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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ruyles of the ISO/IEC Directives, Part 2 www.iso.org/directives.
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Introduction

This document is intended for use as laboratory measurement procedures to determine performance
for cookstoves used primarily for cooking or water heating. Its purpose is to provide metrics that can
be used to indicate a cookstove’s performance under controlled conditions. This document provides
a standard test sequence that can be used to compare the performance of various cookstove types,
cookstove fuels, and cooking practices under controlled laboratory test conditions, as specified in this
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s document was developed to achieve two goals:

greater alignment in methodology and metrics around the world, and

adaptation of methodology and metrics to the wide variety of cookstove types, cookstov,
cooking practices.

the purpose of this document, the intended user group refers to the approximately 2,8 bil
ldwide who are currently cooking with open fires or rudimentary stoves:

evaluation of the performance and predicted outcomes of a cookingsystem in the field |
kstove(s), fuel(s), cooking vessel(s), kitchen, ventilation, and usef(s)], ISO 198691 applies

erience of cookstove testing centres in many countries,@nd standards and testing meth
ted sectors.

pollutant emissions results are expressed in unitszof mass of pollutant per useful energ
fessed in units of mass of pollutant per time dnd represent the mass rate of emission pe

le measured value. Thus, the results obtajned depend as much on the procedure used to p
isurements as they depend on the cookstove and the test method. The procedure used
complex set of individual measurements is critical to obtaining the results.

rgy efficiency results are expressed as thermal efficiency. Cooking power results are e3
s of watts.

ty and durability results are expressed as a points-based rating system to enable
htries and organizations to select levels based on their priorities. Durability methods af
valuate the aspects’of cookstove designs that can affect usable life and consumers’ f
uality. Durability“testing methods include evaluation of extended runs, quenching, ex
rnal impacts/edating adhesion, corrosion, and material failure temperature.

b fuels, and
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5 document was developed from best practices from existing cookstove testing prdtocols, the
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represent the mass of emissions per unit of cooking energy delivered. Emission results are also
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Clean cookstoves and clean cooking solutions —
Harmonized laboratory test protocols —

Part 1:
Standard test sequence for emissions and performance,

safety and durability
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Scope

5 document is applicable to cookstoves used primarily for cooking or water heating if
ll-scale enterprise, and institutional applications, typically with firepower less than
king vessel volume less than 150 1, excluding cookstoves used pgyimarily for space h
r cookstoves, the provisions of this document are applicable only,for evaluating cooK
ty, and durability. Solar cookstoves have zero on-site emissiofis, ‘and their cooking po
ermined according to ASAE S 580.1. This document does not.cover electric stoves. Safety
ectric stoves can be found in IEC 60335-2-6[62].

5 document specifies laboratory measurement and evaluation methods for
particulate and gaseous air pollutant emissions,

energy efficiency,

safety, and

durability of cookstoves.

5 document does not include evaluation of off-gassing from manufacturing oils, coatings
other materials (which can be found in ISO 10377 and ISO 14159). This document does
uation of safety for cooksteves designed to burn a liquid and /or gaseous fuel, such as LP
roleum gas), alcohol, plant’oil, kerosene, etc. Safety evaluation of gas-fuelled cooksto
\d in ISO 23550 and SO 23551 (all parts). This document does not include durability ey

Iblish internatiofial’comparability in measurement of cookstove emissions and efficiency.
reporting results from the laboratory measurement and evaluation methods are des
kstoves useddin applications covered by additional requirements (e.g., local air quality
ilations)j.additional test conditions and special evaluation methods may apply.

1 domestic,
P0 kW and
pating. For
ing power,
ver can be
evaluation

adhesives,
hot include
i (liquefied
ves can be
aluation of
equence to
Guidelines
Cribed. For
and safety

Nermative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ASAE S580.1. Testing and Reporting Solar Cooker Performance, American Society of Agricultural and
Biological Engineers. Available from https://www.asabe.org/media/200979/s580.1.pdf

3

For

Terms and definitions

the purposes of this document, the following terms and definitions apply.

© ISO 2018 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1
as fired

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

condition of a fuel as it is about to be tested in a cookstove (3.19)

3.2

as receive
condition d

3.3
ash
non-combtu
expressed

Note 1 to enftry: Ash content can be determined using a muffle furnace under a temperature of 580 °C to 600

3.4
batch-loag
cookstove (

EXAMPLE

3.5
biofuels
materials

EXAMPLE
processed li

3.6
black carh
class of h
carbon (3.]

