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1 INTRODUCTION

1.1 GENERAL

Laboratory

e Location: Services Polytests Inc., 695-B Gaudette St-jean-sur-Richelieu QC, Canada J3B 757
e Elevation: 100 feet above sea level

Test program

e  Purpose: unit qualification NSPS 2020 cord wood
e Test dates: December 9" and 10%" 2019
e Test methods used:
0 Particulate emissions: ASTM E3053-17; ASTM E2515-11 methods ALT-125 as referred into 40
CFR Part 60 Subpart AAA
O Efficiency: CSA B415.1-10

1.2 TEST UNIT INFORMATION

General

e  Manufacturer: Wolf Steel Itd

e  Product type: Zero Clearances wood fireplace
e Combustion system: catalytic

e  Unit tested: NZ3000H

Particularities: Model: TZ3000H, should be included into the certification. There is no physical difference
between products, only name will differ.

1.3 RESULTS

Emission results obtained

e  Weighted Average Emissions Rate: 1.38 g/hr
e  Weighted Average Overall Efficiency: 67.9 %
Conformity: NSPS Phase 2020 cord wood.

1.4 PRETEST INFORMATION

Unit condition: The unit was received by carrier in July 2019 in good condition. The 50hrs of aging was done by
Polytests Services.

Set up

e Venting system type: diameter 7-inch steel pipe and insulated chimney
e  System height from floor: 15 feet
e  Particularities: Optional convection fan can be provided with the heater
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2 SUMMARY OF TEST RESULTS

2.1 MODEL IDENTIFICATION

Model nhame number NZ 3000
Manufacturer Wolf Steel Itd
address 24 Napoleon Road, Barrie,
Ont. L4M 0G8
appliance category wood fireplace
Usable Firebox Volume - ft3 2.30
Catalytic/Non-Cat Cat
convection air fan (no, standard, Optional) optional

2.2 LABORATORY INFORMATION

Testing laboratory Polytests Services
695-B Gaudette,
address : o
St-jean-sur-richelieu
1SO/ Accreditation info 17025
Dates tested December 9" and 10" 2019
Test Methods / Standard ALT-125
Dilution Tunnel Inside diameter - in 8
Filter diameter 47
Filter material PTFE Pall
2.3 TEST CONDITION SUMMARY
Model Name(s) / number(s) NZ 3000
Usable firebox Volume-ft3 2.30
Convection Air Fan (No,
Standard, Optional) OPTION
Test runs # 1,1 1,2 2.1
Date tested December 9™ | December 9" | December 10t
2019 2019 2019
test run category (L,M,H) H L M
average barometric pressure
—in Hg 29,91 29,91 29,41
Max observe Ambient temp.
°F 75,62 76,32 80,09
Min observe Ambient Temp
°F 69,44 75,00 74,58
Max observe Filter temp °F 89,28 89,73 88,29
Run air settings
Primary (measured up from
minimum) Maximum minimum medium
Secondary (measured up
from minimum) Fix fix fix
Convection air setting Maximum Minimum On
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Test fuel load

Cordwood fuel species Oak Oak Oak
specific Gravity (from Table
1) 0,66 0,66 0,66
Higher heating value - Btu/lb
(from Annex A1) 8690 8690 8690
Nom. Test fuel piece length -
in 21 21 21
Number of test fuel pieces 5 5 5
Test fuel Weight
Kindling - as fired Ib. 4,30 NA NA
Kindling Wt. - as % of test
fuel load 18,1% NA NA
Kindling Moisture % Db 9,0 NA NA
Kindling Kg DB 1,79 NA NA
SU Fuel Wt- as fired Ib 7,00 NA NA
SU Fuel wt. - as % of test
fuel load 29,5% NA NA
SU Fuel moisture - % DB 20,0 NA NA
SU fuel- Kg DB 2,65 NA NA
Test Fuel Load - As Fired |b 23,74 28,19 27,65
Ave. Test Fuel Load MC %
DB 21,74 22,95 23,22
Test Fuel Load - kg DB 8,85 10,40 10,18
Test fuel Loading density
Ib./ft3 10,32 12,26 12,02
Residual SU fuel wt. - as
fired Ib. 4 NA NA
Residual SU fuel wt.- as % of
test fuel load 16,8% NA NA
Test run duration - minutes 190 555 467
Test run duration - h 3,17 9,25 7,78
Test fuel load wt at the end
of the test - as fired |Ib 2,2 0 0
total fuel burned kg Db 10,47 10,40 10,18
% test fuel load wt at end of
the test 9,3% 0,0% 0,0%
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2.4 TEST RUN RESULTS SUMMARY

