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Abstract

The U.S. Consumer Product Safety Commission (CRS@cused on addressitige hazard of
acutecarbon monoxideGO) poisoning of consumeifsom portable generators that can result in
serious, longerm health effects or deatihexposed individualdJnder an interagen@greement
with CPSC (CPS@-17-0023), the National Institute of Standards and Technology (NIST)
conducted a series of testsfour commercially availabl@ortable generatoedvertised abeing
certified to oneof two voluntary standardequiringCO hazard mitigatiosystems for portable
generatorsThese testgharacterizé the indoor CO concentrations and tesultingcalculated
carboxyhemoglobin (COHDb) profiles @mulatedoccupantsvhen the generators were operated
in or near a test hous®der various operational and environmental conditibhis report presents
themeasured CO data awdlculatedCOHD levels fronthosetests In addition, model validation
tests and simulations were performed oo casegthreetestsfor each) to supplement those
already reported in NIST Technical Note 2049.

Keywords

Generator;carbon monoxide; carboxyhemoglobin; CONTAM; exposure; indoor air quality;
health; measurements; multizone airflow model; simulation



Tabl e of Content s

Y 0111 7> Vo PSSR i
(2 Y0 (0 PSS [
TaDIE Of CONTENTS. ... .ttt ettt e e e e e e e e e e e e e e e s e e s rmmne e e e e e e e e e s s e annnanes i
1 0T (3o 1o o IR PP 1
EXPEIMENTAL DESIGIL. ... eenna bbb e e e e e e 3
TEST HOUSE. ...ttt e e et e e e e amame e e e e eenn s 3
INSTIUMENTATION. ...ttt e e e e e e e e e e e e e e e e e s s mnne e e e e e 4
(€121 =T =1 00] £ST= 1 (o I I T To L1 o PR 6
Testing ad Analysis Methods.............ooovviiiiiiiireeeee e 6
TESE RESUITS....cc et e e s e e e e e e e e e e e emaas s s e e e e e e e eeeeeeeeeeeeeesrnnnas 8
Generator Location: KItCNEI..........uuiiiiei e eereee e e e e e 9.
Generator LOCAtioN: GaraQe.........couuiiiiiiiiiceee e ee e e e e e ee bbb 34

CO Concentrations at Shutoff for Voluntary Standard Test Measurement Locations
and the ONDOoArd SENSON........ciiiiiii e 75
(@ ]\ N[V 1Y ToTo [ IV = o P-4 0] o SRR 77
SUIMIMIANY oottt ettt e e e e e e e e e e emenn e e e e e e e e e e e e e e e e e e renna s 81
ACKNOWIEAGEIMENLS. ...ttt e et eeer e e et e e e e e e e e e e s ammreeeeaeaaeeeeeeeend 82
RETEIEINCES. ... ittt ettt e e e e e e e e e e e e e s e e e mnne e e e e e s s e e s aeeeesaneens 83
Appendix 1i COHb Analysis Method...............coooiiiiiiie e 85



|l ntroducti on

The U.S. Consumer Product Safety Commission (GCR3@hmissiofis focused on addressing
the hazard of acutsarbon monoxide@O) poisonings of consumefi®m portable generators that
can result irserious, longerm health effects or deathexposed individualSCPSC produces two
annual reports which contain information on CO poisoningegards to generator usageC@
poisoning from Engin®riven Tools (EDT) report (Hnatov 2021ahd a report that contains
annual estimates of CO poisoning from consumer products (Hnatov 2021b).