3.7

built-in-place cookstove

cookstove

3.8
burning r
rate at whi

3.9

fafuel asitis received for testing in a cookstove (3.19)

stible residue remaining after combustion of a fuel under specified conditions, typid
hs a percentage of the mass of dry matter in fuel

led cookstove
3.19) into which fuel is infrequently loaded during operatien

Batch-loaded cookstoves can include, but are not limiteditoy TLUD (top-lit up-draft) stoves.

f biological origin used as fuel

Biofuels can include but are not limited\ to wood, agricultural residues, dung, biogas,
gnocelluloses (e.g. charcoal, briquettes, and pellets).

on
jghly light-absorbing carbenaceous aerosols, typically composed largely of eleme
£5)

3.19) in which the-majority of assembly and/or construction takes place where it will be u

te
h testfuel is consumed in a cookstove (3.19), in g [dry basis (3.22)] per minute

ally

°C.

and

htal

sed

burn sequience

combustion of fuel in a cookstove (3.19) from ignition (3.39) to an end point defined in a specific protocol

3.10
char

carbonaceous residue resulting from pyrolysis or incomplete combustion of solid biofuels (3.5)

3.11

char energy efficiency
ratio of the energy of char (3.10) produced to the energy of fuel fed (3.33), as fired (3.1)

3.12

char mass productivity
ratio of the mass of char (3.10) produced to the mass of fuel fed (3.33)

© ISO 2018 - All rights reserved
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3.13
continuously fed cookstove
cookstove (3.19) in which fuel is constantly or frequently fed during operation

EXAMPLE Continuously fed cookstoves can include, but are not limited to, rocket stoves.

3.14
cooking efficiency
thermal efficiency (3.57) for cookstoves (3.19) used only for cooking

Note 1 to entry: Thermal efficiency (3.57) for space heating (3.56) can differ from cooking efficiency for

L o £ 10
coofstoves (o L7J:

3.1

cooking power
avelage rate of energy delivered to the contents of a cooking vessel (3.18) over any, chesen period during
thecourse of a cooking sequence (3.16) or other task

Note¢ 1 to entry: The cooking power is expressed in kilowatts.

3.16
cooking sequence
opefration of a cookstove (3.19) that uses the heat energy released‘during a burn sequence (B.9) for the
preparation of food or the heating of water, with a recorded orptescribed series of power leyel settings,
durptions, and cooking vessel (3.18) utilisations

Note¢ 1 to entry: The cooking sequence (3.16) commences withthe placement of the first cooking vessel (3.18) on
the ptove and ends when the last cooking vessel is removed:

Note 2 to entry: The entire cooking sequence (3.16) is narmally embedded within a burn sequence (3.9), though in
spegial cases retained heat cookers (3.52) might cantinue cooking after the fire has been extinguisljed or while
add|tional cooking tasks are undertaken.

the food is

I Space or

dilittiensystem
apparatus that mixes a sample stream with air, nitrogen, or other gases of known composition in a
controllable ratio

3.21

dilution tunnel

device in which ambient or cleaned air is mixed with an emission stream in a controlled and measured
volumetric flow rate

3.22

dry basis

basis for describing the composition of a fuel sample as the ratio of the mass of a component to the mass
of a fuel in its dry fuel (3.23) state, expressed in percent

© ISO 2018 - All rights reserved 3
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3.23
dry fuel

fuel from which most moisture has been removed according to a drying procedure

3.24
durability

ability of a cookstove (3.19) to continue to be operated for an extended period in a safe (3.53) manner
and with minimal loss of performance

3.25
elemental

carbon

particulate
according

3.26

carbonaceous material emitted during combustion that demonstrates a refractory nat
o a defined thermal-optical protocol

emission factor

ratio of thg
pollutant

EXAMPLE
the fuel con

3.27
emission j
mass of an

3.28
field
locations ¥

mass of a pollutant emitted to a defined measure that quantifies the activity emitting

Potential defined measures for emission factors include the useful energydelivered (3.59), ma
umed (3.31), the dry mass of the fuel consumed, or the energy of the fuelconsumed.

ate
air pollutant emitted per unit time, reported in units such as mg/h or g/s.

vhere cooking is normally performed in realsworld situations, such as homes and ta

communities

3.29

field testing

observatio
actual use

3.30

firepower
over a sped
assuming (

h or measurement of any part or paxts of a cookstove (3.19) system conducted under var
ronditions, instead of under controélled conditions in a laboratory (3.40)

ified period in the byrn séquence (3.9), rate of energy release from the combustion of the
omplete combustigh

Note 1 to enftry: The firepowers expressed in kilowatts.

