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1 INTRODUCTION 

1.1 GENERAL 

Laboratory 

• Location:   Services Inc., 695-B Gaudette St-jean-sur-Richelieu QC, Canada J3B 7S7 

• Elevation:   100 feet above sea level 

Test program 

• Purpose:  unit qualification NSPS 2020 

• Test dates:  June 23
rd

   2015 

• Test methods used:     

o Particulate emissions:  ASTM E2779-10 (section 9.4.1 integrate test run); ASTM E2515-11 

methods 28R as referred into 40 CFR Part 60 Subpart AAA 

o Efficiency:  CSA B415.1-10 

1.2 TEST UNIT INFORMATION 

General 

• Manufacturer:  Ravelli 

• Product type:    Pellet stove 

• Combustion system:  blower 

• Unit tested:  RV80 CERAMICA 

Particularities 

• Options:  None 

• Product line similarities:  only esthetical changes for all three models: Monica 2015, Francesca 2015, 

RV80 CERAMICA. All three units have same firebox construction and dimension, same combustion 

blower and convection. All same electrical components. 

1.3 RESULTS 

Emission results obtained 

• emission rate: 0.6 grams/hour  

• 1
st

 hour emission rate : 1.39 grams/hour 

Conformity:  NSPS Phase 2020 

1.4 PRETEST INFORMATION 

Unit condition:  The unit was received by carrier March 15
th

. The 50hrs of aging is made in week of June 2
nd

. 
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Set up 

• Venting system type:  pellet venting conduit 3inch. diameter 

• System height from floor:  15 feet 

• Particularities:  none 

Break in period 

• Duration:  the unit received from the manufacturer and run for at least 50 hours at a category 2 burn 

rate with adequate documentation of fuel additions and flue and unit temperatures during the week 

of June 2
nd

. 

• Fuel:  hard wood pellet (ENERGEX) 

2 SUMMARY OF TEST RESULTS 

2.1 EMISSIONS 

 

 

 

Run 

Number 

Date 

Relative 

Humidity (%) 

 

 

Run 

Time 

(Min.) 

Heat 

Output 

(Btu/hr) 

1st Hour 

Emissions 

(g/hr) 

 

 

Integrated 

Total 

(g/hr) 

CO 

Emissions 

(g/hr) 

Overall 

CO 

Emissions 

(g/hr) 

Heating 

Efficiency 

(% HHV) 

 

 

Overall 

Heating 

Efficiency 

(% HHV) 

Setting BR 

 

June 

23
rd

 

2015 

H 1.79 61 34 000 

1.36 

 26.2 

23 

77.18  

 

77.87 

 M 1.08 117 20 500  31.12 77.34 

1 L 0.71 180 13 400 0.58 20.8 78.97 

 OA 1.01 358 19 250  23 77.87 
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2.2 AVERAGE CALCULATION 

NA : Pellet Stove tested as ASTM E2779 section 9.4.1 integrate test run 

2.3 TEST FACILITY CONDITIONS 

Run Room Barometric Relative 
Air 

Velocity 

Number Temperature pressure humidity 

Before After Before After Before After Before After 

(F) (F) (in.Hg) (in.Hg) (%) (%) (ft/min) (ft/min) 

1 76  83  29,678 29,825 63 46 20 19 

2.4 FUEL QUALITIES 

Run Pre-test Load Test Load 

Number Loading Moisture Coal Weight Density Moisture Piece Number Number 

Weight Content bed Wet Wet Content Length of of 

Wet Dry Weight Basis Basis Dry (in.) 2X4's 4x4's 

Basis Basis (lbs) (lbs) (lbs/cuft) Basis 

(lbs) (%) 

   

(%) 

   
1 4,79  7,30  na 14,28 na 7,30 na na na 

 

2.5 DILUTION TUNNEL FLOW RATE MEASUREMENTS AND SAMPLING DATA (ASTM E2515) 

Average dilution tunnel measurements Sample Data 

Run Burn Volumetrie Total Volume sampled Particulate catch 

Number Rate Flow Rate Temperatures (DSCF) (mg) 

(Min) (dscf/min) (°R) 1 2 1 2 

1 358 144.89  559,62  59,8047  58,7383  4,00 4,10 

 

2.6 DILUTION TUNNEL DUAL TRAIN PRECISION 
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Run Sample Ratio Total Emission (g) 

Number Train 1 Train 2 Train 1 Train 2 % Deviation 

1 852,92  868,40  3,47  3,62  2,13% 

 

2.7 GENERAL SUMMARY OF RESULTS 

Run Burn Average Change in Initial static pressure Primary Run 

Number Rate Surface surface Draft tunnel Air Time 

(kg/hr) Temperature Temperature (in. H
2
O) (in. H

2
O) Setting (min) 

(F) (F) 

    
1 1,012  351,84  -117,6  0,053  0,200   na 358 

 

3 PROCESS DESCRIPTION 

3.1 DISCUSSION 

At the reception of the unit we do preliminary test run to ensure the unit can reach the limit of the standard. 

We use those run for the aging of the unit 

3.2 UNIT DIMENSIONS 

Baffle 

• Location:  top of the combustion chamber 

• Restriction:  3/4  X 10 3/4 

• Dimensions:  4 X 10 5/8 

• Material:  Steel 

Bricks 

• Location:  back and side of the combustion chamber 

• Dimensions:  10  1/8 wide X 13 height  ; Sides: 6 wide X 13 height 

• Material:  Vermiculite 

Flue gas exhaust 

• Location:  back of the unit at 10 ¾ from the  bottom 

• Dimensions:  3 inch ( inside diameter) 

• Material: Steel 

Overall unit dimension 

• Overall dimension : 20 ½ depth X 20wide  X 39 ¼ height 
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• Firebox dimensions :  10 ¾ X 6 ½ X 11 ½  

• Burner dimension : 2 3/8 depth X 2 ½ wide X 2 ½ height 

Convection fan 

• Manufacturer :  EBM-PAPST 

• Model EM3030 

• Spec. :  certification file : E79449 

Gasket 

• Refer to appendix 6 for all details 

Glass 

• in the door : 9 X 11 ¼  

• material : Robax 

• Thickness : 4mm 

  

3.3 AIR SUPPLY SYSTEM 

Description 

model 

MONICA-RV80-

FRANCESCA 

       

 

power rpm blower air flow (m/s) 

inlet air 

flow 

(m3/min) 

1 750 0,4 0,0192922 

2 800 0,5 0,0241152 

3 1000 0,6 0,0289382 

4 1200 0,75 0,0361728 

5 1400 0,9 0,0434074 
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3.4 OPERATION DURING TEST 

 

Run #1 

This run was performed june 23
rd

 2015.  It lasted 358 minutes and as ASTM E 2779 section 9.4.1 integrate test 

run obtained at 1.01 kg/hr & emission at 0.6gr/hr. The pellet stove is preheated for 100 min. before the 

beginning of the test. For the first hour of the test the unit was set at power 5, then for the next 2 hours we 

set at power 3 to burn less than 50% of the maximum, and for the last portion of the test the pellet stove is 

set at power for 3hours of minimum burn rate. 

 

• 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 

• Type of wood:  hard wood pellet  (ENERGEX) 

• Description: The pellet for each test and preburn period was sent to Canadian bioenergy centre of 

university of New Brunswick for test fuel calorific analysis. This laboratory is ISO/IEC 17025 recognize 

by the Standard council of Canada (ASTM D444-92). For the test fuel property refer to test fuel 

analysis in the appendix 3 Calibration data. 

• sourcing: buy from the manufacturer Energex at Lac Mégantic, Qc 

• handling and storage : keep all the bag in the same room (at 20C ambient and 50% humidity) all wrap 

together to ensure the stability of the moisture. 

    

3.5 STAR-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 and two mixing baffles in the system ahead of the sampling section. The sampling 

section is a continuous 10 foot section of 6 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.  MC is assumed, as allowed, 

to be 2%. Tunnel samplers are located 56 inches downstream of the pitot tube and 16 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 1. 
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3.8 EMISSIONS EFFICIENCY TESTING EQUIPMENT LIST 

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

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 AIE 61631 binder free (or equivalent), 47 mm diameter 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 
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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) 

Proportionalities were calculated in accordance with EPA Method ASTM E 2515. The data and results are 

found in appendix. 
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567689:;<=:>=9?8@A68A=;9<98BCD;EFGHHIJEFKLMIKNIEOPKQNRIISETUPKEMIJPVWSXEVLJVGJLSWPHNYZ[\[]̂_̀abccdabe fgh ]ij_khfl\amnb[bae hogoff ]ij_kpqrstusvuwsvvxyuzxu{|}uxwu~ys��u~txvztxu�uyx�wstx������� ������ Z������������� ���̀ �����ij_�̂ ���8�@D7@B fgffff�8�@D7@B fgffff�� fgffff�h fgffff�� fgffff�� fgffff�� fgffff�� fgffffl� fgfffflh fgffffl� fgffffl� fgffffl� fgffffl� fgffff ����� ¡�¢£�¤¢�¥�����¦� §̈ ��©fª fgffff fgo��qrstusvuwsvvxyu«r¬v�uzxu{|}�u~txvztxu­uyx�wstx�u������ ������ Z������������� ���̀ �����ij_�̂ ���8�@D7@B fgf�h o®gf® fghf�o�8�@D7@B fgf�� o®go� fghfh��� fgf�̄ oog�® fg�oh��h fgf�� oogf® fgh�h��� fgf�� �ffgho fghf̄ ��� fgf�̄ �ff fg�oh�l� fgf�� �ffgf�f fg�®�̄lh fgf�̄ �f�g��f fg�oh�l� fgf�f �ffgf�f fghfffl� fgf�® �f�gfof fg�o�o�����¦� fgf�®® oog® fg�o�� qtr°x�wuvs± ²³�h�hµ́wx h�³f�³hf��¶x�·v¬�¬xv njnB̧6¹@Bº@ ¡»¼½¾¿À¼Á¾ÀÂ Ã6Ä@8;8ÅÆ8;



ÇÈÉÈÊËÌÍÎÏÌÐÏËÑÊÒÓÈÊÓÏÍËÎËÊÔÕÖÍ ×ØÙÚÛÜÝÞÛÚÝßÛØàáÚ âãäåæåçèå éèêëåìèêíäëãîïðãñïåäéèêëåìèêíäëãîïðãñïåäéèêëåìèêíäëãîïðãñïåä òåìêèåóôõö òåìêèåóô÷ö òåìêèåóôøö òåìêèåóôùö òåìêèåóôúöûõü÷úûõýüõ÷ùûýüõ÷øþõýüõùûúûõüõýø�ýüõ÷øúýüõ÷�õýüõøùõûõüø��þýüõ÷þûýüõ÷ù�õýüõ��þ÷ýõú�ýû�÷÷õ��ýý òåìêèåóôûöûõü÷úûýüõ÷ùûýüõ÷ø�õýüõùûúûõüõýøþýüõ÷øùýüõ÷þ�õýüõøù÷ûõüø��þýüõ÷þûýüõ÷ù�õýüõ���÷ýõú�ýû�÷øýþ�øý �ìäåèóôõöûõü÷úûùýüõ÷úþýüõ÷ùõýüõù��ûõüõýø�ýüõ÷û÷ýüõ÷�õýüõø�øûõüøþýõýüõøõþýüõ÷úõýü÷ýù�÷ýõú�ýû�÷øõþ�õú �ìäåèóô÷öûõü÷úû÷ýüõ÷úûýüõ÷ø�õýüõù�úûõüõýø�ýüõ÷úõýüõ÷�õýüõøûûûõüøþýõýüõøõøýüõ÷ù�õýü÷ý÷õ÷ýõú�ý��ýõõû�øý �ìäåèóôøöûõü÷úûõýüõ÷úúýüõ÷ø�õýüõù�õûõüõýø�ýüõ÷úõýüõ÷�õýüõøù�ûõüøþýõýüõøõ÷ýüõ÷ù�õýü÷ýõõ÷ýõú�ý��ý÷õõ�ýý �ìäåèóôùöûõü÷úûõýüõ÷úúýüõ÷ø�õýüõù�õûõüõýø�ýüõ÷úõýüõ÷�õýüõøù�ûõüøþýõýüõøõ÷ýüõ÷ù�õýü÷ýý�÷ýõú�ý��ý÷õ��ýý �ìäåèóôúö �ìäåèóôûöûõü÷úûõýüõ÷úúýüõ÷ø�õýüõù�õûõüõýø�ýüõ÷úõýüõ÷�õýüõøù�ûõüøþýõýüõøõ÷ýüõ÷ù�õýü÷ýý�÷ýõú�ý��ý÷õ��ýý â�ììåèåíîåýüýýýõýüýýý�ýüýýýýýüýýýûýüýýýõýüýýõ�ýüýýýõýüýýýúýüýýýøýüýý÷ûýüýýýýýüýýõ÷ �êäã�óô�ðöõüûùùüõ �êäã�óã	çñä
óô�ðö��
��������� ����ÒÖÉÊ��ÈÖ�Ê��� ���äåè òåìêèåýüõ÷þ÷ �ìäåèýüõ÷þø â�ììåèåíîåýüýýýõ �êäã�óô�ðöÌô�èêéêèä�êííå�ö ����� !"#$%é�õ÷ú÷ &'!�÷ø�ýû�÷ýõú (� )#* *�#�+�,-ñäå�ó÷óôðö,-ñäå�óõóôðöóõñäó.êçè,-ñäå�óõóôðö /��ÉÒÔÊ0ÒÉÊ1Ò��2ÉÂÃÄÅÆÇÈÄÉÆÈÊ 3È�ÒÊÍÊ45ÊÍ



67879:;<=>;?>:@9AB79B><:=:9CDE<FGHIJKHLMNOPQROLOSTUUTVWLPQXOY Z[\ ]̂_̀ab̀cdFefgdh i[Zij k̀ldm]̂_̀nOUXLopPQXTVWY qrs tucvFGHHIFGdwxyKzFhdd k{|di Z[}\~}� axFz|GKF�ydvFGHHIFGddk{|dj Z[}�\Zj dx�g̀e]gh j}[��i�\�ucd�]KG|vGFxKIFGdwxyKzFH dddHfèfhj}[\��\�}ucd�]k{|di Z[}�\Z� dddddGc�hj}[~j�j~}ucd�]k{|dj Z[}���� k{|dyz�KFzJJGFd�xJIGH�zJI|GHdHx|vJGk k{|di dddwuce�h }�j�[j~Z yb�fk{|di �}[~Z��Z H��f d�cufue�h }�\�[�j} yb�fk{|dj �~[��~j~ H��f k{|dj dddwuce�h ~Z��[��� yb�fKzKxJdKI��GJd�zJI|Gdh �i~�jH��f d�cufue�h �}~�[��� yb�fHx|vJGdFxK�zH KG|vGFxKIFGHdd dddHet��gdK̀eucdih ~\�[��� k{|di ��Z[}\� �FdddHet��gdK̀eucdjh ~~�[iZj k{|dj ��i[��� �FKzKxJdG|�HH�z�H yxJ�aFxK�z�dwxyKzFHdddddddHet��gdK̀eucdid q��� ] k{|di i[ZZ\idddddddHet��gdK̀eucdjd q��� ] k{|dj i[Zj~ZG|�HH�z�dFxKGH KI��GJdwJz�dFxKGh i��[~}� k���tddddHet��gdK̀eucdid ��rs ]̂_̀ddddHet��gdK̀eucdjd ���� ]̂_̀ vxFK�yIJxKGdyxKy�ddddddddddK�fe�dHet��gdK̀eucdih �[ZZt]i�fd_�b̀dgtu��u�cd̀efg ��q� ]̂_̀ dddddddddddK�fe�dHet��gdK̀eucdjh �[iZt]dddddddddK�fe�dHet��gdK̀eucdidi�fd_�b̀h i[\Zt]ddddddddkG��xK�z�h j[i���7C8��D�78A�9�7��D�78� E� ¡¢£¤¥¦§̈¤©¦̈ª �7«A9<9 ¬9<