The first report contains only the actual data as repost&@PSC through 2020 and should not be
assumed to be annual estimates. It should also be noted that the latter years of the report should
be considered incomplete as often new data becomesldedid CPSC staff up a few years

after the incident occued due to reporting delays. This report contains more detailed information

on the specific incidents and the victims involved than does the estimates report. As of May 17,
2021,CPSC databases contain records of at [Ea&tconsumer deaths (711 from gexter use

alone, 42 from generator use in conjunction with anothep@ducing consumer product) from

CO poisoning associated with namork-related use of generators between 2010 and 2020.
Typically, these deaths occur when consumers use a generat@nolased or partially enclosed

space or outdoors near an open door, window or vent, and they often occur after severe weather
events such as hurricanes and icermwstorms

The second report contains the annual estimates of generator CO fatalitissliaates the
magnitude of generatoelated CO poisoning deaths in relation to all consumer pradlated

CO poisoning death The estimated percentage of CO poisoning deaths specifically associated
with generators, excluding the estimates that involaegenerator and another @oducing
consumer product, for five most recent years of data are 33 % (2014), 49 % (2015), 38 % (2016),
51 % (2017) ad 42% (2018)Per the Hnatov 2021 report, the estimated CO fatalities from all
consumer pr od sjarisdiction Imad resen foCtReSigttd straight year. Part of this increase
in the estimated CO fatalities is due to an increase in the number of CO fatalities associ&d&d with

In the eleven years covered by this repaottable generatoexe responsiblor over81% ofall EDT-

related CO deaths, and approximat8§o when another CO producing product may have also
contributed

The health impact of CO is caused by anoxia: dejion of oxygen supply. When inhaled, CO
preferentially binds with the oxygen carrier in the red blood cells, hemoglobin (Hb), to form
carboxyhemoglobin (COHb), which causes the an{8tawart 1975)The COHblevd reflects

the percentage f t h etotab herdoglobs pool occupied by CO.dansidering CO exposure

the COHb leveterves as a useful measof@xpected poisoning severity.

In previous work, documented in National Institute of Standards and Technology (NIST)
Technical Note (TN) 1925, eomputer simulation study was conducted to provide CPSC staff
with information to support moddélased estimates of residential CO exposures reflecting
operation of current designs of portable engingen electric generators, both inside homes and

in attached garages. These results were compared to simulated operation of reduced CO emission
generators by CPSC staff to estimate the effectiveness of the reduced CO emission rates in
preventing deaths that occurred with current generatorSCGR(ff then recoxmended specific
reduced CO emission rates as performance requirements to the Commission in a briefing package
for a notice of proposed rulemaking (NPR) as the means to address the CO hazard associated with

1



portable generators. The Commission subsequeotid to approve the NPR. (Propostafety
Standard for Portable GeneratqrBederal Register, 81 FR 83556, November 21, 2016.).

After CPSC issued the NPR, twoluntaryindustry standards were published in 2018 to address
portable generator CO safethiNSI/PGMA G30&R018, Safety and Performancef Portable
Generators(referred to as PGMA G300) anaNSI/UL 22012018 Carbon Monoxide (CO)
Emission Rate of Portable Generatdreferred to as UL 2201).

PGMA G300 includes a requirement for generators to bgped with an onboard CO sensor.

This sensor, when tested to the requirements in the standard, must #eigenerator before the

CO concentration measured at a location 1 inch to 2 inches above the approximate center of the
portabl e g e riaeereacetens either atradlipg -b@nute average of 400 ppmv or an
instantaneous reading of 800 ppmv. PGMA G300 also requires notification after a shutoff event,
whichmustbe a redndicator thatemairs active for a minimum of 5 minutes after shutoff ocgurs
unless the generator is restarted. Furthermore, PGMA G300 requires a label about the automatic
shutoffnearthe indicator, instructing the consumer about moving the generator to an outdoor area
and eking medical help if feeling sick.

UL 2201 ncludesa requirement for maximum weighted CO emission rate of 150 g/h and an
additional requirement for generators to shut off when the CO concentratidocbadove the
centerline of the top of the genearategisters either an average of 150 ppmv of CO formibdte

period or an instantaneous reading of 400 ppmv. UL 2201 does not contain a requirement for
notification after a shutoff event.