3.31

fuel consumed

mass (kg)
burn seque

nee (3.9)

ure

the

bs of

rget

ous

fuel

bf unburned fuel fed (3.33) minus mass of residual fuel (3.51), if applicable, during a defined

Note 1 to entry: For applicability of residual fuel (3.51), see details in testing protocol.

3.32
fuel energ

y used

product of the heating value (3.37) of the raw fuel (3.50) and its mass as fired, less the product of the
heating value of the residual fuel (3.51), if applicable, and its mass

Note 1 to entry: For applicability of residual fuel (3.51), see details in testing protocol.

3.33
fuel fed

fuel supplied to a cookstove (3.19) during the course of the burn sequence (3.9)

© ISO 2018 - All rights reserved
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3.34

fugitive emissions

emissions that escape from a cookstove (3.19) into the surrounding space of the cooking environment,
as opposed to emissions that are removed directly from the stove via a chimney

3.35
gravimetric method
quantification of a sample of particulate matter (3.46) through the direct measurement of mass

3.36

griddle cookstove
plahcha cookstove J

coofstove (3.19) with which the majority of cooking occurs by placing the food directlygn a heated
surface, usually a metal or ceramic plate

Note 1 to entry: Regional terms for a griddle cookstove include plancha, comal and mittad.

3.3¢
heating value
enefgy per unit mass released in the complete combustion of a sample of fuel, as detgrmined by
conpbustion in a suitable calorimeter

Note 1 to entry: The state of the fuel is specified [as received (3.2), as fired (3.1), or dry fuel (3.23)].

Note¢ 2 to entry: The heating value is specified as either higher heating value (3.38) or lower heating valje (see 3.42).
Not¢ 3 to entry: The heating value is expressed in MJ/kg.

3.38
higher heating value
megsured value of the energy of combustion of-a fuel burned in oxygen in a bomb calorimeter under
such conditions that all the water of the reaetion products is in the form of liquid water

Note 1 to entry: See Reference [36].
Note 2 to entry: The heating value is expressed in M]/kg.

3.39
ignjtion
initjation of a period of a’self-sustained combustion reaction

3.4p
labpratory
facility that prevides controlled conditions for conducting research and evaluating performgnce

3.4
labpratory testing
megsiizement of product performance quantified under controlled and documented conditions, where
per . R o

3.42

lower heating value at constant pressure

absolute value of the specific heat (enthalpy) of combustion per unit mass (M]/kg) of the fuel burned in
oxygen at constant pressure under such conditions that all the water of the reaction products remains
as water vapour (at 0,1 MPa), the other products being as for the higher heating value (3.38), all at the
reference temperature

Note 1 to entry: See Reference [43].

© IS0 2018 - All rights reserved 5
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3.43

maximum cooking power
highest cooking power (3.15) for which a cookstove (3.19) is designed

Note 1 to entry: The maximum cooking power is expressed in kW.

3.44
minimum

cooking power

lowest cooking power (3.15) for which a cookstove (3.19) is designed

Note 1 to entry: The minimum cooking power is expressed in kW.

3.45
organic ca

carbonacegus material emitted during combustion in which the carbon is chemically-bendec

hydrogen 3

3.46
particulat
solid and li

3.47
pot skirt
device that

Note 1 to entry: A pot skirt can be a design feature or addition to the\cookstove (3.19), or an integral part

specialized

3.48
PM; 5
fine partic
to 2,5 um

3.49
procedure
systematic
cookstoves

3.50
raw fuel
mass of un

3.51

residual fyel
ypically.char (3.10)] that has a usable energy content that remains after a burn sequence (3.9

material [t
is completg

rbon

nd possibly also oxygen, nitrogen, sulphur, or other elements

e matter
quid matter of a sufficiently small size to be suspended in gas

encircles a cooking vessel (3.18) for the purpose of increasing heat transfer to the cooking ve

rooking vessel (3.18).

