230 0.149 227 o7 276 100 ] -0.050 8.24 0.00
120 17,725 0.150 227 88 -1.668 100 T8 -0.080 a7 0.02
130 19.223 0.150 227 =l:] -1.83 100 79 -0.060 8,39 0.01
140 20,720 0.150 228 100 -2.84 100 T8 0,050 7.53 0.00
150 22 247 0,150 228 100 07 100 T8 -0,060 7.82 0.00
160 23,718 0,150 227 104 0.75 100 78 -0.060 7.01 0.00
170 26.217 0.150 295 1M 274 as 78 0,050 .99 0,00
180 26,718 0.150 227 101 -1.69 o9 78 -0.050 7.58 0.00
190 28.218 0,150 228 1M -0.85 ag &0 -0.050 7.51 0.02
200 28,718 0,150 236 10 232 g 80 -0.040 782 0.00
210 31,218 0.150 228 102 274 a9 78 -0.050 7.60 0,00
220 3722 0.150 225 102 -2.82 L] 78 -0.030 7.48 0.00
230 34,229 0.150 227 102 -1.07 e 78 -0.060 7.81 0.01
240 35.723 0.150 2.26 102 -1.55 88 i -0,050 747 0.00
250 37.227 0.150 228 102 -2.25 28 78 -0.050 T.48 0.02
260 38.725 0.150 207 102 -2.78 a9 78 -0.050 T.42 0.00
270 40.230 0.151 224 103 -2.78 20 ) -0,040 i [ 0.00
280 41,731 0.150 228 103 -0.88 99 BO -0,050 721 0.00
290 43,232 0.150 228 103 172 ag T8 -0,050 7.08 0.00
300 44,736 0.150 228 103 -1.08 ] 78 -0.050 7.54 0.00
AvgTol 44,736 0.149 2,20 96 -1.74 100 7% -0.053 881 0.01
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Run B.xism

Client: Jotul

BOX B TEST DATA - ASTM E2780 / ASTM E2515

Model: F 500 V3

Run# 6

Job #: 18-425
Tracking # 0011
Technician: SJB

Date: 10M16/2018

Particulate Sampling Data Flue Gas Data
Mater
Elapsed Gas Meter Sample | Orifice dH Meter Pro. Rale o Flue Draft
Tme(min) | F)  |Rate(chm)| (nH0) | Temp(F) | EIE | ) Fier (9 | nmg) | €O | COOR)
PF3-TECO Page $af 11




Run 6.xigm

WOODSTOVE SURFACE TEMPERATURE DATA

Client: Jotul Job # 18-425
Model: F 5003 Tracking #: 0011
Run# & Technician: 5JB
Date: 10M16/2018
Stove .|:~.T:{ 13 |
Temperaiure Data ('F)

Elapsed Time (min) FB Lef FE Right FB Back FB Top FB Bottom 5‘“;::5;*:‘* Catalyst Exit
0 418 407 403 417 322 3934 570
10 4 370 382 440 216 381.8 BI04
20 arz 341 348 435 206 360.6 824
a0 365 343 324 483 287 359.2 907
40 ara 367 2 488 289 367.0 858
50 398 408 ape 528 283 3A5.4 1020
60 428 434 312 523 276 394.6 894
70 458 428 7 ag4 27 393.2 gES
80 480 429 322 480 265 31,2 B840
20 453 441 328 474 281 a81.0 845

100 A5G 436 33 471 258 391.0 BS0
110 455 430 334 48 259 388.8 B2T
120 446 424 236 457 281 364 6 828
130 434 422 336 448 3 3808 788
140 423 411 33T 428 266 ars.a 784
150 411 387 335 431 269 368.6 T84
160 408 388 385 422 271 364.8 743
170 394 ‘378 336 355 27 3556 e
180 78 ETES a3g 384 270 348.2 683
190 388 arz 342 376 269 345.6 871
200 365 370 347 369 268 343.8 655
210 361 ar 347 355 271 343.0 BES
220 357 -a70 346 382 271 2412 658
230 355 370 34 381 271 340.2 BE0
240 354 366 342 363 269 338.8 671
260 356 364 338 363 266 337.2 673
260 354 360 335 285 281 335.0 880
270 355 357 331 385 257 333.2 875
280 353 356 328 364 253 3308 BT2
290 T 38T 328 360 250 326.6 660
300 342 A58 az8 a8z 247 327.8 672
Average 364 387 A36 420 272 362 TR0
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Run 6.xism

LAB SAMPLE DATA - ASTM E2515

Client: Jotul Job #: 18-425
Model: F 500 V3 Tracking #: 0011
Run# & Technician: SJB
Date: 10/16/2018
TRAIN A (1st Hour)
Filter, Probe, or Weights
Sample Component Sample Type : ,
e pa pe e O-Ring # Final, mg Tare, mg Particulate, mg
A_ Front filter catch Filter 3392 123.2 1228 0.6
B. Rear filter catch Filter 0.0
C. Probe catch® Probe 0.0
D. O-Ring catch® O-Ring 0.0
Sub-Total  |Total Pariiculate, mg: | 0.6
TRAIN A (Post 1st hour)
Filter, Probe, or Weights
Sample Component Sample T i ;
P po il O-Ring # Final, mg Tare, mg Particulate, mg
A_ Front filter catch Filter 3383 118.3 1182 0.1
B. Rear filter catch Filter 3384 120.5 1206 0.1
C._Probe catch” Probe 12A 116888.1 1168881 0.0
D. O-Ring catch® O-Ring 12A 3433.9 34326 13
Sub-Total  [Total Particulate, mg: I 1.3
Train A Aggregate | Total Particulate, mg: | 1.9
TRAIN B
Filter, Probe, or Weights
Sample Component Reagent ke
P i i O-Ring # Final, mg Tare, mg Particulate, mg
A. Front filter catch Filter 3385 123.0 122.5 0.5
B. Rear filter catch Filter 3396 119.0 11941 0.1
C. Probe catch® Probe 12B 117052.0 117051.9 0.1
D. O-Ring catch® 0-Ring 128 24087 3404.6 1.1
[ Total Particulate, mg: | 1.6
AMBIENT
Filter, Prabe, ar Weights
Sample Component Reagent et :
P 5 g O-Ring # Final, mg Tare, mg Particulate, mg
A, Filter catch® Filter 3387 1206 1206 0.0
| Total Particulate, mg: | 0.0

*Particulate catch that resulis in a negative number, is assumed to be zero for probes and O-rings, negative numbers for

filters are assumed to be part of the O-Ring weight.

PFS-TECO Page 11 af 11




Client:_Jotul

ASTM E2780 Wood Heater Run Sheets

"Model:_F 500 V3

Test Control Settings

Primary Air Setting(s).

Preburn Notes

Job Number:_18-425
Run Number;_8

Open 0.126” from fully closed

Wood Heater Run Notes

Tracking #:_0011
Test Date: 10/16/2018

Preburn Start Time: 9:25
Time Maotes

8:12 Loaded 7.5 Ibs of kindling

B:35 At 2.2 |bs, Loaded Pre-burn Fuel

8:25 At 6.5 Ibs set air to test setting

10:25 Leveled coal bed, zeroed scale in preparation for fuel loading

FAN CONFIRMATION TEST — FAN OFF FOR DURATION OF TEST

Test Notes

Test Burn Start Time;

Test Fuel Loaded by:

10:26

30 seconds

Door Closed: 35 seconds
Air Control Set at:
Other Loading Notes:__ N/A

5 minutes

Time Motes
60 min Changed 1-hour filter.
300 min | End of Test

FAN CONFIRMATION TEST — FAN OFF FOR DURATION OF TEST

Test Bumn End Time:

15:26
Background Filter Volume (ft*);_40.462

Filter Data

Train A A A A A ) B ] B ANB

Front Filter Frant Filter Rear O-Ring Front Rear O-Ring
Elemant - : Prabe : - ) Probe Filter

(First Hour) (Remainder) Filner Pair Filter Filter Pair

D # 3302 3383 3304 128 124 3308 3396 128 128 3397
Tare {mag) 1226 1192 120.6 116888.1 34326 122.5 1194 117051.9 | 34046 | 1206
Final Weight (mg} 1232 119.3 120.5 116888.1 34339 123.0 118.0 117052.0 | 3405.7 | 1206

Sample Train Leak Check: A:_0.001

@ -14 "Hg B:_0.000

Technician Signature: %ﬂ Date:11/16/2018

@-14 “Hg AMB.__0.001 @ -14_"Hg
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Client:_Jotul

ASTM E2780 Wood Heater Run Sheets

"Model._F 500 V3

Job Number;_18-425

Run Number: &

Flue Gas Concentration Measurement

Test Date: 10/16/2018

Tracking #:_0011

Calibration Gas Values: Span Gas CO2(%):_16.93 CO (%)_4.33
Mid Gas CO:2(%)._10.0  CO(%):2510
Calibration Results:
Pre Test Post Test
ZEro Mid Span Zero Mid Span
Time 8:50 B:55 8:52 15:50 15:52 15:55
CO: 0.00 10.07 16.93 0.04 10.10 16.97
co 0.000 2.494 4.330 -0.008 2,397 4287
Flue Gas Probe Leak Check: Initial: No Leakage Final:_No Leakage
Dilution Tunnel Flow
Pitot Tube Leak Test: Initial: No Leakage Final:_No Leakage
Velocity Traverse Data
Pt.1 Pt.2 Pt.3 Pt.4 PL.5 PLB Pty Pt.8 | Center
dP {inH:0); 0.058 | 0.066 | 0.068 | 0.054 | 0.058 | 0066 | O.0RB | 0.052 | 0.070
Temp (°F): 98 96 06 86 96 96 86 96 g6
Dilution Tunnel Static Pressure (inH:0): -0.210
Supplemental Data
Roaom Air Velocity (ftimin); Initial; <50 Final:_<50
Scale Audit (Ibs): Initial:_10 Final_10
Stack Diameter (in)_6 Initial Middle | Ending
Induced Draft (in H20):
(NHO: 0 Po(inHg) |  30.13 3010 | 3006
% Smoke Capture:__100
Flue Pipe Cleaned Prior to First Test in RH) i il 155

Series: Date:

100142018

Technician Signature: ﬂ

Date:11/16/2018
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Sample Pre-Test Tare Sheet: [ Probas @ Filters 0O O-Rings
Date/Time In Desiccator, 4/t ~ [f: Balance ID#_107__ Audit Weight I0# / Weight{mg).___[#5 4 _ [ @ty
SaTP® | DateMime | Weight(mg) | DatefMime | Weight(mg) | DaterTime | Weight(mg) | DatefTime | Weight (ma) et | ProjectRun #
| 3321 [1ef -aew | ALY gl g5 | (213 ~ = = ~ sB | 13-435 4
3322 Y [P f 15 = = = - 58 | lp-epz 89
3323 | 123.% Hrerd 1338 - - ~ ~ 3B i
3324 19.¢ 148 - - - = sf 3
3325 T 12].% - - - ~ 18 |
3328 23,3 l22 1 - = - - 3k ~
3327 4.4 llay = = - - S [4-153 43
3328 Al [ 205 - - = 38 !
3329 & ¥ 1126 - - = - 58 |
3330 4.5 e = = e = . f
3331 1210 [ 2Ll - N - - 8 R
3332 la3.0 | 1231 ~ e - ~ # |18-415 3\
3333 LN 1 9. % - = = = 5§ |
3334 120.4 | 0.3 = - - 58
3335 ) [ 12§ = - = = ]
3336 .3 119. & - - - - R
3337 N {4110 - - - - b1 i
3338 123.4 123.5 = -~ - - B 1% -426 o2
3329 A 1158 - - ~ - B [
3340 1509 121 e - % Z 0
3341 3.8 | tamo — - = = ey
3342 114.4 Y L% — -~ Ea=— = 35 |
3343 “|dvo. 1 [6fi=Fue] 1oy - = - - = Fi
3344 123+ | 122 F - s = = $ | 18-475 43
3345 li0.% | 1210 = - - = = i
3346 S | 12).3 - - - e |
3347 123.6 25 - - - - E }
3348 JEES U4-F - = - = s |
3348 A vl 105 = - - o e
3350 143.5 K a3 - e — w 4- s F4 |
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Sample Post-Test Analysis Sheet [J Probes & Filters O O-Rings
Balance ID#:_107 _ Audit Weight ID# / Weight (m):_/14 - (s,
Date/
Samgple 1D ;":_;'; Tmen ey | weight(mg) | 22 | weignt (mg) 2ate’ | weight (mg) Qaiel | weight (mg) | Tech.

3321 203 | &z ipus | SA[TE .ame] 1209 Wh-3es | 243 — =

3322 | {2lS |ofig-ra3s| lofi-¥ue| (a5 g 10f1-1500 | 1259 —t . — 5B
3323 1239 ] 12% & y 1238 %
gg%; M EE‘,J- 24,4 I'I Jw_;: - =

pLi. |2, & |2e _..:%"—

3326 iz 4 192, | L2210 —
3327 (s 13- | e 14 [d5¢ = 5
3328 Lo gy [20.2 1223 55
3329 Lha G 128 1 23,3 <9
3330 142 4.2 9,2 — P
3331 Lzil b ~L 1211 ‘* 1911 — Ky ]
3332 1290 |0fl-qe90 | Vofa-Bw]| 123.6 lefs-zg| 1335 = i - = i
3333 | 148.7 Liag |20.0 — = - - B
3334 | 19w% Ling L g = = = = 59
3335 1275 P TR - = = - i
3336 1L S 8 L85 = = = = by
3337 Lziv ~] ~+ 1211 ) Lz — = e = E1)
3338 | 1235  llafd 025 | W1l 12d. 19fu-oye | 240 = — - — b
3338 |18 1 Wk 1155 g - = =T =%
3340 | 1zl 1Leg 1Lle P - % = B
3341 1250 e PR — - - = R
3342 et in.2 LAk - - = = i
3343 | [jex [ €T P 3 TR = = = = 5
3344 1323 - — — — =, — = — — —
3345 1210 = - == = o = = = — =
3346 | 42).9 = = — = — = — = =
3347 122§ - = — - -— = = = = =
3348 19,3 — — — = - = = = = =
3349 2.5 e — — - —= - == — = -
3380 [ S M S S Y R T N ) I Ief1s-%e | 1256 ~- = = = )
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Sample Pre-Test Tare Sheet: [J Probes & Filters O O-Rings

DatefTime In Desiccator:_9/2% - [M%  Balance [D#_107  Audit Weight 1D# / Weight(mg):____ 1094-100mq
3".’5"'“ Date/Time | Weight (mg) | Date/Time | Weight(mg) | DatefTime | Weight(mg) | Dale/Time | Weight {mg) I:E‘I‘j: ProjectiRun #
3351 | le/2- %% | Yaz Yy lel3- 3us 1333 = = - 3% 14- 485 s
3352 ] ua. 1195 = = - 2 75
3383 | [FYN LEY = — 2 — =&
3354 [ FEX Py 999 pH-ale | 123L% = = 5 ~
3355 | TEE| 4.5 = = = — 3 i
3356 | 120.9 30,5 poms = = = =5
a3s7 1135 1p3%.0 e jly-or L = o,
3358 UAA 4.5 lefd g o3 - = i
4359 12l ¥ 1.2 = = = = T
3360 1318 15132 = — = = 5 .
3361 IEE3 8.2 = = 5 = = HNe—
3362 123.4 227 — - &l ~ - KA
3363 | 206 |35 — — = = <5
3364 | 1185 A o= i = -
3365 [33.4) 123.5 = — = 56
3366 la.0.¢ 13.0:6 — e = = =5 ]
3367 RN 210 = = = = % 18- Y2 WL
3368 124 T3 O = = = = b
3389 1.2 ) - = = - 5
3370 [FANS [FA] — == = - 5%
3371 133.0 l33.0 — - - -- 1) it
3ar2 4.5 143 - — - = 7= |18 Y21 47 |
3373 | 1500 EYE e = = o= =B
3374 | [FER) | 1725 = = =¥ = =%
3375 lja.a WA A — = i = =
3376 1] 3~ 1315 — = = = = :
3377 12.2.9 133.6 = = = = TR TR
3378 210 15-1.1 — — = = %%,_
3379 9.6 ™ = — - — =
3380 Ny 109 5 S 120.9, = - = = 3 )
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Sample Post-Test Analysis Sheet: O Probes @ Filters O O-Rings
Balance ID#:_ 107 Audit Weight ID# / Weight {mg).____1094-100mg
Datel
sampleiD | (o JTimein 08 | weight(mg) | Date/ Waigh (ng) Qael | weightgmgy | 2| weignt (mg) | Tach