Following publication of the G300 and UL2201 standalIST ard CPSC conductea study on
generators with prototype shuteffechanism$gased on these standardibe studywas meanto
provide CPSC staff with information to support mebated estimates of residential CO
exposures reflecting operation of current desigf portable engindriven electric generators,
both inside homes and in attached gara@Hsis study was reported iNIST Technical Note
2049) The current work builds on thegported ilrNIST TN 2049 as this study was conducted on
generators in the anketplace that come equipped with G300/UL 2B@%edshutoff mechanisms.

CPSC staff purchased fromommercial retail suppliershree different models of portable
generators, produced by three different manufactuttess wereadvertised as certified taGMA
G300 ancequipped with CGafety shutoff systesnin addition, CPSC staff purchasedemodel
advertised asertified toUL 2201, for a total of four models from four different manufacturers
NIST and CPSC staff operated $lee generatorsn a test house under various use and
environmental conditionsincluding generator location, loadpperating schedules, weather
conditions,and ventilation condition§NIST and CPSC performedis series of tests imeasure
the CO concentration profilethroughouthe housevhile the generator was operating and after it
shut off,from activation of theg e n er at o r GlutofiCs@stemmaa dfter expausng a full
tank of fuel This test report documents the CO datan those testandtheresultingcalculated
COHb profiles ofsimulatedoccupantslt alsocompareshe concentration near the onboard sensor
built into the unitand the concentration at the PGMA G300 and UL 2201 conformance test location
above the generator at the time of shutoff.



Exper i nkenstiagn
This section describes the experimental work perfornmatuding the test house in which the

measurements were made, the instrumentation employed in the test, the generators that were
tested, anthetesting and analysis methods used.

Test House

The test house used in this stuslg manufactured housecatedon theNIST campuswhich was
erected in 2002 (Nabinger and Persily 2008, Nabinger,&d0) An aerial view andloorplan

of the house are shown in Figafieand2. The house includes three bedroqiviBd, B2, and B3)

two bathrooms (MBa and HB3, living room (LR), a dining room (DR), a kitchen (Kia family

room (FR), a utility room (UR&nd an attached gara@@ar) The house has a floor area of 140

m? and a volume of 340 InThe attached garagehich was built as an addition to the house in
2007,has a floomrea 0f36.5m? anda volume o0 m®. The interior of the garage, including the
ceiling, is finished with painte gypsum board. As part of the garage construction, the
underlayment and siding of the exterior west wall of the house were removed and replaced with
¥+ inch gypsum board on studs with fibrous glass batt insulation in the wall cavity. Bigjuoe/s

the lacation of CO sensors, thermocouples and generators, and the generator exhaust direction.

\ %‘ ' MBa MBd 3 ]-;~ >4
== (oW
Gar i ul B3
[ l FR : DR K
: X

Figure 2 Floorplan of NIST manufactured test house
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Figure 3 NIST manufactured test house layout showtimglocation
of CO sensors, thermocouplesdgenerator placememtith exhaust
direction.

Instrumentation

CO concentrations in the test house were measured asingdispersive infrared (NDIRNulti-

gas analyzer and arrays of electrochemical sensdrermocouples were placed near all
electrochemical sensors and within each room. The measurement equipment was connected to a
custom data acquisition system. In additio@@concentrations and iatior temperature, weather
conditions including wind and temperatunear the test houseerealso recorded.

The NDIR analyzer was used with a range of 0 to 1000 ppmv to measure the CO concentration
near the gener at or oUltrapu® COwith anitrggersbhlanteavbsfusedte n s o r
calibrate the multgas analyzeat the beginning of each test day.