Model name / humber NZ 3000
Usable Firebox volume 2.30
Convection air Fan (no,
Standard, option) OPTION
Test runs nu. 1,1 1,2 2,1
December 9t December 9t | December 10t
Date tested 2019 2019 2019
Test run category H L M
Burn rate - Kg/hr DB 3,29 1,12 1,31
Burn rate as % of low to high
Midpoint NA 34,1% 39,7%
Burn duration - h 3,17 9,25 8
Heat output btu/hr 42 203 14 215 17 158
Average Dilution Tunnel Flow
Rate - dscfm 326,8 330,2 339,7
Average Sample Flow Rates -
dscfm
Train 1 0,1668 0,1693 0,1617
train 2 0,1607 0,1642 0,1566
Total PM Emissions - g
Train 1 g 7,84 10,78 8,25
train 2 g 7,93 11,12 7,66
Average 7,89 10,95 7,96
PM emission train precision % 0,60% 1,54% 3,71%
PM emission g/kg 0,75 1,05 0,78
PM emission rate g/h 2,49 1,18 1,02
Total Co Emission g 59,2 242,2 211,2
Co emission Rate g/h 24,8 26,2 27,1
15t hour emission rate g/h 5,7 2,9 5,0
Overall Efficiency - CSA B415,1
% HHV Basis 67,73% 67,39% 68,52%
% LHV Basis 72,88% 72,51% 73,72%
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Model name / number NZ 3000
Usable Firebox volume 2.30
Convection air Fan ( no,
Standard, option) OPTION
average for each test run
category L M H
burn rate kg/h DB 1,12 1,31 3,29
PM Emission rate - g/h 1,18 1,02 2,49
Co emission rate - g/h 26,19 27,14 24,85
Overall Efficiency - CSA B 415,1
% HHV Basis 67,4% 68,5% 67,7%
% LHV Basis 72,5% 73,7% 72,9%
Heat output - Btu/hr 14215 17158 42203
Category weighting 0,4 0,4 0,2
2.6 WEIGHTED AVERAGE FINAL RESULTS
ASTM E 3053 Weighted averages
PM Emission Rate - g/h 1,38
CO Emission Rate g/h 26,3
Overall Efficiency - CSA B415,1
% HHV Basis 67,91%
% LHV Basis 73,07%
Heat output range - Btu/h 14 215 to | 42 203 |
Co Arithmetic average g/min 0,43
2.7 TEST FACILITY CONDITIONS
Room Temperature Barometric pressure Relative humidity Air Velocity
o Before After Before After Before After Before After
Number (F) (F) (in.Hg) (in.Hg) (%) (%) (ft/min) | (ft/min)
1 73 81 29,83 30,00 31,4 26,3 0 0
2 79 81 29,38 29,44 32,5 31,3 0 0
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2.8 DILUTION TUNNEL FLOW RATE MEASUREMENTS AND SAMPLING DATA (ASTM E2515)

Average dilution tunnel measurements Sample Data
Run particul h
Number/ Volumetric Total ol led (DSCF e
test Burn Rate Flow Rate Temperatures e S | ) )
category (Min) (dscf/min) (°R) 1 1 2
high
Fire test 190 326,76 575,59 31,683 30,525 4,00 3,90
Low fire
test 555 330,23 560,78 93,938 91,129 5,60 5,60
medium
fire test 467 339,74 557,35 75,535 73,118 4,00 3,60
2.9 DILUTION TUNNEL DUAL TRAIN PRECISION
Nurf:;)ner/ Sample Ratio Total Emission (g)
test
category Train 1 Train 2 Train 1 Train 2 % Deviation
high Fire
1959,51 2033,84 7,84 7,93 0,60%
test
Low fire
test 1951,04 2011,16 10,78 11,12 1,54%
medium
fire test 2100,44 2169,88 8,25 7,66 3,71%
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3 PROCESS DESCRIPTION