3351 2%y ef5- ¥4 |l d- i 124 o 1615 Jaa| HIlE |74 = - - - =¥

3352 | has TEXC ) — e - - <8
3353 {11 122 121.8 . = e - =B
3354 | W38 177.% 1324 = ~ - - =8
3355 | \[u3 b 1084 LKA — - - - 58
3356 | |2+%  |lefg-1i%0 1% 2.2 - i — = =T
3357 124 2 ( 1154 | 2 o = - = — 5%
3358 a3 1.0 119.6 = — = i
3359 YLy 1222 |R13 - - = = sh
3380 | '3 (BT 1209 - - = i <%
3361 1as 4 119,54 o K ~ = - = B
3362 1227 | 193- e [lal)s.%es 1.5% Wfisapges]  12%,5 — — - - s
3363 13, £ ! \ 1LY 1 1244 = = = = =8
3364 Lia.4 [ 1192, aa - - o = st
33E5 1138 | 124 5 128 | - - - = =q
3366 | 1a9¢ [ 1243 120.% — ~ e -
3367 l11e AN 1.3 = = = - 3%
3388 | lpa M 122 13 - - - - )
3369 4.3 L85 Iin - - - - I%
3370 4204 [P 1R2.% £ - -~ = 3%
3371 134.0 111 % 131 .6 - -~ - 5%
3372 TLN) 11e.5 [FLE ii - i e
3373 | 121 1225 pas = = - = 5%
3374 112 4 1% A w = = - 5%
3375 e = Bl Y [P = = - - Pa)
33786 i3 LA Y13 — = — B
3377 TEE [ 116.5 = = = - <
3378 AN S L% = = - e %
3379 1o, % Yoy tig 4 i - o S %
3380 L3, 115w i 1145 = == — — ELeS
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Sample Pre-Test Tare Sheet [ Probes [ Filters 0O O-Rings
Date/Time In Desiccator;_6[2% . 1050 Balance ID#_ 107 _ Audit Weight ID# / Weight(mg);____109A-100mg

SemPle | Date/Time | Weight (mg) | DatefTime | Weight (mg) | DatefTime | Weight(mg) | DateTime | Weight (mg) Jech. | ProjectRun #
3381 | [ -08 | 1336 | picges | Ja3A = = = E 58| [-qu 84
3382 ] 130.1 {300 i - 7 = B | (g yel BT
3283 { 13\ e [P & = ~ = k| 19-quis
3384 1252 1324 = - - = 5B

3385 ) 1403 = - - L

A3B6 |23 122,73 = - = 8 2

3387 T | Hay - = = 8 | gz dE |
3388 \14.5 | A = — = = B 1

3389 123.3 123.49 = = = < ey

3380 1AM A5 - = = ~

3391 [P Vae.ny - - - - g e

3302 123 3% 1226 = = = 1% |14 s 8 |
3393 RS 7.2 o = i = < I

3304 fo. 7 205 = - - = sH |

3385 FEN 1225 - = - — 5

3396 1. Ha = = = = %

3397 103 |20.C 3 = = = 5 P
3398 |32 | s 4 - - = = sB |-y um
3359 1335 | 1.1.5 = - — - b

3400 |30 B | 120 % - - — — st

3401 142, = lges = = = = o
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Sample Post-Test Analysis Sheat: O Probes @ Filters 0 O-Rings
Balance ID®:_107_ Audit Weight ID# / Weight (mg): 1094-100mg
Datel
Sample D | (o [Tmein T | wegntmg) | 92 | weightmmg) | 3/ | weignt(mg) | O/ | weight(mg) | TN
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Sample Pre-Test Tare Sheet = Probes O Filters O O-Rings
Date/Time In Desiceator,_4/1¢ - R Balance ID#:__107__ Audit Weight ID# / Weightima): /29 §- fway
SaTPl | Daterime | Weight (mg) | DatefTime | Weight(mg) | DatelTime | Weight(mg) | DaterTime | Weight (mg) ]‘Im"f“m ProjectiRun #
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Sample Post-Test Analysis Sheet = Probes O Filters O O-Rings
Balance ID#:_ 107 Audit \Weight ID# / Weight (mg): 1808 260 sy

Datef
Sample ID [T,j:g; Timein T | Weishtma) | T | weignt(mg) | T2 | weignt(mg) | D& | waight(mg) | TEN
] L]
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Sample Pre-Test Tare Sheet [J Frobes

O Filters

@ O-Rings

DateTime In Desiccator:_4 /24 - %0 Balance ID#__107 _ Audit Weight |D# / Weight{mg):__108B-200mg

SamPe | DaterTime | Weight (mg) | DatefTme | Weight(mg) | DatefMime | Weightimg) | DatelTime | Welght (ma) pech. | ProjectiRun #
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Sample Post-Test Analysis Sheet: O Probes 0 Filters B O-Rings
Balance ID#_107 _ Audit Weight ID# / Weight (mg):__1044 « Zams
Date/
Sample!D | r¢ JTime in Doel | weightmg) | 2| weightimg) | D2 | weigntimgy | 2%/ | weight(mg) | TSN
r
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28R Weighted Average xism

EPA Method 28R Weighted Average Emissions

Client:  Jotul
Stove Model: F 500 W3

Test Dates:  10/1/2018 - 10/5/2018

Burn Rate (dry kahr)

Job Number: 18-425 Signature/Date; 10/17/72018
Weighted Average Particulate Emissions (g/hr):|
Weighted Average HHV Efficiency (%):
Weighted Average LHV Efficiency {%):]
Average CO Emissions (g/min):
Individual Run Summaries
Run Mumber: 4 Run Mumber: 2
Burn Rate (dry kafhr):  0.81 Bumn Rate (dry kgthr):  1.17
Emissions Rate (g/hr): 028 Emissions Rate (ghr): 040
HHV Efficiency (%);  83.2% HHV Efficiency (%): 80.6%
LHV Efficiency (%)  89.9% LHY Efficiency (%): B87.1%
Weighting Percentage (%): 30.62% Weighting Percentage (%): 25.14%
Run Mumber: 1 Run Number; 5
Burn Rate (dry kg/hr):  1.46 Bum Rate (dry kg/hr): 2.96
Emissions Rate (g/hr):  0.52 Emissions Rate (g/hr): 093
HHY Efficiency (%) 75.7% HHV Efficiency (%): 70.5%
LHV Efficiency (%) 81.9% LHV Efficiency (%) 76.2%
Weighting Percentage (%) 28.00% Weighting Percentage (%): 16.23%
Emission Rate vs Burn Rate Plot
1.00
0.90 =t
£ 0.80 i
@ 0.70 — —
=2 0.60
g 0.50
2 0.40
g 0.30 e
w 0.20
0.10
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0.00 0.50 1.00 2.00 2.50 .00 .50
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L - U.5. ENVIRONMENTAL PROTECTION AGENCY - %

Manufactuned by: MAHUFACTURING DATE
Jotul Morth Amerca, Inc.

i |
Model: Jotul F 500 v3 Serial No: [ G ‘

[ 66 Hutcherson O, | Zows L3oq0 | Jo) 3033 | 30x) nlm

Gorham, ME 04038 USA 11202 s 14

T [] B |19 | 11 |12

CERTIFIED TO COMPLY WITH 2020 PARTICULATE
EMISSION STANDARDS USING CRIB WOOD.

CERTIFIED EMISSIONS VALLUE .50 G/Hr

This wood heater needs periodic inspection and repair for proper
operation, Consult the owner's manual foer further information.

It is against foderal regulations to oparate this wood heater in a mannar
Inconsistent with the operating instructions In the owner's manual.

226551-00

250

2.000

3.500

)

JOTUL

Jatul Morih America, Ine.
55 Hutcherson Dr. Gorham, ME 04084

207-5081-6601
FaX: 207-581-6606

v

EPA 2020 Serial Label - F 500 V3
PN 226551 REV 00

SPECIFICATIONS:

« 38" x20°

= 013" aluminum

» 153" clearance hole, Two

« Comners radiused .125"

= Serialization begins at 00001001
* Prints one side only, 100% Black




Jotul F 500 V3
Catalytic Wood Heater

Classic and Clean Face Models

Installation and Operating Instructions
for the United States and Canada

€A 0054 nMer

B The Jptul F soo V3 wood stove is listed
to burn solid wood only. Do not burn
any other fuels.

B Read this entire manual before you
install and use this appliance.

B Save these instructions for future
reference and make them available
to anyone using or servicing the

Classic fireplace insert.

B This wood heater contains a catalytic
combustor that requires periodic
inspection and repair for proper
operation. See this manual for
specific maintenance information.

It is against federal regulations to
operate this wood heater in a manner
inconsistent with the operating
instructions in this owner’s manual, or
if the catalytic element is deactivated
or removed.

Clean Face

JBTUL =),
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WARNING !

THIS WOOD HEATER HAS A MANUFACTURER-
SET MINIMUM LOW BURN RATE THAT MUST
NOT BE ALTERED. IT IS AGAINST FEDERAL
REGULATIONS TO ALTER THIS SETTING

OR OTHERWISE OPERATE THIS WOOD
HEATER IN A MANNER INCONSISTENT WITH
OPERATING INSTRUCTIONS IN THIS MANUAL.

This heater meets the 2020 U.S.
Environmental Protection Agency's
emission limits for wood heaters
manufactured after May 15, 2020.

Standards

The Jgtul F 500 V3 solid fuel heater has been tested and listed to:
LL5. Standards: ANSIFUL 737 and ANSL/UL 1482,
Canada Standards: CAN/ULC-5627-M09 and CAN/ULC-5628-M00

Certified Safety Tests performed by:
Intertek Testing Services, Middleton, Wisconsin U.S.A.

Manufactured by:

Jptul Morth America, Inc,

&5 Hutcherson Drive
Garham, Maine 04038, UsA

A French language version of fhis manual is available to
download at www. jotul. ca.

Télécharger la version francaise de ce manuel a l'adresse www.
Jotulca.

a R
NOTE: It is normal for a new, painted stove
to emit odor and smoke during initial fires,
depending upon temperatures over time. This is
caused by the curing of high temperature paint
and manufacturing materials. This condition
can be alleviated by opening a window or door
to provide additional ventilation. See Break-in
Procedure, Sect. 5 for details.




Combustion Specifications

Heat Output F‘.a’mge:1
Max. Heat Output:

Heating Capacity:*

Maximum Burn Time:*

13,200 to 37,000 ETU/ME (39908 kw)
70,000 BTU/hr.

Up to 2000 sq. ft.

Up to g9 hours

EPA Efficiency:? HHV: 78.40% LHV: 84.73%
CO Emissions:* 50 g/min.
Pariculate Emissions:® 5o glhr.

Fuel: Up to 24" Logs (6og mm)

' Heat Output Range results are determined during specific

emissions tests established by the EPA,

The Maximum Heat Output value is representative of a more

frequent re-fueling cycle than specified in the EPA High Heat

Output test method.

Heating Capacity and Maximum Burn Time will vary depend-

ing on design of heme, climate, wood type and operation

EPA Validated Efficiency:

High Heat Value and Low Heat Vialue are obtained per C5A

Bg15.-10 test method. HHV caleulation encampasses all

products of combustion, including Hz20 condensation. LHV

calculation includes H20 in its vapor state. Simply put, HHV

assumes all the water component is in a liquid state {con-

densed) at the end of combustion and that heat recovered

from condensation can be put to use,

4 Carbon Monoxide Emissions rate results from Test Method
C3A Barg.a-10,

5 Particulate Emissions rate is obtained using EPA Test Method
28R

See Sect. 5.0 of this manual for important information
regarding the safe, proper, and most efficient operation

of your stove,

Always follow the guidelines presented in this manual
when installing, operating, and maintaining this
appliance and make them available to anyone using or
servicing the stove.

Check Building Codes

Your city, town, county or province may require a building
permit to install a solid fuel burning appliance.

Inthe U.S., the National Fire Protection Assaciation's
Code, NFPA 21, Standards for Chimneys, Fireplaces, Vents
and Solid Fuel Burning Appliances, or similar regulations,
may apply to the installation of a solid fuel burning
appliance in your area.

In Canada, the guideline is established by the CSA
Standard, CAN/CS5A-B365-Ma3, Installation Code for Solid-
Fuel-Burning Appliances and Equipment.

Always consult your local building inspector or authority
having jurisdiction to determine what regulations apply
in your area,

Feoo Vi Osle 1048

Safety Notices

= BURNSOLID, NATURALWOOD FUEL ONLY. DO NOT BURN ANY
OTHER FUEL.

« DO NOT USE CHEMICALS OR FLUIDS TO START A FIRE. DO NOT
BURN GARBAGE OR FLAMMABLE FUELS.

= DO NOT USE A GRATE OR ELEVATE THE FIRE. BUILD THE FIRE
DIRECTLY ON THE HEARTH.

* [FTHIS ROOM HEATER I5 NOT PROPERLY INSTALLED, & HOUSE
FIRE MAY RESULT. TO REDUCE THE RISK OF FIRE, FOLLOW THE
INSTRUCTIONS IN THIS MANUAL. FAILURE TO FOLLOW THESE
INSTRUCTIONS MAY RESULT IN PROPERTY DAMAGE, BODILY
INJURY, OR LOS5 OF LIFE.

* CONTACT LOCAL BUILDING OR FIRE OFFICIALS ABOUT RESTRIC-
TIONS AND INSTALLATION INSPECTION REQUIREMENTS IN
YOUR AREA.

*  ANY EXISTING CHIMNEY SYSTEM MUST BE INSPECTED BEFORE
INSTALLATION OF THIS APPLIAMNCE.

« DO NOT COMMECT THIS STOVE TO ANY AIR DISTRIBUTION
DUCT OR S5YSTEM.

» EXTREMELY HOT WHILE IN OPERATION! KEEP CHILDREN,
CLOTHING, AND FURNITURE AWAY. CONTACT WILL CAUSE SKIN
BURNS. USE ACHILD GUARD SCREEN TO PREVENT ACCIDENTAL
CONTACLT BY SMALL CHILDREN.

= IN5TALL SMOKE DETECTORS IN THE LIVING AREA AND BED-
ROOMS OF YOUR HOME. TEST THEM REGULARLY AND INSTALL
FRESH BATTERIES TWICE ANNUALLY.

WHEN INSTALLED IN THE SAME ROOM AS THE STOVE, A SMOKE
OR CARBON MONOXIDE DETECTOR SHOULD BE LOCATED AS
FAR FROM THE STOVE AS POSSIBLE TO PREVENT THE ALARM
SOUNDING WHEN ADDING FUEL.

= Avoid creating a low pressure condition in the room where
the stove Is operating. Be aware that operation of an exhaust
fan or clothes dryer can create a low pressure area and conse-
quently promote flow reversal through the stove and chimney
system. In some cases, the optional Qutside Air Kit #54335
can be used to alleviate this condition. The chimney and build-
ing, however, always work together as a system - provision of
outside air, directly or indirectly to an atmospherically vented
appliance will not guarantee proper chimney performance.
Consult your local Jetul authorized dealer regarding specific
installation/performance issues.

= Jptul strongly recommends that this stove be installed by
a professional solid fuel technician, er that you consult one
if you do the work yourself. Alse, consult your insurance
company regarding any other specific requirements.

’I';lr:-.nuuél. We suggest that our woodbuming hearth i
INSTITUTE Products be installed and serviced by
INT—1 0 professionals who are certified in the U.S.
by the National Fireplace Institute® (NFI) as
NFI Woodburning Specialists or who are
cerified in Canada by &,
CERTIFIED YVood Energy Technical

\ v licartified g T[Eil‘lil'lg {WEW}

Wood Energy
Technicl Traning

—
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1. Installation

1.1 Assembly before Installation

The Jgtul F 500 V3 is shipped with the flue collar, gasket,

and combustor monitor inside the stove.

= Flue Collar Gasket: Remove the protective tape and
apply the gasket to the channel around the flue
opening.

= Install Flue Collar: Use the supplied ME bolt, washerand
nut to secure the collar to the stove in the appropriate
top or rear exit position. Reach through the collar
opening to fasten the washer and nut to each bolt.

« Take out the ash lips,which are inside the burn chamber,
and install. The one in front is placed loosely on top
of the base plate, while the side ash lip is fastened
with the screw that is pre-installed on the base plate.

2. Chimney and Chimney
Connector Requirements

2.1 Chimney Connector

The chimney connector is a single walled pipe used to
connect the stove to the chimney. For use with the
Jptul F 500 V3, the chimney connector must be 6"
{152mmy} in diameter, with a minimum thickness of 24
gauge black steel.

= Aluminum and Galvanized steel pipe is not

acceptable for use with the Jgtul F 500 V3,

These materials cannot withstand the extreme
temperatures of a wood fire and can give off toxic
fumes when heated,

» Do not use the connector pipe as a chimney.

= Each chimney connector or stove pipe section must
be installed to the stove flue collar and to each other
with the male (crimped) end toward the stove. See
figure 2. This prevents any amount of condensed or
liquid creosote from running down the outside of the
pipe or the stove top.

» Al joints, including the flue collar connection must be
secured with three sheet metal screws,

= For the best performance the chimney connector
should be as short and direct as possible, with ne
maore than two go® elbows.

» The maximum horizontal run is 36" (gi5mm) and a
recommended total length of stove pipe should not
exceed 10 feet.

» Horizontal runs must slope upward 1/4" (6,35mm) per
foot toward the chimney.

« Mo part of the chimney connector may pass through
an attic or roof space, closet or other concealed space,
or through a floor or ceiling.

« All sections of the chimney connectors must be
accessible for cleaning.

» Where passage through a wall or partition of
combustible construction is desired, the installation
must conform with NFPA 211 or CAN/CSA-B36s, and is
also addressed in this manual.

+ Do not connect this unit to a chimney flue servicing
another appliance.

2.2 General Chimney Requirements

There are two types of chimneys suitable for the
Jptul F 500 V3:
1. Acode-approved masonry chimney and flue liner,

2. A prefabricated chimney complying with the
requiremnents for Type HT (2100°F) chimneys per UL 103
or ULC 562g.

An existing chimney system must pass a UL1482
Level Il inspection conducted by a qualified technician or
building official.