The electrochemical sensors were used to measure CO concentrations in each room of the test
house Either afour-point or an eighpoint sensor may was also used to measure concentrations
near the generator. Two ranges (a low range and a high range) of sensors were placed at each
measurement point. The lesange sensor had a rangeto800 ppmv with integrated temperature
correction, and the higrange sensor had a range up to 590@vwithout integrated temperature
correction. A lowrange sensor and highnge sensor were placed in the center of each room, 0.84

m above the floor. The position of the feuwint and eighipoint sensor array usei measure
concentrations around the generator was dependent on the test case (Ffgensat locations

for different tests are indicated with letters and letters with asterisks in Figkgr 4xample,

when thegeneratowasin the Kitchen, the A1 andl2 sensors for the foyvoint array were located

at position@din Figure 4 and the A3 and A4 sensors were located at positiéoBecausehe
high-rangeelectrochemical sensors were not equipped with integrated temperature correction, type

J thermocaples were placed near each of these sensors. Temperature correction was then
performed in reatime by the data acquisition program.
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Figure 4 NIST manufactured test house layout showing positions of the &mar eightpoint arrays for
measuring CO concentrationestch test location.

The el ectrochemical sensor modul es were cal il
Combustion Lab. Firstthe analyzer was calibrated with NIST traceable primary standard gas
across a range up&0ppmv for the lowrange sensors and 5000 ppmv for the hieghge sensors.

The sensors were tested in batches inside a sealed conditioning chamber with a leiglofdegr
mixing. A sample was withdrawn from the center of the chamber near the center of the set of
sensors being calibrated and directed to the NDIR analyzer. The same power supply and data
acquisition hardware used in field testing were used to powereaadtne NDIR analyzer and
sensor outputs during these calibrations. The sensors were calibrated by gradually increasing the
concentration of CO in the chamber through a series of steps, then gradually decreasing the
concentration back to zerdhe time saes data from the sensors and the analyzer were sampled

at 1 Hz. The measurement from each sensorthescompared to the measurement from the
analyzer to determine a calibration factor the sensorsBoth the low and highrange sensors

were within +£ 4 % of the concentrations reported by the analyzer. This results in an expanded
uncertainty of 8 % with a coverage factor of k = 2. A single calibration factor was applied in the
data acquisition system for each loange and higiange sensoilhe sensa were not found to

drift significantly during testing based on calibrations performed before and after the test program
as well as random sensor verification during testing.

The data acquisition system consisted of hardware and software with a cusjoampt@ record
CO concentrations with temperature correction, test start and stop time, generator load, and



weather conditions, all at a frequency of 1 Hz. Analog to digital converters with a minimum
resolution of 16 b& were used for the CO channel antegrated cold junction correction for the
thermocouples.

A local weather statiodocated aboutt m behind the housevas used to measure ambient
conditions including temperature, humidity, wind speed and wind direcibair temperature
and humidity da were recorded by an automated data acquisition sysi@omger and Persily
(2008) provide more details on themperature, humidity, and ambient weather condition
measurements including uncertainties.

Generators and Loading

Four commercially availabléalso called production in this repopprtablegeneratorgrom four
different manufacturersvere tested. These generators are identified throughout this report as
G65S, G65C, G85, and G7Hhe first three(G65S, G65CandG85) wereadvertised asertified

to PGMA G300 andhe fourth (G7S) waadvertised asertified toUL 2201

G65S 6.5kW continuous powegasolinepowered generatqG300)
G65C. 6.5 kW continuous powegasolinepowered generatdz300)
G85: 6.25kW continuous powegasolinepowered generatd300)
G7S: 7 kWcontinuous powegasolinepowered generatglJL 2201)

The generators were operategingcommercially availablgasoline with 10 % ethanol obtained
from an offcampus fueling stationThe generators were cedtiarted for all tests in this report
except as specifically noted.

A portablealternating currentAC) resistiveload bankc onnect ed t o t-Wwlke gene
receptaclewas used to draw electrical powend therebyact as a surrogate for consumer
appliance loadsThe load bank has manual switches for specific loads and a variable transformer

for infinite load step resolutiowith a maximunsettingof 20 kW.