­®̄®°±²³́µ²¶µ±·°̧¹®°¹µ³±́±°º»¼³½¾¿À¾ ÁÂÃÄ¿ÀÅÆÇ¾ÇÀÈÉÊÂËÌÍÎÏ ÐÑÒÓÔÔÓ ÐÑÒÕÐÖ×ØÀÙÈÄÚÛÜÈÉÝÎÏ ÔÖ ÕÐÒÑÌÚÆÊÃÊ¾ÙÈÉÞÎÏ Ó× ßÓàÊÀÈáÇÛÅâÊ¾ÙÈÉÝ¾ãÆÊÂÎ Ðä åÑæçèéêëìíîéïðñò óôõ ÆÊÂàáÇÀ¿ÍÇÈ½¾ÅáÇÈöÇÆ÷ÇÀ¿¾ÚÀÇÏ ×ÖåÒÕß øÊÂÏ ÑåÒ×ÔøÅÊù¾ÚÀÇÈâÅÂ¾ÇÂ¾ÈÅúÈûÅÅÃÈÉûÇ¾ÈÜ¿ùÊùÎÏ äÒää ø¿üÏ ååÐÒ×åàáÇÀ¿ÍÇ äÒåÐ ÖÒäÖ åÖÒ×ß ÐÔÓÒåÕ ÕäÒÕä ÑÔÒÕÑ ß×äÒÖÐ ×åßÒÖÐ ×ÓäÒÔÓ ×ÖÕÒßÔ ÐÑßÒÑåÈÈÈÈÈÈÈÈÈÈÈÈÈÈý ý ý ý ý ýå ýÐ ý× ýß ýÖ ýÓ ýÔ ýÕÁÛ¿÷ùÇÃ þÇÊÍ�¾ ÝÛÚÇ �ÅÅÆ öÚÂÂÇÛ �ÂÊ¾ �ÂÊ¾ �ÂÊ¾ �ÂÊ¾ �ÂÊ¾öÊÆÇ �¿ûÈÃ¿¾¿ÈÀÅû �ÇÆ¿ÊÂÊÂÍ �� ��Ð �Ð �¿ù öÇÆ÷ ØÀÙÈÄÚÛÜ öÅ÷ Ä¿â� �Ë½ÊÃÇ �Ë½ÊÃÇ ÄÅ¾¾ÅÆÆÊÂ ÛÜù Þ Þ Þ �Ý �Ý �Ý �Ý �Ý �Ý �Ý �ÝäÒää åÖÐÒää åßÒ× äÒå ÖÒÓ åÖÒ× ×ßÔÒÕ ÔÓÒä åäßÒä Ö×ßÒÐ ×ÖÓÒÖ ßÐÑÒÑ ßÐÓÒß ×ÖÐÒÓåÒä åÖ×Òä åßÒÐ äÒä ÕÒÐ åÐÒß ×ÖÐÒÐ ÔÖÒÑ åäÖÒ× ÖßÕÒ× ×ÖÓÒÕ ß×äÒå ßÐÓÒÐ ×Ö×ÒÖÐÒä åÖßÒä åßÒÐ äÒä ÓÒÕ å×ÒÓ ×ÖåÒÐ ÔÖÒÑ åäßÒÕ ÖÖäÒä ×ÖÔÒÓ ß×åÒä ßÐÔÒÐ ×ÖßÒÓ×Òä åÖÖÒä åßÒå äÒä ÓÒÓ å×ÒÔ ×ÖäÒ× ÔÖÒÑ åäßÒÔ ÖßÑÒß ×ÖÕÒä ß×åÒß ßÐÔÒÑ ×ÖßÒÐßÒä åÖÓÒä åßÒä äÒå ÖÒÕ åßÒÓ ×ÖäÒÓ ÔÖÒÑ åäÖÒÐ ÖßßÒÖ ×ÖÕÒÐ ß×åÒÓ ßÐÕÒä ×ÖÖÒ×ÖÒä åÖÔÒä åßÒä äÒä ÔÒä åÐÒÑ ×ÖÐÒ× ÔÖÒÑ åäÖÒå ÖÖäÒå ×ÖÕÒÑ ß×ÐÒå ßÐÕÒå ×ÖÖÒÔÓÒä åÖÕÒä å×ÒÑ äÒä ÔÒÐ å×ÒÑ ×ÖåÒß ÔÓÒä åäÖÒÐ ÖÖÐÒÖ ×ÖÑÒ× ß×ÐÒÓ ßÐÔÒÕ ×ÖÓÒåÔÒä åÖÑÒä å×ÒÕ äÒä ÓÒÕ å×Òå ×ÖÐÒÕ ÔÓÒä åäÖÒå ÖÖÔÒ× ×ÓäÒÐ ß××ÒÔ ßÐÕÒ× ×ÖÓÒÖÕÒä åÓäÒä å×ÒÔ äÒä ÔÒÑ å×Òß ×ÖÔÒß ÔÖÒÑ åäÓÒÖ ÖÔäÒÖ ×ÓåÒä ß×ßÒÕ ßÐÑÒÐ ×ÖÔÒÓÑÒä åÓåÒä å×ÒÔ äÒ× ÖÒÔ åßÒß ×ÖÖÒ× ÔÓÒÐ åäÖÒÓ ÖÓÓÒ× ×ÓåÒÑ ß×ÖÒÔ ß×äÒÑ ×ÖÕÒÐåäÒä åÓÐÒä å×ÒÓ äÒÐ ÔÒÕ åÐÒÕ ×ÖÖÒÔ ÔÓÒ× åäÖÒÖ ÖÓÖÒä ×Ó×ÒÓ ß×ÓÒß ß×ÐÒå ×ÖÕÒÑååÒä åÓ×Òä å×ÒÓ äÒÐ ÓÒÖ å×ÒÖ ×ÖÕÒÐ ÔÓÒß åäÓÒå ÖÔÐÒÓ ×ÓßÒß ß×ÔÒÐ ß××ÒÐ ×ÖÑÒååÐÒä åÓßÒä å×ÒÖ äÒÐ ÓÒß å×ÒÕ ×ÖÔÒÕ ÔÓÒß åäÓÒå ÖÔäÒ× ×ÓÖÒ× ß×ÕÒ× ß×ßÒß ×ÓäÒßå×Òä åÓÖÒä å×Òß äÒÐ ÕÒå åÐÒß ×ÓÐÒß ÔÓÒÓ åäÔÒ× ÖÕ×ÒÐ ×ÓÓÒÓ ß×ÑÒ× ß×ÖÒÕ ×ÓÐÒÐåßÒä åÓÓÒä å×Òß äÒÐ ÓÒ× åßÒå ×ÖÕÒÑ ÔÓÒÕ åäÓÒÓ ÖÔäÒÑ ×ÓÔÒÖ ßßäÒÖ ß×ÔÒÐ ×Ó×ÒÑåÖÒä åÓÔÒä å×Ò× äÒÐ ÓÒÐ åßÒä ×ÖÑÒÖ ÔÔÒå åäÔÒå ÖÓÔÒå ×ÓÔÒ× ßßäÒÕ ß×ÔÒÕ ×ÓßÒäåÓÒä åÓÕÒä å×Ò× äÒÐ ÔÒÓ åÐÒÖ ×ÓåÒÖ ÔÔÒ× åäÔÒÓ ÖÔ×Òä ×ÓÕÒå ßßåÒä ß×ÕÒÓ ×ÓßÒßåÔÒä åÓÑÒä å×ÒÐ äÒ× ÖÒ× åÖÒå ×ÖÑÒÐ ÔÔÒß åäÔÒÐ ÖÓßÒå ×ÓÕÒÖ ßßåÒÖ ß×ÑÒÓ ×Ó×ÒÐåÕÒä åÔäÒä å×Òå äÒ× ÖÒ× åßÒÑ ×ÖÔÒ× ÔÔÒÔ åäÓÒÑ ÖÖÓÒÖ ×ÓÓÒÕ ßßåÒå ß×ÑÒÖ ×Ó×ÒäåÑÒä åÔåÒä å×Òä äÒÐ ÓÒ× åßÒÐ ×ÓåÒß ÔÔÒÔ åäÕÒ× ÖÓÑÒÓ ×ÓÔÒÔ ßßäÒÕ ß×ÑÒß ×Ó×ÒÕÐäÒä åÔÐÒä å×Òä äÒÐ ÓÒ× å×Òß ×ÓåÒ× ÔÔÒÕ åäÔÒÑ ÖÓÓÒÑ ×ÓÕÒÓ ßßåÒÖ ßßäÒÓ ×Ó×ÒÕÐåÒä åÔ×Òä åÐÒÑ äÒ× ÓÒÐ åßÒÓ ×ÖÔÒÕ ÔÔÒÕ åäÔÒå ÖÖÔÒß ×ÓÔÒÖ ßßåÒ× ßßäÒÔ ×ÓßÒÑÐÐÒä åÔßÒä åÐÒÕ äÒÐ ÔÒä å×Òä ×ÖÔÒ× ÔÔÒÑ åäÔÒ× ÖÖÐÒÖ ×ÓÓÒÑ ßßäÒÔ ßßäÒß ×ÓßÒÖÐ×Òä åÔÖÒä åÐÒÔ äÒä ÓÒß å×ÒÓ ×ÖÓÒÓ ÔÕÒÐ åäÔÒß ÖßÑÒå ×ÓÓÒÑ ßßäÒä ß×ÑÒÕ ×Ó×ÒåÐßÒä åÔÓÒä åÐÒÔ äÒä ÓÒÕ åÐÒÔ ×ÖÔÒÑ ÔÕÒÐ åäÕÒä ÖÖåÒÑ ×ÓÔÒå ß×ÑÒß ß×ÑÒÓ ×Ó×ÒÖÐÖÒä åÔÔÒä åÐÒÓ äÒä ÕÒÖ åÐÒÐ ×ÓåÒß ÔÕÒÐ åäÕÒÓ ÖÓÔÒÑ ×ÓÕÒä ß×ÑÒÐ ßßäÒÐ ×ÓßÒÖÐÓÒä åÔÕÒä åÐÒÓ äÒä ÖÒÕ åßÒÓ ×ÖÕÒß ÔÕÒÐ åäÔÒÑ ÖÖÑÒÔ ×ÓÕÒå ß×ÑÒÖ ßßåÒå ×ÓÓÒäÐÔÒä åÔÑÒä åÐÒß äÒä ÔÒÖ åÐÒß ×ÓäÒä ÔÕÒ× åäÕÒÖ ÖÓÔÒÐ ×ÓÕÒß ß×ÑÒÔ ßßåÒÔ ×ÓÖÒÖÐÕÒä åÕäÒä åÐÒß äÒä ÓÒÓ å×Òä ×ÓäÒÑ ÔÕÒÖ åäÕÒÖ ÖÔÐÒä ×ÓÑÒÓ ßßäÒß ßß×Òä ×ÓÖÒÔÐÑÒä åÕåÒä åÐÒ× äÒä ÔÒÑ å×Ò× ×ÓåÒß ÔÕÒÖ åäÕÒÔ ÖÔÐÒ× ×ÓÑÒÕ ßßäÒÔ ßß×ÒÑ ×ÓÖÒÓ×äÒä åÕÐÒä åÐÒ× äÒä ÔÒ× åÐÒÓ ×ÓßÒß ÔÕÒÖ åäÑÒÖ ÖÕ×ÒÐ ×ÔäÒÕ ßßåÒÖ ßßÖÒÐ ×ÓÓÒÑ×åÒä åÕ×Òä åÐÒÐ äÒä ÕÒÐ åÐÒä ×Ó×Ò× ÔÕÒÖ åäÑÒå ÖÕÐÒå ×ÔÐÒä ßßÐÒß ßßÓÒÖ ×ÓÔÒÐ×ÐÒä åÕßÒä åÐÒå äÒå ÖÒÕ åßÒå ×Ó×ÒÕ ÔÕÒÔ åäÑÒÐ ÖÕÐÒä ×ÔÐÒå ßß×Òä ßßÔÒÖ ×ÓÕÒå××Òä åÕÖÒä åÐÒä äÒä ÔÒÖ åÐÒÓ ×Ó×Ò× ÔÕÒÑ åäÑÒå ÖÔÕÒÔ ×Ô×Òä ßßßÒÐ ßßÕÒß ×ÓÑÒÐ×ßÒä åÕÓÒä åÐÒä äÒä ÓÒÑ å×Òß ×ÓßÒÓ ÔÑÒå åäÑÒÖ ÖÔÓÒÔ ×Ô×ÒÖ ßßßÒÑ ßßÕÒß ×ÓÑÒÐ×ÖÒä åÕÔÒä ååÒÑ äÒä ÕÒä åÐÒ× ×ÓÔÒÑ ÔÕÒÑ ååäÒß ÖÕÖÒ× ×Ô×ÒÕ ßßÖÒÕ ßßÕÒÕ ×ÔäÒä×ÓÒä åÕÕÒä ååÒÕ äÒä ÓÒÔ å×ÒÔ ×ÓÕÒä ÔÑÒä ååäÒß ÖÕ×Òå ×ÔÖÒÐ ßßÓÒÑ ßßÑÒÕ ×ÔåÒÐ×ÔÒä åÕÑÒä ååÒÔ äÒä ÓÒÔ å×Ò× ×ÓÓÒä ÔÑÒä ååäÒå ÖÔÓÒÔ ×ÔÖÒä ßßÔÒ× ßÖäÒÐ ×ÔÐÒß×ÕÒä åÑäÒä ååÒÔ äÒå ÖÒÐ åÖÒå ×ÓßÒÐ ÔÕÒÑ åäÑÒß ÖÓÓÒä ×ÔßÒÐ ßßÔÒÖ ßÖäÒä ×ÔäÒÓ×ÑÒä åÑåÒä ååÒÓ äÒä ÓÒß åßÒä ×ÓÐÒÑ ÔÑÒä åäÑÒß ÖÖÕÒß ×Ô×Ò× ßßÔÒå ßßÑÒÐ ×ÓÑÒÖßäÒä åÑÐÒä ååÒÖ äÒä ÔÒÑ åÐÒß ×ÓßÒÕ ÔÑÒä ååäÒä ÖÓÐÒå ×Ô×ÒÐ ßßÓÒÑ ßßÕÒÔ ×ÓÑÒÑßåÒä åÑ×Òä ååÒÖ äÒä ÔÒÐ åÐÒÓ ×ÓÖÒ× ÔÑÒå ååäÒä ÖÓÑÒÑ ×Ô×ÒÓ ßßÔÒå ßßÕÒß ×ÓÑÒÐßÐÒä åÑßÒä ååÒß äÒä ÔÒß åÐÒÑ ×ÓÓÒß ÔÑÒä ååäÒß ÖÔÖÒÑ ×ÔßÒÔ ßßÔÒÔ ßßÕÒÕ ×ÓÑÒÓß×Òä åÑÖÒä ååÒ× äÒå ÖÒÕ åßÒÓ ×ÓÖÒÐ ÔÑÒÐ ååäÒÐ ÖÔ×Òä ×ÔßÒ× ßßÕÒ× ßßÕÒÑ ×ÔäÒÓßßÒä åÑÓÒä ååÒ× äÒä ÔÒä å×ÒÐ ×ÓÓÒÔ ÔÑÒÖ ååäÒß ÖÔÕÒå ×ÔßÒÔ ßßÑÒä ßßÕÒÕ ×ÔåÒåßÖÒä åÑÔÒä ååÒå äÒä ÔÒå å×Òå ×ÓÑÒÔ ÔÑÒ× åååÒÐ ÖÑäÒÔ ×ÔÓÒÖ ßÖäÒå ßßÑÒÓ ×ÔäÒÑßÓÒä åÑÕÒä ååÒå äÒä ÓÒÕ å×ÒÕ ×ÓÕÒÑ ÔÑÒÖ åååÒä ÖÕÔÒÔ ×ÔÕÒ× ßÖåÒ× ßÖäÒÕ ×Ô×ÒÖßÔÒä åÑÑÒä ååÒä äÒä ÓÒä åßÒÐ ×ÓÕÒÑ ÔÑÒÖ åååÒå ÖÕÑÒÑ ×ÔÕÒß ßÖÐÒä ßÖåÒß ×Ô×ÒÑßÕÒä ÐääÒä åäÒÑ äÒä ÕÒä åÐÒÕ ×ÓÕÒß ÔÑÒÔ ååäÒÓ ÖÕ×ÒÑ ×ÔÕÒÕ ßÖÐÒÖ ßÖÐÒ× ×Ô×ÒÐßÑÒä ÐäåÒä åäÒÕ äÒä ÓÒÕ å×ÒÖ ×ÓÑÒå ÔÑÒÖ ååäÒÑ ÖÕåÒÔ ×ÔÕÒÐ ßÖÐÒß ßÖÐÒÓ ×ÔÖÒßÖäÒä ÐäÐÒä åäÒÕ äÒä ÔÒÑ åÐÒ× ×ÓÑÒÐ ÔÑÒÖ åååÒÐ ÖÕÖÒÕ ×ÔÕÒå ßÖÐÒÖ ßÖ×Òå ×ÔÖÒåÖåÒä Ðä×Òä åäÒÔ äÒä ÓÒÔ å×ÒÐ ×ÔÐÒä ÔÑÒÓ åååÒÕ ÖÑäÒÑ ×ÔÕÒÖ ßÖÐÒÕ ßÖßÒÐ ×ÔÓÒÐÖÐÒä ÐäßÒä åäÒÔ äÒä ÓÒÔ å×Òå ×ÓÑÒä ÔÑÒÔ åååÒå ÖÕßÒÓ ×ÔÑÒä ßÖÐÒÑ ßÖÖÒä ×ÔßÒÕÖ×Òä ÐäÖÒä åäÒÓ äÒä ÓÒÓ å×ÒÔ ×ÔäÒÖ ÔÑÒÑ åååÒÓ ÖÑäÒÓ ×ÔÑÒÐ ßÖ×Òå ßÖÖÒÕ ×ÔÓÒäÖßÒä ÐäÓÒä åäÒÖ äÒä ÓÒÔ åÐÒÑ ×ÔåÒÓ ÔÑÒÔ åååÒÕ ÖÑÐÒå ×ÕäÒÐ ßÖ×ÒÔ ßÖÓÒÖ ×ÔÔÒåÖÖÒä ÐäÔÒä åäÒÖ äÒä ÓÒÐ åßÒÓ ×ÓÑÒ× ÔÑÒÔ åååÒÐ ÖÕäÒÔ ×ÕäÒä ßÖ×ÒÑ ßÖÓÒÓ ×ÔÔÒäÖÓÒä ÐäÕÒä åäÒß äÒä ÔÒß åÐÒÕ ×ÔåÒÕ ÕäÒä åååÒÑ ÖÕÑÒÕ ×ÕäÒ× ßÖ×ÒÕ ßÖÓÒ× ×ÔÓÒÖÖÔÒä ÐäÑÒä åäÒ× äÒä ÓÒÖ å×ÒÔ ×ÔÐÒÖ ÕäÒå ååÐÒ× ÖÑåÒÐ ×ÕåÒÔ ßÖßÒÓ ßÖÓÒÕ ×ÔÔÒäÖÕÒä ÐåäÒä åäÒÐ äÒä ÓÒÔ åÐÒÑ ×ÔÐÒå ÔÑÒÑ åååÒÑ ÖÑåÒÓ ×ÕÐÒß ßÖÖÒß ßÖÔÒÖ ×ÔÓÒÑÖÑÒä ÐååÒä åäÒÐ äÒä ÔÒÐ å×ÒÐ ×ÔåÒ× ÕäÒä åååÒÓ ÖÕÕÒå ×ÕÐÒä ßÖÖÒÕ ßÖÕÒß ×ÔÔÒÓÓäÒä ÐåÐÒä åäÒå äÒä ÔÒÑ ååÒÖ ×Ô×ÒÐ ÕäÒÐ ååÐÒÐ ÖÑÓÒß ×ÕÐÒÐ ßÖÓÒ× ßÖÑÒä ×ÔÕÒäÓåÒä Ðå×Òä åäÒä äÒä ÓÒÔ åßÒä ×ÔäÒå ÕäÒ× åååÒå ÖÕÔÒÑ ×ÕßÒÓ ßÖÓÒÔ ßÖÑÒÓ ×ÔÕÒÔÓÐÒä ÐåßÒä åäÒä äÒä ÓÒß å×ÒÔ ×ÓÐÒÐ ÕäÒå åäÑÒä ÖÓÕÒä ×ÕßÒÖ ßÖÓÒß ßÖÑÒ× ×ÔÔÒÑÓ×Òä ÐåÖÒä ÑÒÑ äÒä ÖÒÑ å×ÒÔ ×ÓäÒä ÔÑÒÑ åäÕÒß ÖÖ×Ò× ×ÕÐÒÕ ßÖÖÒß ßÖÔÒÓ ×ÔÓÒåÓßÒä ÐåÓÒä ÑÒÑ äÒå ÖÒå åßÒ× ×ÖßÒå ÔÑÒÖ åäÓÒÖ Ö×ÓÒä ×ÕäÒÑ ßÖ×Òß ßÖÖÒÐ ×ÔßÒÐÓÖÒä ÐåÔÒä ÑÒÕ äÒå ÖÒ× åßÒÓ ×ßÑÒ× ÔÑÒ× åäÖÒÖ ÖÐåÒÐ ×ÔÔÒÑ ßÖäÒÖ ßÖåÒÑ ×ÔäÒßÓÓÒä ÐåÕÒä ÑÒÕ äÒä ÓÒ× åßÒä ×ßÕÒ× ÔÑÒß åäÖÒä ÖåßÒß ×ÔßÒÓ ßßÔÒÖ ßßÕÒß ×ÓÔÒßÓÔÒä ÐåÑÒä ÑÒÔ äÒä ÖÒÖ åßÒÕ ×ßÖÒÖ ÔÑÒÖ åäßÒÓ ÖäßÒÔ ×ÔåÒÕ ßßßÒÖ ßßßÒÕ ×Ó×ÒÓÓÕÒä ÐÐäÒä ÑÒÔ äÒä ÔÒÐ å×Ò× ×ßÐÒÖ ÔÑÒÐ åäßÒä ßÑÕÒÔ ×ÓÕÒÖ ßßåÒ× ßßåÒä ×ÓäÒÐÓÑÒä ÐÐåÒä ÑÒÓ äÒä ÔÒ× å×ÒÔ ×ßåÒä ÔÑÒ× åä×ÒÔ ßÑÑÒå ×ÓÓÒÕ ß×ÕÒÐ ß×ÓÒÕ ×ÖÕÒÔÔäÒä ÐÐÐÒä ÑÒÓ äÒä ÓÒÐ å×ÒÕ ××ÕÒÔ ÔÑÒä åä×ÒÖ ßÑÔÒÓ ×ÓÖÒÖ ß×ÖÒÓ ß××ÒÓ ×ÖÖÒÑÔåÒä ÐÐ×Òä ÑÒÓ äÒä ÓÒä åßÒÔ ××ÓÒÑ ÔÑÒå åä×ÒÖ ßÑ×ÒÖ ×Ó×Ò× ß×ÐÒÕ ß×äÒÖ ×ÖÐÒÕÔÐÒä ÐÐßÒä ÑÒÖ äÒä ÖÒß åÖÒå ××ßÒ× ÔÑÒå åä×Òä ßÑäÒÑ ×ÓåÒÐ ß×äÒä ßÐÔÒß ×ÖåÒÔÔ×Òä ÐÐÖÒä ÑÒÖ äÒå ÖÒ× åÖÒÔ ××åÒ× ÔÑÒå åäÐÒÓ ßÕßÒÑ ×ÖÕÒÔ ßÐÔÒÐ ßÐßÒ× ×ßÕÒåÔßÒä ÐÐÓÒä ÑÒß äÒÐ åÓÒÓ åÔÒÐ ×ÐÓÒÓ ÔÕÒÑ åäåÒÑ ßÔäÒÕ ×ÖÖÒÐ ßÐ×ÒÑ ßÐäÒÓ ×ßÖÒ×ÔÖÒä ÐÐÔÒä ÑÒß äÒä ÖÒå åÖÒå ×ÐÖÒ× ÔÑÒÐ åäåÒÑ ßÓÕÒÐ ×ÖÐÒ× ßÐäÒ× ßåÓÒÕ ×ßÐÒÕÔÓÒä ÐÐÕÒä ÑÒß äÒä ÖÒÖ åßÒÕ ×ÐÓÒ× ÔÑÒä åäÐÒß ßÔÓÒå ×ÖåÒÖ ßåÔÒÓ ßå×ÒÖ ×ßäÒÖÔÔÒä ÐÐÑÒä ÑÒ× äÒå ßÒÖ åÓÒä ×ÐßÒä ÔÑÒå åäåÒÑ ßÔÐÒÔ ×ÖäÒÕ ßåÖÒÖ ßååÒå ××ÑÒÕÔÕÒä Ð×äÒä ÑÒ× äÒå ßÒÐ åÖÒÑ ×ÐÐÒÐ ÔÑÒå åäåÒÔ ßÓÔÒä ×ßÑÒå ßå×Òß ßäÕÒ× ××ÔÒÖÔÑÒä Ð×åÒä ÑÒÐ äÒå ×ÒÓ åÔÒå ×åÕÒÖ ÔÑÒä åäåÒÐ ßÓäÒå ×ßÓÒÐ ßåäÒÓ ßäÖÒ× ××ÖÒåÕäÒä Ð×ÐÒä ÑÒÐ äÒå ×ÒÔ åÓÒÔ ×åÖÒÔ ÔÑÒä åääÒÕ ßßÕÒä ×ß×ÒÖ ßäÔÒÓ ßäÐÒß ××ÐÒÑÕåÒä Ð××Òä ÑÒå äÒå ßÒÓ åÖÒÕ ×åßÒÑ ÔÑÒå åäåÒÐ ßÖäÒå ×ßäÒÖ ßäßÒÔ ×ÑÑÒå ××åÒÐÕÐÒä Ð×ßÒä ÑÒä äÒä ßÒÓ åÖÒÔ ×å×ÒÐ ÔÕÒÑ åääÒÓ ßßÖÒÐ ××ÑÒÓ ßäÐÒ× ×ÑÓÒÕ ××äÒßÕ×Òä Ð×ÖÒä ÑÒä äÒä ßÒß åÖÒÖ ×äÑÒÖ ÔÑÒä åääÒä ßßäÒß ××ÔÒÕ ×ÑÑÒÔ ×ÑßÒ× ×ÐÔÒßÕßÒä Ð×ÓÒä ÑÒä äÒä ÖÒ× åßÒÕ ×äÔÒÕ ÔÕÒÑ ÑÑÒÔ ß×ÓÒÔ ××ÖÒÔ ×ÑÔÒä ×ÑÐÒä ×ÐÓÒ×ÕÖÒä Ð×ÔÒä ÑÒä äÒä ÖÒß åßÒÕ ×äÔÒå ÔÑÒä ÑÑÒÑ ß×ÔÒÐ ×××Òß ×ÑßÒÖ ×ÕÑÒÓ ×Ð×ÒÕÕÓÒä Ð×ÕÒä ÕÒÑ äÒä ÖÒÖ åßÒß ×äÖÒå ÔÑÒå ÑÑÒÖ ß××ÒÑ ××ÐÒå ×ÑÐÒÐ ×ÕÔÒÖ ×ÐåÒÖÕÔÒä Ð×ÑÒä ÕÒÑ äÒä ÖÒå åßÒÑ ×äÐÒÐ ÔÑÒå ÑÑÒ× ßÐÓÒÑ ××äÒå ×ÕÑÒÔ ×ÕÖÒå ×åÑÒÐÕÕÒä ÐßäÒä ÕÒÕ äÒä ÖÒÔ åßÒÑ ×ääÒÕ ÔÑÒä ÑÑÒå ßÐÕÒå ×ÐÔÒÕ ×ÕÔÒå ×ÕÐÒÖ ×åÔÒÕÕÑÒä ÐßåÒä ÕÒÕ äÒä ßÒÕ åÖÒÓ ÐÑÕÒ× ÔÕÒÑ ÑÕÒÕ ßÐäÒÕ ×ÐÓÒå ×ÕßÒÕ ×ÔÑÒÕ ×åÖÒÔ	®º̄
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­®̄®°±²³́µ²¶µ±·°̧¹®°¹µ³±́±°º»¼³ÖßßÒ× ÖßßÒß ÑÔÒÓÖ ÑÕÒäÐ äÒåÓÐ äÒåÓ× ×åä äÒÐäßÕÓåÕÖßßÒ× ÖßßÒß ÑÕÒåÓ ÑÕÒ×Ö äÒåÓÐ äÒåÓ× ×åå äÒÐäßååÑ×ÖßßÒ× ÖßßÒß ÑÑÒäÓ ÑÑÒÐå äÒåÓÐ äÒåÓ× ×åÐ äÒÐäÐ×Ô×ÖßßÒ× ÖßßÒß ÑÕÒÐÔ ÑÕÒ×Ó äÒåÓÐ äÒåÓ× ×å× äÒÐäßäÕÕ×ÖßßÒ× ÖßßÒß ÑÓÒÕÕ ÑÔÒåÓ äÒåÓÐ äÒåÓ× ×åß äÒÐäÓÖÕÕÖÖßßÒ× ÖßßÒ× ÑÔÒÑ× ÑÔÒÑÔ äÒåÓÐ äÒåÓ× ×åÖ äÒÐäßÕÓ×ÓÖßßÒÐ ÖßßÒ× ÑÑÒäÖ ÑÑÒåÕ äÒåÓ× äÒåÓ× ×åÓ äÒÐäÐ×ÔåÑÖßßÒÐ ÖßßÒ× ÑÔÒÓß ÑÔÒÑÐ äÒåÓÐ äÒåÓ× ×åÔ äÒÐäßÕÓ×ßÖßßÒÐ ÖßßÒÐ ÑÕÒ×ä ÑÕÒÓå äÒåÓÐ äÒåÓ× ×åÕ äÒÐä×ÓÐå×ÖßßÒå ÖßßÒ× ÑÔÒÐä ÑÔÒßÑ äÒåÓÐ äÒåÓ× ×åÑ äÒÐäÖÕÖå×ÖßßÒå ÖßßÒÐ ÑÕÒ×Ö ÑÕÒÓä äÒåÓÐ äÒåÓ× ×Ðä äÒÐä×ÓÐåÖÖßßÒå ÖßßÒÐ ÑÕÒÔÖ ÑÕÒÑß äÒåÓÐ äÒåÓ× ×Ðå äÒÐäÐÕÔ×ßÖßßÒå ÖßßÒÐ ÑÕÒÑÐ ÑÑÒåÓ äÒåÓÐ äÒåÓ× ×ÐÐ äÒÐäÐßÓ××ÖßßÒä ÖßßÒÐ ÑÕÒÐå ÑÕÒßå äÒåÓÐ äÒåÓ× ×Ð× äÒÐäßååÑÔÖßßÒä ÖßßÒå ÑÕÒÔÖ ÑÑÒäÓ äÒåÓÐ äÒåÓ× ×Ðß äÒÐäÐÕÔ×ßÖß×ÒÑ ÖßßÒå ÑÔÒßÐ ÑÔÒÓå äÒåÓÐ äÒåÓ× ×ÐÖ äÒÐäÖÕÖäÓÖß×ÒÑ ÖßßÒå ÑÕÒåå ÑÕÒß× äÒåÓÐ äÒåÓ× ×ÐÓ äÒÐäßååÑÓÖß×ÒÑ ÖßßÒå ÑÔÒÑä ÑÕÒßä äÒåÓÐ äÒåÓ× ×ÐÔ äÒÐäßååÑÖÖß×ÒÑ ÖßßÒå ÑÔÒßå ÑÔÒÕä äÒåÓÐ äÒåÓ× ×ÐÕ äÒÐäÖ×ÖÔåÖß×ÒÑ ÖßßÒå ÑÕÒ×ä ÑÕÒÓÓ äÒåÓÐ äÒåÓ× ×ÐÑ äÒÐä×ÓÐååÖß×ÒÑ ÖßßÒå ÑÕÒÓÖ ÑÑÒäß äÒåÓÐ äÒåÓ× ××ä äÒÐäÐÕÔäÓÖß×ÒÑ ÖßßÒå ÑÔÒäÓ ÑÔÒÓå äÒåÓÐ äÒåÓ× ××å äÒÐäÖÕßÑÔÖß×ÒÑ ÖßßÒä ÑÕÒåß ÑÕÒÔä äÒåÓÐ äÒåÓ× ××Ð äÒÐä×ÓÐåÖß×ÒÑ ÖßßÒå ÑÔÒÓä ÑÕÒåå äÒåÓÐ äÒåÓ× ××× äÒÐäßÕÓ×åÖß×ÒÑ ÖßßÒä ÑÕÒ×Ñ ÑÑÒä× äÒåÓÐ äÒåÓ× ××ß äÒÐäÐÕÔ×ÔÖß×ÒÑ ÖßßÒå ÑÔÒÑÕ ÑÕÒßÕ äÒåÓÐ äÒåÓ× ××Ö äÒÐäßåßÖÑÖß×ÒÑ ÖßßÒå ÑÔÒÖß ÑÕÒäÕ äÒåÓÐ äÒåÓ× ××Ó äÒÐäßÕÓ×åÖßßÒä ÖßßÒå ÑÔÒ×× ÑÔÒÕÓ äÒåÓÐ äÒåÓ× ××Ô äÒÐäÖ×ÓÖÔÖßßÒä ÖßßÒå ÑÕÒÖå ÑÑÒäÐ äÒåÓÐ äÒåÓ× ××Õ äÒÐäÐÕÔ×ßÖßßÒä ÖßßÒå ÑÔÒåÐ ÑÔÒÔÑ äÒåÓÐ äÒåÓ× ××Ñ äÒÐäÖ×ÖÓÔÖßßÒä ÖßßÒå ÑÕÒÐä ÑÑÒä× äÒåÓÐ äÒåÓ× ×ßä äÒÐäÐÕÔ×ÐÖß×ÒÑ ÖßßÒå ÑÔÒäÖ ÑÔÒÔÕ äÒåÓå äÒåÓ× ×ßå äÒÐäÖ×ÖÔÖß×ÒÑ ÖßßÒå ÑÔÒÐÖ ÑÕÒäÖ äÒåÓå äÒåÓ× ×ßÐ äÒÐäßÕÓ×ÐÖß×ÒÑ ÖßßÒå ÑÔÒßå ÑÕÒäÐ äÒåÓÐ äÒåÓ× ×ß× äÒÐäßÑåÑ×Öß×ÒÑ ÖßßÒå ÑÔÒßÖ ÑÕÒäÐ äÒåÓÐ äÒåÓ× ×ßß äÒÐäßÕÓ×ßÖß×ÒÑ ÖßßÒå ÑÔÒß× ÑÕÒäÔ äÒåÓÐ äÒåÓ× ×ßÖ äÒÐäßÕÓ×ßÖß×ÒÑ ÖßßÒå ÑÕÒå× ÑÕÒÓÕ äÒåÓÐ äÒåÓ× ×ßÓ äÒÐä×ÓÐäÑÖß×ÒÑ ÖßßÒå ÑÕÒäÔ ÑÕÒÓÐ äÒåÓÐ äÒåÓ× ×ßÔ äÒÐä×ÓÐäÑÖß×ÒÑ ÖßßÒå ÑÑÒ×Ó åääÒåä äÒåÓÐ äÒåÓ× ×ßÕ äÒÐääÓåä×Öß×ÒÑ ÖßßÒå ÑÔÒÐÕ ÑÕÒäÖ äÒåÓÐ äÒåÓ× ×ßÑ äÒÐäßÕÓ×ÐÖß×ÒÑ ÖßßÒå ÑÔÒ×Ð ÑÕÒäÐ äÒåÓÐ äÒåÓ× ×Öä äÒÐäßÕÓ×ÖÖß×ÒÑ ÖßßÒä ÑÕÒäÐ ÑÕÒÓÖ äÒåÓÐ äÒåÓ× ×Öå äÒÐä×ÓÐåÖß×ÒÑ ÖßßÒä ÑÓÒÑÑ ÑÔÒÓä äÒåÓÐ äÒåÓ× ×ÖÐ äÒÐäÖÕÖåÐÖß×ÒÑ ÖßßÒä ÑÔÒÕ× ÑÕÒ×Ô äÒåÓÐ äÒåÓ× ×Ö× äÒÐäßååÑÖß×ÒÑ ÖßßÒä ÑÕÒßä ÑÑÒäå äÒåÓÐ äÒåÓ× ×Öß äÒÐäÐÕÔÐÑÖß×ÒÑ ÖßßÒå ÑÔÒÔß ÑÕÒ×Ñ äÒåÓÐ äÒåÓ× ×ÖÖ äÒÐäßååÑ×Öß×ÒÑ ÖßßÒå ÑÓÒßÖ ÑÔÒÐÖ äÒåÓÐ äÒåÓ× ×ÖÓ äÒÐäÓÖÕÕÓÖß×ÒÑ ÖßßÒå ÑÕÒÐÖ ÑÕÒÑÑ äÒåÓå äÒåÓ× ×ÖÔ äÒÐäÐÕÔ×Öß×ÒÑ ÖßßÒå ÑÔÒÓÓ ÑÕÒ×Õ äÒåÓÐ äÒåÓ× ×ÖÕ äÒÐäßååÑ	®º̄
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Data 2015-06-23 epa p-1252 run1 Eff High