The chimney flue size should not be less than the
cross-sectional area of the stove flue collar, and not
more than three times greater than the cross-sectional
area of the flue collar.

Chimney Considerations

When choosing a chimney type and location in the
house, keep this in mind: it is the chimney that makes
the stove work, not the stove that makes the chimney
work. The chimney allows the temperature difference
between inside and outside air to create suction, called
"“draft", which pulls air through the stove necessary to
support combustion.Since draft is the force which moves
air from the stove up through the chimney, its strength
is critical to proper stove function. Besides air pressure
differential, draft strength is affected other factors
including:

« chimney condition and height

« surrounding construction, other buildings
* nearby trees, local geography

+ wind conditions and climate

Any of the preceding conditions can adversely
affect performance. Weak or erratic draft can cause
“backpuffing”- a condition when smoke leaks into the
room through the stove or chimney connector joints.
Poor draft will also make it difficult to maintain a steady,
controlled burn and lead to creosote accumulation in the
chimney or combustor.

A shart, masonry chimney on the exterior of a

house will promote poor performance. This is because



it will be difficult to initiate and maintain temperatures
warm enough to sustain adequate draft. In extremely
cold northern areas, it may be necessary to reline

the chimney or extend its height to help improve
performance. Conversely, a tall, masonry chimney inside
the house will warm more quickly and retain heat
longer.

On the other hand, overly strong draft can also cause a
different set of issues such as excessive temperatures and
short burn times

|deally, whether masonry or prefabricated, the chimney
should be centrally located inside the house where it will
be least affected by exterior conditions and the stove's
radiant heat can be most evenly dispersed.

The following guidelines give the necessary chimney
requirements based on the national code [ANSI-NFPA
znifor the US. And CSA CAN-B365 for Canada). However,
many local codes differ from the national code to take
into account climate, altitude, or other factors.

NOTE: Consult your local code authority to
determine what building and fire codes apply in
your area befare installing your new stove. Your
local inspector has final authority in approving your
installation,

2.3 Masonry Chimneys

A masonry chimney must conform to the following

guidelines:

= The chimney flue size should not be less than the
cross-sectional area of the stove flue collar.

« The cross-sectional area of the flue of a chimney with
no walls exposed to the outside below the roofline
shall not be more than three times the cross-sectional
area of the stove flue collar.

= The cross-sectional area of the flue of a chimney with
one or more walls exposed to the outside below the
roofline shall not be more than two times the cross-
sectional area of the stove flue collar.

= Larger chimney flues should be relined with a listed
or code approved liner.

« The masonry chimney must have a fireclay liner
or equivalent, with a minimum thickness of 5/8"
(16mm) and must be installed with refractory mortar.
There must be at least 1/4" (6,35mm) air space
between the flue liner and chimney wall.

« The fireclay flue liner must have a nominal size of 8"
X 8", and should not be larger than 8" X 12".If a round
fireclay liner is to be used it must have a minimum
inside diameter of 8" (i5mm) and not larger than 8"
(z0Bmm) in diameter.
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+ If a chimney with larger dimensions is to be used, it
should be relined with an appropriate liner that is
code approved.

+ The masonry wall of the chimney, if brick or modular
block, must be a minimum of 4" [106mm) neminal
thickness. A mountain or rubble stone wall must be at
least 12" (310mm) thick.

« A newly-built chimney must conform to local codes and
in their absence must recognize national regulations.
When using an existing chimney, it must be inspected
by a licensed professional chimney sweep, fire official,
or code officer, to ensure that the chimney is in proper
working order.

* Mo other appliance can be vented into the same flue.

= Anairtight clean-out door should be located at the base
of the chimney.

2.4 Prefabricated Chimneys

A prefabricated metal chimney must be tested and
listed for use with solid fuel burning appliances to High
Temperature (HT) Chimney Standard UL 103 for the U.S.

and High Temperature Standard ULC 5-62q for Canada.

The manufacturer's installation instructions must
be followed precisely. Always maintain the proper
clearance to combustibles as established by the pipe
manufacturer. This clearance is usually a minimum of
2" (s6mm), although it may vary by manufacturer or for
certain chimney components.

2.5 Chimney Height

The minimum chimney height is 15 feet (4.57 m). The
chimney must also be at least 3 feet higher than the
highest point where it passes through the roof and at
least 2 feet higher than the highest part of the roof or
structure that is within 10 feet of the chimney, measured
horizontally. See figure 3.

Chimneys shorter than 14 feet may not provide
adequate draft. This could result in smoke spilling into
the room from the stove when loading the stove, or
when the door is open. In addition, inadequate draft can
cause back puffing, which is a build up of gases inside
the firebox.

Other times, chimney height can create excessive
draft which can cause high stove temperatures and
short burn times. Excessive drafts can be corrected by
installing a butterfly damper. If you suspect you have a
draft problem, consult your dealer.
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2.5 Wall Pass-throughs

When your installation unavoidably requires the
chimney connector to pass through a combustible wall
to reach the chimney, always consult your local building
officials, and be sure any materials to be used have been
tested and listed for wall pass-throughs.

In the U.5:

The National Fire Protection Association’s publication,
MWFP& 2m, Standard for Chimneys, Fireplaces, Vents and
Solid Fuel Burning Appliances permits four methods for
passing through a combustible wall. Before proceeding
with any method be sure to consult with your local
building officials to discuss any local code requirements.

Common Methed:

= When passing through a combustible wall to a masonry
chimney this method requires the removal of all
combustible materials from at least 12" (31omm) around
the chimney connectors proposed location, With a 6"
(15gmmjround liner the minimum area required would
be 31" x 31" (Jg92x792mm) square.

« Thespace is then filled with at least 12" (31omm)of brick
around a fireclay liner. Remember, the liner must be
ASTM C35 or equivalent, with a minimum wall thickness
of 5/8" (16mm).

= Itisimportant to remember to locate the pass-through

at least 18"(457mm) from the ceiling for proper clearance
to combustibles.

« It will be necessary to cut wall studs, install headers, and
construct a sill frame to maintain the proper dimensions
and to support the weight of the brick.

= The bricks must be solid brick with a minimum of

= 314" (83mm) thick (4" (robmm) nominal).

= Refractory mortar must be used at the junction of the
chimney and the pass-through liner. The pass-through
liner must not penetrate the chimney liner beyond the
inner surface of the chimney liner. Use extreme care
when constructing the hole in the chimney liner, the
tiles can shatter easily. See figure 4.

In Canada:

In Canada the standard has been established by

the Canadian Standard Association. The installation
must conform to CAN/CSA-B365, Installation Code for
Solid Fuel Burning Appliances and Equipment. Before
proceeding be sure to consult your local building
inspector.

Common Method:

This method requires the removal of all combustible
materials from at least 18" (457mm) around the chimney
connector’s proposed location. With a 6” (15ymm) round
liner the minimum area required would be 43" x 43"
square [1092x1092mm).

Itis important to remember to locate the pass-
through at least 18" (457mm) from the ceiling to
maintain the proper clearance to combustibles.

The space that is cleared of combustible materials
must then remain empty. Sheet metal panels can then
be used to cover the area. However, when using a panel
on both sides of the wall each cover must be installed
on nencombustible spacers at least 1"(25,4mm) from the
wall, If one panel of sheet metal is to be used it may be
installed flush to the wall.

See section 5.3.1 and 5.3.2 of CAN/CSA - B365-Maa.

Consult your local building inspector, authorized Jptul
Dealer, NFPA 211 in the U.5. or CAN/CSA-BE35 in Canada
for other approved wall pass-through methods.

3. Connecting to the Chimney

3.1 Masonry Chimney Thimble

When connecting the stove to a masonry chimney
through a"thimble"({the opening through the chimney
wall to the flue), the thimble must be lined with ceramic
tile or metal and be securely cemented in place. See fig. 4.

The chimney connector/stove pipe must slide
completely inside the thimble to the inner surface or
the flue liner. A slip-connector may be used to permit
adjustability and ease maintenance / cleaning access.
Seefig. 5.

Make sure the connector pipe or thimble sleeve does not
protrude into the flue liner, thereby restricting the area
the smoke has to flow through. This bottle-neck will
have a negative affect on the chimney system.

The chimney connector should be sealed at the
thimble with refractory cement and the stove pipe
leading to the stove should have a minimum of three
SCrEWS,



Do not connect this stove to a chimney flue servicing
another appliance of any kind.

3.2 Hearthmount Into a Masonry Fireplace

TheJptul Fsoo V3 has a rear exit flue collar height of
281/4" (118 mm) when installed with standard legs.
Substitution of Short Legs will lower the height to 26"
(660 mm).

When installing the Jptul F 500 V3 into a masonry
fireplace, code requires that the fireplace damper plate
be removed or securely fixed in the open position. A
connector pipe must then extend from the stove's flue
exit through the damper area of the fireplace and into
the chimney tile liner. See figure &.

The inside area of the flue liner must not be less than
the area of the stove's flue exit, and cannot be more than
three times greater than the cross sectional area of the
stove's flue exit,

If the chimney liner is too large to accommodate the
stove, an approved relining system must be installed to
resize the flue,

A new sheet metal damper block-off plate must be
installed around the connector pipe at the damper frame
and sealed with the proper sealant (usually High-Temp
Silicone).

Fireplace installation must also observe the proper
clearances to surrounding trim and mantels (addressed
in clearance section of this manual). In addition, fireplace
installations must also adhere to the floor protection
guidelines specified in the following section.

3.3 Prefabricated Chimneys

When installing the Jgtul F 500 V3 to a prefabricated
metal chimney always follow the pipe manufacture’s
instructions and be sure to use the components that
are required. This usually includes some type of "smoke
pipe adapter” that is secured to the bottom section of
the metal chimney and allows the chimney pipe to be
secured to it with three sheet metal screws. See figure 7.
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4.Clearances to Combustibles

4.1 Floor Protection

Floor protection under the stove must be composed of
continuous non-combustible materials for protection
from sparks and embers. Install the supplied bottom
heatshield. Alcove installations also require a minimum
R-value of 1.6 for thermal protection.

Individual sections of floor protection must be
mortared together to prevent sparks from falling
through to combustible materials. Any carpeting must

be removed from under the floor protection,
In the U.S. and Canada

The Jgtul F 500 V3 must be installed on a non-

combustible surface extending:

» A minimum of 18" (457mm) in front of the stove and
the left side load door {(measured from the legs).

+ 8" (200mm) on the right side and back of the stove
(measured from side and back panels).

This will result in a minimum floor protection of
54.25"W X 50,5"D (1378mm x 1283mm). See figure 8.

For a rear vent installation, the floor protection must also
extend under the stove pipe a minimum of 2" (somm)
beyond either side of the pipe.

Alternate hearth protection

A hearth pad measuring 46" wide X 50,5" deep
(1n168mmx1z83mm)can be used only if the left side door is
locked to prevent use. Door Lock Kit #h55850 is available
for this purpose.

4.2 Clearances to Walls and Ceilings

The following clearances have been tested to UL
and ULC standards and are the minimum clearances
specifically established for the Jgtul F 500 V3.

The following diagrams give the required clearances
you must maintain when installing the lgtul F 500 V3
near combustible surfaces. See pages 22-23.

A combustible surface is anything that can burn (L.e,
sheet rock, wall paper, wood, fabrics etc.). These surfaces
are not limited to those that are visible and also include
mmaterials that are behind non-combustible materials.
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If you are not sure of the combustible nature of a
material, consult your local fire officials. Contact your
local building officials about restrictions and installation
requirements in your area.

Remember: “Fire Resistant” materials are considered
combustible; they are difficult to ignite, but will burn. Also
“Fire-rated" sheet rock is also considered combustible.

4.3 Using Shields to Reduce Clearances

Pipe shields: When using listed pipe shields to reduce
the connector clearance to combustibles, it must start
1"(25,4mm) above the lowest exposed point of the
connect pipe and extend vertically a minimum of 25"
(635mm) above the top surface of the stove.

Double wall pipe: Listed double wall pipe is an
acceptable alternative to connector pipe heatshields,

Wall-Mounted Protection: When reducing clearances
through the use of wall mounted protection:

In the U5, refer to NFPA 211, Standard for Chimneys,
Fireplaces, Vents and Solid Fuel Burning Appliances, for
acceptable materials, proper sizing and construction
guidelines,

In Canada, refer to CAN/CSA-B36sg, Installation Code for
Solid-Fuel Burning Appliances and Equipment, also for
acceptable materials, proper sizing and construction
guidelines.

Jptul F 500 V3 Rear Heatshield Kit 154332
Mo other heat shield may be used.

See pages 17-18 for complete clearance requirements
and diagrams.

MNOTE:

Accessories approved for clearance reduction have been
developed by many manufacturers. Be sure that any
accessory you choose has been tested and listed by an
independent laboratory and carries the laboratory's
testing mark. Follow all of the manufacturer’s
instructions.

Always contact your local building inspector or fire
officials about restriction and requirements in your area.
Your local officials have final authority for installation
approval.

4.4 Alcove Installation

Ths appliance may be installed in an alcove provided:

(See figures g and 10)

1. The stove must be installed with listed double walled
pipe.

2. In a protected alcove installation both side walls and
rear wall must be protected per NFPA 211 or CAN/
CSA-B365, The wall protection must be elevated
1"{24,5mm) from the floor and at least 1" (24,5mm)off
the combustible wall to allow for an air-flow.

3. The height of the wall protection including the
bottomn air space must be 48"(1219mm).

4. The bottom heatshield is required in all Alcove
installations. See page 15 for installation instructions.

5. Hearth protection material must consist of:
a) a UL/ULC listed Type |l Thermal Floor Protector or,
b) material having a minimum r value of 1.6 (see
appendix a).

&. Minimum ceiling height in an unprotected
installation, off the top of the stove is 41" 1041 mm).
The minimum ceiling height off the top of the stove
in a protected ceiling installation is 15" (38omm).

Use of the left side load door is prohibited in alcove
installations. Install 155840 Side Door Lock kit available
from your dealer.

4.5 Mobile Home Installations

The Jptul F 500 V3 has been approved for use in mobile
homes in the U.5. and Canada, provided:

1. The stove is secured to the floor or the mobile home.
Floor mounting kit #750304. The structural integrity
of the mobile home must be maintained.

2. All chimney components, including chimney sections,
supports, spark arrestor, etc., shall comply with the
Standard for Factory-built Chimneys for Residential
Type and Building Heating Appliances, UL 103 and/
or CAN/ULC-5629 Standard for 650°C Factory-built
Chimneys.

3. The chimney shall be attached directly to the stove
and extend at least 3 ft. (0.9m) above the roof.
Termination must be at least 2 ft. (0.6m) above the
hightest elevation of any part of the mobile home
within 1o ft. (3m).

4. In order to allow for transportation of the mobile
home, the chimney termination shall be readily
removed at or below an elevation of 13.5 f£. (4.1 m)
above ground level and reinstalled without use of
special tools or instructions.



5. A spark arrester must be installed at the termination.
The net free area of the arrester above the chimney
outlet must not be less than four times the net area
of the chimney outlet, and the vertical height of the
arrester must not be less than one-half the diameter
of the chimney flue. Openings shall not permit the
passage of a sphere having a diameter larger than
1/2" (12.7 mm), and shall permit the passage of a
sphere having a diameter of 3/8" (9.6 mm).

6. Direct connection of the stove to an outside air
source is required. Use Outside Alr Kit 154333. Do not
substitute any other connection method or device. See
page 11 for more details. Duct termination must not
be installed at a level that is higher than the air inlet
located at the bottom of the stove.

7. When the chimney exits the mobile home at a location
other than through the roof, and exits at a point 7 ft.
(2.1 m) or less above the ground level, a guard or ather
method of enclosing the chimney, must be provided at
the point of exit for a height up to 7 ft. Openings of this
chimney guard shall not permit penetration of a 3/4 in,
(19.1 mm) diameter rod, or contact with the chimney by
a 1/2 inch {127 mm) diameter rod inserted through the
opening a distance of
4 inches {102 mm).

DO NOT INSTALL THE STOVE IN A BEDROOM OR
SLEEPING AREA.

Always consult your local building inspector or fire
officials about restrictions and requirements in your area
prior to installing the stove.
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5. Operation

Please read the following section completely before
building a fire in your new Jgtul F 500 V3.

5.1 Combustion Efficiency

The lgtul F soo V3 has an EPA test High Heating Value
(HHV) efficiency rate of 78.4%. There are, however,
aspects of efficiency that you should be aware of in
order to get the most from your stove, Operation habits
and fuel moisture can have a significant effect on
efficiency. Poorly seasoned wood having a higher than
optimum moisture content, can reduce the amount of
energy transferred to the living area as a result of the
energy expended to evaporate the excess fuel moisture
in order for the wood to burn. Operational habits - such
as not building a robust kindling fire to readily ignite
the larger fuel pieces - can result in an inefficient,
smoldering fire. Additionally, most modern wood
heaters’ optimum performance and efficiency are at the
medium to medium-low burn rates.

The location of the stove can also have a significant
effect on heating efficiency, primarily in regard to
distribution of the heat. For example, a wood heater
centrally located in an open living area, will likely provide
better circulation of heat than will a stove located in a

room adjacent to the larger living area.