s
methods specified for accomplishing certain tasks related to the testing or assessmer
(3.19)

burned fuel supplied'to a cookstove (3.19) during the course of a burn sequence (3.9)

d

| to

ssel

of a

ilate matter (3.46) such that the aerodynami¢ diameter of the particles is less than or equal

t of

3.52

retained heat cooker
insulated container that can accommodate one or more cooking vessels (3.18) that have been heated on
a cookstove (3.19)

3.53
safe

capacity to be used at an acceptable level of risk of harm

3.54
safety
ability of a

cookstove (3.19) to be operated at an acceptable level of risk of harm

© ISO 2018 - All rights reserved
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3.55
solar cookstove
device that delivers useful cooking heat from energy received from the sun

3.56
space heating
delivery of useful heat from a heat source into a household or other indoor space

3.57
thermal efficiency
ratio of useful energy delivered (3.59) to fuel energy used (3.32)

typg of cookstove (3.19) or three-stone open fire that has been in long existence in axégion arnd has been

enefgy transferred to the contents of a cooking vessel (3.18), including-sensible heat energy|that raises
the [temperature of the contents of the cooking vessel and the latent heat of evaporation of water from

Notg¢ 1 to entry: For cookstoves (3.19) that are used for both copkinig and space heating (3.56), ugeful energy

water heater
appliance designed to transfer heat into one or more*water containers

3.61
wet basis
basjs for describing the composition of a.fuel sample as the ratio of the mass of a component {o the mass
of a|fuel in its as received (3.2) state, expressed in percent

4 (Symbols and abbreviated terms

ASTM American Sgciety for Testing and Materials
BC black carbon

C carbon

CI confidence interval

co carbon monoxide

COy carbon dioxide

D diameter

dscm dry standard cubic metre

EC elemental carbon

EF emission factor

EPA U.S. Environmental Protection Agency
H hydrogen

© ISO 2018 - All rights reserved 7
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HAP
IER

LPG
LPM

ocC

household air pollution

integrated exposure-response function
liquefied petroleum gas

litres per minute

nitrogen

organic carbon

PM3 5
PTFE
Re
RTD
SFq
STP

WHO

5 Laboj

5.1 Gen

pressure

particulate matter with an aerodynamic diameter < 2,5um
polytetrafluoroethylene

Reynolds number

resistance temperature detector

sulphur hexafluoride

standard temperature and pressure

World Health Organization

approximately

change

ratory-based measurementsof emissions and performance

bral

In this clause, measurements and/metrics for emissions and for performance are specified. Requ

and option|

Cookstove
appropriat

For the tes

hl measurements are-specified for the standard test sequence (see Clause 6).

b that do not use-combustion (e.g., solar cookstoves) shall be tested for cooking power u
e methods, su¢hyas ASAE S580.1, and zero on-site emissions shall be reported.

models buillt on sitelin the testing laboratory.

Further in

formation on laboratory-based measurement of emissions and performance is provide

Annex A.

red

bing

ting of builtin place (fixed type) cook stoves, tests shall be carried out on representative

1 in

5.2 Testing conditions

Environmental conditions (temperature, pressure, relative humidity, air current velocity, and
background pollutant concentrations) shall be noted and recorded immediately before and immediately
after each test, and results shall include correction for background concentrations, as needed.

Testing conditions for cookstoves that use fuel combustion shall be as follows:

a) environmental temperature comprised between 5 °C to 40 °C;

b) air current velocity <1,0 m/s;
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cookstove shall be placed to avoid interference or cross-contamination between the cookstove and

any other source of emissions or heat production.

Testing conditions for solar cookstoves shall be as specified in ASAE S580.1, except for a deviation for
average wind velocity <1,5 m/s.

Real-time instruments shall be stored and used in an environment as required by the instrument
manufacturers.

If emissions samples are collected in an environment with the potential for liquid condensation (exhaust
temperature > saturation temperature), then samples shall be dried prior to reaching any dry-based
anafyser.

5.3

5.3

For

h)

j)

k)

5.3

For

Measurements

1 Required measurements for standard test sequence

Clause 6, measurements shall include for each test phase:

mass of fuel fed;

mass of char remaining at the end of the test phase, if present;

moisture content of fuel, as fired, on a wet basis, if applicable;

energy content of fuel, as fired (lower heating value);

energy content of char remaining at the end of the‘test phase (lower heating value), if pr|
mass of water in cooking vessel(s) at the beginning and end of the test phase;

temperature of water in cooking vessel(s); for tests of thermal efficiency only (without
temperature and time shall be recorded at least every 1 min; for tests of emissions, time
test phase, as well as all temperatiires and emissions measurements, shall be recorde
acquisition system at least every 10 s;

mass of emissions of PM; stby the gravimetric (filter) method;
mass of emissions of CO-(according to performance-based specifications in 5.3.7);
mass of emissions 6f COz (according to performance-based specifications in 5.3.7);

useful energy'delivered (5.4.2).