3.1 DISCUSSION

The heater was received in a good shape by a carrier in July 2019. Pre-burn was done as preliminary testing with
cord wood at Polytests facility. The firebox is lined with Refractory cement panels. The secondary air inlet is
fixed and the primary air damper is located at the underneath the firebox. Post combustion is ensured by the
secondary tubes located at the top of the firebox. Above the tubes a is a deflector made of Ceramic fiber.

3.2 UNIT DIMENSIONS

Baffle
e Location: top of firebox
e  Restriction: catalyst dimensions
e Dimensions: 15.25-inch X 12-inch X 1 inch thick
e  Material: Ceramic fiber

e Location: surrounding combustion chamber
e Dimensions: Between 2 & % inches thick
e  Material: Refractory cement panel

Flue gas exhaust
e Location: top

e Dimensions: 7 or 8 inches
e  Material: steel

Gasket

e Gasket between glass & door: 7/8” channel gasket, black woven fiberglass, 5/32” thickness, thermal
protection up to 1000F, pressure sensitive adhesive backing.

e Gasket between door & unit: 0.625 diameter glass rope gasket, medium density, cemented to inner
door frame, create a tight seal up against the front of the firebox.

e Bypass door gasket: We are using a 0.500 diameter ceramic rope gasket, soft density, cemented to
the baffle.

o Baffle: 4” diameter rope fiberglass rope gasket, medium density, cemented to the baffle.

e CAT: We are using one 0.063” layer of Interam gasket between the ceramic monolith and the metal
can. Also, we are using a layer around the can and the catalytic insert area.

e Dilution: %4” ceramic twisted rope, 20-33 pcf density, suitable for use up to 2300F.

e Secondary Manifold to Unit: 1/8” Kaowool gasket, 6-9 Ib/ft cu density, suitable for use up to 1800F.

e Refer to drawing appendix 6 for all position details

Overall unit dimension
e  Firebox dimensions: 26 1/8 to 21 3/8 inches wide X 13 3/4 inches depth X 11 % inches high
e Usable volume: 2.3 cuft
e Overall dimension: Width 42, Depth 26 inches, Height 43 inches

Convection fan
e optional blower fan
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e model: ebmpapst D2E146-HT65-14 Centrifugal Blower, 441 CFM, 115Volt, 2.84 Amps

Catalyst
® vyes
e 25cell /sginch
e Dimension: 13inch long X 2.5 Width X 2.5 high

3.3 AIRSUPPLY SYSTEM

Description

e  Primary air: Bottom front of the heater
e Secondary air: sides of the heater Refer appendix 6 for drawing details

Characterization

The following table shows the inlet and outlet sections of each system. The air introduction system number is
referred to on a set of drawings in Appendix 6.

AIR INTRODUCTION SYSTEM INLET (1) sq. in. OUTLET
Identification Type Imin Imax Controlled (sq.in.)
A* Primary 0.171 2.352 Yes 6.45
B * Secondary 1 1 Fix 1.048
c* Pilot 0.11 0.11 Fix 0.028

* This section would be filled by measuring and comparing with the manufacturer’s drawings included in the
test report.

Legend
Identification: Tag name referred to on drawings in Appendix 14, section airflow pattern

Type: Characterization of air intake

Imin: Minimum air intake of a particular air channel

Imax: Maximum air intake of a particular air channel
Controlled: Determines if a provision for air control is present
Outlet: Total air outlet of a particular air channel
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3.4 OPERATION DURING TEST

Run #1.1
This run was performed on December 9t" 2019. It lasted 190 minutes and a maximum burn rate was obtained
at 3.29 kg/hr & emission at 2.5 gr/hr. The air inlet damper was at the maximum opening.