VERSION: 2,4

Manufacturer: ravelli Appliance Type: Pellet

Model: Monica

Temp. Units F

Run: 1 Weight Units lb

Project #: p-1252

  Test Duration (min): 61,00

   Wood Moisture (% wet): 6,80 HHV 20 050 kJ/kg

   Load Weight (lb wet): 4,30 %C 48

   Burn Rate (dry kg/h): 1,79 %H 6

Total Particulate Emissions: 0,59 g %O 46

%Ash 1

Elapsed Fuel Weight Flue Room

Time (min) Remaining (lb) CO CO2 O2 Gas Temp

0,00 4,30 0,05 5,57 15,25 347,76 76,0

1,00 4,19 0,04 8,18 12,35 352,18 75,9

2,00 4,19 0,04 6,85 13,56 351,20 75,9

3,00 4,10 0,04 6,60 13,73 350,27 75,9

4,00 3,98 0,05 5,83 14,60 350,60 75,9

5,00 3,98 0,04 6,98 12,91 352,30 75,9

6,00 3,88 0,05 7,22 13,93 351,40 76,0

7,00 3,78 0,04 6,77 13,05 352,80 76,0

8,00 3,69 0,05 7,94 13,37 357,42 75,9

9,00 3,69 0,26 5,71 14,44 355,30 76,2

10,00 3,59 0,22 7,84 12,76 355,66 76,3

11,00 3,58 0,22 6,47 13,51 358,15 76,4

12,00 3,49 0,23 6,39 13,76 357,76 76,4

13,00 3,40 0,21 8,05 12,39 362,38 76,6

14,00 3,39 0,22 6,27 14,11 358,87 76,8

15,00 3,29 0,23 6,22 14,01 359,47 77,1

16,00 3,27 0,19 7,61 12,51 361,54 77,3

17,00 3,18 0,29 5,26 15,07 359,19 77,4

18,00 3,08 0,27 5,33 14,87 357,29 77,7

19,00 2,99 0,24 6,32 14,21 361,42 77,7

20,00 2,99 0,20 6,30 13,40 361,27 77,8

21,00 2,89 0,27 6,15 14,57 357,77 77,8

22,00 2,79 0,23 7,01 13,03 357,32 77,9

23,00 2,70 0,05 6,43 13,65 356,63 78,2

24,00 2,70 0,04 6,77 12,74 357,88 78,2

25,00 2,60 0,04 8,48 12,19 361,42 78,2

26,00 2,60 0,04 5,78 14,61 358,43 78,2

27,00 2,38 0,04 7,48 12,44 360,05 78,3

28,00 2,39 0,04 6,65 13,02 360,90 78,5

29,00 2,29 0,05 7,85 13,30 361,37 78,5

30,00 2,29 0,04 7,34 12,61 364,40 78,5

31,00 2,19 0,04 8,24 12,01 363,27 78,5

32,00 2,10 0,05 5,85 14,13 363,85 78,7

33,00 1,99 0,04 7,49 12,64 363,30 78,9

34,00 1,99 0,05 6,95 13,43 364,56 79,1

35,00 1,90 0,04 8,00 12,27 367,89 78,9

36,00 1,80 0,04 6,67 13,71 368,03 79,0

37,00 1,68 0,05 6,71 13,30 366,03 79,0

38,00 1,68 0,06 5,25 15,06 364,22 78,9

39,00 1,59 0,04 6,37 13,96 362,89 79,0

40,00 1,49 0,04 7,89 12,39 364,80 79,0

41,00 1,49 0,04 7,21 12,57 365,35 79,1

42,00 1,40 0,04 7,39 12,90 366,44 79,0

43,00 1,30 0,05 5,78 14,56 365,20 79,2

44,00 1,29 0,05 7,04 13,20 366,73 79,5

45,00 1,10 0,04 7,14 13,07 369,72 79,3

46,00 1,10 0,05 6,84 13,76 368,86 79,5

47,00 1,01 0,04 5,96 14,23 368,85 79,5

48,00 0,89 0,04 8,02 12,83 368,39 79,7

49,00 0,80 0,05 6,78 13,51 369,15 79,5

50,00 0,79 0,04 7,93 12,34 369,21 79,5

51,00 0,70 0,05 6,73 13,17 372,02 79,6

52,00 0,70 0,04 6,75 13,15 368,99 79,7

53,00 0,60 0,04 6,58 13,71 370,53 79,9

54,00 0,50 0,04 6,65 12,90 371,64 79,7

55,00 0,50 0,05 6,25 14,62 369,31 79,7

56,00 0,40 0,04 7,42 12,84 371,78 80,0

57,00 0,30 0,05 6,52 13,68 372,54 80,1

58,00 0,21 0,04 6,67 12,90 372,10 79,9

59,00 0,21 0,04 7,22 13,18 371,31 80,0

60,00 0,10 0,04 7,93 11,48 373,17 80,2

61,00 0,00 0,05 6,70 13,96 370,10 80,3

Fuel Data

Temp. (F)

Flue Gas Composition (%)
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Data 2015-06-23 epa p-1252 run1 eff. med

VERSION: 2,4

Manufacturer: ravelli Appliance Type: Pellet

Model: Monica

Temp. Units F

Run: 1 Weight Units lb

Project #: p-1252

  Test Duration (min): 117,00

   Wood Moisture (% wet): 6,80 HHV 20 050 kJ/kg

   Load Weight (lb wet): 4,99 %C 48

   Burn Rate (dry kg/h): 1,08 %H 6

Total Particulate Emissions: 1,15 g %O 46
%Ash 1

Elapsed Fuel Weight Flue Room

Time (min) Remaining (lb) CO CO2 O2 Gas Temp

0,00 4,99 0,04 7,93 11,48 373,17 80,2

1,00 4,89 0,05 6,70 13,96 370,10 80,3

2,00 4,88 0,04 6,40 13,68 362,20 80,1

3,00 4,78 0,04 5,89 13,67 360,03 79,9

4,00 4,78 0,05 5,12 14,28 354,05 79,5

5,00 4,69 0,05 5,31 14,58 349,28 79,3

6,00 4,68 0,04 6,33 13,97 348,33 79,4

7,00 4,60 0,05 5,50 14,84 345,51 79,5

8,00 4,59 0,04 7,22 13,25 342,54 79,2

9,00 4,49 0,05 7,29 13,65 340,96 79,3

10,00 4,50 0,04 6,20 13,84 338,72 79,0

11,00 4,49 0,04 5,99 14,67 336,89 79,1

12,00 4,39 0,05 5,35 15,08 334,27 79,1

13,00 4,39 0,05 5,35 15,66 331,29 79,1

14,00 4,30 0,16 16,58 17,24 326,62 78,9

15,00 4,30 0,05 5,12 15,12 325,26 79,2

16,00 4,30 0,04 5,50 14,84 326,33 79,0

17,00 4,18 0,06 4,51 15,95 323,98 79,1

18,00 4,18 0,05 4,20 15,91 322,23 79,1

19,00 4,08 0,11 3,64 17,07 318,54 79,0

20,00 4,09 0,08 3,68 16,66 315,71 79,0

21,00 3,99 0,05 4,61 15,80 314,88 79,1

22,00 3,89 0,04 4,61 15,68 313,19 78,9

23,00 3,92 0,05 4,40 15,52 309,52 79,0

24,00 3,89 0,04 5,27 14,84 307,81 78,9

25,00 3,89 0,04 5,40 14,80 307,11 79,0

26,00 3,79 0,04 5,51 14,36 305,08 79,1

27,00 3,79 0,04 5,14 14,87 302,21 79,1

28,00 3,70 0,04 5,66 14,88 300,82 79,0

29,00 3,70 0,05 4,79 15,58 298,26 78,9

30,00 3,70 0,04 5,80 15,06 301,13 78,9

31,00 3,59 0,05 4,61 15,77 297,84 78,8

32,00 3,60 0,05 4,90 15,85 296,23 78,9

33,00 3,50 0,04 5,75 14,64 296,43 78,8

34,00 3,50 0,04 4,46 15,75 294,17 78,9

35,00 3,50 0,04 4,84 15,55 294,07 79,0

36,00 3,38 0,04 5,02 15,56 294,54 78,9

37,00 3,39 0,04 5,27 15,05 293,32 79,1

38,00 3,29 0,12 3,37 16,97 290,90 79,0

39,00 3,29 0,03 5,89 14,41 292,07 78,8

40,00 3,19 0,03 5,19 15,07 292,08 79,1

41,00 3,19 0,05 3,99 16,09 288,03 78,9

42,00 3,19 0,04 5,27 15,19 288,38 78,8

43,00 3,19 0,03 4,87 14,84 286,08 78,9

44,00 3,09 0,03 6,81 13,09 288,80 79,2

45,00 3,09 0,05 5,41 15,04 286,85 79,1

46,00 3,00 0,18 5,73 14,57 285,98 79,0

47,00 2,99 0,18 5,79 14,56 287,30 79,1

48,00 2,90 0,20 5,78 14,76 285,91 79,2

49,00 2,89 0,21 5,00 15,45 285,32 79,0

Fuel Data

Temp. (F)

Flue Gas Composition (%)
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Data 2015-06-23 epa p-1252 run1 eff. med

50,00 2,80 0,17 5,35 15,49 286,35 79,0

51,00 2,80 0,20 4,63 16,00 286,06 79,1

52,00 2,69 0,44 3,66 16,78 283,39 79,0

53,00 2,75 0,23 4,29 16,23 284,13 78,9

54,00 2,69 0,33 3,91 16,25 280,87 79,0

55,00 2,68 0,17 5,02 15,04 280,35 79,1

56,00 2,66 0,17 5,53 14,69 280,62 79,1

57,00 2,58 0,16 4,91 14,91 282,21 78,8

58,00 2,48 0,31 4,48 15,05 280,70 78,9

59,00 2,49 0,21 5,33 15,06 278,38 78,9

60,00 2,49 0,15 6,45 14,08 278,29 79,2

61,00 2,39 0,14 6,22 13,76 279,71 79,1

62,00 2,34 0,15 6,28 13,90 280,11 79,0

63,00 2,29 0,16 6,32 14,09 282,04 79,1

64,00 2,29 0,17 6,74 13,71 282,17 79,3

65,00 2,19 0,25 4,97 15,77 280,86 79,5

66,00 2,20 0,23 5,31 15,20 281,40 79,4

67,00 2,10 0,17 5,58 15,05 279,71 79,4

68,00 2,10 0,17 5,67 15,18 280,84 79,4

69,00 2,10 0,17 5,55 14,74 282,28 79,6

70,00 2,00 0,19 5,18 15,17 281,73 79,6

71,00 1,88 0,15 6,34 14,56 282,63 79,7

72,00 1,89 0,44 3,47 16,69 281,50 79,6

73,00 1,88 0,20 4,62 15,78 281,21 79,7

74,00 1,88 0,38 4,18 16,17 279,83 79,9

75,00 1,79 0,19 4,69 15,59 279,91 79,9

76,00 1,79 0,15 5,53 14,56 280,13 79,8

77,00 1,69 0,26 4,18 16,36 277,91 79,8

78,00 1,69 0,13 6,08 14,09 281,69 80,0

79,00 1,60 0,18 5,24 15,22 280,15 79,9

80,00 1,60 0,19 5,04 15,29 276,96 80,0

81,00 1,59 0,22 4,88 15,23 278,24 79,9

82,00 1,50 0,22 5,27 15,40 277,19 80,0

83,00 1,50 0,25 4,46 15,93 274,48 80,0

84,00 1,50 0,20 4,98 15,61 274,31 79,9

85,00 1,40 0,17 5,89 14,80 275,29 79,9

86,00 1,40 0,30 4,50 16,17 275,13 80,0

87,00 1,40 0,15 5,53 14,82 276,11 80,1

88,00 1,30 0,25 5,14 15,97 274,77 80,2

89,00 1,30 0,21 4,91 16,11 275,20 80,1

90,00 1,20 0,15 5,33 14,97 277,03 80,1

91,00 1,20 0,44 3,81 16,41 275,43 80,1

92,00 1,08 0,30 4,25 15,64 274,57 80,2

93,00 1,09 0,25 4,50 15,73 276,09 80,1

94,00 1,02 0,19 4,28 15,77 275,04 80,2

95,00 0,99 0,15 5,05 14,64 275,64 80,3

96,00 0,99 0,16 5,48 14,60 275,80 80,1

97,00 0,90 0,13 6,44 13,35 276,98 80,2

98,00 0,90 0,17 4,99 15,16 275,52 80,1

99,00 0,79 0,15 6,69 14,24 278,29 80,1

100,00 0,80 0,17 5,68 15,21 277,52 80,0

101,00 0,70 0,13 6,09 14,21 278,54 80,3

102,00 0,60 0,13 6,60 14,10 279,89 80,2

103,00 0,61 0,16 6,00 14,19 279,94 80,2

104,00 0,61 0,21 5,23 15,67 279,53 80,5

105,00 0,50 0,17 6,24 14,89 280,10 80,6

106,00 0,51 0,17 6,18 14,21 282,49 80,7

107,00 0,50 0,23 5,06 15,90 281,76 80,5

108,00 0,41 0,15 5,12 15,25 281,43 80,5

109,00 0,41 0,20 4,38 15,85 281,88 80,5

110,00 0,29 0,15 5,14 15,22 283,43 80,2

111,00 0,19 0,15 5,33 14,40 283,78 80,6

112,00 0,20 0,13 5,71 14,40 285,41 80,5

113,00 0,18 0,12 7,29 12,01 277,93 80,6

114,00 0,10 0,18 5,14 14,57 279,64 80,6

115,00 0,10 0,15 5,77 14,44 281,97 80,8

116,00 0,10 0,18 5,34 14,97 282,78 80,7

117,00 0,00 0,11 6,83 12,82 284,99 80,7
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Data 2015-06-23 epa p-1252 run1 eff. low

VERSION: 2,4

Manufacturer: ravelli Appliance Type: Pellet

Model: Monica

Temp. Units F

Run: 1 Weight Units lb

Project #: p-1252

  Test Duration (min): 180,00

#REF!

   Wood Moisture (% wet): 6,80 HHV 20 050 kJ/kg

   Load Weight (lb wet): 5,00 %C 48

   Burn Rate (dry kg/h): 0,70 %H 6

Total Particulate Emissions: 1,81 g %O 46
%Ash 1

Averages #REF! #REF! #REF! #REF! #REF!