Testing and Analysis Methods

To characterize the emissiand transport of CO and the resulting COHb profilesgenerators
were operated untéitherther CO safetyshutoff system shut the generator offtloe generator
ran out of fuel Ventilation conditionsincluding window and door openingiere specifid for
each scenario, including any changes during the, estdescribed in the results section. Exterior
doors and windows were closethd interior doors were fully opeexcept as specifically noted.
The test house HVAC system was off at all timesrdutestslUpon activation of th€O safety
shutoff system, the generator was left in plabat not running.Ventilation conditions were not
changed unless specifically noted.

Estimated COHb profiles were calculated from the CO measurenmgntsthe Cobun-Forster

Kane (CFK) noHinear differential equation (Peterson and Stewart 1975, Coburn et al. 1965) and
input values determined in consultation with CPS@ese input values includeraspiratory
minute volume(RMV) value of 10 L/min (representing a timgeighted average 2dour value

for males and females 16 to 80 years old, for residential indoor ag{{@BSC 2016) COHb

levels were calculated assuming an individual remained in the same room for the duration of the
test. Calculations were performemt &ll rooms except the bathrooms, utility room and the garage;
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however, COHb calculations weperformedfor the garage when the generator wahéengarage

or outside but neathe garage. Additional details on tBe COHb calculation are included in
Apperdix 1 of this report.According tolnkster 2012 Thié % COHb can serve as a useful
approximation of expected CO poisoning severity in healthy adults during acute uptake of CO,
although it is recognized that the relationship is not absolute, and there is variation among
individuals due to different physiological chateristics and/or health status. It should also be
noted that measured COHb levels are influenced by the timing of the COHb measurement, relative
to cessation of the CO exposure, and by provision of any oxygen therapy in the intervening period.
Notwithstanding these caveats, increasing % COHb levels are generally related to progressively
worsening symptomg Seethetable belowfrom Burton 1996.

% COHb Symptoms

<10 No perceptible ill effects (Some studies have reported adverse health eff
some cardiac pents at 20to 5 % COHb

10 to 20 Mild headache, labored breathing, decreased exercise tolerance

20 to 30 Throbbing headache, mild nausea

30to 40 Severe headache, dizziness, nausea, vomiting, cognitive impairment

40 to 50 Confusionunconsciousness, coma, possible death

50 to 70 Coma, brain damage, seizures, death

>70 Typically fatal




Test Resul t s

As described abov@®IST conducted a series of tests to provide empirical data to characterize the
emission and transport of Ci@ the NIST manufactured test housas well asthe resulting
calculatedCOHb profiles when operatinPGMA G300 or UL 2201 certifiedortable generators

in the living spac@ndattached garage. The resulting datasented in this sectipareorganized

by the location of the generator. The tests performed at each location are summarat®dsh

and 2 The tables include columns listing the generator location, the generator tested, the load (as
a % of the maximurnontinuouggenerator capacity), thase(a combination of generator location,

load and ventilation conditiongnd test numbe(PCase#/Test# ithe tables), the voluntary
standards the generator was advertisedsied tq the average outdoor temperature, the average
wind speed, the peaRO concentration in the house or garape, CO concentration measured

near the sensor of the onboard safety shutoff system at the time of sghetatijculated shutoff

ratio, the range of peak CORhalues reached, the ventilation settings of the house, and Tibees.
columnl a b eReak €O im Houseand Garage i s t he maxi mum CO concen
any sensor located within the test house and garagel{e four-point or eightpoint arrays and

the centrally locatedoom sensors) during the te$he fiShutoff Rati@ column presents the ratio

of the average source roo@O concentration to theCO concentration measuredear the

g e n e r @ safetyghatoffsensorat the time of shutoff. The avage source room concentration

is determined by averaging the values at the time of shutoff from the centrally located room sensor
and any sensors from the sensor array that were in the sourceNotnhat these results apply

to the specific generatorssted and that other generators, howmes test conditions may produce
different results. Also note that the combinations of generator location, load, exhaust direction,
and door/window positions were selectedgpresena wide range gbossiblecondtions and with
consideration of reported incidents