Run #1.2

This run was performed on December 9t 2019 as a continuation of the maximum burn rate (run1.1). It lasted
555 minutes and a Minimum burn rate was obtained at 1.12 kg/hr & emission at 1.18 gr/hr. The air inlet damper
was at the minimum setting.

Run #21
This run was performed on December 10" 2019. It lasted 467 minutes and a medium burn rate was obtained
at 1.31 kg/hr & emission at 1.02 gr/hr. The air inlet damper was at the medium setting.

e Details: Refer to the front page of each test run data sheets found in appendix for the detailed test
sequence showing air supply settings and adjustments, fuel bed adjustments and operational specifics
of the test unit.

Test fuel cribs

e Type of wood: Red Oak, 18 to 28% dry basis moisture content
e Description: for each test, description of the fuel crib is found on the front page of each test run data
sheet together with photograph in appendix.

3.5 START-UP OPERATION

The complete manufacturer’s firing procedure of each burn rate category is fully described in appendix 13.

3.6 SAMPLING LOCATIONS

Particulate samples are collected from the dilution tunnel at a point 15 feet from the tunnel entrance. The
tunnel has two elbows in the system ahead of the sampling section. The sampling section is a continuous 20-
foot section of 8-inch diameter pipe straight over its entire length. Tunnel velocity pressure is determined by a
standard pitot tube located 48 inches from the beginning of the sampling section. Thermocouple is installed on
the pitot tube to measure the dry bulb temperature. MCis assumed, as allowed, to be 4%. Tunnel samplers are
located 56 inches downstream of the pitot tube and 24 inches upstream from the end of this section.

3.7 DRAWINGS

Various drawings of the stack gas sampling train and of dilution tunnel system are found in Appendix 6.

3.8 EMISSIONS EFFICIENCY TESTING EQUIPMENT LIST

The complete test equipment list together with all corresponding calibration data can be found in Appendix 3.
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4 SAMPLING METHODS

4.1 PARTICULATE SAMPLING

Particulates were sampled in strict accordance with ASTM E2515. This method uses two identical sampling
systems with Gelman A/E 61631 binder free (or equivalent), 47 mm diameter EMFAB TX40H 120-WW Pall filters.
The dryers used in the sample systems are filled with "Drierite" before each test run.

5 QUALITY ASSURANCE

5.1 INSTRUMENT CALIBRATION

5.1.1 GAS METERS

At the conclusion of each test program the gas meters are verified using the reference dry gas meter. This
process involves sampling the train operation for 1 cubic foot of volume. With readings made to .01 fr', the
resolution is 1 %, giving an accuracy higher than the 2% required by the standard.

5.1.2 SCALES

Before each test program, the different scales used are checked with traceable calibration weights to ensure
their accuracy.

5.1.3 GAS ANALYZERS

The continuous analyzers are zeroed and spanned before each test with NBS traceable gases. A mid-scale multi-
component calibration gas is then analyzed (values are recorded). At the conclusion of a test, the instruments
are checked again with zero, span and calibration gases (values are recorded only). The drift in each meter is
then calculated and must not exceed 5% of the scale used for the test.

5.2 TEST METHOD PROCEDURES

5.2.1 LEAK CHECK PROCEDURES

Before and after each test, each sample train is tested for leaks. Leakage rates are measured and must not
exceed 0.02 CFM or 4% of the sampling rate. Leak checks are performed checking the entire sampling train. Pre-
test and post-test leak checks are conducted with a vacuum of 5 inches of mercury. Vacuum is monitored during
each test and the highest vacuum reached is then used for the post-test vacuum value. If leakage limits are not
met, the test run is rejected. During these tests, the vacuum is typically less than 2 inches of mercury. Thus,
leakage rates reported are expected to be much higher than actual leakage during the tests.

5.2.2 TUNNEL VELOCITY FLOW MEASUREMENT

The tunnel velocity is calculated from a center point pitot tube signal multiplied by an adjustment factor. This
factor is determined by a traverse of the tunnel as prescribed in EPA Method 1. Final tunnel velocities and flow
rates are calculated from EPA Method 2, Equation 6.9 and 6.10. (Tunnel cross sectional area is the average from
both lines of traverse.)