Elapsed Fuel Weight Flue Room

Time (min) Remaining (lb) CO CO2 O2 Gas Temp

0,00 5,00 0,15 5,89 14,46 285,37 80,9

1,00 5,00 0,15 6,12 14,26 288,83 81,0

2,00 4,91 0,14 6,97 13,55 289,29 80,9

3,00 4,90 0,26 5,09 15,75 284,32 81,0

4,00 4,91 0,18 5,80 15,08 281,67 80,8

5,00 4,90 0,64 2,99 16,96 277,43 81,0

6,00 4,89 0,15 5,44 15,02 277,49 80,9

7,00 4,81 0,26 3,99 16,16 273,26 81,0

8,00 4,80 0,24 4,22 16,46 271,85 81,1

9,00 4,71 0,28 4,12 16,33 269,62 80,9

10,00 4,71 0,23 3,59 16,53 267,56 80,9

11,00 4,71 0,19 4,41 16,13 269,31 80,9

12,00 4,71 0,39 3,50 17,17 265,52 80,9

13,00 4,59 0,28 3,67 16,38 264,73 81,0

14,00 4,59 0,30 3,78 16,58 262,67 81,1

15,00 4,59 0,40 3,61 17,16 261,71 81,1

16,00 4,59 0,14 5,10 15,19 259,87 81,4

17,00 4,59 0,17 5,47 15,24 260,51 81,5

18,00 4,49 0,56 3,55 17,28 257,32 81,5

19,00 4,50 0,19 4,69 15,65 257,35 81,4

20,00 4,40 0,57 18,76 17,30 255,77 81,8

21,00 4,39 0,15 4,19 15,99 255,09 81,8

22,00 4,39 0,13 5,75 14,26 255,51 81,8

23,00 4,30 0,74 2,66 17,75 250,51 81,8

24,00 4,30 0,12 4,83 14,82 251,47 81,7

25,00 4,30 0,18 4,44 15,86 251,24 81,9

26,00 4,21 0,43 3,52 16,58 249,58 81,9

27,00 4,23 0,14 5,32 14,29 251,81 81,8

28,00 4,21 0,25 4,14 16,23 250,81 81,6

29,00 4,20 0,36 3,43 16,43 247,76 81,9

30,00 4,10 0,14 4,81 15,51 248,80 81,8

31,00 4,11 0,35 3,24 17,17 246,94 81,7

32,00 4,11 0,29 3,75 16,64 245,66 81,8

33,00 4,01 0,15 4,93 15,42 246,37 82,1

34,00 4,01 0,67 3,05 17,30 242,98 81,9

35,00 4,01 0,24 3,98 16,38 242,88 82,0

36,00 4,01 0,30 3,60 16,90 241,15 81,8

37,00 4,00 0,48 3,05 17,19 238,22 82,0

38,00 3,96 0,16 4,78 15,96 240,64 81,9

39,00 3,90 0,52 3,16 17,64 238,35 81,7

40,00 3,89 0,16 4,74 15,57 237,78 81,8

41,00 3,80 0,32 3,88 16,88 236,60 82,0

42,00 3,79 0,19 3,55 16,53 237,06 82,0

43,00 3,79 0,18 4,42 16,21 237,62 82,0

44,00 3,80 0,02 5,43 14,80 238,94 81,8

45,00 3,80 0,12 3,07 16,92 236,56 81,9

46,00 3,70 0,03 4,89 15,40 237,19 82,1

47,00 3,69 0,05 3,77 16,55 237,13 82,1

48,00 3,70 0,03 4,83 15,32 236,36 81,8

49,00 3,70 0,04 4,76 16,08 238,16 82,1

Fuel Data

Temp. (F)

Flue Gas Composition (%)

Page 1 of 3 DataB415



Data 2015-06-23 epa p-1252 run1 eff. low

50,00 3,60 0,05 4,31 16,01 236,55 82,1

51,00 3,60 0,02 4,62 15,55 235,47 82,0

52,00 3,50 0,09 3,55 17,29 234,77 82,0

53,00 3,50 0,04 3,98 16,17 234,05 82,3

54,00 3,51 0,03 4,57 15,60 235,40 82,1

55,00 3,50 0,09 2,83 17,69 233,11 82,1

56,00 3,41 0,06 3,95 16,03 233,83 82,2

57,00 3,41 0,03 4,85 15,60 234,83 82,2

58,00 3,30 0,08 3,07 17,09 231,36 81,9

59,00 3,40 0,05 4,88 15,77 232,99 82,0

60,00 3,31 0,09 3,47 16,99 231,15 82,1

61,00 3,31 0,04 3,99 16,31 231,76 82,3

62,00 3,22 0,02 5,33 14,95 234,93 82,3

63,00 3,21 0,07 3,62 16,81 232,25 82,7

64,00 3,21 0,03 4,83 15,38 232,40 82,5

65,00 3,21 0,02 5,54 15,25 234,18 82,0

66,00 3,10 0,04 4,30 16,06 232,78 82,6

67,00 3,09 0,03 4,03 16,18 231,33 82,6

68,00 3,09 0,05 4,01 16,53 230,38 82,6

69,00 3,09 0,03 4,27 16,07 231,20 82,8

70,00 2,99 0,03 5,25 15,18 231,49 82,8

71,00 3,00 0,07 3,63 16,76 230,01 82,8

72,00 3,00 0,03 5,05 14,81 232,85 82,8

73,00 2,99 0,03 5,40 14,76 234,02 82,9

74,00 2,90 0,08 3,39 16,98 230,50 82,8

75,00 2,90 0,10 3,32 16,99 230,27 82,6

76,00 2,80 0,06 4,20 16,48 231,37 83,0

77,00 2,90 0,04 3,48 16,74 230,31 82,9

78,00 2,80 0,03 4,45 15,87 229,32 82,9

79,00 2,80 0,03 5,32 15,10 233,40 82,8

80,00 2,80 0,05 3,76 16,51 231,08 82,6

81,00 2,70 0,03 5,04 14,86 232,30 82,5

82,00 2,61 0,05 4,10 16,51 232,86 82,7

83,00 2,65 0,02 5,23 15,00 233,66 82,6

84,00 2,61 0,08 3,68 16,96 232,71 82,3

85,00 2,60 0,08 3,35 16,94 230,91 82,7

86,00 2,61 0,05 3,50 16,63 230,37 82,6

87,00 2,60 0,07 3,24 17,17 229,63 82,7

88,00 2,51 0,03 4,47 15,82 229,48 82,6

89,00 2,51 0,03 4,60 15,72 230,88 83,0

90,00 2,51 0,04 4,02 16,24 230,33 83,1

91,00 2,41 0,04 4,34 15,93 230,06 83,1

92,00 2,42 0,04 4,99 15,50 230,89 83,2

93,00 2,41 0,08 3,53 17,16 229,29 83,1

94,00 2,30 0,03 5,22 14,97 231,29 83,2

95,00 2,30 0,02 5,05 15,22 232,65 83,2

96,00 2,30 0,05 3,95 16,40 230,20 83,2

97,00 2,28 0,04 4,07 15,91 229,56 83,2

98,00 2,20 0,04 3,72 16,51 229,12 83,3

99,00 2,19 0,04 4,46 15,84 229,07 83,3

100,00 2,20 0,05 3,65 16,81 229,37 83,2

101,00 2,10 0,11 2,78 17,55 226,47 83,3

102,00 2,20 0,03 4,80 15,45 228,04 83,4

103,00 2,10 0,12 3,47 17,50 227,78 83,3

104,00 2,10 0,06 3,50 16,65 225,80 83,4

105,00 2,10 0,04 4,08 16,25 228,58 83,5

106,00 2,00 0,13 2,63 17,72 225,39 83,0

107,00 2,01 0,04 3,95 15,68 225,60 83,4

108,00 2,00 0,06 4,17 16,26 225,28 83,4

109,00 1,91 0,10 2,96 17,06 223,52 83,0

110,00 2,00 0,04 4,60 15,69 223,48 82,1

111,00 1,91 0,06 3,82 16,86 224,14 83,0

112,00 1,90 0,10 2,80 17,50 222,03 83,0

113,00 1,81 0,02 4,94 15,05 222,78 83,1

114,00 1,81 0,04 3,86 16,43 222,90 83,0

115,00 1,81 0,03 4,37 15,47 222,62 82,9

116,00 1,81 0,04 4,40 16,02 222,79 83,1

117,00 1,71 0,12 3,01 17,44 220,35 83,3

118,00 1,71 0,03 4,78 15,48 222,51 83,5
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Data 2015-06-23 epa p-1252 run1 eff. low

119,00 1,71 0,03 5,31 15,37 224,49 82,5

120,00 1,71 0,02 5,18 15,02 225,77 82,9

121,00 1,62 0,04 4,50 15,68 226,30 83,0

122,00 1,61 0,07 4,49 16,60 225,16 83,3

123,00 1,62 0,06 3,52 16,58 224,33 82,8

124,00 1,61 0,02 5,07 14,92 226,40 83,3

125,00 1,50 0,04 3,87 16,56 225,61 83,5

126,00 1,50 0,04 3,80 16,13 223,34 83,6

127,00 1,40 0,04 5,01 15,72 225,76 83,7

128,00 1,40 0,07 3,83 16,69 226,48 83,6

129,00 1,40 0,03 5,15 15,12 229,42 83,6

130,00 1,40 0,04 4,79 15,64 229,56 83,5

131,00 1,30 0,02 4,75 15,20 230,66 83,1

132,00 1,31 0,05 3,91 16,12 228,61 83,3

133,00 1,21 0,06 3,93 16,43 227,72 83,4

134,00 1,30 0,04 4,31 16,21 228,83 82,8

135,00 1,21 0,04 4,41 15,64 229,06 82,8

136,00 1,20 0,12 2,52 17,43 226,34 83,1

137,00 1,11 0,05 3,91 16,38 226,55 82,8

138,00 1,10 0,04 4,69 15,93 227,41 82,8

139,00 1,11 0,19 1,72 18,44 223,28 82,8

140,00 1,11 0,04 4,48 16,03 226,05 83,0

141,00 1,11 0,06 3,55 16,82 225,01 83,0

142,00 1,04 0,02 4,92 15,32 226,74 83,1

143,00 1,01 0,04 3,93 16,32 225,76 83,0

144,00 1,01 0,06 3,82 16,60 226,42 82,8

145,00 0,91 0,02 4,73 15,57 228,24 82,8

146,00 0,91 0,03 5,14 15,63 229,71 82,7

147,00 0,91 0,13 3,17 17,35 227,89 82,8

148,00 0,92 0,04 4,28 15,97 228,75 82,7

149,00 0,91 0,04 4,45 16,01 229,33 82,7

150,00 0,87 0,07 3,49 16,88 227,61 83,1

151,00 0,80 0,06 4,08 16,58 228,76 82,9

152,00 0,80 0,08 3,75 17,27 228,50 82,6

153,00 0,70 0,04 3,91 16,15 229,36 82,5

154,00 0,70 0,03 4,59 15,67 229,12 82,7

155,00 0,70 0,07 3,39 17,10 228,92 82,8

156,00 0,70 0,03 3,68 16,31 227,88 82,7

157,00 0,70 0,07 3,54 17,02 229,08 82,8

158,00 0,60 0,04 4,03 16,48 227,71 82,7

159,00 0,60 0,05 3,70 16,75 228,01 82,4

160,00 0,60 0,09 3,07 17,31 226,71 82,6

161,00 0,60 0,05 3,35 16,89 224,79 82,8

162,00 0,50 0,06 3,53 16,94 224,68 82,9

163,00 0,51 0,09 2,98 17,37 223,46 82,8

164,00 0,50 0,03 4,29 16,08 224,17 82,7

165,00 0,51 0,05 3,73 16,51 223,50 82,6

166,00 0,41 0,03 4,25 16,08 224,06 82,5

167,00 0,40 0,02 4,88 15,22 225,53 82,9

168,00 0,41 0,02 4,90 15,55 227,17 82,9

169,00 0,31 0,06 4,08 16,26 225,29 82,9

170,00 0,31 0,06 3,50 16,49 224,82 82,5

171,00 0,31 0,03 4,01 16,33 225,03 82,6

172,00 0,31 0,04 4,24 15,87 224,10 83,0

173,00 0,21 0,04 4,23 16,47 225,60 82,7

174,00 0,21 0,05 4,04 15,88 225,73 82,9

175,00 0,21 0,03 4,43 16,16 223,91 83,1

176,00 0,21 0,05 3,93 16,44 224,40 83,0

177,00 0,11 0,03 3,85 16,39 225,13 82,6

178,00 0,12 0,02 1,24 13,89 227,80 82,9

179,00 0,12 0,06 3,61 16,72 226,16 82,9

180,00 0,00 0,04 4,08 16,05 226,19 82,8
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          St-jean-sur-Richelieu, Date : 2015 August 30th  rev1 May 17th 2016 

Client : Ravelli 

Project : P-1252 

model : Monica 2015, Francesca 2015, RV80 CERAMICA 
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APPENDIX 2:  Proportionality results 
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          St-jean-sur-Richelieu, Date : 2015 August 30th  rev1 May 17th 2016 

Client : Ravelli 

Project : P-1252 

model : Monica 2015, Francesca 2015, RV80 CERAMICA 

Page 15 of 27      M_rap_EPAwoodstove V1 – 2015 july 30
th
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APPENDIX 4: Unit pre burn 
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             User and maintenance manual for stoves with RDS technology   

 Rev.0

 ( For model with flash motherboard )

SAVE THESE INSTRUCTIONS
Please read this entire manual before installation and use of this pellet fuel-burning room heater.
Failure to follow these instructions could result in property damage, bodily injury or even death. 
Contact local building or fire officals about restrictions and installation inspection requirements in your area.
Contact local authorities to see if a permit must be obtained before installation.
Please read this entire manual before installation and use of the pellet fuel-burning room heater. Failure to 
follow these instructions could result in property damage, bodily injury, or even death

ASTM E 1509-12 • UL 1482 - 11 • ULC S627-00 • Oregon Administration Rules 814-23-909 • Mobile Home Approved
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Introduction

Important:
Please read this manual carefully. It describes all the phases necessary for perfect functioning of the stove.
Warning:
The regulations on installation and operation in this manual may differ from the regulations in force locally. In this case, the 
indications of the competent local authorities must always be followed. The drawings shown in this manual are indicative and not 
to scale.

Information:
The packaging that we have used offers good protection against any damage due to transport. Always check the stove immediately 
after delivery: in the event of any damage, please inform your Ravelli dealer immediately.

Description of use and maintenance manual
With this use and maintenance manual, Ravelli wishes to provide the user with all the information on safety in using the stove, in 
order to avoid damage to persons or things or parts of the stove. Please read this manual carefully before use and any work on the 
product.

WARNINGS
Ravelli stoves are manufactured taking care even on the individual components in order to protect both the user and the installer 
from any accidents.
The authorized personnel, after any work on the product, should therefore always pay special attention to the electrical 
connections.  
Installation must be performed by authorized personnel, who must give the purchaser a declaration of conformity of the appliance, 
and who will assume all responsibility for the final installation and consequent good functioning of the product installed. It is 
also necessary to take into consideration all the laws and national, regional, provincial and local regulations present in the 
country in which the appliance has been installed. In the event of failure to respect these precautions, Ravelli S.R.L. declines all 
responsibility.
This instruction manual is an integral part of the product: please make sure that it is always with the stove, including in the case of 
transfer to another owner or user, or transfer to another place. In the case of its damage or loss, please request another copy from 
the Technical Department.
This stove must be used for the purpose for which it has been specifically manufactured. Do not use the appliance as an incinerator 
or in any way other than that for which it was designed. All contractual and tort responsibility of the manufacturer is excluded for 
damage caused to persons, animals or things, due to errors of installation, maintenance regulation or improper use. No other fuel 
except the pellets must be used. Do not use liquid fuels.
After having removed the packaging, please make sure that the contents are complete and intact.
All the electrical components that make up the stove must be replaced with original spare parts exclusively from an authorized 
technical assistance centre. Maintenance of the stove must be performed at least once a year, planning it in time with the 
technical assistance centre. Do not make any unauthorized modification to the appliance.
For safety reasons, please remember that:
- the stove must not be used by children or disabled people without assistance;
- do not touch the stove when barefoot or when any parts of the body are wet;
- the safety devices or adjustment devices must not be modified without the authorization or instructions of Ravelli.

The stove, especially the external surfaces, reaches very high temperatures when it is in operation; take care when moving it to 
avoid burns.

The stove has been designed to function in any climatic condition; in the event of particularly adverse conditions (wind, 
freezing), safety systems could intervene which switch off the stove.
If this occurs, contact the technical assistance and, in any case, do not disenable the safety systems.

1.Thank you
Dear Customer,
We would like to thank you and congratulate you on the excellent choice you have made.
With the Ravelli stove, you will see that quality and economy can go hand in hand, offering excellent performances with limited consum-
ption and being totally practical. Please find below some suggestions, which we would like to give you, to obtain the most from your stove 
and to fully enjoy all the advantages that it can give you.
Through this, we want to be close to our customers to offer the maximum technical support to all those who use our technology.

Ravelli srl thanks you for your confidence
and wishes you happy times in the company 

of your pellet stove.
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2. Safety information
The stove must be installed and tested by specialized personnel instructed by the parent company. Please read this use and 
maintenance manual before installing and putting the stove into operation!
If you require further information, please contact your Ravelli dealer.

IMPORTANT
- The place of installation of the stove must comply with local, national and Federal regulations.
- The stove must be fuelled only with quality pellets with a diameter of 6 mm as described in the specific chapter.
The stove cannot operate with traditional wood
The stove must not be used as an incinerator. FIRE HAZARD!!!
- Installation, the electrical connections, checking the functioning and maintenance must be performed by qualified 

and authorized personnel.
- Improper installation or poor maintenance (not compliant with what is shown in the following manual) may cause 

damage to persons and things. In this condition, Ravelli is relieved of all civil or criminal responsibility.
- Before connecting the stove electrically, the connection of the exhaust tubes must be completed (specifically for pellet stoves, 

not made from aluminium) with the flue.
- The protection grille inside the pellet tank must never be removed.
- There must be sufficient circulation of air in the room where the stove is installed.
- Never open the door of the stove whilst it is functioning. FIRE HAZARD!!!
- The stove must not be used with the door open or with the glass broken. FIRE HAZARD!!!
- When the stove is operating, the surfaces, the glass, the handle and the pipes become overheated: during functioning, these 

parts must only be touched with the adequate protection.
- Do not light the stove without having first performed the daily inspection as described in the MAINTENANCE chapter 

of this manual.
- Do not place any washing on the stove to dry. Keep clothes and similar at a suitable distance from the stove. FIRE 

HAZARD!!!
-DO NOT INSTALL A FLUE DAMPER
-DO NOT CONNECT THIS UNIT TO A CHIMNEY FLUE SERVING ANOTHER APPLIANCE
-Attachment and securement of the exhaust venting system to the product and to each adjoining section. All joints for connector 

pipe shall be required to be fastened with at least three screws. If vented horizontally, joints shall be made gaslight in a manner 
that shall be specified.

- Inspection, maintenance, and cleaning of the chimney and chimney connector
- Disposal of Ashes: Ashes should be placed in a metal container with a tight fitting lid. The closed container of ashes should 

be placed on a noncombustible floor or on the ground, well away from all combustible materials,  and moved outdoors 
immediately. If the ashes are disposed of by burial in soil or otherwise locally dispersed, they should be retained in the closed 
container until all cinders have thoroughly cooled. Other waste shall not be placed in this container.

- Caution against the storage or use of flammable liquids, as follows:Never use gasoline, gasoline-type lantern fuel, 
kerosene, charcoal lighter fluid, or similar liquids to start or ‘freshen up’ a fire in this heater. Keep all such liquids well away 
from the heater while it is in use. 

- Creosote - Formation and Need for Removal
  When wood is burned slowly, it produces tar and other organic vapors, which combine with expelled moisture to form 

creosote. The creosote vapors condense in the relatively cool chimney flue of a slow-burning fire. As a result, creosote residue 
accumulates on the flue lining. When ignited this creosote makes an extremely hot fire

  The exhaust venting system should be inspected at least once every two months during the heating season to determine if a 
creosote buildup has occurred.

   If creosote has accumulated it should be removed to reduce the risk of a chimney fire.
- Scrupulously follow the maintenance programme.
- Do not switch off the stove by disconnecting the electricity mains supply.
- Do not clean the stove until the structure and the ashes have cooled down completely.
- Carry out all operations in maximum safety and tranquillity.

       -Exhaust venting system termination requirements including location restrictions to air inlets, distances from windows, doors, 
        and air inlets and distance to combustible materials. 
     - do not connect to or use in conjunction with any air distribution ductwork 
     - hot while in operation. Keep children, clothing and furniture away. Contact may cause skin burns.
     - The type of chimney shall be suitable for solid fuel and the chimney connector must be in good condition and kept clean.
     - Establish a routine for the fuel, pellet burner and fring technique. Check daily for creosote build-up until experience shows 
how often you need to clean to be safe. Be aware that the hotter the fire the less creosote is deposited and weekly cleaning may be 
necessary in mild weather even though monthly cleaning may be enough in the coldest months. Contact your local or fire authority 
for information on how to handle a chimney fire. Have a clearly understood plan to handle a chimney fire.
     -  Keep firing and deashing doors closed and maintain all seals in good conditions.
     -  Do not strike or slam shut the door, the glass can brake. The glass shall be cleaned only when cold, do not clean a hot glass.    
Use a dry cloth with normal glass detergent, do not use any abrasive cleaner.
     - The type of chimney shall be suitable for solid fuel and the chimney connector must be in good condition and kept clean.
      - When this room heater is not properly installed, a house fire may result. To reduce the risk of fire, follow the installation 
instructions. Contact local building or fire officials about restrictions and installation inspection requirements in your area.
       - This room heater must be conncted to a chimney complying with the requirements for type HT chimneys in the standard UL 
103 or a code-approved masonry chimney with a flue liner.
       - This wood heater needs periodic inspection and repair for proper operation. It is against federal regulations to operate this 
         wood heater in a manner inconsistent with operating instructions in this manual.
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3. General
The Stove must only operate in rooms. As it is controlled by an electronic board, combustion is completely automatic and controlled and 
the control unit regulates the ignition phase,  5 levels of power and the switching off phase, guaranteeing safe functioning.
The used for combustion allows most of the ashes produced by the combustion of the pellets to fall into the collection drawer.
However, always check the frame every day, as not all pellets have high standards of quality and could leave residue that is difficult to 
remove.
The glass has a special air circulation for self-cleaning. However, a slight greyish film cannot be avoided after a few hours of 
functioning.
As already mentioned earlier, pellets with a diameter of 6 mm must be used with the stove. However. it may also operate with pellets 
having a different diameter, in this case please contact your Ravelli dealer.

3.1 Responsibility

Ravelli declines all responsibility, both civil and criminal, with the delivery of this manual, for any accidents deriving from partial or total 
failure to observe the instructions it contains,
Ravelli declines all responsibility deriving from the improper use of the stove, from its incorrect use by the user, by unauthorized 
modifications and/or repairs  or from the use of spare parts which are not original.

The manufacturer declines all direct civil or criminal  responsibility due to:
- poor maintenance
- failure to observe the instructions in the manual
- use not compliant with the safety instructions
- installation that is not compliant with the regulations in force in the country.
- installation by personnel who are not qualified or authorized
- modifications and repairs that are not authorized by the manufacturer
- use of spare parts that are not original
- exceptional events

3.2 Compliance status

This manual describes the installation and operation of the Ravelli, Francesca 2015, Monica 2015, RV80 ceramica  wood pellet heater. 
This heaters meet the 2020 U.S. Environmental Protection Agency’s wood pellet emission limits for wood heaters sold after May 15th 

2015. Under specific test conditions this heater has been shown to deliver heat at rates ranging from 10,733 to 26,556 Btu/hr.

3.3 Spare parts

Use original spare parts only. Do not use any substitute material. Do not wait for the components to be worn before replacing them. 
Replace a worn component before it is completely broken to prevent any accidents caused by the sudden breakage of components, 
perform the periodic maintenance checks as described in the dedicated chapter. Removal of broken or damaged components shall be 
only done by authorized technical service.

3.3.1 Glass and gasket replacement

Use only ceramic type glass. To replace the glass the door needs to be disassembled according to the below drawing.

 - 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 is designed to burn wood pellet only.DO NOT BURN ANY OTHER FUEL. Burning other materials may result in release of toxic 
fumes or render the heater ineffective and cause smoke.
- Do not overfire. Attempts to achieve heat output rates that exceed heater design specifications can result in permanent damage to the 

heater.
- Flues gases contain carbon monoxide (CO), it is reccomended to install smoke monitors and CO monitors for areas that are expected to 

generated CO. Inspect the the chimney to minimize visible emissions.

Francesca 2015 -Monica 2015 RV 80 Ceramica

Ceramic glass dimensions:
250 x 307 mm (9.8’’ x 12.08’’ )
 thickness 4mm (0.15’’)

Glass twist trecovet gasket:
diam. 10 mm / 0.39”
L1230 mm / 48.43”

Ceramic glass dimensions:
305 x 449 mm (12 ’’ x 17.68’’ )
 thickness 4mm (0.15’’)

Glass twist trecovet gasket:
diam. 14 mm / 0.55”
L1250 mm /49.21“

                

 Emission Rate (g/hr) Heating Efficiency (% 
Overall)

1st hour Emission 
Rate (g/hr)

 CO emission gr/hr

0,58 77,90% 1.36 23
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 3.3. Majolica finishes 

Due to the special hand finish of the majolica surface imperfections such as shadowing  my  accour .Those are details that make every 
majolica one of its kind. As it is a delicate material, please handle with care whilst cleaning and avoid blows as sudden breakage may occur. 
Please also take care when loading the hopper (Ed.’s note; tank containing the pellets) with the bag of pellets: do not place it on 
the stove!