5.2 Minimize Carbon Monoxide
Emissions

Testing the F 500 V3 to C5A Bg1s.1-10 resulted in a carbon
monoxide emission rate of .50 grams per minute, There
are properties related to CO generation that you should
be aware of. Most means of combustion proeduce CO,
including wood fire. You can greatly reduce CO levels
by maintaining a well-established fire and avoiding
operation that produces a smouldering, smoky fire.

We highly recommend that a CO monitor (detector) be
installed in the same room as the stove, The monitor
should be located as far away as possible from the stove
to avoid alerts when the doors are opened.
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5.3 Wood Fuel and Performance

Use dry wood.

The F 500 V3 is designed to burn natural wood only.
Higher efficiencies and lower emissions generally
result when burning air-dried, seasoned hardwoods, as
opposed to softwoods, green or freshly cut hardwoods.
Waood that has been air-dried for a period of 6 to 14
manths will provide the cleanest, most efficient heat.
Wood seasoned more than 2 years will burn too quickly
to take advantage of the stove's low end efficiency
strength.

A seasoned log will have many check marks (cracks)
through the ends and be lighter than an unseasoned log
which will show few or no check marks.

We recommend using a moisture meter that
incarporates probes to determine the moisture content
of your wood. Meters are available at your dealer or local
hardware store. For purposes of home heating, your fuel
should have a moisture content between 1z - 20% on
the meter guage. Wood with higher moisture content
will burn, however, very inefficiently. Most of its heat
value will be lost through evaporation, driving water
out of the wood. Worse, that moisture will condense as
creosote in the relatively cool chimney flue, increasing
the potential for a chimney fire and weak draft strengh.
Use of unseasoned wood defeats the purpose of any
modern wood-burning stove.

BURN UNTREATED WOOD ONLY. DO NOT BURN:
« Coal;

= Garbage;

+ Synthetic fuel or logs;

= Material containg rubber, including tires;

+ Material containing plastics;

Waste petroleum products, asphalt products, paints,

paint thinners or solvents;

+ Materials containing asbestos;

= Construction or demolitioin debris;

- Railroad ties or pressure-treated wood;

« Manure or animal remains;

» Salt water driftwood or other previously salt-water;
saturated materials;

« Unseasoned wood;

- Colored paper, or

= Paper products, cardboard, plywood, or particle board.
{The prohibition against burning these materials does
not include the use of fire starters made from paper,

cardboard, saw dust, wax or similar substances for the
purpose of starting a fire.)

= Burning of any of the materials listed above can result
in the release of toxic fumes, cause smoke, or render
the catalytic combustor permanently damaged and
ineffective.

10

+« IT IS AGAINST FEDERAL REGLATIONS TO OPERATE
THIS WOOD HEATER IF THE CATALYTIC ELEMENT 15
DEACTIVATED OR REMOVED.

= MEVER USE GASOLINE, GASOLINE-TYPE LANTERN FUEL,
KEROSENE, CHARCOAL LIGHTER FLUID OR SIMILAR
LIQUIDS TO START OR "FRESHEN-UP" THE FIRE. ALWAYS
KEEP SUCH LIQUIDS AWAY FROM THE HEATER AT ALL
TIMES.

= NOTE: Prevent logs from resting directly on the glass

panel. Logs should be spaced off of the glass enough
to promote unrestricted air flow within the firebox.

5.4 F 500 V3 Control Functions

The F 500 V3 is designed to support efficient combustion
and optimal heat transfer by directing air to the fire
through two separate channels; Primary and Secondary.
See figure 1.

Primary Air is manually regulated by a lever- controlled
valve located at the front center of the stove, directly
below the door. See fig. 12. The lever position controls the
volume of primary air entering the firebox and thereby
affects fire intensity, heat output and burn time. Primary
air is directed to the main body of the fire through air
ports at the front of the stove. Separate manifolds at
each side also deliver pre-heated primary air above the
front doors and create an "air-wash” to help keep the
viewing glass clean.

Secondary air is automatically regulated to promote
combustion of volatile gas that would otherwise be
exhausted to the atmosphere unburned. The secondary
airinlet is located at the back of the stove where a
temperature-sensitive bimetal coil continuously varies
the volume of air introduced to fire. This air is preheated
as it passes over the back and top of the firebox, directed
to the secondary combustion baffle and delivered to the
catalytic combustor. The combustor maintains the high
temperatures necessary to burn volitile gas that would
otherwise pass unburned into the atomosphere, When
the combustor is functioning, no smoke will be observed
exiting the chimney. This is evidence that the stove is
operating in the so-called “sweet-spot” wherein optimum
efficiency is realized,



Secondary air is always available to the secondary
combustion baffle and the catalytic combustor.
The automatic control valve funtions to provide
the appropriate amount of secondary air relative to
maintaining optimal clean combustion.

When first starting or reviving the fire: the primary
control lever should be set to the far right position, which
permits the maximum amount of air into the stove. The
greater the amount of air entering the stove, the hotter
and faster the fire will burn,

Moving the lever to the left reduces the airflow into
the stove and thereby prolonging the fire at a lower heat
output. See figure 12.

Control Settings and Performance

Use the table below as a guide to achieve the best
performance from your stove,

Burn Rate Air Control Setting Blower 5peed
Low Fully to the Left Minimum
Med. Low 1/4" to the Right Minimum
Med. High 3/8" to the Right Medium

High Fully to the Right High

The valve lever should be set at Full Open (Right) for the
first five minutes of the Low, Medium Low and Medium
High burn rate.

5.5 Using the Combustor Monitor

Determining the primary air setting for the best
overall performance for your particular needs and
installation will be established over time through trial
and error. Each installation has unigue physical and
environmental characteristics that will affect stove
performance. Other variables affecting combustion
efficiency are cordwood species and moisture content.
Taking those variables into consideration, you should
use the integrated Combustor Monitor to maintain
the fire in the most efficient manner tailored to your
specific needs and installation configuration.

You can readily monitor combustion efficiency by noting
the temperature indicated on the stovetop thermometer.
shown in figs. 1c and 13, Seated within the top plate
directly behind the catalytic element, the thermoprobe
accurately reports combustion activity. Secondary
combustion takes place at temperatures between s00°F
(z60"C) and 1200°F (260°C - B4g"C).
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The primary air valve should remain at the fully
open setting, (to the Right), at least until the monitor
registers 500°F (260°C). Maintain that temperature for
15-20 minutes before adjusting the primary air lever
to Medium Low - Medium High settings. The optimum
temperature range for most efficient combustion is
between 5oo’F and Boo® (260°C -371°C). Chimney draft
should be in the .05 - 1.0 w.c. range. The so-called "sweet
spot” combustion zone is best maintained at those
temperatures.

Visual Monitoring

Evidence of efficient combustion can be observed in

three distinct ways:

1. At temperatures over 500" F, look up through the
door glass to the steel baffle and catalytic element at
the top of the firebox. As exhaust gases ignite, jets of
flame can be seen projecting from the baffle ports
and the catalyst will glow vividly red.

2. Little or no smoke will be seen flowing from the
chimney flue outside of the house.

3. [Ifthe stove has been properly operated, brushing
the chimney flue will produce mostly fly ash. Little or
no creosote accummulation will be evident.

see Section 6.7 for more information regarding combustor
performance,

5.6 Stove Break-In Procedure

The Jgtul F soo V3 is constructed of cast iron plates

and sealed with stove furnace cement. Cast iron, while
very durable, expands and contracts as it is heated and
cooled. This type of construction requires the stove to
be “broken-in" gradually so that thermal expansion
does not occur too quickly. this process is accomplished
by burning a short series of small-to-medium fires as
described below.

1. Fully open the primary air valve. Light a small fire of

newspaper and kindling. Only allow the stove monitor

to reach a temperature of 200°F (93" C). Maintain the

fire at that level for approximately 1 hour and allow the

stove to cool to room temperature.

2. Light a second fire, allowing the stove to reach a
maximum temperature of 400°F (204°C) for1 hour.

3. Cool the stove to room temperature.

4. Light a third fire and gradually allow the stove to reach
and maintain a surface temperature of soo’F (260°C).

5. Cool stove to room temperature. This completes the
“break-in" procedure.

11
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NOTE: Keep the stove under 400°F (204°C) surface
ternperature during any “break-in fire”, with the
exception of the last “break-in" fire. If the temperature
exceeds 400°F, move the primary air control lever all the
way to the left to minimize the air supply. It is normal for
the stove top temperature will continue to climb until
the fuel burns down somewhat. Once the fire is out and
the stove has cooled to room temperature, continue

the break-in procedure. Never attempt to reduce the

temperature by removing burning logs fram the fire,
5.7 Starting and Maintaining a Fire

Burn only solid wood directly on the bottom grate of the
stove. Do not elevate the fire in any way.

WARNING: THE ASH PAN DOOR MUST ALWAY'S BE
SECURELY CLOSED WHEN THE STOVE IS IN BURNING.
OPERATING THE STOVE WITH THE ASH DOOR OPEN WILL
PROMOTE UNEVEN THERMAL EXPANSION AND CAN
RESULT IN DAMAGE TO THE STOVE AND VOID YOUR
WARRANTY.

Traditional Fire Building

1. Set the primary air control lever in the full open
pasition (to the right). Place several sheets of
crumpled newspaper placed directly on the grate. On
top of the newspaper, place several pieces of small
dry kindling (approx.1” in diameter] with two to three
small logs (approx. 3" to 5" in diameter) on top.

2. Light the fire and close the door, slowly building the
fire by adding larger and larger logs. Be sure to follow
the break-in procedure before creating a hot fire that
could damage the stove.

3. Once the stove has reached a temperature range of
between soc® and 6o0°, (260°C -316°C), adjust the
primary air control lever as necessary to generate the
heat cutput and burn time desired.

You can also use a stove top thermometer to monitor
the surface temperature of the stove. The optimum
surface temperature range for the most efficient burn
is between 400" and 600° (204°C -316°C).

Top-Down Fire Building - See fig. 14.

As an alternative to the traditional "teepee” fire starter,
the Top-Down method minimizes start-up smoke and
more quickly establishes strong draft through the
chimney,

1. With the primary air control lever in the full open
position (to the right), place two short 1/4-split logs on
the firebox floor, perpendicular to the rear wall, about
6 inches apart.

2. Place kindling across the base logs.
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3. Place one or two smaller logs on top of the kindling.

4. Place newspaper between the two bottom logs under
the kindling. Light the news paper and close the door.
Continue to add kindling and small logs as necessary to
build the fire. Keep the air control fully open until the

fire is well-established.

WARNING: DO NOT OVER-FIRE THIS HEATER. IF
ANY PART OF THE STOVE OR CHIMMNEY CONMECTOR
GLOWS, YOU ARE OVER-FIRING. A HOUSE FIRE OR
SERIOUS DAMAGE TO THE STOVE OR CHIMNEY
COULD RESULT. ATTEMPTS TO ACHIEVE HEAT
OUTPUT RATES THAT EXCEED HEATER DESIGN
SPECIFICATIONS CAN RESULT IN PERMANENT
DAMAGE.

5.8 Creosote and Soot Formation
and the Need for Removal

When wood is burned slowly, it produces tar and other
organic vapors which combine with expelled moisture
to form creosote. These creosote vapors condense in
the relatively cool chimney flue of a slow burning fire.
The creosote that accumulates in the flue is highly
flammable and is the fuel of chimney fires. To prevent
a chimney fire, the creosote needs to be removed

by sweeping the chimney and flue connector. The
frequency of sweeping will depend on how you operate
your stove, An accumulation of 1/4" or more on the sides
of the flue or connector is considered hazardous and
should be removed.

In the event that creosote in your chimney or

flue connector ignites, the resulting fire is often
accompanied by a roaring noise and a crackling sound as
flakes of burned creosote break loose. If you suspect you
are having a chimney fire, immediately close the primary
air control and make sure the stove door is closed. Call
the fire department and get everyone safely out of the
house.

Trying to extinguish the fire in the stove will not help.
In fact it can make the matter worse by allowing more
oxygen through the door, which then accellerates the
fire in the chimney. When the roaring and crackling has
stopped, you should resist the temptation to open the
door and look at the fire. The fire may have suffocated,
but could rekindle when you open the door. After a
chimney fire, do not use your stove until the chimney
and the flue connector has been cleaned and inspected
to ensure that no damage has occured.
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5.9 Adding Fuel

Reload the stove while a bed of hot embers still exists,
Follow this procedure:
+ Always wear gloves when tending to the stove.

+ Push the air control lever to the full open position (far
right).
« Wait a few seconds before opening the door to re-

establish draft that will pull exhaust gas out of the
stove.

+ Use a stove tool or poker to distribute the hot embers
equally around the firebox and away from the air inlet
ports at the front center of the firebox floor.

* Load the fuel, usually with smaller logs first.
+ Close the door and secure the latch tightly.

« Wait § - 10 minutes before adjusting the primary air
to the desired heat output setting. (If there remains at
least a 2" thick ember bed when reloading, it may be
possible to close the door and immediately adjust the
air control setting).

13
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6. Maintenance

See Appendix A, page 22, for Combustor
Maintenance and Replacement
instructions.

Regular maintenance will prolong the life of your stove
and ensure satisfactory performance.

6.1 Annual Stove Inspection

Empty stove of all soot and ashes, Only use a vacuum
for this job if the vacuum is specifically designed to
handle ashes.

= Inspect the stove seams. Use a utility light to inspect
the stove inside and out for cracks or leaks. Replace
all cracked parts and repair any cement leaks with
furnace cement. Always wear safety gloves when
handling the ash pan.

* Inspect the Catalytic Combustor. See Section 6.7.

6.2 Ash removal

Ash removal will be required periodically depending
on how frequently the stove is used. Conveniently, the
Jgtul F 500 V3 is equipped with an ash pan for easy
ash removal without the need to open the front door.

The ash pan door is located under the front ashlip
of the stove. To open the ash door, rotate the door
handle counterclockwise to unlatch the door and
clockwise to latch the door. Always use stove gloves
when handling the ash pan. Always close the ash
door before leaving to dispose of the ashes when the
stove is burning.

Ashes should be placed in a metal container
equipped with a tight sealing lid. The container
should be placed on a noncombustible floor or on
the ground, well away from all combustible materials,
pending final disposal. If the ashes are disposed of
by burial in soll or otherwise locally dispersed, they
should be retained in the closed container until all
cinders have thoroughly cooled. Only use a vacuum
for this job if the vacuum is specifically designed for
ashes.

It is advisable to always keep a one or two inch
bed of ashes on the firebox floor to help maintain a

hot charcoal bed and insulate the bottom.
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WARNING:
DO NOT OPERATE THIS STOVE WITH THE ASH
DOOR OPEN.

This condition will lead to overfiring which is
dangerous and can damage the stove. Such

damage is not covered under warranty. Only
empty the ash drawer before refueling, when
the fire is low or extinguished. The ash door
should be open only long enough to empty the
drawer and then securely closed. Inspect the
gasket on the ash pan door regularly and replace
as necessary.




6.3 Chimney System

The latul F soo V3 is designed to burn cleanly and
efficiently when used according to the guidelines in this
manual. In order to maintain proper performance, you
should inspect the chimney and chimney connector at
the beginning of each heating season and then every
other month during the heating season. Clean the
chimney whenever creosote and fly ash accumulation
exceeds 1/4 inch in any part of the system.

Chimney brushes are available from your local Jgtul
dealer or hardware supply store. Your dealer can also
refer you to a reputable, professional chimney sweep
who will have all the equipment to ensure a complete
and proper job. Failure to keep the chimney system
free of creosote and build-up could result in a serious
chimney fire.

6.4 Enamel Care

« DO NOT ATTEMPT TO CLEAN HOT ENAMEL SURFACES.
Clean only cold enamel surfaces with a soft damp cloth
and polish with a clean dry cloth. Most stains can be
removed with a selution of baking soda and vinegar. Let
this solution sit on the stain for a minute or two before
rubbing it dry with a damp cloth. Organic cleaning
commercial cleaning solutions, such as Citra-Solv®, can
also be effective,

+ DO MNOT USESOAPY OR ABRASIVE SOLUTIONS. These can
cause stains. Coffee, tea, and fruit jucies will also cause
stains.

= AVOID CONTACT WITH METAL OBJECTS. Trivets, kettles,
or pots, can damage the enamel.

6.5 Glass Care

Cleaning

While the air wash and high temperatures of normal
operation will combine to keep the glass free of
heavy deposits, it will occasionally be necessary to
clean carbon and fly ash off the glass. if allowed to
remain for an extended period of time, these deposits
can eventually cause the glass surface to become
etched and cloudy.

 USE ONLY AMMONIA-FREE, NON-ABRASSIVE STOVE
GLASS CLEANER

= DO NOT ATTEMPT TO CLEAN HOT GLASS.

= CLEAN GLASS ONLY AT ROOM TEMPERATURE.
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Glass Replacement / See Fig. 15, pg. 19
1. Remove the doors from the stove and place on a flat
surface,

2. Carefully remove all of the glass clips from the inside
of the door.

3. Gently remove all pieces of the glass panel and gasket.

4. Remove all remaining gasket remnants with a wire
brush.

5. Apply a small bead of gasket/stove cement and the
new gasket. Do not overlap the ends of the gasket
rope.

6. Important: Gradually tighten the glass clipsin an
alternating pattern as you would tighten the lugs on
an automobile wheel,

6.6 Gaskets

Check door and glass panel gaskets for tightness. To
check the seal of the front door, close and latch the door
on a dollar bill and slowly try to pull the dellar bill free.
If it can be easily removed, the seal is too loose. Check
several spots around the door, and repeat the procedure

on the ash pan door as well.