The following sections contain the individual test results organized by generator lotaganh

of thesesectiors, four to five figures are presented for each test, designated as Figure Xa, Xb, Xc,
Xd and XeFigure Xa shows the position of the generatmegeneratoexhaust direction, and the
position of the CO sensor array used to measure CO around the generator. FifuréhXltases

where the generator psitionedin the kitchenshows the CO concentrations measuredr the

g e n e r @Q safetypshutoffensorby the CO sensor arrayand by the centrally located room
sensor Figure Xh for the cases where the generat positionedin the garageshows CO
concentrations measured near the generatoro6s
by the G300 height sens@ ¢m to 5 cm above the centerline of the top of the generatu)by

the UL 2201 height seor (30 cm above the centerline of the top of the generdtayiire Xc

shows the CO concentrations measured by the centrally located room sensors in each room. Figure
Xd shows the CO concentrations averagedra I-minute time step measured by the cdhtra

located room sensors in the areas of the Hiweky to be occupiedi.e., not including bathrooms,
hallways,utility room, and closets)This figure also presents project€® concentrations after

the test was ended. T¢eestimatesre obtained forach room by applying the equati@+Coe™,

where C is the concentration of G@®the roomat timet, Co is the last CO measurement taken

from the room (the initial CO concentration for projected valuesjr is the exponential decay
constant of the room (calculated &yexponential fit to the measured dagpically over the last

hour of the te3t Thesedata were used to develop the COHb profileshencorrespondingigure

Xe, assuming @imulatedoccupant stays ieachroomfor the duration of théest



Generator Location: Kitchen

Tablel summarizes the results for all tests performedtl wiggenerator located the test houskitchen The details are discussed below
and shown irFigures 5 through16.

Avg Peak CO Range of
Generator PCase #/ Voluntary Avg Temp Wind in House  Concentration Peak COHb Shutoff
Location Generator Load Test# Standard Out Speed and Garage @ Shutoffa Shutoff Ratio Values3 3 Ventilation 333 Activation
(Zone Avg : (W=window open,
(%) ©) (m/s) (eL/ L) ( &L/ L )NearShutoff Sensor (%) D=door open) (min)
Kitchen G65S 100 1/1 G300 27.7 1.0 1038 535 1.33 2510 30 W (Kit) - 10 cm ° 4
(Kit) G65C | 100| 1/1 G300 25.3 0.9 543 245 1.74 10to 13 ° 4
G7S 100 1/1 UL2201 231 1.3 189 114 1.33 5to7 °©39
G85 100 1/1 G300 27.6 1.2 588 492 1.26 14 to 16 o3
G65S 50 2/1 G300 22.2 3.4 1161 486 1.36 18 to 22 °7
G65C 50 2/1 G300 235 1.2 440 311 1.26 15to 18 023
G7S 50 2/1 uL2201 23.1 3.2 219 131 1.26 6t08 °© 38
G85 50 2/1 G300 26.6 1.3 439 339 1.20 61t08 03
G65S 10 3/1 G300 31.1 2.0 631 453 1.05 15to 18 °©10
G65C 10 3/1 G300 20.9 1.3 289 230 1.16 12to 16 °©171
G7S 10 3/1 UL2201 22.9 1.2 145 - - 5108 2943333
G85 10 3/1 G300 31.8 2.2 509 329 1.33 8to 10 o4

aMeasured by the low-range electrochemical sensor placed near the sensor of onboard shutoff system.