3.4. What are the wood pellets

The wood pellets are made from sawdust and wood shavings produced in joiners’ shops. The material used cannot contain any foreign 
substance such as glue, varnish or synthetic substances.
Subjecting it to high pressure, the wood is pressed through a plate with holes and due to the high pressure the sawdust is heated 
activating the natural  binders of the wood. Thus, the pellets keep their shape even without the addition of bonding substances. The 
density of the wood pellet varies according to the type of wood and can be 1.5 – twice greater than that of natural wood.
The diameter of the cylindrical rods is 6-10 mm and their length can vary between 10 and 50 mm.
Their weight is equal to about 650 kg/m. Due to the low content of water (8-10%) they have a high energy content.
The standards DIN 51731 define the quality of the pellets:

Pic.2

The pellets must be transported and stored in a dry place. They swell on contact with damp, and cannot be used, They must always be 
protected from the damp both during transport and in storage. Do not place such fuel within the space heater installation clearances or 
within the space required for charging and ash removal.
Ravelli recommends using a pellet with a diameter of 6 mm for the stove.

Pic.1

1. pellet loading screw
2. resistance unit for ignition
3. combustion fire pot
4. tube for passage of smoke
5. air intake tube
6. stainless steel exchanger
7. pellet hopper
8. flame trap
9. smoke exhaust tube

This drawing shows the internal parts of a pellet stove.
By filling the tank (7), the pellets are loaded into the fire pot 
(3) through the loading screw (1).
Ignition is by means of the resistance (2), which overheats 
the air from the special entrance (5) which on contact with 
the pellets will allow the development of the flame. At this 
point the exhaust smoke is deviated towards the stainless 
steel exchanger (6) and through the smoke extraction tube 
(4) it is released into the flue, through the connection with 
the smoke exhaust pipe. (9).
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3.5. The components of the stove

Length:
Diameter:
Real weight:
Calorific power:
Residual humidity:
Ashes:
Specific weight:

10-30 mm approx.
6 – 10 mm approx.
650 kg/m3 approx.
4.9 kWh/kg approx.
6-12% approx.
<1.5%
>1.0 kg/dm3

Do not put the bag of pellets on the 
ceramic parts during the loading 
operations.
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3.6. The combustion
The combustion  is simply a chemical reaction between combustible and carburant. The result of this reaction is the heat.
The three elements that are required for the combustion are:

-Combustible (pellet)
-Carburant  (oxygen available in the air)
-Ignition (electrical resistance for ignition)

To get the combustion, the combustible and the carburant must be available in a correct proportion.

The reaction between combustible and carburant is made by an external starter. The  start  can be made by  the hot reaction or by a 
sparkle. 
The combustion is NOT CORRECT, the flame is too tight with  too much incandescent  pellet in the firepot.
Adjust the Set pellet/air reducing the air percentage (from 0 up to -5); in the vent this is not enough to get a proper flame, increase the loa-
ding quantity of the pellet (from 0 up to +5) to reach the flame condition shown in picture 3.

INCORRECT combustion, flame too drawn, in “blowtorch” style with a high quality of
incandescent pellets coming out of the grate. Correct the pellet/air set by reducing the
percentage of air (from 0 to -5); if not sufficient, also increase the percentage of falling
pellets (from 0 to +5) to arrive to the condition in Figure 3.
If the changes made to the settings do not bring the stove to the right combustion
conditions in Figure 3, contact the Technical Support Centre.
 

INCORRECT combustion, “spring” flame in “wood stove” style with high quantity of pellets
not burning on the grate. Firstly, check the door is closed and the ash pan. Secondly,
correct the pellet/air set by increasing the percentage of air (from 0 to +5); if not sufficient,
also reduce the percentage of falling pellets (from 0 to -5) to arrive to the condition in
Figure 3.
If the changes made to the settings do not bring the stove to the right combustion condi-
tions in Figure 3, contact the Technical Support Centre.

The combustion IS CORRECT, full flame yellow/white and minimum quantity of pellet in 
the firepot.
The combustion if fine and no ad.

The picture 3 show a flame done with a stove working at power P5.    

Pic. 1

Pic. 2

Pic. 3

OXY
GEN

HEAT
      PELLET
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4. Safety devices	
The stove is fitted with sophisticated safety systems so that, in the case of breakage of one of the individual parts or defects in the flue, 
no damage will be caused to the stove and the room in which it is installed. In any case, when a problem arises, the pellets stop falling 
immediately and the “ switch off ” phase is activated.
The corresponding alarm will be shown on the display. The details can be seen in chapter 9 ”DESCRIPTION OF ALARMS”.

5. TECHNICAL FEATURES
All Ravelli products are manufactured according to the following 
directives:
• 89/106 EEC construction materials
• 73/23 EEC electrical safety
• 2006/42/EEC machines
• 2004/108 EEC electromagnetic compatibility

And according to the following standards:
• EN 14785
• EN 60335-1  EN 50165
• EN 292 EN 294 EN 349
• EN 55014.1  EN 61000-3-2  EN 61000-3-3
• EN 55014.2

Unit of measure-
ment

Francesca
2015

RV 80
Ceramica

Monica
2015

Height Inch 37.67 39 39.3

Width Inch 17.32 20.20 20.27

Depth Inch 18.46 19.1 18.58

Weight Lbs 200 270 264

Diameter of smoke exit tube Inch 3.14 3.14 3.14

Min-max. hourly consumption of pellets Lbs/h 1.1 - 3.5 1.1 - 3.5 1.1 - 3.5

Supply V - Hz 120 - 60 120 - 60 120 - 60

Hopper capacity Lbs 35 35 35

Efficiency * % 77,9 77,9 77,9

Smoke temperature min - max °F 176 - 302 176 - 302 176 - 302

The data shown above are indicative and not binding. Ravelli reserves the right to make any 
modifications for the purpose of improving the performances of the product.

6. Positioning, assembly and installation 

6.1 Minimum distance from combustible material

B

R 

L 

A

Unit of measure-
ment

Francesca
2015

RV 80
Ceramica

Monica
2015

R =right side Inch/mm 4 / 101,6 4 / 101,6 4 / 101,6 
L =  left side Inch/mm 4 / 101,6 4 / 101,6 4 / 101,6

B = rear side Inch/mm 2’’/50,8 2’’/50,8 2’’/50,8 
A = front side Inch/mm 39,37 / 1000 39,37 / 1000 39,37 / 1000
D = FRONT floor protection Inch/mm 6 / 152,4 6 / 152,4 6 / 152,4 
E = SIDE floor protection Inch/mm 6 / 152,4 6 / 152,4 6 / 152,4 

E

D

E

N.B. The floor protection must extrend under the chymney connector and 2 inches (50.8mm) beyond each side

NOTE: Install vent at clearances specified by the 
vent manufactures.

*overll heating efficency is determined using higher eating value of the fuel.
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6.2 Environment of use 

The positioning of the stove is decisive for a successfuland equal heating of the room. Before deciding where to place the stove, the following must 
be taken into account:
- The stove must be installed on a floor with a sufficient carrying capacity. If the existing building does not meet this requisite, appropriate measures 

must be taken (i.e. load distribution plate).
- The combustion air cannot be obtained from a garage or from an area without ventilation or exchange of air, but from a free or external space
- The stove must not be installed in a bedroom, bathroom or shower, or where there is already another heating appliance without an autonomous 

air flow (chimney, stove etc.)
- A non-combustable Hearth board 6” from front of unit and 6” from the sides must be installed before unit is placed on the floor.
- Installation is better in a large and central room in the house to ensure maximum circulation of the heat;
- Connection to the main supply is recommended using a grounded outlet (if the cable supplied is not long enough to reach the nearest outlet, use 

an extension cord with a surge protector);
- The stove must be placed in a position that receives the necessary level of air for appropriate combustion of the pellets (at least 131.23 f3/h must 

be available), in accordance with installation regulation and local legislations;
- All joints for connector pipe is required to be fastened with at least three screws.
- If vented horizontally joint should be siliconed with hi-temp. silicone and screwed so they are gas tight. (RTU 500 silicone)
- the chimney connector shall not pass through an attic or roof space, closet or similar conceald space, or a floor or ceiling. Where passage through   
a wal, or partition of combustible construction is desired, the installationshall conform to CAN/CSA-B365.
The stove must be installed and assembled by qualified personnel.
The room must be:
- Prepared for the environmental functioning conditions
- Prepared with an adequate system of evacuation of smoke
- Have a 120V 60 Hz (EN73-23) electricity mains supply
- Do not connect this unit to a chimney flue serving another appliance
- Use only UL Listed Type L Vent or Pellet Vent 3” in. I.D. venting system to exhaust.  Do not install flue damper in the exhaust system of this unit.
- The chimney connector and each other adjoining section must be firmly attached and secured to the stove.

6.3 Mobile Home Requirements 

- Outside air is required
- The heater must be secured to the floor using lag bolts.
- The heater must be grounded to the chassis of the mobile home.
-	 Installation should be in accordance with the manufactured home.
- When outside air is required, system parts, such as vent sections, supports, spark arresters, rodent screens, etc. must be used. 
- The space heater is to be connected to a factory built chimney conforming to CAN/ULC-S629.
- It is important to use all the specified components, do not use other components.
- Installation shall maintain an effective vapour barrier at the location where the chimney or other component penetrates to the exterior of the 

structure.
-Operating the space heater with open firing doors can cause serious injuries and health damages due to excaping flames or carbon monoxide 

generation inside the room.
- Adequate ventilation is required to avoid air starvation and icing which can determine an unhealthy indoor environment.
- Do not overfire.
- If the space heater is not correctly installed and operated it can interfere with smoke detectors.

	

A	 Minimum 4’ clearance below or beside any door or window that opens
	 Minimum 1’ clearance below or beside any window that does not open.
B	 Minimum 1’ clearance above any door or window that opens
C	 Minimum 2’ clearance from any adjacent building
D	 Minimum 7’ clearance above any grade when adjacent to public walkways
E	 Minimum 2’ clearance above any grass, plants, or other combustible materials
F	 Minimum 3’ clearance from any forced air intake of any other appliance
G	 Minimum 2’ clearance below eaves or overhangs
H	 Minimum 1’ clearance horizontally from combustible wall
X	 Must be a minimum of 2’ above the roof

WARNING:  Do not install in bedroom
CAUTION:  The structural integrity of the mobile home floor, 

ceiling, walls, roof must be maintained. 
Refer to HUD Requirements, CFR 3280, Part 24

NOTE: Install vent at clearances specified by the vent 
manufactures.
NOTE: Measure clearances to the nearest edge of the exhaust 
hood.
NOTE: Vent may not terminate in covered walkway or breezeway.
NOTE: If venting horizontally, check your venting specifications for 
distance pipe should extrude from building.
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This type of installation (se Pic. 10) does not require an insulated flue as 
the smoke tube has been assembled partly inside the house and partly 
inside an existing flue.
In the lower part of the flue a union tee has been installed with a peephole 
cap.
A 90° bend should not be installed as the first piece, as the ash would 
quickly block the passage of smoke, causing problems for the draught of 
the flue (See Pic. 6).
Please note the use of 2 45° bends, to guarantee that the ash falls in the 
union tee with a peephole.

IN
TE

R
N

A
L 

FL
U

E

Airtight steel sheeting

Covering plate 

 YES

Union tee for condensation

45° bend, diam.80

Pic.10

Pic.6

Ash deposited in 
the 90° bend

NO

Pic.6

This type of installation (see Pic. 9) requires an insulated flue, as all the smoke pipe has been installed outside the house.
In the lower part of the flue, a union tee has been mounted with an inspection cap.
A 90° bend should not be installed as the first initial piece as the ashes would quickly obstruct the passage of smoke, causing problems for the draught 
of the flue. (See Pic. 6).

Pic.9

 YES

Pic.11

Protection from rain
Insulated flue

Union tee for condensation

6.4. Examples of installation

Ash deposited in the 90° bend

NO
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Determining Size of Pipe to install

To determine what diameter pipe to use in an installation(3”or 4”),first find the “equivalent pipe length“ using the following guidelines, then plot 
this number and the altitude on the chart (pic 11).

Fillout the installation chart,and calculate your total equivalent pipe length.
After you have the total equivalent pipe length, use the pipe selection chart. (pic.11), below to determineif your installation requires 3” or 4” 
exhaust pipe. 

Determining Size of Pipe to install

Table 1

Pic. 11 .Pipe Selection Chart

Type of Pipe # of Elbows or 
Feet of Pipe 

Equivalent

90° Elbows/
Tee (A & G)

x 5 Feet (1.5 m)

45° Elbows
(C)

x 3 Feet (1.0 m)

Horizontal
(B & F)

x 1 Feet (0.3 m)

Vertical
(E)

x 0.5 Feet (0.15m)

Type of Pipe
# of Elbows 
or Feet of 

Pipe 
Equivalent  Total

Equivalent

90° Elbows/
Tee (A & G) 2 x 5 Feet

 (1.5 m)
10 Feet
(3.0 m)

45° Elbows
(C) 1 x 3 Feet 

(1.0 m)
3 Feet 
(1.0 m)

Horizontal
(B & F) 3 x 1 Feet 

(0.3 m)
1 Feet 
(1,0 m)

Vertical
(E) 8 x 0.5 Feet 

(0.15m)
1 Feet 
(1,2 m)

Table 2 - Sample chart for pic.12

Installation chart

Sample installation chart

Pic. 12.See sample installation chart

A- 90 Degree Elbow
B- 1’ Horizontal Pipe
C- 45 Degree Elbow 
D- Standoff Braces 
E- 8’ Vertical Pipe 
F- 2’ Horizontal Pipe 
G- 90 Degree Tee 
H- Wall Thimble

          Altitude x 1000 Feet   
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 (F
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  Standard horizontal installation configurations

Pic. 13.Horizontal Vent installation

1. Locate the proper position for the listed type “PL” wall
thimble. Avoid cutting wall studs when installing your
pipe. Use a saber saw or keyhole saw to cut the
proper diameter hole through the wall to accommodate
the wall thimble. Use extreme caution to avoid
cutting into power lines within the wall of the home.
The hole size will depend on the brand of pellet vent
that you are using. Install the wall thimble in the hole.

2. ALL INTERLOCKING PIPE CONNECTIONS WITH-IN
THE ROOM MUST BE SEALED WITH HIGH TEMPERATURE
RTV AND SECURED WITH A MINIMUM
OF 3 FASTENERS PER CONNECTION. Position the
stove approximately 12” (305 mm) from the wall on
the floor pad. Push the “PL” pipe through the wall
thimble. Squeeze a bead of high temperature silicone
(RTV) sealer around the end of the machined portion
of the 3” (76mm) pipe connector on the back of the
stove. Firmly push on a section of “PL” pipe until inner
pipe liner pushes into the bead of RTV sealer.

3. Push the stove with pipe attached towards the wall
(the pipe will go through the wall thimble). Do not
position the back of the stove closer than 2” (51mm)
from the wall. 

4. Install listed type “PL” 45 degree elbow with optional
rodent screen or cap (recommended) on outside end
of pipe. The rodent screen should be no less than
1/2” (13 mm) mesh and may clog with soot and ash if
left unattended during the burn season.
NOTE: The end of the exhaust pipe must extend a
minimum of 12” (305 mm) from the outside of the
building.

5. If the installation includes a source of outside combustion
air; cut a separate hole through the wall for
the fresh air tube. Use a galvanized or stainless steel
pipe for the duct. The minimum size for the duct
shall be not less than 50% of the cross sectional flue
area. Connect outside air pipe to air inlet on stove.
This tube must be terminated with a 45 degree elbow
or hood.

NOTES:
Combustion air may also be drawn from a vented crawl
space under the home.
All joints for connector pipe are required to be fastened
with at least three screws. If vented horizontally, joints
shall be made gas-tight (air tight, sealed connection) in a
manner as specified on this page (see instruction #2).
Install vent at clearances specified by the vent manufacturer.
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YES

YES

	 Standard horizontal installation configurations

3” (75 mm) Minimum clearance
     between wall and pipe. If you vent
     to the furthest wall, the vent pipe

     must maintain a 3” clearance parallel
     to the other wall.

Top View Illustration

Notes:
     It is not reccomended to terminate   
     exhaust vent on the prevailing wind  
     side of the house

Pic. 14. Corner  Through the  Wall

Pic. 15. Parallel Through the  Wall

Notes:
    Horizontal run of pipe
    requires 1/4” (7mm) rise per foot.

2” (51 mm) 
 Minimum
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7.1. Display with mode “MAIN SCREEN”

Key “1”: access key to “set room temperature” and regulation
Key “2”: access key to “set power” and regulation
Key “OK”: short press of the key to confirm and come back to the main screen; press the key 3 seconds long to switch on and 
switch off the stove.

                         
The functionalities of this display when used in mode “MAIN SCREEN” are:
-Switch on and switch off of the stove
-Set of the room temperature and selection of the type of sensor (supplied sensor connected to the motherboard or sensor integrated to the 
display)
-Set of the working power (1,2,3,4,5)

A- MODE WITH SUPPLIED ROOM SENSOR (DEFAULT AND SUGGESTED USE)  
If you use the supplied room sensor , the display will show the room temperature.
To set and modify the room temperature press key number 1 to enter in the dedicated menu and set the desired value with key 1 and 2.

The functioning of the stove with room thermostat activated can be of 3 types:
A-With supplied room sensor positioned on the backside of the stove ( not available for insert models)
B-With room sensor integrated to the display
C-With external thermostat (not supplied)

7.1.2. Set of the room temperature

7.1.1. switch “on” and switch “off” of the stove
Before starting the stove please follow following procedure :
1-	 Check that the installation is connected to the chimney
2-	 Connect the power cable
3-	 Set the switch on the backside of the stove on position 1
4-	 Load the pellet tank with 6 mm pellets
5-	 Load the screw as described in paragraph 8.6
6-	 Press key OK for 3 seconds long.

At this stage the stove will begin the ignition phase.
On the display will appear following writings:

-IGNITION (waiting time is different depending on default settings)
-WAITING FLAME (waiting time is different depending on default settings)
-FLAME LIGHT (waiting time is different depending on default settings)
-WORK (waiting time is different depending on default settings)

Calender

Room temperature

Clock

Working power		

Stove status

Pic. 1 Pic. 2

7. Description of the functioning  and symbology of the display 
The innovation of this particular display is the communication through low voltage conveyed waves (12 volts) between the electronic mo-
therboard and  the display. The communication is made trough a bipolar cable (ex: the cable for the stereo speakers) and the novelty is the 
possibility to install the display in the wall using the optional standard frame for electrical box 503.

MAR

MODULATION

SET TEMP. ROOM

SENSOR CONSOLLE

SET TEMP. ROOM

SENSOR CONSOLLE

SET TEMP. ROOM

SENSOR CONSOLLE
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Confirm with key OK 2 times and keep deselected the box SENSOR CONSOLLE (flag, see pic.2). Once reached the set temperature 
the display will show  MODULATION, so the stove will reduce to minimum the pellet consumption and the power as well.

7.2. Display with mode “ADVANCED” 

Key “OK”: access key to the complete menu and confirmation of the settings chosen
Key “1”: scroll key and modification of the settings
Key “2”: scroll key and modification of the settings

The stove is equipped with many functions available in each menu programming. Some of these menu are accessible for the end user , 
other are protected with a password so they are accessible only by authorized technian.

1 2 3 5 6 7 8 9 104

-TC1+TERM.N.AMB.

SMOKE
SENSOR

EXTERNAL
THERMOSTAT

 ROOM
SENSOR

-TC1+TERM.N.AMB.N.H2ON.PEL.

Red
BlueBlack

Black

REMARK: if you want to use the CONFORT CLIMA is advisable an external thermostat with OFF-SET of at 
least 3°C.

Once reached the set temperature of the thermostat the display will show  MODULATION WORK, so the stove will reduce to minimum the 
pellet consumption and the power as well. If activated the mode COMFORT CLIMA, the stove will switch on and off automatically (for details 
reference paragraph 8.2.)

7.1.3. set of the working power 

To modify the working power press key 2 to enter in the dedicated menu and with keys 1 and 2 to set the power you desire from 1 to 5 
and confirm with key OK. Increasing the power also the pellet consumption and the speed of the fan increase as well.

NOTE- It is not possible to modify the set power during  the phase of MODULATION WORK.

B-MODE WITH ROOM SENSOR INTEGRATED TO THE DISPLAY
in case you want to install the display on the wall instead of on the stove as from the factory, please reference to the functioning with 
supplied room sensor (as above explicated) with just one difference: the box (flag) SENSOR CONSOLLE, if you work in this mode, 
should be selected by using key 2. Then confirm with the key OK ( reference ti
o pic. 1 paragraph 7.1.2.)

C-EXTERNAL THERMOSTAT MODE
if you use an external thermostat  correctly connected as shown in the electrical scheme ( reference paragraph 10), the display will not show 
the room temperature but the writing T ON ( when the contact is closed) or T OFF ( when the contact is open).
REMARK: TO ENABLE THE EXTERNAL THERMOSTAT, ENTER IN THE SET TEMPERATURE USING KEY 1 AND THEN PRESS REPE-
ATEDLY TO REACH THE VALUE “EST” ON THE DISPLAY; CONFIRM TWO TIMES WITH THE KEY OK KEEPING DESELECTED THE 
BOX (FLAG) “SENSOR CONSOLLE”.

Calender

Room temperature

Clock

Working power		

Stove status

SELECT POWER

MAR

MODULATION
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The three pictures which follow show the menu with all its icons for the advanced functionalities

The use of the display in advanced mode provides the view of four main menus:
-USER MENU
-DEFAULT SETTINGS (protected by a password)
-BASIC PARAMETERS (protected by a password)
-RDS SETTINGS (protected by a password)

To enter in the USER MENU press two times key OK. The submenus of the USER MENU (the only one accessible for the end user) are 
the following:
-Menu STOVE STATUS
-Menu SET ROOM TEMPER ROOM
-Menu SET POWER
-Menu SET CLOCK 
-Menu TIMER
-Menu LANGUAGE
-Menu COMFORT CLIMA
-SILENCE
-Mode SELF CONTROL SYSTEM
-Menu VIEW SETTINGS
-Menu VIEW WORKING HOURS
-Menu SET DRAUGHT/PELLET

In this menu you can check the correct functioning of the most important components of the pellet stove, and some values which distinguish 
its correct functioning.
To enter in this menu press 3 times the key OK from main screen.
This menu is used both by theautorized technician to understand the reason of the malfunctioning of the stove and by the end user as well 
priming he auger.

7.2.1 Menu “STOVE STATUS”

7.2.2. menu “SET ROOM TEMPERATURE”

To enter in the USER MENU press two times key OK.
To enter in the menu “SET ROOM TEMPERATURE” press once key 2 and confirm with OK.
TO MODIFY THE SETTING PLEASE REFERENCE TO PARAGRAPH 7.1.2.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.

Speed inlet flow 

Screw status 

Rpm smoke fan  

Smokes temperature

MENU USER

STOVE STATUS

Smokes

Screw status
HOT 

Real set flow

COLD
Smokes

Screw status

REAL SET   3,00 m/s

T.DEB   25 °C
             50 °C
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7.2.4. Menu  “SET CLOCK”

To enter in the USER MENU press two times key OK.
To enter in the menu “SET CLOCK” press 3 times key 2 and confirm with OK. To modify the settings use keys 1 and 2 and by pressing OK 
you confirm the data and go on to the following one.  By activating the box (flag) ON/OFF you enable the function chrono ( see paragraph 
7.2.5.)
By last confirmation with OK you save all settings and return automatically to the screen with the icons.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.

7.2.5. Menu “TIMER” 
With the function timer is possible to program for each day of the week the switch on and off of the stove in FOUR independent inter-
vals time (PROGAM 1 ,2,3,4).

7.2.3. menu “SET POWER”
To enter in the USER MENU press two times key OK.
To enter in the menu “SET POWER” press 2 times key 2 and confirm with OK.
TO MODIFY THE SETTING PLEASE REFERENCE TO PARAGRAPH 7.1.3.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.