Gasket Replacement

1. Use pliers and a putty knife to remove the old gasket
from the door.

2. Thoroughly clean the channel with a wire brush.
3. Apply a small bead of cement to the channel,

4. Gentlypressthe newgasketintothecementtoseatitinthe
channel. Close and latch the door and then reopen. Wipe
any excess cement squeezed out from around the gasket.

F soo V3 Gaskets

Description Size Length
Tap Cover 3/8in. 1.5 ft.
Top Plate 3/8in. 71t
Smoke Outlet 14 in. 3ft.

Ash Housing g in. 4ft.

Ash Pan Door 3/8in. aft.
Front Door 38 in. Gt

Left Side Doar 3/8in, 4.5 ft.
Glass 3/8in. g ft.

Universal Wood 5tove Gasket Kit 157050 is also available
from your dealer to replace all the gaskets in the Fgoo V3.

15
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7. Accessories

The following accessories, specifically designed for the
Jgtul F 500 V3 wood stove, are available from your Jgtul
authorized dealer.

Blower Kit - 156431

This thermostatically-controlled, 120 cfm blower mounts
unebtrusively to the back of the stove to quietly enhance heat
convection to the living area. The kit includes installation and
operation instructions,

Outside Air Kit - 154335
Provision for outside air may be required by your lozal
building codes.

The outside air kit includes a 3 inch adapter used to connect

an air duct directly to the stove combustion chamber. The

following additional materials will be required:

A, The appropriate length of metallic flex pipe for a conduit of
the outside air.

B. A rain/weather resistant cap for the outside of the house.

C. Arodent screen - that is no larger than w/4"(6,4mm) mesh.

Follow the instructions provided with the kit.

Please be aware that provision of sutside air to support
combustion will not necessarily eliminate performance issues
associated with negative pressure within the home or chimney
system,

Floor Bracket Kit - 750304

Use of the floor bracket kit is required in all mobile home
installations to secure the stove to the floorinstallation
instructions and diagrams are supplied with each floor bracket
kit.

Rear Heatshield - 154332

A stove rear heatshield has been specifically designed for
the Jgtul F 500 V3 to reduce clearances off the rear of the
stove to combustible materials, Use of the heatshield does
not affect the clearance off the sides of the appliance.

See papes 19-20 for specific clearance requirements. Complete
installation instructions are supplied with the heatshield. No
other type of heatshield may be used on the rear of the Jptul F

500 V3.

Bottom Heatshield - 154330

A bottom heatshield has been specifically designed for the
Jptul F 500V32 and is included with your stove. It is required in
all alcove installations. Use of the bottom heatshield does not
affect the floor protection requirements discribed on page 7 of
this manual. No other type of heatshield may be used an the
battom of the lptul F 500 Vs,
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Stove-top Thermometer - 5002

You can use of a magnetic stove-top thermomeater in conjuntion
with the catalytic combustor monitor to help achieve optimal
stove performance,

Side Door Lock Kit - 155850

The side load door must be locked to permit installation of the
F 500 V'3 in a corner or alcove constructed of combustible
materials.

Leg Leveler Kit - 156096
Replacement Door Knob Kit - 155991

Stove Gloves, pair - 157363
Heavy duty, flame retardant, with full gauntlet.

Universal Gasket Kit - 157050

This kit includes all the gasket material required to maintain
your wood stove,

Catalyst Combustor Monitor - 158001

The thermometer provides a convenient method to monitor
the catalytic combustor temperature and promote effective,
efficient stove operation.




8. lllustrations
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Fig. 1a

Fig. 2. Chimney connector assembly:

s

Toward Stove Flue Gas Direction

Fig.1b

Fig. 3. Chimney height; 3./ 2 /10 Rule.

e
TIIIII!I“
T At least 2 feet
At least 3 feet [ [

10 feet

Combustion Monitor

Bgo mm

Flue liner

Wood stud 2" clearance
from chimney wall

Thimble assembly:
12" of brick separation from
clay lner to combustibles

Fireclay liner 578" min.
of eguivalent

Sillfsuppart
Chimney wall

Fig. 4. Masonry chimney penetration,
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Fig. 5. Chimney thimble components,

Connector plpe shall be flush §
with the inside of the flue til

Stove pipe connector

Thimble

Flue tile

Fig. 8. F soo V3 Hearth Dimensions.

2" (50 mm)

~ I~
1

-
{200 miam)

- Mir.deplh
18 E 5o 1."’:I'E
o mim roami | 1o mm)

5
450 el

g Il i th S 100" (5378 mm) —h-]

Fig. 6. Fireplace chimney construction.

Connector extends
to first flue tile

) Damper opening is
sealed with sheet metal
= plate and sealant

Fig. 9. Alcove unprotected wall clearances.

= T — 13"

: 2 o s i 48" h220 mn

—

]d— 56,5 (1435 mm) —--|

NOTE: Alcove installations require
Side Door Lock Kit 155850,

Fig. 7. Prefabricated chimney components.,

Listed cap

Listed Chimney

Attic Insulation
hield

Specified
clearances

Celling siEpport

Combustible
celiing Jolsts
Chimney corinector
Ceiling suppart

Chilmney connectar

Floor protection

R R

3
B
i
N
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-h\.
i
X

5

\

%

Fig.10. Aleove protected wall clearances.

1w
a6 mm)

[’ & "

|-q—4.c|-,5“ 1015 mm) ————g-|

MOTE: Alcove installations require
Side Door Lock Kit 155850,
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Fig. n. Fsoo V3 Combustion air flow: Fig. 14. Top-down fire-starting log tier.

Fig. 15. Door glass components,

Glassclips  glass

O] SECONDARY AIR

31 ExHAUST

Fig. 12. Primary air lever settings

Fig. 16. Bottom heat shield instaliation.

Unpainted Side Up

1) Bend the flattened heat shield on the
perforations as shown, painted side down.

1 Al 2) Use a 10 mm wrench to remove the
FULLY CLOSED - FULLY OPEN - two bolts from the bottom of the ash
FAR LEFT FAR RIGHT compartment.

Fig.13. Catalyst Termperature Monitor

3) Oriented as shown, use the two bolts to
attach the heat shield to the stove bottom.
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Jotul F 500 V3 Woodstove Clearances

These clearance specifications result from safety testing by Intertek Testing Services, Inc. Use the table below together
with the diagrams on the facing page to determine the clearances for your particular installation.

Stove clearances

Unprotected surface

Protected surface NFPA 211

________________________________ Parallelinstallation._______________ Parallelinstallation.......... ... ...
Side Rear Corner® Side Rear Corner"
Stove- no heatshields 147 A 18" 13"C &"D 12"E g"F
Single wall pipe I55mm Abomm 130mm 150mm F00mm 230mm
Stove with rear heatshield 14" G 10"H a”l 6" 10" K g"L
Single wall pipe I55Mmm 255mm 230mm 15o0mm 255mMm 230mm
Stowve with rear heatshield 14" M 6"N o"0 B"P 6'Q 6"R
With connector shield 3gEmm 150mm 230mMm 150Mmim 15amm 1womm
Stove with rear heatshield 14”5 6" T g"U 6"V 6'wW 6" X
With double wall pipe ILEMM 150-mm r3omm 15omm 15Qmm 1Iomm
Connector Unprotected surface Protected surface NFPA 211

clearances (pipe)

Vertical installation

Vertical installation

Single wall pipe 18" 12"
46ormm JOOMIm
Single wall pipe &" 6"
with connector shields 1somm 15omm
Double wall pipe 6" B"
15omm 15omm
Connector Unprotected surface Protected surface NFPA 211

clearances (pipe)

Horizontal installation

Horizontal installation

Single wall connector

18" 46omm

12" 3oo0mm

Double wall pipe 6" 150mim 6" 150mm
Mantel and trim Stowve to1" thick or less, side trim 12 Joomm
clearances
Stove to 1" thick or less, top trim 168" gromm
Stove to mantel- maximum mantel depth 12" 30" 765mMm

* Use of the left side load door is prohibited in alcove or
corner installations. Use Side Door Lock Kit # 155850.
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Minimum clearance from Left Side Load Door to combustible surfaces is 36",

The side door must be locked in alcove and corner installations. Use Side Door Lock Kit 155850.

Froe Vs Oslo 10h8

Unprotected Surface
Parallel to the Wall

Protected Surface
Parallel to the Wall

[

1;.--‘?@3' S

(=)

PER MFPA 311 af
CANJCSA-BGE

Important:

Connector heatshields and double wall pipe must be a listed product.
Always follow the manufacturer’s instructions.

O = SINGLE WALL PIPE WITH CONNECTOR SHIELDS

@ = DOUBLE WALL PIPE

Unprotected Surface
Corner Installation

Protected Surface
Corner Installation

FER NFPA 111 8¢
CAMICSA-BYE]
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9. Appendix A

Combustion System Maintenance

While catalytic combustor element is extremely durable,
you can prolong its service life with routine inspections.
The combustor itself is self-cleaning to an extent,
however, fly ash will eventually accummulate within the
element and upper combustion chamber. If you suspect
combustor system performance is lagging, perform the
following confirmation test.

1. Burn the fire at medium to high settings for two or

three hours at over 500°F to build a full bed of coals.
2, Set primary air at medium to medum low.

3. Confirm that monitor temperatures remain at 500°F
or higher. If the monitor temperature falls, the
combustor may need to be cleaned or replaced,

4. Repeat this test 2-3 times to confirm that the
combustor is not functioning properly.

A non-functioning catalytic combustor must be
replaced.

Regular Combuster Inspection

The combustor can be visually inspected for damage
and fly ash accumulation simply by opening the front
door and looking up at the catalyst located above
the secondary combuston baffle. Use a flashlight or

headlamp to aid inspection.

« Use a soft brush to sweep any fly ash or other loose

debris from the combustor cells. Fig.17.

-+ Ashop vacuum may be used to carefully remove debris
from within individual cell bodies. Use caution as the
cell material is fragile. Fig.18.

« Inspect the combustor element for catalyst cell
collapse and the insulation panels for surface
degradation. Replace damaged components as they
are critical to the the proper functioning of the stove.
Replacement parts are available from your authorized
Jptul dealer,
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Fig. 17 Use a saft brush to clean the combustor

Fig. 18. Vacuum the combustor cells after brushing.
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Combustor Replacement
Fig. 20, Pull top plate forward to release stud from back plate.

The combustor components are accessed by removal of
the top plate which is secured to the front plate by two
ME x 16 baolts, fig. 10.

A single stud engages with a central clevis on the rear
plate See fig. 21.

The only tool required is a 1omm socket and ratchet
with extenion used to remove the front bolts.

1. Remove the top plate bolts located behind the front
plate inside the stove as in fig. 19.

2. Grasping each side, lift the front of the top plate
slightly off of the front and side plates. Disengage
the rear stud from the back plate by pulling the top
forward with a rapid side-to-side shimmy motion.
Fig. 20.

3. Use both hands to carefully remove the Insulation AlE_ITOP PLATE STUD'CLEVIS
Gasket (A) and large Insulation Panel(B) from the
firebox. Fig. 1.

4. Simply lift the catalytic combustor to remove it from
the compartment channel. Fig. 22

5. Remove the Left and Right Side Insulation Panels from
the combustion chamber. Fig. 23.

6. Reassemble the catalytic combustion components in
the reverse order used to remove them.

Fig. 21. Insulation gasket (A) and Insulation panel (B).

Fig. 19. Remove both top plate bolts located inside the front
door apening.
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Fig. 23. Side insulation panel removal and replacement,
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Appendix B

Alternate Floor Protection

All floor protection materials must be non-combustible ie. metal,
brick,stone, mineral fiber boards). Any combustible material may
not be used,

The easiest means of determining if a proposed alternate floor
material meets requirements listed in this manual is to follow
this procedure.

R-value = thermal resistance
k-value = thermal conductivity
C-value = thermal conductance

1. Convert the specification to R-value;
a. If R-value is given, no conversion is needed.
b. Ifk-value is given with a required thickness (T) in inches:
R=t/k KT
c. If C-value is given: R=1/C.
2. Determine the R-value of the proposed alternate floor
pratector,
a. UsetheformulainStep1to convert values not expressed
as"R".
b. For multiple layers, add R-values of each layer to
determine overall R-value.
3. Ifthe overall R-value of the system is greater than the R-value
of the specified floar protecter, the alternate s acceptable,
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Example:

The specified floor protector should be 374" thick material with a
k-factor of 0.B4. The proposed alternate is 4" brick with a C-factor
of 1.25 over 1/8" mineral board with a k-facter of 0.29.

Step A. Use formula above to convert specifications
to R-value, R=1/k X T=1/84 X .75 = .Ba3

Step B. Calculate R of proposed system.
4" brick of C-1.25, therefore
R brick = 1/C =1/1.25 = 0.80.
1/8" mineral board of k = 0.29 therefore
R mineral board = 1/.20 X 0125 = 0.431

Total B = R brick + B mineral board=
o8+ a431=1.23

Step C. Compare proposed system R =1.231 to specified R of 0.853,
Since R is greater than required, the system is acceptable.

Definitions:
Thermal conductance =
Ce Btu = W
(h)(fe)F)  (m) (k)
Thermal conductivity =
k=_ Btu = W = _(Btu)
(hife)F)  (mK)  (he)(Rt)(F)
Thermal resistance =
R= Btu = (mi){K) = (Btu)linch)
{hr){fE)(F) w {hr) (E*)(F)

Alcoves require use of a bottom heat shield and hearth protection
having a minimum R-value of 1.5
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10. Jotul F 500 V3 Oslo
Wood-burning Product
Warranty

Effective January 1, 2019

This warranty policy applies to wood-burning products
identified by Jptul trade name, as set farth below.

A LIMITED LIFETIME WARRANTY, parts only:

Jgtul North America Inc. (J@TUL) warrants, to the original retail
purchaser, that those baffle and air manifold components of
the Jptul Stove or Fireplace Insert specified above will be free
of defects in material and workmanship for the life of the
product, This warranty is subject to the terms, exclusions and
limitations set forth below.

B. LIMITED FIVE YEAR WARRANTY - Cast Iron and Steel
Components:

JBTUL warrants, to the original retail purchaser, that those
components of the lgtul Stove or Fireplace Insert specified
above will be free of defects in material and workmanship

for a period of five (g) years from the date of purchase. This
warranty is subject to the terms, exclusions and limitations set
farth below.

C. LIMITED TWO YEAR WARRANTY - Enamel Finish:

I@TUL warrants, to the original retail purchaser, the enamel
finish an cast iron components of the lgtul Stove or Fireplace
Insert specified above against peeling or fading for a pericd
of two (2) years from the date of purchase. This warranty is
subject to the terms, exclusions and limitations set forth
below,

D. LIMITED OME YEAR WARRANTY - Electrical Components
(blowers, thermostatic switches, combustion monitor):
JQTUL warrants, to the original retail purchaser, that those
campanents of the Jatul Stave or Fireplace Insert specified
above will be free of defects in material and workmanship
for a period of one (1) year from the date of purchase. This
warranty is subject to the terms, exclusions, and limitations
set farth below:

JGTUL will repair or replace (including parts & labor), at its
option, any of the above components determined by JTUL to
be covered by this warranty. You must, at your own expense,
arrange to deliver or ship the component te an authorized
Jgtul or Scan dealer and arrange for pickup or delivery of the
component after repairs have been made. If, upon inspection,
JPTUL determines that the component is covered by this
warranty, the repair or replacement will be made as set forth
above. This warranty is not transferable and is extended only
to, and is solely for the benefit of, the original retail purchaser
of the Jptul Stove or Fireplace Insert. This paragraph sets forth
the sole remedy available under this warranty in the event of
any defect in the Jgtul or Scan Stove or Fireplace.

The warranty peried for any replaced component will be the

remaining unexpired portion of the warranty period for the
original component.
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Please retain your dated sales receipt in your records as proof
of purchase.

Exclusions and Limitations

Motice: This warranty is void if installation or service is
performed by someone other than an authorized installer ar
service agency, or if installation is not In conformance with
the installation and operating instructions contained in this
owner's manual or local and/or national fire and building
regulations. A listing of local authorized installers, service
agencies and gas suppliers can be obtained from the National
Fireplace Institute at http:/fwwwunficertified.org/,

This warranty does not cover the following:

1. Repair or replacement of parts that are subject to normal
wear and tear during the warranty period or to parts
that may require replacement in connection with normal
malntenance, These parts include catalytic combustor®,
paint, gaskets, burn plates, baffles, air manifiolds, firebricks,
fire grates, or glass (glass is only warranted against thermal

breakage).
* The catalytic combustor is warrarted by Applied Ceramics, See next

page for warranty infarmation and instructions.

2. Damage due to incerrect installations not in conformance
with the installation instructions contained in this
owner's manual or local and/for natienal fire and building
regulations.