3 Peak COHb Values are for house zones only.

33 ¥entilation Note: Unless specified otherwise, during the test - all exterior doors are closed, all interior doors are fully open, and all windows are closed.
3 3 3 Shutoff not activated, generator manually shut down due to high temperatures in the house (approaching 50°C)

Table 1.Summary of test results for Kitchen (Kit) tests



Production Casel Test1li G65SG300

The following figures illustrate the results fBroductionCase 1 Test 1. The G8 generator
which the manufacturestated as being certified to PGMA G303s fully fueled, positioned in

the kitchen (30 cm from the master bedroom closet wall with thaust facing the dining room),
and tested at 100 % load %60 W).The kitchen window nearest to the generator was dfem.
Theg e n e r a tsafetyShutoffiSyStemactivated to shut off the generator after approximately
4 min. Figure 5a shows the testouse layout with generator location, generator exhaust direction,
and sensor array locatiorfsigure 5b shows the CO concentrations measured in the kitchen (by
the dedicated room sensor), by two sensors located on the kitoshéy room boundary (Al:
height 183%m, A2: height 61 cm), by the other two sensors located on the kitithiexy room
boundary (A3height 183 cm, A4: height 61 cm), anddoyelectrochemical sensoeasuringcO
neart h e g e rCO sadetyshutodf sensor The timeframe of the figure has been selected to
show the degree of CO uniformiéynongthese locationsiear the time of shutofFigure 5¢ shows

the CO concentration measured in each room of the house over tiégiest.5d shows the CO
concentration in the house, with each room

rej

l ined pattern (showi mg maasdai edd oD@ tetllo mc esrytnrbaot

(showing projected CO concentratiorBigure 5e shows the calculated COHb profiles of
simulated house occupants in each room of the house.

1
200 A
A2
31000 # A3
3__ IP | A4
= ——Kit
5 800 | | Near
S | Shutoff
o (1 Ff
£ 6001 Al Sensor
= I}
c .
o
[ § 400
L. (s}
(e}
a Sensors: Al (183 cm) & A2 (61.0 cm) O 200
5 A3 (183 cm) & A4 (61.0 em)

o

o

50
Time (min)

Figure 5a. Generator, exhaust direction, and sen | Figure 5b. CO concentration measured by the ser
arraylayout duringProductionCasel Testli G65S array, the sensor placed
G300 shutoff sensorand the designateitchen sensor
during ProductionCasel Testli G65S G300
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Figure 5e. COHb of simulated house occupant
during ProductionCasel Testl i G65S G300
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The following figures illustrate the results for Buztion Case 1 Test 1. The G65C generator,
which the manufacturer stated as being certified to PGMA G300, was fully fueled, positioned in
the kitchen (30 cm from the master bedroom closet wall with thaust facing the dining room),

Production Casel Test1i G65C G300

and tested at 100 % load (6,500 W). The kitchen window nearest to the generator was open 10 cm.

The
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ined pattern
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(showing

shut of f

house, with each

simulated house occupants in each room of the house.

room
meattsdll i @ WOt bomc esrytnmrbaot
(showing projected CO concentratiorBigure 6e shows the calculated COHb profiles of

a Sensors: Al (183 cm) & A2 (61,0 cm)

*  Sensors: A3 (183 cm) & A4 (61.0 cm)
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Figure 6a. Generator, exhaust direction, and sen
array layout during’roductionCasel Testli G65C
G300
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Figure 6b. CO concentration measured by the sern
array the sensor placed
shutoff sensorand the designateitchen sensor

during ProductionCasel Testli G65C G300
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system acti
4 min.Figure 6a shows the testouse layout with generator location, generator exhaust direction,

and sensor array locatiorfsigure 6b shows the CO concentrations measured in the kitchen (by

the dedicated room sensor), by two sensors located on the kitoshéy room boundary (Al:

height 183cm, A2: height 61 cm), by the other two sensors located on the kitithiexy room

boundary (A3: height 183 cm, A4: height 61 cm), bgidn electrochemical sensaeasuringCcO

g e rCo isaety shutofssensorhe timeframe of the figre has been selected to

show the degree of CO uniformiynongthese locationsear the time of shutofFigure 6¢ shows

the CO concentration measured in each room of the house over tiégiest.6d shows the CO
concentrat.