If this black segment is not lit up on the display corresponding with the symbol of
the clock, it will not be possible to programme anything. To activate it, please see
the chapter on setting the current day (7.2.5 MENU‘ TIMER) as the value
must be other than OFF (7.2.4 MENU Clock).

START: switch “on” time of the chrono (prog.1-prog.2)

STOP: switch “off” time of the chrono  (prog.1-prog.2)

DAY: days of activation of the program 

POWER: desired power at the time of switch ON of the stove

SET

Set program

MAR

MODULATION

Mo   Tu    We   Th   Fr     Sa    Su

DAY
TU

To enter in the USER MENU press two times key OK.

To choose the prog.tion use keys 1 and 2; confirms with OK.
-Program 1: use keys 1 and 2 to modify the settings and by each press of OK you confirm the data you entered and proceed to the fol
               lowing one.
-Program 2: use keys 1 and 2 to modify the settings and by each press of OK you confirm the data and go on to the following one.
By last confirmation with OK you save all settings and return automatically to the screen with the icons.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.
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To enter in the USER MENU press two times key OK.
To enter in the menu “SET LANGUAGE” press 5 times key 2 and confirm with OK. To select language please use keys 1 and 2.
By last confirmation with OK you save all settings and return automatically to the screen with the icons.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.

7.2.6 menu “LANGUAGE”

EXAMPLE:

Suppose that the user want to switch on the stove at 08:30 and switch it off at 21:30 all days of the week, with the exception of the weekend 
(PROGRAM 1), suppose moreover that the user want a room temperature of 21°C and to reach this temperature he sets a working power of 
3. The passages to do will be the following:

-	 From the MENU TIMER confirm with key OK and set the program you want to modify using key 1 and 2;
-	 By confirming with key OK you go to the set of the switch on hour, set the hour (hh:mm) using keys 1 and 2;
-	 By confirming with key OK you go to the set of the switch off hour, set the hour (hh:mm) using keys 1 and 2;
-	 By confirming with key OK you go to the scroll of the days, with keys 1 and 2 activate/deactivate the days (ex: PIC 1,Monday, Tue-
sday,  Wednesday, Thursday and Friday active).
-	 By confirming with key OK you go to the set of the power, with keys 1 and 2 set the value (ex: PIC 1,Power 3).
-	 By confirming with key OK you go to the set of the room temperature, with keys 1 and 2 set set the degrees (ex: 20°C).

When the stove is working and the set room temperature is reached the stove goes into MODULATION or COMFORT CLIAMA (if activated).

Description Values
START PROG - 1 from OFF to 23:50 by step of 10’

STOP PROG - 1 from OFF to 23:50 by step of 10’
DAY PROG - 1 on/off for the days from monday to sunday
POWER PROG - 1 from 01 to 05
SET TAMB PROG - 1 from EST to  MAN
START PROG - 2 from OFF to 23:50 by step of 10’
STOP PROG - 2 from OFF to 23:50 by step of 10’

DAY PROG - 2 on/off for the days from monday to sunday

POWER PROG - 2 from 01 to 05

SET TAMB PROG - 2 from EST to  MAN

DESCRIPTION OF THE LINES :

 !  IMPORTANT
BY USING THIS MODE IT IS NECESSARY TO CHECK THAT AFTER EVERY AUTOMATIC 
SWITCHING OFF THE FIREPOT IS ALWAYS WELL CLENAED IN ORDER TO GUARANTEE A PER-
FECT AUTOMATIC IGNITION.

Set program

Mo   Tu    We   Th   Fr     Sa    Su

Select language

Pic.1
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7.2.9 Mode “SELF CONTROL SYSTEM”

To enter in the USER MENU press two times key OK.
To enter in the MODE S.C.SYSTEM press 8 times key 2 and confirm with OK. Enable or disable the function by using key OK.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.

7.2.8. Mode “SILENCE”

To enter in the USER MENU press two times key OK.
To enter in the MODE SILENCE press 7 times key 2 and confirm with OK. Enable or disable the function by using key OK.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.

7.2.7. Menu “COMFORT CLIMA” 

To enter in the USER MENU press two times key OK.
To enter in the menu “COMFORT CLIMA” press 6 times key 2 and confirm with OK. To modify the settings use keys 1 and 2 and by pressing 
OK you confirm the data and go on to the following one.  
By last confirmation with OK you save all settings and return automatically to the screen with the icons.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.

Delay

S.C. System S.C. System
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7.2.10 Menu “VIEW SETTINGS“ 
In this menu you can verify the parameters set in the motherboard, without having the possibility to change them.Such settings can be adju-
sted by authorized techician only.

To enter in the USER MENU press two times key OK.
To enter in the menu “VIEW SETTINGS” press 9 times key 2. By confirming with OK you enter in the list of set parameters. To scroll the list 
of parameters use key 1 and 2.You can view such settings by pressing “OK“ key.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.

7.2.11. Menu “VIEW WORKING HOURS”
In the menu VIEW WORKING HOURS you can check the total or partial working hours and also the number of ignitions of the stove has 
made. It is possible sometimes that the working hours are not reset and you see numbers like 5000/15000/25000. It will be care of the 
technician to reset these numbers by first ignition. This does not means that the stove has already worked for so many hours, it is just a 
setting made during the tests we make in Ravelli, before the stoves are packed and delivered. This menu is used by the After Sales Center 
to evaluate the total working hours of the stove during the season and consequently to evaluate the need of cleaning (“service hours”).

To enter in the USER MENU press two times key OK.
To enter in the menu “VIEW WORKING HOURS” press 10 times key 2. By confirming with OK you see the working hours of the stove. To 
scroll the different counters (total or partial hours and number of ignitions) use key 1 and 2.
To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.

7.2.12 Menu “SET AIR/PELLET“
The set of the draught-pellet blend allow to modify immediately the quantity of inlet air and the quantity of pellet loaded in the firepot. 
The stove is tested with pellet certified DIN PLUS. If you do not use certified pellet could be necessary to set the combustion. Normal-
ly the modification is made on the “% FLUX”  to adjust the inlet air and consequently the combustion; if the regulation of the flux is not 
sufficient could be necessary to adjust also the “% PELLET”.

Start
Flame light
Fire Pot cleaning

OFF

Counter total 
hours

Flow
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 !  IMPORTANT 
 BY USING THIS MODUS IT IS NECESSARY TO CHECK THAT AFTER EVERY AUTOMATIC 
SWITCH OFF THE FIREPOT IS CLEANED IN ORDER TO GUARANTEE A CORRECT AUTOMATIC 
SWITCH ON.

8. Description of the functions

8.1. The modulation
During the working phase the stove has to reach the set room temperature; once the set temperature is satisfied, the stove goes into 
MODULATION WORK, dutring which the consumption of pellet is minimum and the room fan works at minimum power.

8.2. Comfort clima
To enter in the USER MENU press two times key OK.
To enter in the menu “COMFORT CLIMA” press 6 times key 2 and confirm with OK. To modify the settings use keys 1 and 2 and by pressing 
OK you confirm the data and go on to the following one.  
By last confirmation with OK you save all settings and return automatically to the screen with the icons.

EXAMPLE:

The value set (in this case 5) has activated the Comfort Clima 
function.
FUNCTIONING:
The value sets the temperature the stove goes back ON again. 
Example:
- room temperature set at 21°
- Comfort Clima value set at 2
with this setting, the stove will switch off when 21°C is reached and 
will be switched back on when the room temperature is 18°C (21°C 
– 2 – 0,5 = 18°C). The following strings will appear in sequence on 
the display:
 

The modulation phase is reached, as the set room temperature has 
been reached. If the temperature is maintained for about 5 minutes, 
the stove will shut down.

to activate it, press button OK setting a value other than OFF and 
the following strings will appear on the display

Delay

Delay

MAR

MODULATION
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8.3. Mode  SILENCE (to activate see para. 7.2.8)
Mode SILENCE has been realized for reducing noise level of fan. It reduce the speed of the fan in all five working power.
Use is suggested  especially during night time.

8.4. Mode SELF CONTROL SYSTEM (S.C.S. to activate see para 7.2.9)
Mode SELF CONTROL SYSTEM (S.C.S) has been realized allowing the stove to recognize faster an eventual problem just in case
you are out of home of far from the stove.
.

8.5. SERVICE HOURS
All our models need in addition to the regular cleaning (reference to the paragraph dedicated to the maintenance of the stove in the 
user manual), also a special cleaning which should be done by the installer (authorized by the producer).
The timing for this cleaning is regulated by a preset countdown of working hours. At the end of these hours on the display will appear 
the message “SERVICE HOURS” followed by an acoustic signal. When this message appears please contact the installer to do the 
special cleaning of the stove.
If the cleaning is not done the message will appear by each ignition but will not interrupt the functioning of the stove.

8.6. Automatic loading of the screw
To load automatically the screw (when the stove is new or the loading scew is empty) please do following operations:

    

Enter in the menu “stove status” 

Press key OK to activate the screw

To return to the main screen press at the same time keys 1 and 2.
Alternatively it is possible to exit by step from the menus by pressing each time the key OK.
Repeat the operation several times until you see the pellet fall into the firepot.
It is possible to do this operation only if the stove is in FINAL CLEANING phase or OFF.

Screw OFF

Screw ON 

After the switching off phase, the display will show  ECO STOP. 
The stove will remain in this state until the temperature drops to  
approximatly 18°C and only then the stove will start again.

The functioning of the stove in COMFORT CLIMA mode can start up the phase of ignition and switching off several times through the 
day: this can compromise the duration of the ignitor for the automatic ignition of the stove.

MAR

Smokes

Screw status

Smokes

Screw status
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8.7 Operating precautions

• In case of faulty operation turn the stove off pressing button no. 3.
• Do not manually load the fire pot with pellets.
• Any build up of unburned pellets inside the fire pot after repeatedly trying to light the stove, must be removed before further 

attempts. 
• Do not use any fuels other than wood pellets.
• Should the ignition system be faulty, do not attempt to light the stove using flammable materials.

8.8. Remote control 
IR receiver for remote control (12 volts batteries code LRV08 not included)

• P1 - P2  Set temperature                   : allows to set the desired value for the room
				           temperature from 44 °F to 104 °F and set “EST“ or                
                                                                 “MAN”

• P4 - P5  Set power		       : allows to set the working power between a range of 
				           minimum 1 to maximum 5
                                                             
                                                             
• OK                                                      : by keeping pressed for 3 second longs it allows the
				           manual switch on and off of the stove

BASIC FUNCTIONS

• OK   multifunction                            : if you press one time you can enter in the main menu
				          and the confirmation of the setting. It is possible to 
                                                               exit step by step from each menu by keeping pressed 
			                       each time.
				          
• P1 - P4  multifunction                      : to scroll the icons in the menu

• P2 - P5  multifunction                      : to modify the setting in the menu                                                  
                                                             

ADVANCED FUNCTIONS

PHASE DESCRIPTION
FINAL CLEANING The stove is switching off, the cooling phase is not yet completed
IGNITION The ignition phase has started,the pellets are loaded into firebox
WAITING FOR FLAME The pellet is lighted by the hot air passing trought the ignition candle
FLAME PRESENT The flame is visibile in the fire pot
WORKING The stove completed switch ON phase; you can change power
MODULATION WORKING The room temperature set has been reached
ECO STOP Comfort Climate activated, temperature set has been reached; the stove is off.
T ON The room sensor is off or an external thermostat has been connected
COOLING/WAITING FOR 
START

The stove is cooling DOWN:when stove is cooled down can start automatically.

COOLING/WAITING FOR 
RESTART

The stove is in the cooling DOWN:when stove is cooled down can restart automatically.

ON/WAITING FOR RE-
START

The switch ON  phase, when the stove is warm, started. The operation is same of phase ON

HOT SMOKE The max temperature of smokes is reached: to reduce temperature, feeding pellets and air draft redu-
ce at POWER 01

OFF The stove is off

8.9. Synthetic table of phases 
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FLOWMETER 

PHASE SCREW 
ALARM

TRIAC SCREW 
ALARM

NO FLOW

• The device could be disconnected or defective •Please contact the local Technical Assistance Centre

• The gear motor is not correctly connected •Please contact the local Technical Assistance Centre

•The device in the motherboard which commands the feeding screw 
is defective  

• Please contact the local Technical Assistance Centre

- The flow meter does not measure inlet air flow - Check if the ash pan and door are closed correctly and check if the 
air inlet pipe is obstructed.

- If the problem persists, contact the Support Service

9. Description of alarms

IMPORTANTE: 

WARNING REASON SOLUTION

NO PELLET

• The pellet tank is empty • Check whether there are pellets in the tank
• The ratiomotor does not load 
  pellets.

• Empty the tank to check that no objects have fallen inside which 
could prevent the correct functioning of the screw

• No pellet loading • Regulate the pellet setting
• If the problem continues, contact the area Technical 
  Assistance Centre. 

BLACK - OUT
• No electricity supply during working phase

• Press the off button and repeat switching on the stove

• If the problem continues, contact the area Technical Assistance Centre.

NO IGNITION 
ALARM

• The pellet tank is empty. • Check if there are pellets inside the tank.
• Setting of pellets and of intake during
  ignition phase insufficient. • Contact local Technical Assistance Centre.

• The resistance for lighting is defective
  of not in position • Contact local Technical Assistance Centre.

ALARM LOW 
FLAME

• The pellet tank is empty. • Ceckis pellet is in the hopper
• Bad setting of pellet and air on ignition 
in phase

• Contact local Technical Assistance Centre

ALARM FAN 
RPM

• The revolution of smoke fan 
lowering morenthe 15% of speed to fan 
congestion

• Contact local Technical Assistance Centre

ALARM FAN    
BROKEN

• Smoke extractor encoder is not 
  functioning or not correctly connected • Contact local Technical Assistance Centre.

• No electricity supply to smoke 
  extractori • Contact local Technical Assistance Centre.

• The smoke extractor is blocked • Contact local Technical Assistance Centre.

DEPRESSION 
ALARM

• The combustion chamber is dirty • Follow the cleaning operations of the stove as per the
  instructions in the booklet

• The flue is blocked • Check that the flue is clear and clean
• The vacuum switch is malfunctioning • Please contact local Technical Assistance Centre

THERMAL 
ALARM WITH 
RESET

• The thermostat with manual reset has
   intervened

• Reset the thermostat pressing the button on the back 
  of the stove (see Pic. below).

• The centrifugal fan is defective • Please contact local Technical Assistance Centre.
• Combustion in the fire pot is not 
  optimal

• Switch off the stove, clean the fire pot and regulate 
  combustion with the setting of the pellets.
• If the problem continues, contact the area Technical Assistance Centre.

HOT SMOKE 
ALARM

• Combustion in the fire pot is not 
  optimal

• Switch off the stove, clean the fire pot and regulate 
  combustion with the setting of the pellets.

• The centrifugal fan is defective • Contact local Technical Assistance Centre.
• If the problem continues, contact the area Technical Assistance Centre.

SMOKE SENSOR 
ALARM

The smoke sensor is malfunctioning • Please contact the local Technical Assistance Centre
The smoke sensor has been 
disconnected from the board • Please contact the local Technical Assistance Centre

REASON SOLUTION
• The door and the ash box are not closed correctly •Make sure they are properly closed.

• Poor combustion in grate.
•Switch off the stove, clean the fire pot and check the cleanliness of 
thesupport bench, clean the tube bundle by activating the turbolators. 
andadjust the combustion through Pellet/Air settings.

• Presence of foreign body in air intake tube. • Check for any foreign body and remove it
• The air flow meter may be dirty. • Clean the flow meter with the stove in “Switched off” state

•  Contact the Support Service

SIGNALLING 

Do CLEANING Fire pot 
(only if the RDS system is 

provided) 
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10.  The electrical wiring diagram

By pressing the button P3 on the display. the alarm can be reset.
Try and repeat lighting after the cooling phase.

Unscrew the protection cap and press 
the button to reset the thermostat alarm.
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11. Maintenance
Before carrying out any maintenance operation on the stove, please take the following precautions:

- Make sure that all the parts of the stove are cold
- Make sure that the ashes are completely extinguished
- Make sure that the general switch is in the zero position (off)
- Make sure that the plug is disconnected from the socket, thus avoiding accidental contacts.

 

11.1. Cleaning the surfaces

To clean the surfaces on the painted metal parts, use a wet cloth in water or at the most, water and soap.
Important: the use of aggressive detergents or diluents can damage the surfaces of the stove.

11.2. Cleaning the fire pot before and after each lighting

You must check that the fire pot, where the combustion takes place, is clean and that no  waste or residue blocks the holes, in order to 
always guarantee excellent combustion of the stove, thus avoiding possible overheating, which could causes changes in the colour of 
the paint or flaking of the door. as well as failing to light the stove.

Only a clean fire pot can guarantee that the pellet stove functions without problems. During functioning. deposits may be formed, which 
have to be immediately eliminated.
It is easy to see when the fire pot has to be cleaned! It only needs a glimpse, each day, before switching on. For minor cleansing, it can 
be left in the stove, but if the residue is difficult to remove, it has to be extracted from its housing and the waste scraped out.
The residue of ash depends on the quality of pellets used.
Important: even with a new batch of pellets, although using the same brand, there may be differences during combustion and therefore 
they may dirty to a greater or lesser extent.
Correct cleaning, done on a daily basis, allows the stove to burn optimally and to have a good yield, avoiding malfunctioning which in the 
long term could require technical assistance to reset the stove.

 
11.3. Cleaning the FIREX 600

All Ravelli products have a combustion chamber made with FIREX 600, a material based on vermiculite, the result of 
research and development by Ravelli. The main features of FIREX 600 are resistant to heat, its lightness and excellent 
insulating capacities, improving the combustion and performance of the stove.    
During combustion, FIREX 600 turns white, due to an effect called PYROLYSIS, making the flame clear and shining. If the 
combustion is regulated in an optimal way, the FIREX 600 interior always remains clean and white.

IMPORTANT
Please follow the instructions for cleaning shown below carefully! Failure to observe them may lead to 

problems in the functioning of the stove.

Clean basket with all the holes 
clearly visible

Basket needing cleaning
with the holes blocked by ashes
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The condition of FIREX 600 is therefore a thermometer to understand whether the combustion is good or not.
FIREX 600 LIGHT – EXCELLENT COMBUSTION
FIREX 600 DARK – POOR COMBUSTION

Firex 600 does not require special maintenance, it only has to be dusted with a brush to remove the ash that is deposited during combustion.
Abrasive sponges to clean to most resistant waste should not be used as they could compromise the thickness of the FIREX600 panel, 
creating critical points of breakage.
The tube of the vacuum cleaner should not be used in direct contact with FIREX 600.
Wet cloths should not be used to clean FIREX 600.
FIREX 600 is resistant to heat but not to knocks; handle with care if moved.
FIREX 600 may show a slight abrasion after a few hours of functioning, this is perfectly normal as the flame creates microgrooves in the 
panel without compromising it.
The duration of FIREX 600 depends only on how maintenance is carried out.
The pellet stove is a generator of heat with a solid fuel and as such requires servicing by qualified personnel at least once a 
year at the start of the season. This maintenance has the purpose of ascertaining and ensuring the perfect efficiency of all the 
components.
We recommend you draw up an annual  contract for maintenance of the product with your installer/dealer.

12. Guarantee
12.1. Certificate of Guarantee

Ravelli thanks you for the confidence you have placed in it with the purchase of one of our pellet stoves and invites the purchaser to:
- examine the instructions for the installation, use and maintenance of the stove.
- examine the conditions of guarantee shown below.
The enclosed coupon must be filled in and stamped by the installer. If this does not occur, the product will not be covered by the 
guarantee.

12.2. Conditions of guarantee

The limited guarantee covers defects of manufacturing materials, on condition that the product has not been broken due to an incorrect 
use, carelessness, wrong connections or errors of installation.
The following are not covered by guarantee:
- vermiculite (Firex 600);
- the glass of the door;
- the fibre gaskets;
- the painting;
- the stainless steel firepot;
- ignitor;
- the cast majolica
- any damage caused by inappropriate installation and/or handling of the stove and/or shortcomings by the consumer.
The use of poor quality pellets or of any other material could damage components of the stove causing the termination of their guarantee 
and the annexed responsibility of the manufacturer.
The pellets which meet the requisites listed in the chapter on them should be used.
All damage caused by transport are not acknowledged, therefore please carefully check the goods on receipt, immediately advising the 
dealer of any damage. 
All the manufacturer’s guarantees are shown here and no complaint may be made to the manufacturer according to any other guarantee, 
report or request.
For guarantee claims and instructions for return shipments please refer to your local dealer.
The guarantee coupon must be detached and sent to the following address within eight days of purchase:

12.3. Information and problems

For any information or problems, please contact your dealer or service centre, the only people who can meet any request you may have 

Ravelli srl 
Via Kupfer 31

25036  
Palazzolo s/O Brescia ITALY



Ravelli does not assume any responsibility for any errors in this booklet and considersit-
self free to make any variations to the features of its products without notice.

Ravelli s.r.l.
Via Kupfer, 31 - 25036 Palazzolo sull’Oglio / BS - ITALY
Tel. +39.030.7402939
Fax. +39.030.7301758
Internet : www.ravelligroup.it
E-mail : info@ravelligroup.it



HOT WHILE IN OPERATION. DO NOT TOUCH, KEEP  CHILDREN, CLOTHING AND 
FURNITURE AWAY.CONTACT MAY CAUSE SKIN BURNS SEE NAME-PLATE AND 
INSTRUCTIONS. / CHAUD LORSQU’EN FONCTIONNEMENT NE PAS TOUCHER, 
GARDER LES ENFANTS, LES VÊTEMENTS ET MEUBLES HORS DE PORTÉE. 
LE CONTACT PEUT CAUSER DES BRÛLURES À LA PEAU. VOIR NOM DE LA 
PLAQUE ET LES INSTRUCTIONS

CAUTION /
AVERTISSEMENT:

SAFETY LABEL / ÉTIQUETTE DE SÉCURITÉ
Listed Solid Fuel Room Heater/Pellet. Also suitable for Mob. Home installation. / Granulé de bois/Appareil e 
chauffage autonome pour combustible solide répertorié. Convient également aux installations pour maisons mobiles.

Francesca 2015
Issue No. ____________
Solid Fuel Room Heater Part

Tested to: ASTM E1509-12,ULC-S627-00,UL  1482-11 Room Heating Pellet Burning Type. / Testé : ASTM E1509-12,ULC-
S627-00,UL 1482-11 Type appareil de chauffage autonome à granule de bois.

Date of production / Date de production : 06/2015             
Electrical Rating / Service nominal électrique: 115VAC, 60Hz, 5amps 

Route power cord away from unit.do not route cord under or in front of appliance. 
DANGER: Risk of Electric Shock. Disconnect power before servicing / Risque de choc électrique. Débrancher l’alimenta-
tion électrique avant d’effectuer l’entretien ou la réparation. CAUTION /ATTENTION: Moving parts may cause injury.Do 
not operate unit with external panels removed. Hot parts.Do not operate unit with external panels removedReplace glass 
only with ceramic glass original spare parts available from your dealer.To start set thermostat above room temperature, the 
stove will light automatically. To shutdown, set thermostat below room temperature. For further instructions refer to owner’s 
manual./ bouger les parties peut causer des blessures.Ne pas allumer l’appareil avec des habillages manquantes.Endroits 
chauds.Pour commencer, régler le thermostat au-dessus de la température ambiante, la poêle s’allumera automatiquement.
Pour la éteindre, régler le thermostat au-dessous de la température de la chambre. Pour de plus amples informations se 
référer au manuel du propriétaire. OPERATE ONLY WITH DOORS CLOSED. / FAIRE FONCTIONNER AVEC LES POR-
TES FERMÉES. Never touch the door handle when the stove is running, you can burn your self. Do not obstruct the space 
beneath the heater / Ne jamais toucher la poignée de la porte quand le poêle est en marche, pour ne pas encourir de risque 
de brûlure. Ne pas obstruer l’espace en dessous de l’appareil de chauffage.