Pitot tubes are cleaned before each test and leak checks are conducted after each test.

5.2.3 PM SAMPLING PROPORTIONALITY (ASTM E2515)
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Proportionalities were calculated in accordance with ASTM E2515. The data and results are found in appendix.
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APPENDIX 1: Raw data, forms and results
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data 2019-12-09 epa alt 125 pi 20214 run 1

Parameétres

Tous les facteurs de corrections et autres parametres qui peuvent étre modifiés par
I'utilisateur du fichier sont regroupés ici.

Code verrouillage: | WOL |
Description du test

Test standard EPA

Run # 1

Date 09-12-2019

Technicien M.M

Project # PI 20214

Description de l'unité

Manufacturier WOLF STEEL

Modeéle NZ 3000

Combustion system Cat

Appliance type FIREPLACE

Firebox volume 2,3 cu ft.
Appliance weight empty n.a Ibs

Fan (no, Standard, Option) Option

Parameétres du test

Logging time 1 min
Manufacturer's rated heat output n.a

Targeted category 1

Targeted output n.a BTU/h

Cp steel n.a BTU/Ib-°F
Echantillonnage

Blank sampling rate 0,20 cuft/min
Internal probe diameter 0,18 in.
Calibration Factor (DGM #1): 0,995 Dimensionless
Equipment number (DGM #1): EM 178

Calibration Factor (DGM #2): 0,990 Dimensionless
Equipment number (DGM #2): EM 179

Calibration Factor (DGM #3): 0,997

Equipment number (DGM #3): EM 070 Dimensionless
Tunnel

Targeted tunnel flow rate 300 scfm
Tunnel diameter 8 in.
Molecular weight 28,78

Pitot tube type Standard

Pitot tube coefficient 0,99 Dimensionless
Fuel data

Fuel type Cord

Fuel specie Oak

HHV 20207,0 kl/kg

%C 49,5

%H 6,6

%0 43,7

%Ash 0,2

HHV 8689,9 Btu/Ib
LHV 7600,4 Btu/Ib
Parametres

BTU/h Donnée fournie par le manfacturier

May be assumed to be 28,78 (EPA) Si B-415 = 29

Project nu. PI 20214
Date 09-12-2019
Technicien m.m

Default Fuel Values
D. Fir Oak/Maple

HHV 19810 20 207
%C 48,73 49,5
%H 6,87 6,62
%0 43,9 43,7
%Ash 0,5 0,2
HHYV (Btu/lb) 8519 8690
LHV (Btu/lb) 7451 7600
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Barometer (kPa):
Barometer (in.Hg):

Start

data 2019-12-09 epa alt 125 pi 20214 run 1

End

[ 101]

101,6]

29,825289 30,00246871

Dry Bulb (F): 72,7 80,6
Humidity (%): 31,4 26,3
Air velocity (ft/min) 0 0
High fire test
DGM #1 Final: 2918,585 cuft Final:| 82645,120 |[Liter
Initial: 2885,402 cuft Initial:| 81705,490 |Liter
DGM #2 Final: 977,094 cuft Final:| 27668,220 |Liter
Initial: 944,558 cuft Initial:| 26746,900 |[Liter
DGM room Final: 892,550 |cuft
Initial: 847,920 |cuft
min or med burnrate
DGM #1 Final: 3017,746 cuft Final:| 85453,040 |Liter
Initial: 2918,701 cuft Initial:| 82648,400 |[Liter
DGM #2 Final: 1075,094 cuft Final:| 30443,280 |[Liter
Initial: 977,241 cuft Initial:| 27672,370 |Liter
DGM room Final: 1023,320 [cuft
Initial: 892,550 |cuft

Numéro de la ligne dans "Raw data" a partir duquel les données du test commence
Numéro de la ligne dans "Raw data" a partir duquel les données du highfire test commence
Numéro de la ligne dans "Raw data" a partir duquel les données du min ou medium fire test commence

Autres données a rentrer: dans preload data, load data, traverse et filter set weight

Key in data

Project nu.PI 20214

Date 09-12-2019 |
Technicien M.M ‘

159

206

412

Page 1 of 1
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