rej
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Figure 6¢. CO concentration measured in each ro
of the house durinBroductionCasel Testli G65C
G300
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Figure 6d. CO concentration (measured &
projected) in the house durifyoductionCasel
Testli G65C G300
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during ProductionCasel Testl i G65C G300
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Production Casel Test1i G7SUL 2201

The following figures illustrate the results for Production Case 1 Test 1. The G7S generator, which

the manufacturer stated as being certified to UL 22@, fully fueled, positioned in the kitchen

(30 cm from the master bedroom closet wall with the exhaust facing the dining room), and tested

at 100 % load {7,000W). The kitchen window nearest to the generator was dfeom. The

gener at or 0 s ofC¥stern adivatedyto shut oft the generator after approximately

39 min. Figure 7ashows the test house layout with generator location, generator exhaust direction,

and sensor array locatiorfsgure 7b shows the CO concentrations measured in the kit{ihen

the dedicated room sensor), by two sensors located on the kitoshéy room boundary (Al:

height 183%m, A2: height 61 cm), by the other two sensors located on the kitithiexy room

boundary (A3: height 183 cm, A4: height 61 cm), and by an etdwtrical sensor measuritg

neart h e g e rCO sadety ghutdfssensofhe timeframe of the figure has been selected to

show the degree of CO uniformiynongthese locationsiear the time of shutofFigure 7c shows

the CO concentration measured actle room of the house over the tésgure 7d shows the CO
concentration in the house, with each room r e|
l ined pattern (showing measdia@ @Ot bomc erytnrbadt
(showng projected CO concentrationfrigure 7e shows the calculated COHb profiles of
simulated house occupants in each room of the house.
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Figure 7a. Generator, exhaust direction, and sen | Figure 7b. CO concentration measured by the sern
array layout during’roductionCasel Testli G7S array the sensor placed
UL 2201 shutoff sensorand the designateitchen sensor
during ProductionCasel Testli G7S UL2201
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Figure 7c. CO concentration measured in each ro
of the house durin@roductionCasel Testli G7S
UL 2201
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Figure 7d. CO concentration (measured &
projected) in the house durifyoductionCasel
Testli G7S UL2201
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Figure 7e. COHb of simulated house occupant

during ProductionCasel Testli G7S UL2201
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The following figures illustrate the results for Production ClaSest 1. Th&85generatorwhich

the manufacturer stated as being certified to PGMA G@@G, fully fueled, positioned in the
kitchen (30 cm from the master bedroom closet wall with thawsttfacing the dining room), and
tested al00% load 6,250W). The kitchen window nearest to the generator was @fem. The
system activated
Figure 8a shows the testduse layout with generator location, generator exhaust direction, and
sensor array locationgigure 8b shows the CO concentrations measured in the kitchen (by the
dedicated room sensor), by two sensors located on the kifaimély room boundary (Al: helg
183cm, A2: height 61 cm), by the other two sensors located on the kitithiexy room loundary

(A3: height 183 cm, A4: height 61 cm), and by an electrochemical sensor measuneg/QGi

g e n e r @Q safetyshiutoff sensorhe timeframe of the figure has been selected to show the
degree of CO uniformitamongthese locationsear the time of shutofFigure 8c shows the CO
concentration measured in each room of the house over therigste 8d shows the CO
concentrationit h e

geneat or 6s CO

Production Casel Test1li G85 G300

safety

house, Wi

ined pattern

shut of f

t

(showing

h each room

simulated house occupants in each room of the house.

a Sensors: Al (183 cm) & A2 (61,0 cm)

*  Sensors: A3 (183 cm) & A4 (61.0 cm)
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Figure 8a. Generator, exhaust direction, and sen
array layout durind’roductionCasel Test1li G85
G300
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Figure 8c. CO concentration measured in each ro
of the house duringroductionCasel Testl i G85
G300

Figure 8d. CO concentration (measured &
projected) in the house durifyoductionCasel
Testli G85 G300

Figure 8e. COHb of simulated house occupant
during ProductionCasel Testl i G85 G300
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