PREVENT HOUSE FIRES / PRÉVENIR LES INCENDIES DE MAISON

Install and Use Only in Accordance With (Ravelli s.r.l.) Installation And Operating Instructions. Contact Local Building or 
Fire Officials About Restrictions and Installation Inspection in Your Area. / Installer et utiliser uniquement en conformité avec 
(Ravelli s.r.l.) Installation et instructions pour le fonctionnement.Contacter l’immeuble ou les officiers pompiers  à propos des 
restrictions et l’inspection de l’installation dans votre région.
This wood pellet heater needs periodic inspection and repair for proper operation.Consult the owner’s manual for further 
information. It is against federal regulations to operate this wood heater in a manner inconsistent with the operating instruc-
tions in the owner’s manual. / Ce poêle à granulés de bois necessite d’entretien périodique pour le nettoyage. Consultez le 
manuel dédié pour plusieurs d’informations. Nous prions de suivre les instruction du manuel car opérer de façon different 
c’est contre le réglementation féderale.
WARNING FOR MOBILE HOMES / AVERTISSEMENT POUR LES MAISONS MOBILES : Do not install appliance in a 
sleeping room. Combustion air openieng are not to be obstructed. An outside combustion air inlet must be provided. The 
structural integrity of the mobile home floor, ceiling and walls must be maintined. If installed on a combustible floor, provide a 
non combustible floor protection.Use only original Ravelli components for replacement. / Ne pas installer l’appareil dans une 
chambre à coucher. Il ne faut pas que les ouverture d’air de combustion soient obstruées. Il faut fournir une entrée externe 
d’air de combustion. Il faut maintenir l’intégrité structurale du plancher, du plafond et des murs de la maison mobile. Si l’ap-
pareil est installé sur un plancher combustible, fournir une protection de plancher non combustible couvrant la zone sous le 
radiateur et s’étendant jusqu’à au moins 450 mm (18 “) sur le côté du feu et 200 mm (8”) sur les autres côtés.
When constructing floor protection for your pellet appliance, any part or materials used must be non-combustible.
For Use Only With Pelletized Wood Fuel. Do not use any other type of fuel than wood pellet. / Lors de la construc-
tion protection de plancher pour votre poêle à granulés, toutes les pièces et matériaux utilisés doivent être incom-
bustibles.Utiliser uniquement avec du bois de chauffage en granules. Ne pas utiliser avec des types de carburants 
autres que le granulé de bois.
Refer to manufacturer’s instructions and local codes for precautions required for passing chimney through a combustible 
wall or ceiling. Inspect and clean vent system frequently in accordance with manufacturer’s instructions. / Se rapporter aux 
instructions du fabricant et aux codes locaux afin de prendre connaissance des précautions nécessaires pour faire passer la 
cheminée à travers un mur ou un plafond combustible. Inspecter et nettoyer fréquemment le réseau de tuyaux de ventilation 
conformément aux instructions du fabriquant.
DO not connect this unit to a chimney flue serving other appliances./ Ne pas raccorder cet appareil sur un conduit 
de fumée desservant d’autres appareils.
Use a 3 or 4inch(76-102mm) diametertype ”L” or “PL“ venting system./ Utiliser un réseau de ventilation secondaire «L» ou 
«PL» d’un type de diamètre de 3 ou 4 pouces (76-102mm).

 Serial number/ 
Numéro de série

Ravelli srl - Via Kupfer 31- 25036 - Palazzolo sull’Oglio - Brescia - Italy

Minimum Clearances to combustible materials / Dégagement minimal pour les matériaux de combustion

N.B. The floor protection must extrend under the chymney connector and 2 inches (50.8mm) beyond each side

R =RIGT SIDE / CÔTÉ DROIT          4’’/ 101,6 mm
L = LEFT  SIDE / CÔTÉ GAUCHE    4’’/ 101,6 mm
B =BACK SIDE / CÔTÉ ARRIÈRE    2”/ 50,8 mm
A =FRONT SIDE / CÔTÉ AVANT       39,4’’ /1000 mm
   

FLOOR PROTECTION
E= SIDE                  6” / 152,4 mm                       
D= FRONT SIDE    6” / 152,4 mm 
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PLAQUE ET LES INSTRUCTIONS

CAUTION /
AVERTISSEMENT:

SAFETY LABEL / ÉTIQUETTE DE SÉCURITÉ
Listed Solid Fuel Room Heater/Pellet. Also suitable for Mob. Home installation. / Granulé de bois/Appareil e 
chauffage autonome pour combustible solide répertorié. Convient également aux installations pour maisons mobiles.

Monica 2015
Issue No. ____________
Solid Fuel Room Heater Part

Tested to: ASTM E1509-12,ULC-S627-00,UL  1482-11 Room Heating Pellet Burning Type. / Testé : ASTM E1509-12,ULC-
S627-00,UL 1482-11 Type appareil de chauffage autonome à granule de bois.

Date of production / Date de production : 06/2015             
Electrical Rating / Service nominal électrique: 115VAC, 60Hz, 5amps 

Route power cord away from unit.do not route cord under or in front of appliance. 
DANGER: Risk of Electric Shock. Disconnect power before servicing / Risque de choc électrique. Débrancher l’alimenta-
tion électrique avant d’effectuer l’entretien ou la réparation. CAUTION /ATTENTION: Moving parts may cause injury.Do 
not operate unit with external panels removed. Hot parts.Do not operate unit with external panels removedReplace glass 
only with ceramic glass original spare parts available from your dealer.To start set thermostat above room temperature, the 
stove will light automatically. To shutdown, set thermostat below room temperature. For further instructions refer to owner’s 
manual./ bouger les parties peut causer des blessures.Ne pas allumer l’appareil avec des habillages manquantes.Endroits 
chauds.Pour commencer, régler le thermostat au-dessus de la température ambiante, la poêle s’allumera automatiquement.
Pour la éteindre, régler le thermostat au-dessous de la température de la chambre. Pour de plus amples informations se 
référer au manuel du propriétaire. OPERATE ONLY WITH DOORS CLOSED. / FAIRE FONCTIONNER AVEC LES POR-
TES FERMÉES. Never touch the door handle when the stove is running, you can burn your self. Do not obstruct the space 
beneath the heater / Ne jamais toucher la poignée de la porte quand le poêle est en marche, pour ne pas encourir de risque 
de brûlure. Ne pas obstruer l’espace en dessous de l’appareil de chauffage.

PREVENT HOUSE FIRES / PRÉVENIR LES INCENDIES DE MAISON

Install and Use Only in Accordance With (Ravelli s.r.l.) Installation And Operating Instructions. Contact Local Building or 
Fire Officials About Restrictions and Installation Inspection in Your Area. / Installer et utiliser uniquement en conformité avec 
(Ravelli s.r.l.) Installation et instructions pour le fonctionnement.Contacter l’immeuble ou les officiers pompiers  à propos des 
restrictions et l’inspection de l’installation dans votre région.
This wood pellet heater needs periodic inspection and repair for proper operation.Consult the owner’s manual for further 
information. It is against federal regulations to operate this wood heater in a manner inconsistent with the operating instruc-
tions in the owner’s manual. / Ce poêle à granulés de bois necessite d’entretien périodique pour le nettoyage. Consultez le 
manuel dédié pour plusieurs d’informations. Nous prions de suivre les instruction du manuel car opérer de façon different 
c’est contre le réglementation féderale.
WARNING FOR MOBILE HOMES / AVERTISSEMENT POUR LES MAISONS MOBILES : Do not install appliance in a 
sleeping room. Combustion air openieng are not to be obstructed. An outside combustion air inlet must be provided. The 
structural integrity of the mobile home floor, ceiling and walls must be maintined. If installed on a combustible floor, provide a 
non combustible floor protection.Use only original Ravelli components for replacement. / Ne pas installer l’appareil dans une 
chambre à coucher. Il ne faut pas que les ouverture d’air de combustion soient obstruées. Il faut fournir une entrée externe 
d’air de combustion. Il faut maintenir l’intégrité structurale du plancher, du plafond et des murs de la maison mobile. Si l’ap-
pareil est installé sur un plancher combustible, fournir une protection de plancher non combustible couvrant la zone sous le 
radiateur et s’étendant jusqu’à au moins 450 mm (18 “) sur le côté du feu et 200 mm (8”) sur les autres côtés.
When constructing floor protection for your pellet appliance, any part or materials used must be non-combustible.
For Use Only With Pelletized Wood Fuel. Do not use any other type of fuel than wood pellet. / Lors de la construc-
tion protection de plancher pour votre poêle à granulés, toutes les pièces et matériaux utilisés doivent être incom-
bustibles.Utiliser uniquement avec du bois de chauffage en granules. Ne pas utiliser avec des types de carburants 
autres que le granulé de bois.
Refer to manufacturer’s instructions and local codes for precautions required for passing chimney through a combustible 
wall or ceiling. Inspect and clean vent system frequently in accordance with manufacturer’s instructions. / Se rapporter aux 
instructions du fabricant et aux codes locaux afin de prendre connaissance des précautions nécessaires pour faire passer la 
cheminée à travers un mur ou un plafond combustible. Inspecter et nettoyer fréquemment le réseau de tuyaux de ventilation 
conformément aux instructions du fabriquant.
DO not connect this unit to a chimney flue serving other appliances./ Ne pas raccorder cet appareil sur un conduit 
de fumée desservant d’autres appareils.
Use a 3 or 4inch(76-102mm) diametertype ”L” or “PL“ venting system./ Utiliser un réseau de ventilation secondaire «L» ou 
«PL» d’un type de diamètre de 3 ou 4 pouces (76-102mm).

 Serial number/ 
Numéro de série

Ravelli srl - Via Kupfer 31- 25036 - Palazzolo sull’Oglio - Brescia - Italy

Minimum Clearances to combustible materials / Dégagement minimal pour les matériaux de combustion

N.B. The floor protection must extrend under the chymney connector and 2 inches (50.8mm) beyond each side

R =RIGT SIDE / CÔTÉ DROIT          4’’/ 101,6 mm
L = LEFT  SIDE / CÔTÉ GAUCHE    4’’/ 101,6 mm
B =BACK SIDE / CÔTÉ ARRIÈRE    2”/ 50,8 mm
A =FRONT SIDE / CÔTÉ AVANT       39,4’’ /1000 mm
   

FLOOR PROTECTION
E= SIDE                  6” / 152,4 mm                       
D= FRONT SIDE    6” / 152,4 mm 
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E E
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U.S. ENVIROMENTAL PROTECTION AGENCY
  Certified to comply with 2020 particulate emission standards using 

pellet wood. 

Made in Italy DO NOT REMOVE THIS LABEL

                

 Emission Rate 
(g/hr)

Heating Efficiency 
(% Overall)

1st hour Emission 
Rate (g/hr)

 CO emission gr/hr

0,58 77,90% 1.36 23



HOT WHILE IN OPERATION. DO NOT TOUCH, KEEP  CHILDREN, CLOTHING AND 
FURNITURE AWAY.CONTACT MAY CAUSE SKIN BURNS SEE NAME-PLATE AND 
INSTRUCTIONS. / CHAUD LORSQU’EN FONCTIONNEMENT NE PAS TOUCHER, 
GARDER LES ENFANTS, LES VÊTEMENTS ET MEUBLES HORS DE PORTÉE. 
LE CONTACT PEUT CAUSER DES BRÛLURES À LA PEAU. VOIR NOM DE LA 
PLAQUE ET LES INSTRUCTIONS

CAUTION /
AVERTISSEMENT:

SAFETY LABEL / ÉTIQUETTE DE SÉCURITÉ
Listed Solid Fuel Room Heater/Pellet. Also suitable for Mob. Home installation. / Granulé de bois/Appareil e 
chauffage autonome pour combustible solide répertorié. Convient également aux installations pour maisons mobiles.

RV 80 Ceramica
Issue No. ____________
Solid Fuel Room Heater Part

Tested to: ASTM E1509-12,ULC-S627-00,UL  1482-11 Room Heating Pellet Burning Type. / Testé : ASTM E1509-12,ULC-
S627-00,UL 1482-11 Type appareil de chauffage autonome à granule de bois.

Date of production / Date de production : 06/2015             
Electrical Rating / Service nominal électrique: 115VAC, 60Hz, 5amps 

Route power cord away from unit.do not route cord under or in front of appliance. 
DANGER: Risk of Electric Shock. Disconnect power before servicing / Risque de choc électrique. Débrancher l’alimenta-
tion électrique avant d’effectuer l’entretien ou la réparation. CAUTION /ATTENTION: Moving parts may cause injury.Do 
not operate unit with external panels removed. Hot parts.Do not operate unit with external panels removedReplace glass 
only with ceramic glass original spare parts available from your dealer.To start set thermostat above room temperature, the 
stove will light automatically. To shutdown, set thermostat below room temperature. For further instructions refer to owner’s 
manual./ bouger les parties peut causer des blessures.Ne pas allumer l’appareil avec des habillages manquantes.Endroits 
chauds.Pour commencer, régler le thermostat au-dessus de la température ambiante, la poêle s’allumera automatiquement.
Pour la éteindre, régler le thermostat au-dessous de la température de la chambre. Pour de plus amples informations se 
référer au manuel du propriétaire. OPERATE ONLY WITH DOORS CLOSED. / FAIRE FONCTIONNER AVEC LES POR-
TES FERMÉES. Never touch the door handle when the stove is running, you can burn your self. Do not obstruct the space 
beneath the heater / Ne jamais toucher la poignée de la porte quand le poêle est en marche, pour ne pas encourir de risque 
de brûlure. Ne pas obstruer l’espace en dessous de l’appareil de chauffage.

PREVENT HOUSE FIRES / PRÉVENIR LES INCENDIES DE MAISON

Install and Use Only in Accordance With (Ravelli s.r.l.) Installation And Operating Instructions. Contact Local Building or 
Fire Officials About Restrictions and Installation Inspection in Your Area. / Installer et utiliser uniquement en conformité avec 
(Ravelli s.r.l.) Installation et instructions pour le fonctionnement.Contacter l’immeuble ou les officiers pompiers  à propos des 
restrictions et l’inspection de l’installation dans votre région.
This wood pellet heater needs periodic inspection and repair for proper operation.Consult the owner’s manual for further 
information. It is against federal regulations to operate this wood heater in a manner inconsistent with the operating instruc-
tions in the owner’s manual. / Ce poêle à granulés de bois necessite d’entretien périodique pour le nettoyage. Consultez le 
manuel dédié pour plusieurs d’informations. Nous prions de suivre les instruction du manuel car opérer de façon different 
c’est contre le réglementation féderale.
WARNING FOR MOBILE HOMES / AVERTISSEMENT POUR LES MAISONS MOBILES : Do not install appliance in a 
sleeping room. Combustion air openieng are not to be obstructed. An outside combustion air inlet must be provided. The 
structural integrity of the mobile home floor, ceiling and walls must be maintined. If installed on a combustible floor, provide a 
non combustible floor protection.Use only original Ravelli components for replacement. / Ne pas installer l’appareil dans une 
chambre à coucher. Il ne faut pas que les ouverture d’air de combustion soient obstruées. Il faut fournir une entrée externe 
d’air de combustion. Il faut maintenir l’intégrité structurale du plancher, du plafond et des murs de la maison mobile. Si l’ap-
pareil est installé sur un plancher combustible, fournir une protection de plancher non combustible couvrant la zone sous le 
radiateur et s’étendant jusqu’à au moins 450 mm (18 “) sur le côté du feu et 200 mm (8”) sur les autres côtés.
When constructing floor protection for your pellet appliance, any part or materials used must be non-combustible.
For Use Only With Pelletized Wood Fuel. Do not use any other type of fuel than wood pellet. / Lors de la construc-
tion protection de plancher pour votre poêle à granulés, toutes les pièces et matériaux utilisés doivent être incom-
bustibles.Utiliser uniquement avec du bois de chauffage en granules. Ne pas utiliser avec des types de carburants 
autres que le granulé de bois.
Refer to manufacturer’s instructions and local codes for precautions required for passing chimney through a combustible 
wall or ceiling. Inspect and clean vent system frequently in accordance with manufacturer’s instructions. / Se rapporter aux 
instructions du fabricant et aux codes locaux afin de prendre connaissance des précautions nécessaires pour faire passer la 
cheminée à travers un mur ou un plafond combustible. Inspecter et nettoyer fréquemment le réseau de tuyaux de ventilation 
conformément aux instructions du fabriquant.
DO not connect this unit to a chimney flue serving other appliances./ Ne pas raccorder cet appareil sur un conduit 
de fumée desservant d’autres appareils.
Use a 3 or 4inch(76-102mm) diametertype ”L” or “PL“ venting system./ Utiliser un réseau de ventilation secondaire «L» ou 
«PL» d’un type de diamètre de 3 ou 4 pouces (76-102mm).

 Serial number/ 
Numéro de série
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Ravelli srl - Via Kupfer 31- 25036 - Palazzolo sull’Oglio - Brescia - Italy

Minimum Clearances to combustible materials / Dégagement minimal pour les matériaux de combustion

N.B. The floor protection must extrend under the chymney connector and 2 inches (50.8mm) beyond each side

R =RIGT SIDE / CÔTÉ DROIT          4’’/ 101,6 mm
L = LEFT  SIDE / CÔTÉ GAUCHE    4’’/ 101,6 mm
B =BACK SIDE / CÔTÉ ARRIÈRE    2”/ 50,8 mm
A =FRONT SIDE / CÔTÉ AVANT       39,4’’ /1000 mm
   A

FLOOR PROTECTION
E= SIDE                  6” / 152,4 mm                       
D= FRONT SIDE    6” / 152,4 mm 

D
E E



- HOT WHILE IN OPERATION / CHAUD EN 
FONCTIONNEMENT

-  DO NOT TOUCH, KEEP 
   CHILDREN, CLOTHING AND    
   FURNITURE AWAY / NE PAS TOUCHER, NE    
   PAS APPROCHER ENFANTS, VÊTEMENTS    
   ET MEUBLES

-  CONTACT MAY CAUSE SKIN BURNS SEE 
NAME-PLATE  AND INSTRUCTIONS. / LE 
CONTACT PEUT CAUSER BRÛLURE, VOIR  
L’ETIQUETTE ET LES INSTRUCTIONS.

CAUTION /ATTENTION 



CAUTION / ATTENTION

OPERATE THIS UNIT ONLY WITH THE FUEL HOPPER LID CLOSED. FAI-
LURE TO DO SO MAY RESULT IN EMISSION OF PRODUCTS OF COMBU-
STION FROM THE HOPPER. DO NOT OVERFILL THE HOPPER  /  FAIRE 
FONCTIONNER CET APPAREIL UNIQUEMENT AVEC LE COUVERCLE DU 
RESERVOIR FERMÉ. LE NON-RESPECT PEUT CAUSER L’ÉMISSION DES 
PRODUITS DE COMBUSTION DU RESERVOIR. NE PAS SURCHARGER 
LE RESERVOIR



- CAUTION/ATTENTION- Moving Parts May Cause Injury.  
                      Do Not Operate Unit With a Re
                      moved. / Bouger les parties peut causer
                      des blessures.Ne pas allumer l’appareil avec
                      des parties manquantes.

CAUTION /ATTENTION- Hot Parts. Do NotOperate Unit  
                      With any removed part/ Parties chiude. Ne                 
                      pas allumer l’appareil avec des parties 
                      manquantes.

- DANGER -  Risk of Electric Shock. / Risque de choc
                      électrique
                      Disconnect power Before Servicing Unit /
 	          Couper l’alimentation électrique avant de faire  
                      l’entretien.
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APPENDIX 8: Photographs of test set up 
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APPENDIX 9:  Test load photographs 

 

 

  



          St-jean-sur-Richelieu, Date : 2015 August 30th  rev1 May 17th 2016 

Client : Ravelli 

Project : P-1252 

model : Monica 2015, Francesca 2015, RV80 CERAMICA 

Page 22 of 27      M_rap_EPAwoodstove V1 – 2015 july 30
th

  

 

 

 

 

 

 

APPENDIX 10:  Laboratory Operating Procedures 
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LABORATORY OPERATING PROCEDURE 

Page 1 

 
INTRODUCTION 

This document provides a step by step guide for the technician conducting tests to EPA 
standard requirements.  Procedures outlined here, when followed, will result in tests in 
conformance with EPA Methods 28 and 5G. 

The primary measurements to be made are particulate emissions rates.  The 
technician’s duties include the following steps. 
 

1. Incoming inspection of test units. 
2. Set-up of test units. 
3. Preliminary testing to establish unit operating procedures 

and familiarity with operating controls. 
4. Calibration of test equipment. 
5. Set-up, checking and operation of sampling apparatus. 
6. Conduct of tests including complete record keeping and 

data recording for non-automated functions. 
7. Operation of hardware and software included in automatic 

data acquisition system. 
8. Review and analysis of data at test completion to ensure 

test validity. 

The technician running this test must be familiar with the following documents, which are 
to be kept in the laboratory at all, times. 
 
  EPA METHODS 

 
a. Method 28 
b. Method 28a  
c. Method 5G 
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I. APPLIANCE INSPECTION AND SET-UP 
 

A. INCOMING INSPECTION 

 
1. Check for completeness of unit including parts, accessories, installation 

and operating instructions, drawings and specifications etc.  Note any 
discrepancies or missing parts or information. 

2. Check for shipping damage.  If damage has occurred, notify the 
laboratory manager.  In some cases, repairs may be made, provided the 
manufacturer and laboratory manager concur that repairs will not affect 
the unit’s performance.   If damage is irrepairable, a new unit will need to 
be obtained. 

3. Note whether unit is catalytic of non-catalytic. 
4. Mark unit with manufacturer’s name, model number, work order number 

and date received. 
5. If unit is safety listed, note label data including listing agency and serial 

number.  If unit is not listed, mark all data sheets “UNLISTED”.  Test 
results will not be released until unit passes safety tests without 
modification unless authorized by laboratory manager. 

 
B. UNIT SET-UP 

 
1. All new units must be operated for a breaking in period as follows. 

 
a) Non-catalytic units: Ten (10) hours at medium burn rate with 

Douglas Fir scrap or cordwood. 
b) Catalytic units: Fifty (50) hours at medium burn rate with 

Douglas Fir scrap or cordwood. 

During these break-in runs the unit may be connected to a lab chimney 
and fuel additions noted into the corresponding data acquisition file.  For 
catalytic units, a thermocouple must be installed in the catalyst. 

Record catalyst temperature at 1-hour intervals or on chart recorder.  
Operating should continue until data shows at least fifty (50) hours of 
operation with catalyst temperature in excess of 800 degrees Fahrenheit 
(active range).  

For non-catalytic units a stack thermocouple should be installed and stack 
temperature recorded at 1-hour intervals.  Ten (10) hours minimum burn 
time with a stack temperature of at least 250 degrees Fahrenheit is 
required. 