2 Required metrics for standard test sequence

Clatise 6, metrics reported separately for each test phase shall include:

psent;

bmissions),
during the
l by a data

g)
h)

thermal efficiency with no energy credit for remaining char, if present;
thermal efficiency with energy credit for remaining char, if present;
char energy productivity, if char is present;

char mass productivity, if char is present;

cooking power;

fuel-burning rate;

mass of PM3 5 per useful energy delivered;

mass of PMy s per time;
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)
j)
k)
D)

For

mass of CO per useful energy delivered;
mass of CO per time;

mass of COz per useful energy delivered;
mass of COy per time.

solid-fuel stoves that produce char, thermal efficiency shall be reported both without energy credit

(5.4.4) and with energy credit (5.4.5) for remaining char.

5.3.

For

reported along with results as specified in Clause 9, Reporting test results.

5.3.

For
a)
b)
‘)
d)
e)

5.3.

For

k)

5.3.

For

3 Coptinuous emission data

Clausel6, continuous emission data for CO and CO3 shall be recorded at least every 10 s and'shall be

4 Optional measurements

Clausel6, optional measurements may include for each test phase:

mass df emissions of BC by the real-time light absorption (aethalometerjmethod;
mass df emissions of BC by the transmissometer method;

mass df emissions of OC and EC by the thermal optical method;

count ¢f aerosol particles by the condensation particle counter method;

mass dr count of emissions of other pollutants, as needed.

5 Optional metrics

Clause|6, optional metrics reported separatelyfor each test phase may include:
mass df BC per useful energy delivered;

mass df BC per time;

mass df OC per useful energy delivered;

mass qf OC per time;

mass df EC per useful extergy delivered;

mass df EC per Hine;

count ¢f aeresol particles per useful energy delivered;

count ¢f-aerosol particles per time;

mass of other pollutants per useful energy delivered;
mass of other pollutants per time;

other emission factors, such as mass of pollutant per mass of dry fuel consumed.

6 Measurement quality objectives

Clause 6, standard test sequence, data shall be rejected if they do not meet the measurement

acceptance criteria specified in Table 1. For measurement of PM; 5 mass, the analytical balance shall
have a resolution of 0,01 mg or better. The mass of filter loading shall be at least 10 times greater than
the accuracy and precision of the balance (see 5.3.8.4.1.5).

10
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Table 1 — Measurement acceptance criteria for standard test sequence

Measurement Indicators Acceptance criteria

Water and fuel mass, Accuracy tlg
electronic balance Precision +1g
Water temperature, _ Accuracy +0,5 °C
thermocouple or RTD (resistance tem- o .
perature detector) Precision +0,5°C
Fuel heat of combustion Accuracy +0,5 %
(lower heating value) D e arco
\Y O 4 I'TCTUISIUIL =-VU,J 0
Fuel moisture content mass, electronic Accuracy tlg
balance Precision +0,5¢g
PM; ¢ mass, Accuracy +0,05.mg
analytical balance Precision 40,05 mg
PM, 5 mass, Accuracy +3% nominal
sampling air flow rate Precision +3 % nominal

o . Accuracy +5 % nominal
Dilution tunnel gas volumetric flow rate o )

Precision +5 % nominal

Dilution tunnel gas temperature, ther- Accuxracy x1°C
mocouple Precision +1°C

5.3]7 Measurement of carbon monoxide and carbon dioxide

Carpon monoxide (CO) and carbon dioxide (CO2)concentrations shall be measured with a method that
can|be verified with calibration gases to meet the performance-based specifications given|in Table 2.
Thif verification shall be documented. Examples of reference methods are indicated in Tabld 2.