3. Damage, including damage to enamel surfaces, caused by
improper operation, over-firing, and/or misuse. Improper
operation, such as burning the stove with the ash door
open,can damage the stove. Over-firing occurs when
any part of the stove glows red. Over-firing can also be
identified by warped plates, rust-colored cast iron, paint
pigment that has turned dusty white, or bubbling, cracking
and discoloration of the enamel finish. Misuse includes,
without limitation, use that is not in conformance with the
operating instructions contained in this owner's manual.

4. Damage due to service performed by an installer or service
agency, unless otherwise agreed to in writing by JATUL,

5. Damage caused by unautharized modification, use or
repair.

6. Costs incurred by travel time and/or loss of service.

7. Labar ar other costs assaclated with the repair of
components beyond the warranty period.

8. Damage incurred while the Jgtul or Scan Stove or Fireplace
is in transit,

IN NO EVENT SHALL J@TUL, ITS PARENT COMPANY,
SHAREHOLDERS, AFFILIATES, OFFICERS, EMPLOYEES, AGENTS
OR REPRESENTATIVES BE LIABLE OR RESPOMSIBLE TO YOU

FOR ANY SPECIAL, INDIRECT, INCIDENTAL, COMSEQUENTIAL,
PUNITIVE OR OTHER SIMILAR DAMAGES, INCLUDING, BUT NOT
LIMITED TO, LOST PROFITS, LOST SALES, INJURY TO PERSON OR
PROPERTY, OR DAMAGES TO A STRUCTURE OR ITS CONTENTS,
ARISING UNDER ANY THEORY OF LAW WHATSOEVER. ALL
IMPLIED WARRANTIES, INCLUDING THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE, OR OTHERWISE, ARE LIMITED IN DURATION TO THE
LENGTH OF THIS WRITTEN WARRANTY. EXCEPT AS EXPRESSLY
SET FORTH HEREIN, J@TUL MAKES NO ORAL, WRITTEN OR
OTHER WARRANTY WITH RESPECT TO J@TUL OR SCAN STOVES
OR FIREPLACES.



some states do not allow the exclusion or limitation of
incidental or consequential damages, or limitations on the
length of implied warranties. Therefore, the above exclusions
or limitations may not apply to you. This warranty gives you
specific legal rights, and you may have other rights, which vary
fram state to state,

JATUL reserves the right to discontinue, modify or change

the materials used to produce the Jatul Stove or Fireplace.
IATUL shall have the right to replace any defective component
with substitute components determined by JBTUL to be of
substantially equal quality and price,

The dollar value of JATULS liability for breach of this warranty
shall be limited exclusively to the cost of furnishing a
replacement component. J@TUL shall not in any event be
liable far the cost of labor expended by others in connection
with any defective component. Any costs or expenses beyond
those expressly assumed by J@TUL under the terms of this
warranty shall be the sole responsibility of the owner(s} of the
Igtul ar Scan Stove or Fireplace.

Mo dealer, distributar, or other person is authorized to modify,
augment, or extend this limited warranty on behalf of JOTUL,
NO MODIFICATION OR CHAMNGE TO THIS WARRANTY WILL

BE EFFECTIVE UNLESS IT IS MADE IN A WRITTEN DOCUMENT
MANUALLY SIGNED BY AN AUTHORIZED OFFICER OF I@TUL.

An authorized installer may have been provided with certain
infarmation related particularly to the Jgtul or Scan Stove or
Fireplace; however, no authorized installer or other person who
may service the appliance is an agent of J@TUL No inference
should be made that JPTUL has tested, certified, or otherwise
pronounced any person as qualified to install or service the
appliance. J@TUL shall not be liable or otherwise responsible
for any error or omission by a person installing or servicing a
Jptul or Stove or Fireplace.

If you believe your Jetul or Scan Stove or Fireplace is defective,
you should contact your nearest authorized Jptul or Scan
dealer, who will process a warranty claim. IN ORDER TO
QUALIFY FOR WARRANTY COVERAGE, J@TUL MUST RECEIVE
NOTICE OF A POSSIBLE DEFECT WITHIN SIXTY (6c) DAYS OF
THE DATE THE DEFECT IS FIRST DISCOVERED, OR REASOMABLY
COULD HAVE BEEN DISCOVERED.

This warranty is given by Jotul North America, Inc.,
£e Huteherson Drive, Gorham, Malne 04038 USA

cuT

Feoo V3 Oslo 1018

Catalytic Combustor 158000
Lifetime Limited Warranty

APPLIED CERAMICS warrants to the consumer who purchases
a FIRECAT STEEL COMBUSTOR as a component inan EPA.
certified solid fuel appliance, to replace at no charge to the
consumer the FIRECAT STEEL COMBUSTOR that ceases to
function within two (2} years from the date of purchase by the
ariginal consumer, provided that the following conditions are
met:

1) A copy of the original bill of sale tht includes place and date
of purchase must be submitted with the warranty claim.

2) The original FIRECAT STEEL COMBUSTOR must be returned
to APPLIED CERAMICS.

3) the FIRECAT STEEL COMBUSTOR must not have been
mechanicaly abused, nor must the wrong fuels have been
used in the appliance.

If after two years the FIRECAT STEEL COMEBUSTOR fails to

function, the prorated warranty will allow replacement at
the following special price schedule:

Year 3 $130.00
Year 4 $140.00
Years S150.00
Year 6 S160.00

Year 7 and after at current retail price.
Conditions 1,2, and 3 also apply to the Prorated portion of
the warranty. Any E.PA, certified solid fuel appliance will
receive one replacement catalyst for each defective catalyst
returned during the three year period. The consumer will be
responsible for any removal, any servicing and return of any
items required for filing the warranty claim. This warranty
is APPLIED CERAMICS exclusive warranty and APPLIED
CERAMICS disclaims any other express or implied warranty for
the FIRECAT STEEL COMBUSTOR, including any warranty for
merchantability fitness for a particular use,

All warranty claims must include $12 50 for postage and
handling within the continental U.5. Alaska and Canada claims
must include $35.00. Please allow 2-3 weeks for delivery.

Order online at www firecatcombustors.com.

r-—-r—--—r———"—"™""—""—"—"—""——""&"™— ="~ =—/—//—/—— ¥/ —— /Y = 1
| WARRANTY REGISTRATION CARD |
| Name: Dealer Address: |
I Address: i
| City: Stove Manufacturer: |
1 State: Zip: Stove Model |
| Telephone Return within 3o Days of purchase to; |
Applied Ceramics
| Date of Purchase: Customer Service Department I
| 5555 Pleasantdale Road I
Pl FFirdhase: Doraville, GA 30340
| Place of Purchase: [770) 448-6888 Main / (678) 735-4937 Direct |
N e B B R o B O e M Ty |



Jptul pursues a policy of continuous product development. Products supplied may therefore differ
in specification, colour and type of accessories from those illustrated and described in this manual.

For Your Records...

Record the following information to help your
dealer determine what you will need should
your stove ever require parts or service.

The serial number and manufacturing date are
indicated on the permanent label located on the
back of the stove, You may also wish to attach
your sales receipt to this manual for future
reference,

Model: Jetul F 500V3 Oslo

Serial Number:

Purchase Date;

Jptul North America Inc.
55 Hutchersen Drive
Gorham, Maine o4038
UsA

Dealer:

lptul AS

Fo. bax 141
“ N-1602 Fredrikstad,
Norway Phone:

JOTUL

Installed by:

wiww, jotul.us

39946_ROD .
October 2018 Date:




Established 1974

PFS Teco

11785 SE Hwy 212 STE#305
Clackamas, OR 97015

QUALITY CONTROL SERvICES

LAEQORATORY EQUIPMEMT « SALES » SERVICE « CALIBRATION » REPAIRS
2340 3E 11™ Ave. Portland, Oregon 87214 » Box 14831 Portland, Oregon 97293
(503) 236-2712 - FAX (503) 235-2535 + www.go-services.com

Report Mumber: DIRIOTADS026180111
A2LA ACCREDITED

Y

|[ACCREDITED]

CERTIFICATE #1550.01

CERTIFICATE OF CALIBRA DAT
INSTRUMENT INFORMATION
Item Make Model Serial Number Customer ID Location
Scale Rice Lake IQ+355E-2A x 100( ADS026 MNiA Lab
Units Readability S0P Cal Date Last Cal Date Cal Due Date
lbs 1 QC033 11718 627117 62018
FUNCTIONAL CHECKS
SHIFT TEST LINEARITY REPEATABILITY ENVIRONMEMTAL
Test Wr: Tol: Test Wiz Tol: Test Wi: Tol: CONDITIONS
2525 ] ] I HBT ; lIi-I'[!-l‘-N lliljlil ] ; 1 0 i O
-Found: s-Found: -Found: g
Pass:i Fai:O | Pass®  Faik; | Passm  Fabg | Ocod Far  Poor
As-Left: As-Left: As=Lelt: . Tﬁrnpcrature: -1?_?1:-':
Pass:# Fail: O Pass:F Fail:O Pass:# Fail: O
CALIBRATION DATA
Standard As-Found As-Left Expanded Uncertainty
1000 1000.1 1000.1 0.5
700 T00.3 T00.3 0.5
500 4998 44949 8 0.5
300 300.0 300.0 0.5
100 100.0 100.0 0.5
50 50.0 30,0 0.5
CALIBRATION STANDARDS
ltem Make Model Serial Number Cal Date Cal Due Date NIST ID
Avaoirdupois Cast W Rice Lake 25 and 3016 PWQO990-CA 1172417 1172019 20172265

Permanent Information Concerning this Equipment:
20001bs platform. Has a custom pan,

Comments/information Concerning this Calibration
1/18 RH = 58.5

Report preparedfreviewed by:

Date: |~ .11 echnician: D.
@/ Li 1% ;ig:ature: ﬂ?ﬁﬁ/‘-&/

THIS CERTIFICATE SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT THE APPROVAL OF QUALITY CONTROL SERVICES, INC.

The uncertainly is calculaled according 1o the 150 Guide to the Expression of Uncerfainty in Measurement and includes the uncertainty of standprds wsed
combined with the chserved standasd deviation of the uwnit under test. The uncertainty is expanded with a k lactor of 2 for an approximate 9334 level of
confidence. Instruments listed above were calibrated using standards traceable (o the National Institvie of Standsrds and Technology (MIST). Calibration data
weflect results a1 the time and location of calibration, Calibration data should be reviewed 1o insure that the instrement is performing Lo 1ts required securacy,

PT ID: DIRIO] Member: National Conference of Standards Laboratories and Weights & Measures



QUALITY CONTROL SERVICES

LABORATORY EQUIPMENT - SALES - SERVICE - CALIBRATION - REPAIRS

2340 5E 11™ Ave. Porfland, Oregon 87214 - Box 14831 Portland, Oregon 97293
(S03) 236-2712 - FAX (503) 235-2535 - waww.qo-Services.com

@

|ACCREDITED]|
CERTIFICATE #1550.01

Established 1874

PFS Teco Report Number: DIRI0182484A09120137180613
11785 SE Hwy 212 STE4#305
Clackamas, OR 97015 A2LA ACCREDITED
CERTIFICATE OF CALIBRATION WITH DATA
INSTRUMENT INFORMATION
Item Make Model Serial Number Customer ID Location
Scale Digiweigh DWPI121 400x.01 82484A0912013i #050 Lab
Units Readability SOP Cal Date Last Cal Date Cal Due Date
Ibs 0.01 QU033 6/13/18 1111718 12/2018
FUNCTIONAL CHECKS
SHIFT TEST LINEARITY REPEATABILITY ENVIRONMENTAL
Test Wt: Taol: Test Wi: Tol: Test Wi: Tol: CONDITIONS
4 4 F
S‘i . dﬂ 035 HBls“F :1544 Srl.l " ﬂﬂ 01 0 & o
s-Found: ound: s-Found: g
Pass:@ Fail: O Pass:& Fail: 0] Pass: @ Fail: O Good  Fair  Poor
As-Left: . As-Left: . As-Left: . Temperature; 22.2°C
Pass: & Fail:O Pass:E Fail: O Pass:+ Fail: O
CALIBRATION DATA
Standard As-Found As-Left Expanded Uncertainty
400 39998 399.98 0.058
300 300,00 300,00 0.058
200 200.00 200.00 0058
100 100.00 100.00 0,012
50 50.00 50.00 o012
20 20.00 20.00 0.012
CALIBRATION STANDARDS
Iltem Make Model Serial Number Cal Date Cal Due Date NIST ID
Avoirdupois Cast W Rice Lake 25 and 501b PWO990-CA 11/24/17 1172019 20172265
Weight Set Rice Lake .001 to 101b PW0990 9/23/16 9/2018 20161896

Permanent Information Concerning this Equipment:
6 month calibration cycle. Relative humidity= 56%.

Comments/information Concerning this Calibration

Technician: |.

Report prepared/reviewed by: b’-kﬁ- Cz" Date: G 5 Mg
Signature! —7

THIS CERTIFICATE SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT THE APPROVAL OF QUAW GENTROL SERVICES, INC.

The uncertainty s calculated according 10 the 150 Guide 1o the Expression of Uncertainty in Measurement and i the uncertainty of standards used
combined with the observed standard deviation of (he unil under test. The uncenainty is expanded with a k factor of 2 for an approximate 95% level of
confidence, Instruments listed above were colibrated using standards traceable to the National Institute of Standards and Technology (MIST), Calibration dais
reflect results ot the time and location of calibration. Calibration data should be reviewed to insure that the instrument is performing to ils required accuracy.

PT ID: DIRIOI Member: National Conference of Standards Laboratories and Weighis & Measures



Dry Gas Meter Calibration

Meter Manufacturer: Apex

Model. XC-80-ED

Lab ID #: D53

Serial #: 1902130

Calibration Date: 6/13/2018

Calibration Expiration: 12/13/2018

N
PFS-TECO
\\w/

Barometric Pressure: 28 84 in. Hg
Reference Standard DGM __Unit Under Test Previous Calibration
Manufacturer: |Apex Date| 1/10/2018
Model: | SK25DA y Factor: 0.995
Lab |D#: | 047 Allowable Deviation (£5%): 0.04875
Serial #:{1101001 Actual Deviation: 0.01
Calibration Expiration Date: |3/5/2019 Result:|  PASS
Calibration y Factor:{0.988
Calibration Data Run 1 Run 2 Run 3
Standard DGM Initial Volume (L) 0.000 0.000 0.000
Standard DGM Final Volume (L) 144 877 146,222 201.016
Standard DGM Temperature (°F) 73.2 73.0 72.0
Standard DGM Pressure (in H.0) 0.00 0.00 0.0
DGM Initial Volume (ft) 0.000 0.000 0.000
DGM Final Volume (ft") 5.194 5.278 7.307
DGM Temperatura (°F) 84.0 80.0 84.0
DGM Pressure (in H,0) 210 2.58 1.4
Time {min) 36.0 32.0 60.0
Net Volume for Standard DGM (ft”) 5.120 5.164 7.089
Net Volume for DGM (ft”) 5.194 5278 7.307
Dry Gas Meter y Factor 0.999 1.001 1.006
¥ Factor Deviation From Average 0.999 1.001 1.0086

Average Gas Meter y Factor

Calculations:

1. Deviation = |Average value for all runs - current run value|
2. ¥ = Va X (Ys1a) X (PpartPaia/13.8) X (Togm + 460)] / [Voom X (Tag + 460) X (Pyar + Ppaaf 13.6)]

Standard Reference Meter is calibrated to NIST traceable standards. Uncertainty of measurement is +0.5%.