2. Once break-in is completed, allow unit to cool.  Clean unit thoroughly. 
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3. Unit is to be placed on scale for testing.  Prior to proceeding with 

verification process, scale should be turned on and allowed to warm up 
for one (1) hour minimum. Zero scale and check calibration with standard 
weights.  One (1) 1 kg weight and one (1) 2 kg weight are provided for 
this purpose.  Use scale verification test form no. EPA-7-TP to record 
results.  If scale fails to reproduce weights within tolerance, check with 
laboratory manager before proceeding. 

4. If scale checks out, place unit on scale and align so chimney will be 
centered in hood.   

5. Attach chimney connector and chimney.  Be sure all joints are sealed 
below sampling points.  Chimney and connector should be cleaned with a 
wire brush.  Be sure chimney connector terminates and chimney starts at 
proper level above scale platform.  Chimney must be supported from 
scale so that it does not touch test enclosure or hood walls. 

6. Thermocouples should be attached to surfaces of unit prior to testing.  
EPA requires a thermocouple on the bottom of the firebox.  This must be 
installed prior to putting the unit on the scale.  In some cases, the 
required thermocouple locations will be inaccessible on finished units.  
These units should have thermocouples installed by the manufacturer 
during construction.  Check with the laboratory manager if problems are 
encountered in proper thermocouple attachment. 

7. Measure firebox dimensions and record on data forms nos. EPA-2-TP.  
Make a three dimensional sketch of the firebox including firebrick, baffles 
and obstructions.  Calculate firebox volume in cubic feet with both 
addition and substraction methods using forms nos. EPA-3-TP and EPA-
4-TP.  See Section 6.2.4 of EPA Method 28 for details of firebox volume 
determination. 

8. If unit is catalytically equipped, additional thermocouples must be installed 
upstream and downstream of catalyst.  Thermocouples should also be 
placed in the primary and secondary combustion chambers of all units. 

9. Plug thermocouples into data acquisition system jacks making a check of 
locations and jack numbers for each test on data form no. EPA-5-TP. 

10. Note that inserts are tested as if they are freestanding stoves. 
11. Dilution tunnel should be cleaned prior to each certification test series and 

at anytime a higher burn rate follows a lower test burn rate. 
 
II. SAMPLING SYSTEM – SET-UP 
 

A. GAS ANALYSIS 

 
1. Instruments should be turned on and allowed to warm up for one (1) hour 

minimum. 
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2. Calibrate analyzers as follows: 

 
 NOTE : Prior to proceeding with calibration, make sure to use NIST 

tracable calibration gas bottles.  Adjust flow meter if 
necessary at each instrument to required flow value. 

 
a) Using span gas, adjust span control to values specified on 

calibration gas label. 
b) Using nitrogene, adjust zero controls to provide a 0.00 

analyzer readout. 
 
c) Repeat a) and b) until no further adjustment is required. 
d) Check readout vs. calibration gases (2) labels. 

 
The CO2 and CO analyzers are “ZEROED” on nitrogen.  The O2 analyzer 
is spanned on air and set for 20.9%.  It is zeroed on nitrogen as well. 

 
3. Check for response time synchronization. 
 

a) With no fire in unit, allow reading to stabilize (O2 should be 
20.93, CO and CO2 should equal O). 

b) Flow the calibration gas in the unit and start stop watch.  
Note the time required for each unit to reach .90 of the 
calibration gas bottle value.  If all three analyzers reach 
this value within 15 seconds of each other, synchronization 
is adequate.  If not, contact the laboratory manager.  
Synchronization is adjusted by internal instrument setting. 

 
4. Set-up sample clean-up and water collection train as follows. 

 
a) Load impingers as follows: 

Impinger #1: 100 ml distilled water and 5 ml H2SO4 
Impinger #2: 100 ml distilled water and 5 ml H2SO4 
Impinger #3: Empty 
Impinger #4: 200 – 300 grams silica gel (dry) 

 
b) Place impingers in container and connect with “U TUBES”.  

Grease carefully on bottom half of ball joint so that grease 
will not get into tubes. 

c) Connect filter to first impinger and sample line to last 
impinger. 

 
e. Leak check system as follows. 
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1) Plug probe. 
2) Turn on sample system. 
3) Observe sample flow rotometer and vacuum 

gauge.  If necessary, use vacuum; adjust 
valve to set vacuum to the maximum inches 
Hg. 

4) If the float in rotometer does not stabilize 
below 10 on scale, system must be 
resealed. 

5) Repeat leak check procedure until 
satisfactory results are obtained. 

 
f) Just prior to starting test, fill impinger container with water 

and ice and record ambiant conditions on data form no. 
EPA-8-TP. 

 
B. DILUTION TUNNEL SAMPLE TRAIN SET-UP 

 
1. Filters and holders. 

 
a) Clean probes and filter holder front housings carefully and 

desiccate for at least 24 hours prior to use. 
b) Filters should be numbered and filter and probe 

combinations labeled prior to use. 
c) Weigh desiccated filters and probe-filter units on analytical 

balance.  Record weights data form no. EPA-10-TP.  Note 
that probe and front half of front filter are to be weighed as 
a unit. 

d) Carefully assemble filter holder units and connect to 
sampling systems.  Check “DRIERITE” columns for 
adequate dry absorbent (blue). 

 
2. Leak checking. 

 
a) Each sample system is to be checked for leakage prior to 

inserting probes in tunnel. 
b) Plug probes and start samplers, adjust pump bypass valve 

to produce a vacuum reading of 5 inches Hg.  (NOTE: 
During test, vacuum must not exceed 5 inches unless 
posttest leak check shows acceptable results.) 
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c) Allow vacuum indication to stabilize for two (2) minutes, 

then record time and dry gas (DGM1) and (DGM2) meter 
readings.  Wait ten (10) minutes and record dry gas meter 
readings again (DGM3, DGM4).  NOTE: If mark, system is 
leaking too much and all seals should be checked.   

 
d) Calculate leakage rate as follows. 

 
1) System 1:  (DGM3 – DGM1) = CFM1 

 10 
 

2) System 2:  (DGM4 – DGM2) = CFM2 
 10 
 

If CFM1 or CFM2 is greater than .02 CFM, leakage is 
unacceptable and system must be resealed. 

 
If CFM1 or CFM2 is greater than 0.04 X sample rate, 
leakage is unacceptable.  For most tests, the sample rate 
will be about 0.15 CFM, thus leakage rates in excess of 
0.04 X 0.15 = 0.006 CFM are not acceptable.  Record 
leakage rates on form no. EPA-5-TP 

 
e) Once leakage check is satisfactory, unplug probe and set 

flow to appropriate rate for test.  This should be done in the 
minimum amount of time necessary and with the probes in 
ambient air.  Do not insert probes in tunnel until the start of 
the test run.  When flow is established, replug probes to 
prevent contamination. 

 
III. TEST CONDUCT  
 

A. FUEL LOAD 

 
1. Determine optimum load weight by multiplying firebox volume in 

cubic feet by 7.  This is the load weight on an as-fired basis. 
2. Determine piece size to obtain the requested load configuration 

and meet the test load weight criteria.  The load should consist of 
the following:  TO BE DETERMINED 

3. Weigh out test load and adjust weight by shortening all pieces 
equally if necessary.  Record individual piece load on form no. 
EPA-11-TP. 
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4. Measure and record moisture content of each fuel piece using 

Delmhorst moisture meter.  Determine if fuel load moisture 
content is in required range.  If not, construct new load using wood 
with required moisture content.  All wood in the humidity chamber 
should be within range.  Contact project manager if you cannot 
find suitable pieces.  Record moisture of each individual piece 
load on form no. EPA-11-TP. 

 
 

B. UNIT START-UP 

 
1. Before lighting a fire, turn on dilution tunnel and set flow rate to 

140 SCFM if burn rate is to be less than 3 kg/hr or to an 
appropriate rate from table provided in laboratory for higher burn 
rates.  Record readings on data form no. EPA-9-TP. 

2. Check draft imposed on cold stove with all inlets closed and a 
draft gauge in the chimney.  If draft is greater than 0.005 inches 
water column, adjust tunnel to stack gap until draft is less than 
0.005. 

3. Check for ambient airflow around unit with hot wire anomometer.  
Must be less than 50 ft/min. 

4. Check all equipment for proper operation.  Analyzers should be on 
and in sample mode.  Computer should be loaded with test 
program and awaiting test start command. 

5. Zero scale and start fire with uncolored newspaper and kindling 
representing 10 % of test load with the same type of fuel. 

6. Once kindling is burning well after 5 minutes, add splitted pieces 
having a bottom surface around 4 sq. inches and representing 
25% of test load weight.  Operate at high fire for 15 minutes.  
Then adjust settings to intended test run levels as per the 
manufacturer’s. 

7. Following addition of pretest fuel load (splitted pieces), start 
computer for data logging.  
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8. All fuel additions, air intake settings and operational 
characteristics shall be noted with associated time stamp on form 
no. EPA-1-TP. 

 
 

C. TEST RUN  

 
 

1. Once the targeted test fuel bed weight is obtained, the test is to be 
started as follows: 

 
a) Insert the sample probes into the tunnel being careful not 

to hit sides of tunnel with probe tip. 
b) Check tunnel pitot tube for proper position.  (Pitot should 

be carefully cleaned prior to each test.) 
c) Turn on probe sample systems and stack sampler. 
d) Open stove door, rake coals and load stove as follows:  TO 

BE DETERMINED 
e) Close door or follow manufacturer’s start-up procedures.  

(Five (5) minutes maximum time before all  
doors and controls must be set to final positions for 
duration of test.) 

f) An alarm will sound an audible signal at the (10) minutes 
intervals. This signal a reading interval.  You must verify at 
each interval that the following readings are correctly 
logged by the data acquisition system and make 
observations of any unusual or non routine events that 
could occur. 

 
1) Rotometer readings. 
2) Tunnel pitot tube reading. 
(Zero regularly between readings) 
3) Gas meter readings. 
4) Temperature readings. 
5) Draft reading 
6) Test laod weight 
7) CO, CO2 and O2 readings 
8) Observations of any unusual or non-routine events. 

 
g) During the test, any condition approaching unacceptable 

limits will be noted.  The filter probes and housings are 
installed in small holders just outside the tunnel.  If the filter 
temperature gets too high, you will have to increase the 
water flow through the cooling unit until acceptable 
temperatures are obtained.  In between readings, check on 
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other equipment.  Be sure dryers and filters are working 
and monitor impinger train for proper water and ice levels 
etc. 

 
h) When the fuel charge is consumed, it will signal end of test 

and shut down the sampling systems.  When this occurs, 
remove filter holder and probes from tunnel and impingers 
from sample line. 

 
 
 
 
 
IV. POST TEST PROCEDURES 
 

A. SAMPLE RECOVERY – FILTER TRAINS 

 
1. Carefully clean outside of probes and filter housings with alcohol. 
2. Disassemble filter holder and transfer filters to clean petri dish.  

Scrape gasket with scalpel and collect any loose material on 
filters. 

3. Place probe and front half of first filter holders (still assembled) 
and filters in desiccator.  Allow 24-hour desiccation before 
weighing. 

4. Weigh probe filter holder units and filters at two (2) hour intervals 
until weight change between weighings is less than 0.5 mg.  
Record all weights taken on data form no. EPA-10-TP. 

 
B. CALCULATION OF RESULTS 

 
The computer program carries out all final calculations.  When run, it will 
ask for data from forms used during the test.  Enter data as called for. 

 
 
 
GENERAL 
 
This guide cannot cover every possible contingency, which may develop during a 
particular test program.  Many questions, which may arise, can be answered by a 
complete understanding of the test standards and their intent.  When in doubt on any 
detail, check with the laboratory manager and be sure you understand the procedures 
involved. 
 
It is critical that all spaces on the data forms be properly filled in.  Each test must be 
represented by a complete record of what was done and when. 
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Note:  most of the calculation examples are based on results obtained for run #1 and sampling 

train #1.  



A-1 Dry burn rate (BR) 

Equation used 

�� = �60��	
 � �100 − %��100 � 

Nomenclature 

BR  Dry wood burn rate, kg/hr (lb/hr) 

WWD Total mass of wood burned (wet basis) during the test run, kg (lb) 

θ Total time of test run, minutes 

%MW Average moisture in test fuel charge, wet basis, % 

 To convert from dry basis to wet basis: % moisture wet basis =  
��� (% ��� �������)(����% ��� �������) 

Sample calculation 

�� = � 60�� /ℎ × 14.5'(280�� × 2.2046'(/+,� �100 − 16.4%100 � 

BR = 1.18 kg/hr (dry basis) 

  



A-2 Volume of gas sample corrected to dry standard conditions 

(Vm(std)) 

Note 

The volume of gas sampled is measured by a digital mass flow controller which adjusts 

automatically the volume to standard conditions.  

No orifice is used, so the average pressure differential across the orifice meter is not calculated. 

Equation used -.(/0�) = -.1 

Nomenclature 

Vm (std) Volume of gas sample measured by the digital mass flow controller, corrected to 

standard conditions, dscm
3
 (dscf) 

Vm Volume of gas sample as measured by the digital mass flow controller, already 

temperature and pressure compensated 

Y Digital mass flow controller calibration factor 

Sample calculation -.(/0�) = 57.48 3456 × 1.000 

Vm(std) = 57.48 dscf 

 

  



A-3 Total amount of particulate matter collected (5G-3) (mn) 

Equation used �� = 7� + 79 + ∆;7 

Nomenclature 

mn Total amount of particulate matter collected, mg 

F1 Particulate matter collected on front filter, mg 

F2 Particulate matter collected on second filter, mg 

∆PF Post-test weight gain of probe and filter holder assembly, mg 

Sample calculation �� = 24.3000 �, + 0.0000 �, + 2.4000�, 

mn = 26.70 mg 

Calculation based of train 1 data 

 

  



A-4 Particulate concentration (CS) 

Equation used 

=> = (0,001 ,/�,) × @ ��-.(/0�)A 

Nomenclature 

CS Concentration of particulate matter in stack gas or dilution tunnel, dry basis, corrected 

to standard conditions, g/dsm
3
 (g/dscf) 

mn Total amount of particulate matter collected in the sampling train, mg 

Vm(std) Volume of gas sample measured corrected to dry standard conditions, dsm
3
 (dscf) 

Sample calculation 

=> = (0,001 ,/�,) × B 26.7 �,57.483456C 

Cs=0.0004645 g/dscf 

  



A-5 Adjustment factor for alternative pitot tube placement (FP) 

Equation used 

7D = E√∆;G�H�E√∆;G(/I)
 

Nomenclature E√∆;G�H�    Average of square root velocity head measurements during pretest traverse, mm 

H2O
1/2

 (in. H2O)
 1/2

 

E√∆;G(/I)    Velocity of square root head measurement at the point selected for pitot tube 

placement, mm H2O
1/2

 (in. H2O)
 1/2

 

FP Adjustment factor for correcting ∆P values when point of average tunnel velocity is 

not selected for pitot tube placement 

Sample calculation 

7D = J0.052 � . K9LJ0.053 � . K9L 

FP = 0.991 

A pitot tube adjustment factor is used when the pitot is located at any point other than the 

point of average velocity as determined in the pretest run dilution tunnel traverse 

 

  



A-6 Average dilution tunnel gas velocity (VS) 

Equation used 

-> = MD=D7IE√∆;G�H�NO>(�H�);>�>  

Nomenclature 

VS Average dilution tunnel gas velocity, m/s (ft/s) 

KP Pitot tube constant 

 For the metric units:  34.97 �/4Q5 RB SSTUVWXC(UU YS)
(°[)(.. \]^) _�/9

 

 For English units: 85.49 6`/4Q5 �a WbWbTUVWXc(de YS)(°f)(�� \]^) ��/9
 

CP Pitot tube coefficient (use 0.99 for standard pitot tube, 0.84 may be used for S-type 

tubes constructed according to Method 2 specifications)  

FP  Pitot tube correction factor 

E√∆;G�H� Average square root of each individual velocity head (∆P) 

∆P Velocity head dilution tunnel gas, mm H2O (in. H2O) 

Pbar Barometric pressure at measurement site, mm H2O (in. H2O) 

Pg Stack static pressure, mm Hg (in. Hg) 

PS Absolute dilution tunnel static gas pressure, mm Hg (in. Hg), or Pbar + Pg 

MS Molecular weight of dilution tunnel gas, wet basis, g/g-mole (lb/lb-mol) may be assumed 

to be 28.56) 

tS Dilution tunnel temperature, °C (°F) 

TS Absolute dilution tunnel temperature, °K (°R), or 273 + ts for metric units, 460 + ts for 

English units 

  



Sample calculation 

-> = 85.49 6`/4Q5 Ra ghghi.jg�c(�� \�)(°�)(�  K9L) _
�9 × 0.84 × 0.991

× 0.233 � K9L�/9N 564°�(29,64 � K,) × 28.56'(/'( ∙ �l' 

VS = 13.53 ft/sec 

 

  



A-7  Average dilution tunnel gas flow rate (Qsd) 

Equation used 

m/� = 3600(1 − ��>)->n @ O/0�O>(�H�)A B ;>;/0�C 

Nomenclature 

Qsd Total gas flow rate corrected to dry standard conditions, dsm
3
/hr (dscf/hr) 

3600 Conversion factor seconds per hour 

BWS Water vapour in the dilution tunnel stream, proportion by volume (may be assumed to 

be 4%) 

VS Average dilution tunnel gas velocity, m/s (ft/s) 

A Cross-sectional area of dilution tunnel, m
2
 (ft

2
) 

Tstd Standard absolute temperature, 293 °K (°R) 

(TS)avg Average absolute dilution tunnel temperature, °K (°R), or 273 + ts for metric units, 460 + 

ts for English units 

tS Dilution tunnel temperature, °C (°F) 

PS Absolute dilution tunnel static gas pressure, mm Hg (in. Hg), or Pbar + Pg 

Pbar Barometric pressure at measurement site, mm Hg (in. Hg) 

Pg Dilution tunnel static pressure, mm Hg (in. Hg) 

Pstd Standard absolute pressure, 760 mm Hg (29.92 in. Hg) 

Sample calculation 

m/� = 60 4Q5/�� (1 − 4%) × 13.536`/4Q5 × 0.19636`9 B527.8°�564°� C B29.64� . K,29.92� . K,C 

QSd =  141.82 ft
3
/min = 8509.39 ft

3
/hr 

  



A-8 Particulate emission rate (E) 

Equation used o = (=> − =p)m/� 

Nomenclature 

E Particulate emission rate, g/hr 

CS Concentration of particulate matter in stack gas or dilution tunnel gas, dry basis 

corrected to standard conditions, g/dscm
3
 (g/dscf) 

Cf blank correction, g/dscm
3
 (g/dscf) 

Qsd Total gas flow rate, dry basis corrected to standard conditions, dsm
3
/hr (dscf/hr) 

Sample calculation 

o = (0.0004645gdscf − 0.00001gdscf ) × 8509,39 ftw/hr 

E = 3.87 g/hr 

Calculation based on train 1 data.  



A-9  Adjusted PM emission rate (Eadj) 

Equation used o��z = 1.82(o)�.{w 

Nomenclature 

Eadj Method 5G emission rate adjusted to Method 5H equivalent 

E Particulate emission rate measures using 5G-1 or 5G-3, g/hr (lb/hr) 

Sample calculation o��z = 1.82(3.95 ,/ℎ|)�.{w 

Eadj = 5,69 g/hr 

Calculation based on train 1 data.  



 

A-10 Percent of proportional sampling rate (PR) 

Equation used 

;� = @
-.�(/0�)->O.O>�
�-.->�O.�O> A × 100 

Nomenclature 

PR Percent of proportional sampling rate (%) 

θ Total sampling time, min 

θi Time of interval, 10 min 

Vm Volume of gas sample measured by the digital mass flow controller, dsm
3
 (dscf) 

Vmi(std) Volume of gas sample measured by the digital mass flow controller during the i
th

 10 

minutes interval, dsm
3
 (dscf) 

VS Average gas velocity in the dilution tunnel, ft/min 

VSi Average gas velocity in the dilution tunnel during the i
th

 10 minutes interval, ft/min 

Tm Absolute average digital mass flow controller temperature, K (R) 

Tmi Absolute average digital mass flow controller temperature during the i
th

 10 minutes 

interval, K (R) 

TS Absolute average gas temperature in the dilution tunnel, K (R) 

TSi Absolute average gas temperature in the dilution tunnel during the i
th

 10 minutes 

interval, K (R) 

Sample calculation 

;� = @
-.�(/0�)->O.O>�
�-.->�O.�O> A × 100 

i = 1  
;� = a 9{� }~�×9.���/�p×�w.�wp0 /��⁄ ×�w{.�°f×���°f�� .��×��.�{�/�p×�w.��p0 /��⁄ ×��9.9°f×���.9°fc × 100 = 98.4%  
i = 2 
;� = a9{� }~�×9.���/�p×�w.�wp0 /��⁄ ×�w{.�°f×���.9°f�� .��×��.�{�/�p×�w.�wp0 /��⁄ ×���.�°f×���.9°fc × 100 = 98.3%  



A-11  Weighted emission rate (EW) 

Equation used 

o� = ∑ (M�o�)����∑ M�����  

Nomenclature 

EW Weighted average emission rate, g/hr 

Ei Emission rate for test run i, adjusted to Method 5H equivalent, g/hr 

Ki Test run weighting factor = Pi+1 – Pi-1 

n Total number of test runs 

Pi Probability for burn rate during test run, i  

Sample calculation o�
= 0.4600 × 6.000 , ℎ|⁄ + 0.5938 × 4.000 , ℎ| + 0.5270 × 3.000 , ℎ| + 0.1430 × 3.000 , ℎ|⁄⁄⁄0.4600 + 0.5938 + 0.5270 + 0.1430  

Ew = 4.1450 g/hr 

  



A-12  Filter face velocity check 

Equation used 

7-.�� = -.�10 × 17� 

Nomenclature 

FVmax Maximum filter face velocity during the test run, m/min (ft/min) 

VmL Largest 10 minute interval metered gas volume value recorded during the test run, dm
3
 

(dcf) 

FA Filter area exposed to gas sample during train operation,  m
2
 (ft

2
) 

Sample calculation 

7-.�� = 2.1306`w
10�� × 10.01166`9 

FVmax = 18.36 ft/min  



A-13 Dual train precision 

Equation used 

If mean is larger than 7.5 
����� �i����� 9�H����� 0���� � ��� 0���� 9 × 100 ≤ 7.5% 

If mean is less than applicable limit (4.1 for cat. 7.5 for non-cat) 

O|��  1 − O|��  2n��'�5�('Q '���` (4.1 l| 7.5) × 100 ≤ 7.5% 

Equations for checking Method 5G precision 

Nomenclature 

Dual train precision Deviation between emission rate’s train 1 and 2 

Run 1A Adjusted emission rate for train 1  

Run 1 Adjusted emission rate for train 2 

Sample calculation n(4l'�`Q(5.6960 , ℎ|⁄ − 5.6736 , ℎ|⁄ )7.5 , ℎ|⁄ × 100 = 0.30% ≤ 7.5% 

 

  



A-14  Analyzer drift checks 

Equation used 

�|�6` = ∆�4�� × 100 

Nomenclature 

Drift The change in analyzer response to calibration gas over the duration of the test run 

relative to the instrument range, % 

∆R The difference between the analyzer response at the end of the test run and the known 

calibration gas value, ppmv or % 

Span The upper limit of the instrument range, ppmv or % 

Sample calculation 

�|�6` = (1.94% − 2.03%)5% × 100 = − 1.8% 

Calculated with CO concentration values. 
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APPENDIX 13:  Operating instruction 
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APPENDIX 14:  Drawing Air flow pattern 
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APPENDIX 15:  Application for wood stove program 

 