Table 2 — Performance-based specifications for methods of measuring CO and CO>

Measurement l%(matlve Indicators Acce_pta_n ce
(‘xeference criterfa

CO foncentration EPA Method 10[92] Calibration linearity *2 % of 4cale
Zero bias +5 % of 4cale
. Span bias +5 % of 4cale

CO4 concentration EPA Method 3Al86]
Zero drift +3 % of 4cale
Span drift +3 % of 4cale

5.3{7.1\ 'System operation

All sampling systems shall be tested for leaks on each day of testing. The leak rate shall be less than
0,1 % of the sampling flow rate at operating pressure. The leak-check method used and its validation (as
evidence of its effectiveness) shall be documented. The leak-check procedure used and results obtained
shall be recorded for each check performed. See A.7 for recommended leak test method.

5.3.7.2 Verification

Measurements of gaseous pollutant concentrations shall be verified per Table 2 with certified calibration
gases at the beginning and end of a period of cookstove testing. Verifications shall be documented. A
failed final verification shall invalidate all pollutant concentration data obtained subsequent to the last
passed verification.
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5.3.8 Total-capture dilution-tunnel gravimetric method for measurement of PM; 5

5.3.8.1 General

This method is applicable for the determination of PM3 5 emissions from cookstoves, see Annex B. As
shown in Figures B.1 to B.4, the exhaust from a cookstove shall be collected with a total collection hood,
and shall be combined with ambient dilution air. Particulate matter shall be sampled from a single point
in a dilution tunnel and collected on a filter. The particulate mass shall be determined gravimetrically
after the removal of unbound water with a desiccator or after equilibration at constant temperature
and humidity.

NOTE This method is similar to EPA Method 5GI[89],
5.3.8.2 Hquipment and supplies

5.3.8.2.1 |Sampling train

The sampling train configuration is shown in Figure B.5, and shall consist of the-following components:

5.3.8.2.1.1] Probe

The sampling probe shall be constructed of stainless steel (e.g. 316 grgrade more corrosion resistant)
seamless tlibing.

Isokinetic $ampling should be performed. See Annex A for moreinformation on isokinetic sampling

5.3.8.2.1.2) Particle size-selective sampling device

A cyclone pr impactor shall be used to sample PM; s."The cyclone or impactor for the measurenpent
of PM3 5 should be designed such that the separation curve of PM3 5 has a similar shape separafion
efficiency of 50 % at 2,5 pm, as specified in 1S0.25597:2013, Figure B.1.

5.3.8.2.1.3| Filter holder

The holder|design shall provide a pogitive seal against leakage from the outside or around the filterf.

5.3.8.2.1.4 Metering system

The samplfng air flow raté-shall be controlled with a critical orifice, mass flow controller, or other
control deyice.

— If a critical orificeé is used, then gauge pressure across the critical orifice shall be monitoredl to
ensurg criticalpressure drop is achieved.

— Ifavalveis'used as a manual control device, then the sampling air flow rate shall be measured with
adry W i fee:

— If a dry gas meter is used, then a dryer is required. The dryer shall be any system capable of
removing water from the sample gas to less than 1,5 % moisture (volume percent) prior to the
metering system.

— If a volumetric air flow measurement device is used, then air pressure and temperatures shall be
measured and the measurements shall be used to correct for any inconsistent conditions between
the dilution tunnel sampling location air flow and sampling system air flow.

5.3.8.2.2 Air flow measurement device

Dilution-tunnel air flow may be measured with a Pitot static tube, Pitot array, orifice plate, constant
volume pump, or hot-wire anemometer. If a Pitot tube or other anemometric probe is used, then traverse
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measurements are required (see 5.3.8.3.4 to 5.3.8.3.6). If an orifice plate or constant volume pump is
used, the orifice or pump shall be located downstream of the sampling location.

5.3

.8.2.3 Dilution tunnel gas temperature measurement

A temperature sensor capable of measuring temperature to within 1 °C shall be used.

5.3

.8.2.4 Hood for collecting emissions from cookstoves without tall chimneys

The hood shall be constructed of steel (whlch may 1nclude stalnless steel) as shown in Flgure B.1, and

dia
resi
tha

Wh
of 1
test

to grevent instrument ranges from being exceeded. If increased air flew/causes an excessive

hoo
sho
air

5.3

Thd
facq
cou

5.3

Thd
facq
cou

5.3

Thd
of 4
con

5.3

eter duct. The surface that the cookstove is placed on shall be made of non- combu

can cause particle loss due to deposition to the inside walls.

en testing stoves with low emissions, in order to ensure sufficient capturelof emissions
hass collected on filters, additional dilution as shown in Figure B.1 should not be app
ing stoves with high emissions, additional dilution may be used to prevent overloading

d face velocity, additional dilution air should be used to reduce hood face velocity. Hood fz
11d be less than 0,25 m/s. Hood face velocity may be measured with a hot-wire anemomet]
may be filtered.