PFS-TECO

Page 1 of 1
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Dry Gas Meter Calibration

N
PFS-TECO
\\/

Meter Manufacturer: Apex
Model: XC-80-ED
Lab ID #: 054
Serial # 1902133
Calibration Date: 8/13/2018
Calibration Expiration: 12/13/2018

Barometric Pressure: 25.84 in. Hg
Reference Standard DGM Unit Under Test Previous Calibration
Manufacturer: |Apex Date| 1/11/2018

Model: |[SK25D4A y Factor: 1.000

Lab |D#: 047 Allowable Deviation (£5%): 0.05

Serial #: (1101001 Actual Deviation: 0.00

Calibration Expiration Date: |3/5/2019 Result:|  PAS

Calibration y Factor: |0.958
Calibration Data Run1 Run 2 Run 3
Standard DGM Initial Volume (L) 0.000 0.000 0.000
Standard DGM Final Volume (L) 158.715 148.505 236,136

Standard DGM Temperature (°F) 72.5 73.2 73.0

Standard DGM Pressure (in H;O) 0.00 0.00 0.0
DGM Initial Volume (ft") 0.000 0.000 0.000
DGM Final Volume (ft”) 5.777 5,426 B.616
DGM Temperature (°F) 93.5 94.0 90.0

DGM Pressure (in H,O) 2.50 2.00 1.5
Time (min) 37.0 38.5 715
Net Volume for Standard DGM (ft*) 5.605 5.244 B.339
Net Volumne for DGM (ft) 5777 5.426 8.616
Dry Gas Meter y Factor 1.000 0.997 0.993
y Factor Deviation From Average 1.000 0.997 0.993

Average Gas Meter y Factor

Calculations:
1. Deviation = |Average value for all runs - current run value|

2. ¥ = [Vaia % (Vsia) X (PoartPyia/13.6) X (Togm + 460)] / [Voam X (Tag + 460) X (Ppar + Ppaw 13.6)]

Standard Reference Meter is calibrated to NIST traceable standards. Uncertainty of measurement is +0.5%.

e
PFS-TECQ Page 1of {1 Technician;




Dry Gas Meter Calibration

Meter Manufacturer, Apex
Model: Apex-AK-500
Lab 1D #: 055
Serial # 810016 FS-TECO
Calibration Date; 8M15/2018
Calibration Expiration: 6/15/2019
Barometric Pressure: 29.83 in. Hg
Reference Standard DGM Unit Under Test Previous Calibration
Manufacturer. |Apex Date 11872007
Model; | SK25DA y Factor:

Lab ID#: |047 Allowable Deviation (£5%):

Serial #: (1101001 Actual Deviation:
Calibration Expiration Date: |3/5/2019 Result: |

Calibration y Factor:|0.998
Calibration Data Run 1 Run 2 Run 3

Standard DGM Initial Volume (L) 0.000 0.000 0.000
Standard DGM Final Volume (L) 145.478 148.058 143.802
Standard DGM Temperature (°F) 71.0 71.0 71.0
Standard DGM Prassure {in H,0) 0.00 0.00 0.0
DGM Initial Volume (ft’) 0.000 0.000 0.000
DGM Final Volume (ft") 5.146 5.254 5.114
DGM Temperature (°F) 75.0 76.5 i)
DGM Pressure (in H,Q) 1.80 1.80 1.8
Time (min)
Net Volume for Standard DGM (ft") 5138 5229 5.078
Met Volume for DGM {ﬂs} 5.146 5.254 5114
Dry Gas Meter y Factar 0.999 0.989 0.999 |
v Factor Deviation From Average 0.998 0.599 0.999 |

Average Gas Meter y Factor

Calculations:

1. Deviation = |Average value for all runs - current run value|
2. ¥ = [V X (Vsta) X (PrartPual13.6) x (Togu + 460)] / [Vogu X (Tag + 460) X (Ppar + Pogw/ 13.6)]

Standard Reference Meter is calibrated to NIST traceable standards. Uncertainty of measurement is +0.5%.

PFE-TECO

Page 1 of 1

Technician; %g‘_




QUALITY CONTROL SERVICES

LABORATORY EQUIPMENT « SALES « SERVICE - CALIBRATION « REPAIRS @
EstaAEnad 1074 2340 SE 11™ Ave. Porlland, Oregon 97214 + Box 14831 Portland, Oregon 97293 ACCREDITED
(503) 236-2712 - FAX (503) 235-8535 + www.gc-servicas.com Calibration Services

Canilicale Mumber 1550 01
Labaralory code 115853

Report of Calibration
Firm: Dirigo Laboratories Test Completed: 03/21/17
Address: 11785 SE Hwy 212, Ste 305 Submitted By: John Steiner
City/State/Zip: Clackamas, OR 97015 Traceable Number: 20170468
Test Item: 200mg and 100mg Individual Weights Manufacturer: Troemner
Serial Mo.: Listed in Table
Material Azsumed Density Range Talerance Class
Stainless Steel 7.95 ga’mn] 200mg & 100mg ASTM Class 1

Method and Traceability

The procedure used for this calibration is NIST IR 6969 SOP 4 Double Substitution Weighing Design. Standards
used for comparison are traceable to the National Institute of Standards and Technology (reports on file) and are part
of & comprehensive measurement assurance program for ensuring continved accuracy and traceability within the
level of uncertainty reported. The Traceable NMumber listed above is Traceable to National Standards through an
unbroken chain of comparison each having stated uncertainties.

Standards Used:

100g to 1mg Working Standards Were Calibrated: 03/03/17 Due: 03/31/18 Standards ID: 723318

Mass Comparators Used: MET-03 Tested by: D. Thompson

Conventional Mass: *The conventional value of the result of weighing a body in air is equal o the mass of a standard,

of conventionally chosen density, at a conventionally chosen temperature, which balances this body at this reference temperature
in air of conventionally chosen density. International Recommendation 33 (OIML IR 33 1973, 1979). “Conventional Value of
the Result of Weighing in Air™ (Previously known as *Apparent Mass vs. E.HE.‘cm:'].

Uncertainty Statement: The uncertainty conforms to the IS0 Guide to the Expressions of Uncertainty in Measurement.
Uncertainty as reported is based on a coverage factor k=2 for an approximate 95 percent level of uncertainty. Uncertainty
components include the standard deviation of the process, the uncertainty of the standard used, an uncertainty component
associated with the potential drift of the standard wsed, and the estimated uncertainty related to measuring and determining the air

buoyancy effect.
Conventional Mass Values are listed on page 2 of this report.
page 1ol 2
Quality Control Services, Inc. Date: 03/21/17
Metrology Laboratory Manager 7

E-mail dthompson(@ge-services.com

Signature David S. Thompson

This document shall not be reproduced, except in full, without the written approval of Quality Control Services Mass Laboratory.
Member: Mational Conference of Standards Laboraiories and Weights & Measures



Established 1974

QUALITY CONTROL SERvICES

LABORATORY EQUIPMENT « SALES - SERVICE - CALIBRATION « REPAIRS ACCREDITED
2340 SE 11™ Ave. Portland, Oregon §7214 » Box 14831 Portfand, Oregon 87293
(503) 236-2712 - FAX (503) 235-2535 + www.OC-Senvices.com

Calibration Services
Gordikcale Mumbes: 1850,01
Labonslony code. 115353

Report of Calibration

Firm: Dirigo Laboratories
Address: 11785 SE Hwy 212, Ste 305
City/State/Zip: Clackamas, OR 97015

Test Completed: 03/21/17
Submitted By: John Steiner
Traceable Number: 20170468

Test Item: 200mg and 100mg Individual Weights

Manufacturer: Troemner

Senal No.: Listed in Table

Laboratory Environment at time of test

Temperature °C Pressure mmHg Humidity %RH
21.967 753.44 49.44

Conventional Mass Value

[Nominal As Found As Found Uncertainty | Tolerance
Value grams Correction* (mg) (mg) {ma)
200mg SN 1000101395 0.2000061 0.0061 0.0026 0.01
100mg SM 1000126267 0.10000486 0.0046 0.0028 0.01

*Correction is the difference between the conventional mass value of a weight and its nominal value.

Comments: These weights were new from the manufacturer and were within ASTM Class 1 tolerances As Found.
o adjustments or changes were made so As Found values should be considered to be As Left values.

Accredited by the American Association for Laboratory Accreditation (A2LA) under Calibration Laboratory
Code 115953 and Certificate Number 1550.01. This laboratory meets the requirements of ISO/IEC
17025:2005 General Requirements for the Competence of Testing and Calibration Laboratories, This

laboratory also meets the requirements of ANSI/NCSL Z540-1-1994 and any additional program
requirements in the field of calibration.

papge 2 of 2
Quality Control Services, Inc.
Metrology Laboratory Manager
E-mail dthompson(@gc-services.com

Date: 03/21/17
7 e

Signature David S. Thompson

This document shall not be reproduced, except in Mell, withoul the written approval of Quality Control Services Mass Laboratory.
Member: Natonal Canlerence of Standards Laboralories and Weights & Measures



QUALITY CONTROL SERVICES

LABORATORY EQUIPMENT - SALES - SERVICE - CALIBRATION - REPAIRS @

Established 1974 2340 SE 11™ Ave. Portland, Oregon 97214 « Box 14831 Porlland, Oregon 97293 .
(503) 236-2712 - FAX (503) 235-2535 - www.Oo-services.com gf"b’m"" Sarvicos
rificale Mumber: 165001
Laboralory code 115953
Report of Calibration

Firm: Dirigo Laboratories Test Completed: 01/15/16

Address: 11785 SE Hwy 212, Ste 305 Purchase Order: 1001

City/State/Zip: Clackamas, OR 97015 Traceable Number: 20152489

Test Item: 201b and 101b Individual Grip Handle Weights Manufacturer; Unknown

Serial No.: Listed in Table

Laboratory Environment at time of test

Temperature “C Pressure mmHg Humidity %RH
21.448 760.64 44.58

Conventional Mass Value

[Nominal As Found As Found Uncertainty | Tolerance
Value pounds Correction* (mg) (mg) (mg)
20lb #0098 19.9985450 -206.4 6.4 810
10lb #097 10.0006510 285.3 5.1 450
10lb #051 10.0003421 155.2 5.1 450

*Correction is the difference between the conventional mass value of a weight and its nominal value,

Comments: These weights were received in pood condition and were within NIST Handbook 105-1 Class F
tolerances As Found., Mo adjustments or changes were made so As Found values should be considered to be As Left
values.

Aceredited by the American Association for Laboratory Acereditation (A2LA) under Calibration Laboratory
Code 115953 and Certificate Number 1550.01. This laboratory meets the requirements of ISO/IEC
17025:2005 General Requirements for the Competence of Testing and Calibration Laboratories. This

laboratory also meets the requirements of ANSI/NCSL Z540-1-1994 and any additional program
requirements in the field of calibration.

page 2 of 2
Quality Control Services, Inc. Date: 01/15/16

Metrology Laboratory Manager ﬂ’L_—-—’—

E-mail dihompson@Elgc-services. com
Signature David S. Thompson

This document shall not be reproduced, except In full, without the writlten approval of Quality Control Services Mass Laboratory.
Member: National Conference of Standards Laboratorias and Weights & Measures



QUALITY CONTROL SERVICES

LABORATORY EQUIPMENT « SALES + SERVICE - CALIBRATION « REPAIRS

Extanished 1974 2340 SE 11™ Ave. Portiand, Oregon 97214 + Box 14831 Portland, Oregon 9723 (ACCREDITED)
(503) 236-2712 « FAX (503) 235-2535 « www.qo-services.com CERTIFICATE #1550.01
PFS Teco Report Number: DIRI0134307497180613

11785 5E Hwy 212 STEH303

Clackamas, OR 97015 A2LA ACCREDITED
CERTIFICATE OF CALIBRATION WITH DATA
INSTRUMENT INFORMATION
Item Make Model Serial Number Customer ID Location
Balance Sartorius ENTRIS224-15 34307497 #107 Lab

Units Readability S0P Cal Date Last Cal Date Cal Due Date

B 0.0001 QCo12 6/13/18 11118 1222018
FUNCTIONAL CHECKS
ECCENTRICITY LINEARITY STANDARD DEVIATION ENVIRONMENTAL
Test Wi: Taol: Test Wi: Tol: Test Wt: Tol: CONDITIONS
100 00003 | 50x4  0.0002 100 0.0001 o @ O
As-Found: As-Found: 1.100.0000 5.100,0001 9.100.0001 | Good Fair Poor
Pass: Fail: O Pass: Fail: O | 2.100.0000 6.100.0001 10, 100.0001
As-Left: A Lot 3.100.0000 7.100.0001  Result | Temperature:22.8°C
Pass: Fait O | Pass: B Fail: O |4.100.0000 8.100.0001  0.00005
A2LA ACCREDITED SECTION OF REPORT
Standard As-Found As-Left Expanded Uncertainty
200 1999980 200.0000 0.00015
100 99,9991 100.0000 0.00015
50 499905 50,0001 0.00015
20 19,9998 20,0000 000015
I 1.0000 1.0000 0.00015
0.1 0.1000 0.1000 0.00015
CALIBRATION STANDARDS
Item Make Model Serial Number Cal Date Cal Due Date NIST ID
Weight Set Rice Lake 20 ke to Img 2831w 1/3/18 112019 200152429

Comments/Info Concerning this Calibration:
6/13/18: Adjusted span.

Permanent Information Concerning this Equipment;
6 month calibration cycle. Relative humidity= 47%

Signature:
THIS CERTIFICATE SIIALL NOT BE REPRODUCED WITHOUT THE APPROVAL OF QUALITY CD-Hr,aﬁ SERVICES, INC
The uncertainly i ealculated according to the 150 Guide to the Expression of Uncenainly in Measurément and includes the yhoerainly of standards used combined with)
the observed standard deviation and readability of the unil under test. The uncerainty is exponded with & K factor of 2 an approximate 95% level of confidence.
|trigtraments listed above were colibrated using standards traceable 16 the National Instiute of Standards and Technology {NIST). Calibration data reflect resulis af the ime
and location of calibration. Calibration data should be reviewed to insure that the instrument is performing to its required accuracy. Calibrations comply with 1SOAEC
17025 and ANSLZ540-1-1994 quality standards.

PT 1D: DIRIOT Member: National Conference of Standards Laboratories and Weights & Measures



INNOCAL®

INNOVATIVE CALIBRATION SOLUTIONS

625 East Bunker Court

Vernon Hills, llineis 60061
PH: BBE-466-6225

AV e

1375092

Reference Mumber: 1200788
PO Mumber. JSTEINERTO13118

NIST Traceable
Calibration Report

Fax: 847-327-2093 PFS-TECO
www. innocalsolulions.cam 11785 SE Highway 212
Suite 305

Clackamas, QR 97015 United States

Manulacturer:  Dwyer Instruments Inc. Calibration Date: 02/14/2018

Model Number: 471 Calibration Due Date:  02/14/2019

Description: Air Velocity, Digital Thermo Anemometer Condition As Found:  Limited In Tol See Comments
Asset Number:  #095 Condition As Left: Limited See Comments
Serial Numhber: #0895

Procedure: DS Universal Speed/Time/Temperature

Remarks:

M1ST-traceable calibration performed on the unit referenced above in accordance with customer requirements, published specifications and the
lab's standard operating procedures. Mo adjusiments were made to the unit.

This calibration is considered limited due to the requested test range.

Standards Utilized
Asset No. | Manufacturer | Model No. Description Cal.Date | Due Date
CP1 ﬂf?«_ﬂ?ﬂ IEaEm_a_:_: — .Kfiﬁu‘z Alr‘ufelucftg_ 'Lf!fiﬂq__'fu_nnel Gpen Jet DU0SR2018  01/3172019
CP144554 Fluke Corporalion 15514 EX Temperature, Stik Thermametar © D1/08/2018  01/31/2018
Calibration Data
FUNCTIONTESTED |  NominalValue | AsFound |owsrval Asleft | oworte) CALIBRATION TOLERANCE
Speed Accuracy B0 Rimin b 43 Same | 35 o B5 flimin
Air Velocity  [EMU 1.2 min][TUR 12:1]
Speed Aceuracy 100 Rimin 20 Same B5 to 115 fihmin
Air Vieloclty _ [EMU 1.5 fmn]TUR 9.8:1]
Spead Accuracy 150 fimin 140 Same U Assto16Stmin
Al Velocity S | I o [EMU 1.8 RiminTUR 8.3:1]
Speed Accuracy 200 fumin 187 Same " "3@5 o 215 Mmin
Ar‘u’l_a:cflw o ; : 5 _ [EMU 2.1 WiminfTUR 7.1:1]
Sgeed Acturacy 250 fimin 340 Same 235 Io 285 Mimin
Air Valocity : _ ) [EMU 2.4 #iminjiTUR &.2:1]
Speed Accuracy 300 imin 288 Same 285 lo 315 umén
Ajr Velocity _ i IEMU 2.7 Rimin]{TUR 5.6:1]
Speed Accuracy 400 fuimin 295 Same 388 1o 415 fimin
Alr Velocity ) _ [EMU 3.3 min][TUR 4 5:1]
Speed Accuracy 500 A/min 488 Same 485 to 515 fumin
Air Velocity [EMU 3.9 min][TUR 3.8:1]
Temperalure 72.0°F 719 Sama 70.0 1o 74.0°F
Accuracy [EMU .11 *F][TUR 18:1]
Lh“'qz':tﬂm": %g;ﬁcRH Calibration Performed By: Quality Reviewer:
umidty:
Rpt. Hu_? 1375002 Mathews, Rich 314 Metrologist  B47-327-5314 Szplit, Tony L 0271452018
Hame I b ?Irlr Phane N_llf [kate

Thus repodt may not be reproauced, extapl m full, withou! wetten permission of nocal The resulis stated i fhis report relale only fo the dems iested or calibaled
Measuremenis reparted herem are lracaable fo 5! units via nabional standards maintained by WIST and were performed in comphrance with MIL-STD-4 56624, ANSUNGSL
Z540-1-1004. TOCFRS0, Appendr: B, 150 0002-04, and 150 17025:2005, Guard Banding, if repovtad on this cedifeare, /& apphad al & Z-facor of 30% lor fest painls with a lest
wacedamly rabs (TUR) below 4 1 in Tolerance conditions are based on les! resuls fathng wilfun specifved bmits wath no rediciion by the wnceddainly of the measuremant. The
eshmated measwremen! uncartawily (EMU). o reporied an the cerfdicale. 15 being raportad al a confidance fevel of 85% or K=2 unless albenvse naled i the remarks secion

lglls ™

Gﬂﬁloﬂ
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Bulletin D-57
Model 1430 Microtector® Electronic Point Gage

Model 1430 Microtector® Portable

-

Three-point mounting, dual levelin

Electronic Point Gage combines mod- adjustment, and circular level via
ern, solid-state integrated circuit elec- assure rapid setup
tronics with a time-proven point gage = Durablock® precision-machined acrylic

manometer to provide fast, accurate plastic gage body

pressure measurements. Sensitive 0 - 50 microamp D.C. meter
acts as a detector and also indicates

battery and probe condition
SPECIFICATIONS AND FEATURES F_ : P
« Heavy 2 thick steel base plate
+ Accurate and repeatable to + .00025 provides steady mounting
185 Ware coMmn ] - . Tc-p-quali:tiv glass epoxy circuit board
+ Pressure range: 0 - 2 w.c., positive, and solid-state, integrated circuit
negative, or differential pressures electronics
+ Non-toxic and inexpensive gage fluid + Electronic enclosure of tough, molded
consists of distilled water mixed with styrene acrylonitrile provides maximum
a small amount of fluorescein green protection to components yet allows
color concentrate easy access to battery compartment
« Convenient, portable, lightweight » Rugged sheet steel cover and carrying
and self-contained, the unit requires case protects the entire unit when not
no external power connections and in use

is operated by a 1.5 volt penlight cell

i = Accessories included are (2) 3-foot
« A.C. detector current eliminates

lengths Tygon™ tubing, (2} 1/8 pipe

point plating, fouling and erosion thread adapters and 3/4 oz. bottle of
» Micrometers are manufactured in accor- fluorescein green color concentrate
dance with ASME B89.1.13-2001, and with wetting agent

are traceable to a standard at the National

Institute of Standards and Technology QNI rassIe: I peg Ve

optional pipe thread connections.
Tygon® is a registered trademark of Saint-Gobain Corporation

DWYER INSTRUMENTS, INC. Phone: 219/879-8000  www.dwyer-inst.com
F.O. BOX 373 Fax: 219/872-8057 e-mail: info@dwyer-inst.com
MICHIGAN CITY, INDIANA 46361,U.5.A



Praxair

5700 South Alameda Sirecq

Los Angeles, ¢ 20058

Tel: (323) 585-2154 Faw:(T14) J42-A680

DocNumber: 000113537 PGVFID; Fa2017

P = e B __.___.,_____,___.____.______
e RIIFICATE OF ANAL ysis /EPA PROTOCOL Gis |
Chistomer £ Order Iy i -

PXPKG TUALATIN oR H Praxair Grger Maembye- "0337ans: FWllBare: ey

10450 SW TUALAT)Y SHERWOOD Chistomer £, O, Nymper: Port Momber: 1 CD17C0RE A

TUALAT] OR  gypen Customer Referonce Mo " rmm_&b‘r‘fmﬁ :;mwmmﬂ o

Crlander Pregire g Folisie: 1250psly g5y g

Ceriifeation Tnformmtion:
This cylinder was
Use thig Standarg jf Pressure g

Expiration Data:

Certification Date: an 12017

cerdified according fo the 2012 EPA Traceap
less than 10 PsIG,

Certified Concentragipy.