8.2.5 Hood for collecting total emissions from cookstoves with tall chimneys

hood shall be constructed of steel, as shown<in Figure B.2, and shall be enclosed e
opening of approximately 1,2 m x 1,8 m. Thethood shall have a standard 0,1 m to 0,3 {
pling capable of connecting to a standard 0;1“m to 0,3 m diameter duct.

8.2.6 Hood for collecting fugitive (indoor) emissions from cookstoves with tall chi

hood shall be constructed of steel, as shown in Figure B.3, and shall be enclosed e
opening of approximately 1,2'm x 1,8 m. The hood shall have a standard 0,1 m to 0,3 {
pling capable of connectingto a standard 0,1 m to 0,3 m diameter duct.

8.2.7 Hood for collecting chimney emissions from cookstoves

hood shall be copstructed of steel, as shown in Figure B.4, with a large-end minimur
times the dugt)diameter, and a small-end standard 0,1 m to 0,3 m diameter coupling|
hecting to a.standard 0,1 m to 0,3 m diameter duct.

8.2.8-.°90° Elbows

stant material. The hood and duct system shall be electrically grounded to preyent statjc

ethood shall

m to 0,3 m
tible heat-
charging

n the form
lied. When
filters and
increase in
ce velocity
er. Dilution

xcept for a
h diameter

mneys

xcept for a
h diameter

h diameter
capable of

Ste¢

1‘90° elbows, 0,1 m to 0,3 m in diameter, shall connect the hood to the dilution tunnel (st

aight duct)

and optional damper assembly. At least one 90° elbow shall be upstream of the sampling section (see
Figures B.1 to B.4).

5.3

.8.2.9 Straight duct

Volumetric flow rate through the ducting should be chosen so that flow is fully turbulent at a Reynolds
number of at least Re = 104. See Annex A for example calculations.

Steel duct, 0,1 m to 0,3 m diameter, shall be used for the sampling section (dilution tunnel). If an
anemometry probe (e.g., Pitot tube, hot-wire anemometer probe) is used for air velocity measurement,
then in the sampling section, at least 8 duct diameters downstream of the mixing baffles or elbow, there
shall be two holes (velocity traverse ports) at 90° to each other of sufficient size to allow entry of the
probe for traverse measurements. Alternatively, this downstream point shall be the location of a Pitot
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array. At least 12 duct diameters downstream of the mixing baffles or elbow shall be one or more holes
(sampling ports) of sufficient size to allow entry of the sampling probe. The length of duct from the
hood outlet to the sampling ports shall not exceed 10 m.

5.3.8.2.10 Mixing baffles

Adequate mixing shall be demonstrated. Mixing baffles are optional and not required if adequate
mixing is demonstrated without mixing baffles. See A.8 for a method for validating well-mixed
emissions in a duct.

To achieve adequate mixing through the e of mixing haffle NO Ste emicircles mavy be attached at
90° to the gluct axis on opposite sides of the duct, upstream of the sampling section. The space between
the baffles|[should be approximately 0,3 m.

5.3.8.2.11| Blower

A squirrel fage or other type of fan capable of extracting gas from the dilution tunnpelof sufficient fflow
to maintaip the required volumetric flow rate and exhausting the gas to the atmosphere shall be usgd.
5.3.8.3 System preparation

5.3.8.3.1 | Dilution tunnel assembly and cleaning

Schematicg of dilution tunnels are shown in Figures B.1 to B.4:x\The dilution tunnel dimensions pand
other features are described in 5.3.8.2.4 to 5.3.8.2.11. The dilution tunnel, sealing joints, and seams
shall be assembled to prevent air leakage. The dilution tunugé€l shall be cleaned with an appropriaftely
sized wire|chimney brush as needed before each testing péeriod.

5.3.8.3.2 | Draft determination for cookstoves with chimneys

The dilutig
tunnel bloy

fion
sed

n tunnel hood shall be centrally locdted over the cookstove chimney exhaust. The dilu
ver shall be operated at the flow rate’to be used during the test sequence. The draft impa

on the cookstove by the dilution tunnel (i:e/, the difference in draft measured with and without|the
dilution tulnnel operating) shall be measured. The distance between the top of the cookstove sfack
exhaust and the dilution tunnel hood shall be adjusted so that the dilution-tunnel induced draft is [ess

than 1,25 Pa. During this check afid adjustment, no fire shall be in the cookstove, and any air supply
controls, flielling doors, or othérymovable parts on the cookstove shall be in the same position(g) as
during testling.