Balance NITROGEN

8112025
Cylinder Number: CCropgaz
433 % cameoy MONOXipE 05
16.93 % CARBON DioXine £ 0.3
16.98 % OXYGEN 02

NIST Traceatle
Analylical Uncer!ainr_y-:

%
%
b

Expiration Dafg: 8/11/2025
ity Pratoca, Document #EP&EWR#ZFEEL using Procedume G1. Do Not

Analptical Pegy m‘m-mm Z=d0m Gas, SxGay Canviclle) |
e Companens; CARBON moNoxpE Refarence Stangarg Typo. GMis

Requastad Concantrmnon 45w . Rol. 819 Cyfincig: CQ24z633

Certifing Conzoniration: 4,33 % Ref. 531 Cane: 5.00%

Isiruman Ligg: Horiba Via-510 gpy UBSLCS X Rt 5. Traceabrg 1 SR # By

Aralytical Mgihgg- Ko SHM Sompla g 51-0-23

Last Muitipsin Caltrniion Tr2320T SRM Cylindor FF2305

f Fhrnnmr- Data: Dt avaay : ! Bdeang Analysis Doy Datg; :
|z o 5B 43 o 4333 ; ol T e Cang; e ;
| R g98 5 ] € 431 gope 4333 ‘R g 9 E 0 Cone: o !

& € 432 B g Cane: 41323 I|' & & g B 0 cope. o

uom: s Mean Tasy Asaay: 4334 ] i Uowe g Moan Teat Assay- 0% i

2. Companan: CARBON DIoxipE Rolarence Slancigrg Tyoe, GMIg

Requaateg 17 % Rk 84 Cylingr - EAT0z34

Canitgd Conganirarion. jEEET Rol 310 Cane 20,005

Mstrimen Lseg: Haviba Vis-510 Sy 20C194WR Raf 5ig Traceabla 1 SRM 4 : RGMECET

Arialytical Moirog ROIR SFM Samaln 4 - Y
Las! Muripging Calibvation, TRz ERM Cylingor ¢ - RGMICCZA07

R e i A e et S i gy et TR -
fﬁul.ﬁnﬂyﬂs Datn: Date, a0y | | Becond Analysis Dary: Dago: !
2 o g W08 B M Ganer 4 936 | te: o & o B 0 gane B .
| R 2008 5 o ©O1E59 Eann:  gggas H | R o FO S0 Cope o H
[4] C: 1838 g 005 Come: 44 538 i F& -a C: 9 R Cone: o g
| vom: Mean TostAesay:  35g3qs v vow: % Mean Test Asgny: 0% '
wmumnnmhudhmhhlmrnm wmﬂbywqummﬁu—m Pnl.wlihslrrhuum Ine \\mqmb-haulhlllm umﬂh{nmlh-ulmrm andddical
nmmmn::wummmlummmarhum wa mahn fg I mummmmmmmummmﬁmhwm Tha
e :

ability of Pragair Distribution, Ing., WISNG OLd of [
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Pagn. Laf |

Report and Certificate of Calibration
CAL-CERT

inuuTine Comncanos G700 SC Lake Road . Cgl-Ce rt.comm o weemess Diive Base, S0 8194

MEwaukle, DR 07122 Englewaod, €O #0117
1-B00-356-4662 1-800-983-TE32
CL-Lom “Measura The Differsnce" Sheiny ACCREDITED
Calisgtan
Doty
Report #: 2260-2878%-440 Customer FO#:

Customer Name: PFS TECO
Customer Address: | 17835 Southeast Highway 212

City: Clackamas State: OR Zip: Y7015
Contact: John Steinert
Service Address: 6709 Sowtheast Lake Road Milwaukic, OR 97222

Calibration Standards

10-RH01 92 Comark Thenmohygoometer SN 6ZITIS0049 C3l Daie 17717 Due Due 11030013 Vendae CalCery REPORT @ 1573.0401
V0-5H 1900513 571 Sipel Hule S0 00515 Ol Dare 321017 Due Dale 321718 Vendor Cal-Codl HEPORTY 30409.0.07

Instrument Data

Calibration Date: January 25, 2018 Relerence: Muomufacturer’s Spec
Calibration Due Date: January 25, 201% Cal-Cert Procedure: CP-115
Calibration Frequency: 12 Months Indicaling System: Sealing
Manufacturer: [rewvalt Temperature: 71 °F
Type: Tape Measure Humidity: 29% RN
Model Number: DWHT33372 Asset #: ROAG
Scrial #: #1 TAPE Service Location: Cal-Cen Lab
Capacity: 192 Inches As Found: Pass
As Left: Pass
[ Instrument Range: 192,000 Inches Range Resolution: (L0625 Inches |
Calibration | As Found | Verification | Verification
Standard Reading | Reading#1 | Reading #2
0.000 0.000 0,000 0.000
0.063 0.063 0.063 0.063
1.0:00 1.000 1000 1.000
12,000 12.000 12.000 12.000
48.000 48.000 45,000 43.000
96,000 96,000 96,000 96.000
192.000 192,000 192.000 19200
Expanded Uncertainty £ 0.07217 Inches

Remarks:

We sincerely thank you for your business. Please call us ar 1-800-356-4662 for all your sales and calibration needs.
Cleaning and preventative maintenance were performedl a8 part of this service,

Cal-Cert is accrediied by the International Accrediintion Service, Ine, (LAS) under Calibration Laboratory Code Cl-108 & CL-157.
LAS is recogmized under the ILAC mufual recopnition apreement (NIBLA)L

This cenificate is herehy issaed ihat the above instrument was tested for accurscy with calibeated siandards traceable to the National Instituie
of Standards and Technology (NIST). The information provided on this form complies with ihe data gaihering and repariing requirements of
ISOAET 17025 and ANSUNCSL 25403, ond meets the requiremnents of all applieable references ond Cal-Cent procedures listed phove,

Any sizled measurement uncertainty includes the unceriamty of the Calibration standards used, combined wilh the uncenanly of the
measurement process using the RSS method with a k=2 for an approximate 95% level of confidence. The calibration process meets or
exnceeds o rahio of 4:1 unless olherwise stated

All tolerances were dernved from the applicable standards and pass/Tail determination is based on those tolerances. The customer determined
any recommeenided duc dates indicaled on the certificale.

This report shall not be reproduced except i full, without wollen approval from Cal-Cen

Service Engineer: TYS0M MORAN Date: January 25, 2018
Technical Manager: MARSHALL DOYLE Signature: %ﬁﬁ C/
Dim ensibes) Messurcssens CF-115.01 Copysight 2013 Cab-Cent. Al rights reserved. Bevision 7 IOy




Report and Certificate of Calibration
CAL-CERT

cmcanon G709 5E Lake Boad s 14 Invmrmens Trtve East, 58w 0128
ctmmeanau 0708 88 Like hoad WYY, Cal-Cert.com LA i S
1-000-355-1682 1-000-903-T032
e “Mgasyre The Difference ™ LT, ACCREDITED
o
Report #: 2260-2BTR1-66 Customer PO#:
Customer Mame: PFS TECD
Customer Address: 11785 SE Highway 212
Ciity: Clackamas State: OR Tip: 97015
Contact: John Steinert
Serviee Address: 6709 SF Lake Read,  Milwaukie, OR 97222
Calibration Standards

[ 0-RHA 0] Coamerk Th i fromcier UM EXTTIS00I0 Lol Dwle DIFIET Dus Duie | LAWIE Vesdor OF REPORT ¢ 1573201

£ DTRIAT Mooy B3 P Gape Biok Set S 0SFM00 Cal fgic WEE Dag Dae W00 Viendes Amcnean Gape REFORTE B3180-2-143134

Instrument Data

Page 1 of|

Calibration Date: January 23, WIE Reference: HAVAIR 17-20MD-07
Calibration Due Date: Jonuary 23, 201% Cul-Cert Procedure: CP008
Calibration Frequency: 12 Months Indicating System: Drigatal
Manufacturer: General Temperature: Tt *F
Type: Digitnl Caliper Humidity: 3% RH
Model Nomber: 147 Aszet ¥: #0532
Serial i w052 Service Location: CalCert lab
Capacity: i Inches As Found: PASS
Resolution: 0.0005 inches As Loft: PASS
[ Instrument Ranpe: & Inches Range Resolution: 00005 Inches |
Qutside Jaws / Linenrity
Calibrmion | As Found As Left As Lelt Tolerance £
Standard Reading | | Reading2
Inches Inches linches Incles Inches
10,0000 00000 0,000 0.0000 0.0000
00500 0.0500 0.0500 0.0300 00010
10,3000 03000 0.3000 0 3005 0,001
0.6000 06000 0.6000 0.6000 00010
1 2080 1.2005 1.2005 1,2000 00010
2.4000 24000 2.4000 24005 0.0016
3.5000 3.5000 3 5000 3. 5000 0.0010
5.0000 5.0000 3.0000 5.0000 0.0010
60000 &.0000 G.0000 5, O 0.0010
Expanded Uncertainty + 000129 Inches
Verilications (for information only)
Target Measured | Tolerance &
Resalution Check 0.10050 0.1 0050 MNiA
Drepth 1.000 1 000 A
Step 1.000 100000 NIA
Inside Jaws 1.000 1.00000 MIA
Inspections
Jaws Parallel | Accepiable
Remarks:

‘We sincerely thank you fer your baslness, Please call ss ai 1-8080-356-8662 for all your sales snd cailbraiion needs,
Cieaming ard preventative maintennnce were perfarmed g3 part of ibis service,

Cak-Cert i acerediled by the Infermatlonal Aceredilalisn Servier, l=c, (1A5] ooder Calibralion Labamesry Cade CL-108 & CL-157, —|
LAS ki recognloed eader ihe ILAL muisal recopslibin sprecmes: (MRAL

This cerfificale is horcly issscd thal the above instames wes tessd for aceuracy with callbeaiod standards traceable to the Matanal Insiule of

Standards and Technology (NIST). The information provided on thas form complies with the data patkering and reposting cequirements of 1SOMEC 17034

and ANSLMOSL £540.3, and miocts e requimements of gl applicable references and Cal-Cent procedares listed abowe,

Asy siated imty sneludes the inty of the Calitmtion sndaeds used, combined witk thy uneerizanty of the messaremant

proscis using the RSS method with o k=2 for an approximare 95% bovel of confidence. The calibration process meets or execeds & ralba of 4:1 unless

aihersnse stated

All tolerances wese denved from the applicalle standerds snd passfail detcrmination is based on these tolerances. The custamsr delermined any

recommended dee dages indécated on ibs centificate

This repont shall fed be reproduced except in full, without wriiten appeoval feom Cal-Cert.

Service Enginecr: MICOLAS ILLA Daie: Jonuary 23, 2018
Technical Manager: MARSHALL DOYLE Sipaature: %‘% (
‘Caliper CF-DOS-00 Ravilen 13 ST

Coppnghe I3 Cab-Con AN nghts resenvod
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INSTRUMENT CO.
WHEN ACCURACY IS THE POINTe"




S50 @! 7 libration complies with IS0/~ %
Hac=m 17025, ANSI/NCSL Z540-1, and Yv01

%, (BCCREDITED)
ot ANl TS Cert. No.: 4198-9765787

Traceable® Certificate of Calibration for Hand Held Barometer

Customes :PFS TECO Suite 305 ,11785 SE Highway 212 ,Clackamas JOR-57015 L.S.A.

Instrument Identification:

Model: 4198, S/M: BO531676 Manufacturer; Control Company
Standards/Equipment:
Descriplion Serial Number Dus Drate MIST Traceable Referance
Dlgital Barometer D4540001 08 Oct 2018 1000415948
Digltal Thermometer 111879345 089 Apr 2015 4000-9377595

Certificate Information:
Technician: 57 Procedure: CAL-32 Cal Date: 28 Aug 2018 Cal Due Date: 29 Aug 2019

Test Conditions: 62.73%RH 23.92°C 1018mBar
Calibration Data:

Unit{s) Maminal As Found InTol | Nominal @ As Loft In Tol Min | Max | i) TUR

*C 2410 241 Y 23.51 23.9 Y 22,01 25.1 0.05 >4:1
mb/hPa 551.55 552 ¥ 551.62 546 b 544 560 0.62 =4:1
mb/hPa 751.22 Tdd h § T48.87 TdE Y Td1 757 0.62 >d:1
mbfhPa 1015.90 1011 Y 1018.22 1017 i 1010 1026 0.62 =4:1

This certificate Indicates Traceabllity to standards provided by (MIST) Natlonal Institute of Standards and Technology andior a National
Standards Laboratory.

[}
A Test Uncerlaingy Ratio of af laast 4:1 ks maintained unloss cthorsise ataiod and i calculated using The expanded messurement uncerainty, Uincerainty evaluation indudes the imtrumenl under last

and i calculated in sccordance with tho 150 "Guide 1o the Expression of Uncartainty in Measurement | (GUM). The uncerlainty reprosants Bn axpante rtainty using a rn:.m-rl:zlumrM
ks n

approaimals a 85% confidance level. In bolarance conditions &ne based en loal rasulla falling within spectlied limits with no reduction by the by o tha sil. Tha rasulls
relate only ba ba lem eaibeated. This coriScate shal nol be reproduced sxcepl in full, withou! writien appraval aof Conliol Company.

Meominal=Standard's Reading: As Left=insirument’s Raading; In Tol=in Talerance; MinfdaxsAcceptance Rangs: © UsExpanded Messurement Unceriainty: TUR=Tas! Uinceriainty Ralig;
Aceurscy=tiMax-Min)2; MinzAs Lefl Nominal{Rounded) - Telssants; Max= A Lalt qul‘hum-r Telerance;

1l Py Y

Nole :
Maintaining Accuracy:

In owr cplinion once calibrabed Hand Held Barometer should mainlain lis acouracy, There (s no axacl way i detarmine how keng cafibralion will be mointeined, Hand Held Barometer changs Bttle, if
any 81 80, but can be affecind by aging, lamperahsrs, shock, snd conlaminaticn,

Recalibration:
For factory cafibration and ne-ceriification raceabie lo Mational Institule of Standards and Technalogy contact Conlral Company.

CONTROL COMPANY 12554 Galveston RD Sulte B230 Wabster TX USA 77598
Phone 281 482-1714 Fax 281 482-9448 sales@controld.com  www.controld.com

Conlral Company ts an ISCUIES 170252005 Calibrallon Laboralory Accrediied by [AZLA} American Aspociaion for Laboralory Accradilation, Carfficala Mo, 1750.01.
Control Company Is 150 S001: 2008 Quatty Cortifed by DNV GL, Cerificate No. CERT-01805-2006-A0-HOU-RvA,
Inlernational Laboratory Accrecitation Cooperation (ILAC] - Wutdlateral Recognition Arrangement [MRA).

1al1 Traceabled is o rogislered tadamark of Contrel Company 02017 Centnal Company