5.3.8.3.3 | Smoke capture

During a t1
shall be vi
visible exh

ial test'Sequence with the cookstove, the dilution tunnel shall be operated, and the exh
bually~monitored. The cookstove shall be operated, and it shall be determined whether
aust.is seen to escape. If any visible exhaust is seen to escape, then adjustments shal

ust
any
| be

made as n

cessary to the face opening in the fume hood, the air velocity, or the distance between

the

chimney and the hood, until no visible exhaust is escaping. The cookstove shall be operated, and it shall
be confirmed that all visible exhaust is collected by the hood. The trial test sequence shall be stopped,
and the draft determination procedure described in 5.3.8.3.2 shall be repeated, if a cookstove with a
chimney is tested.

5.3.8.3.4 Air velocity measurements with an anemometric probe

If an anemometric probe (e.g., Pitot static tube) is used as an air velocity measurement device, then
during a trial test sequence, a velocity traverse shall be conducted, and the probe shall be located in the
dilution tunnel as described in 5.3.8.3.6.
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Pitot ports can clog in particle-laden streams. If a Pitot static tube is used, then it shall be demonstrated

that the Pitot ports have not clogged during the measurement period. Back purging may be
prevent the Pitot ports from clogging (see Reference [83], EPA Method 2, 6.1.2).

5.3.8.3.5 Velocity traverse with an anemometric probe

If a Pitot static tube or other anemometric probe is used as an air velocity measurement devi

required to

ce, then the

following procedure shall be performed. The diameter of the duct at the velocity traverse port location

through both ports shall be measured.

0 ae 11 pe c( 0 1me O N D

Pitot static tube — the most common air flow measurement device

duct area shall be calculated using the average of the two diameters. A pretest leak-ch

turbulent flow.

Th
5%

Ap and temperature shall continue to be read until the velocity has remained constant
change) for 1 min. Once a constant velocity is obtained at’bhe centroid of the duct, a velocity traverse
shall be performed (see informative Reference [83], EPA:Method 2, Section 8.3) using four

e (5.3.8.3.5)

bck of Pitot

s should be conducted. The calibrated Pitot static tube shall be placed at the centroid of §he dilution

hlet should
s, which is
hsure fully
locity may
nsure fully

(less than

points per

trayerse. Guidance on collecting appropriate duct traverse’/measurements can be found in thg following

refdrences I1SO 3966, EPA Method 1[82], or VDI 264.0[102],

If the traverse is conducted using a Pitot statig’tube, then a properly scaled differentiz

megsurement device shall be used. Functionality shall be verified by performing a leak
Pitg

vacpum on the impact and static pressupe ports, respectively, for at least 15 s.

The
rec
us
assi
des

—-

imed to be 4 % (100-%-relative humidity at 29,4 °C). Direct moisture measurements
Cribed in informative-Reference [87], EPA Method 4) may also be used.

Qg =(1- H)pwix stdPs.

t tube assembly immediately before and after traverse measurements. A successful leg
denponstrate the ability to maintain a stable (2,5 cm H30) pressure of 7,6 cm H0 and ]

| pressure
test of the
Kk test will
6 cm H,0

Ap and tunnel temperature shall be measured at each traverse point and the readings shall be
brded. The total gas dry volumetric flow rate corrected to standard conditions shall be
ng Formula (1) (see informative Reference [83], EPA Method 2, Section 12). The moistiyre may be

calculated

(e.g., those

Tspstd W

whére

@~ is the total gas dry volumetric flow rate corrected to standard conditions, m3/s;

H is the water vapor in the gas stream as a proportion of volume, unitless fraction;

v is the average gas velocity in the duct, m/s;

A is the cross-sectional area of the duct, m2;

Tstqa  is the standard absolute temperature, 293 K;

Ts is the absolute temperature of gas in the duct at the location of velocity measurement, K;

pstd  is the standard absolute pressure, 760 mm Hg;

Ds is the absolute pressure of gas in the duct at the location of velocity measurement, mm Hg.
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5.3.8.3.6 Testing velocity measurements with an anemometric probe

After obtaining velocity traverse results that meet the flow rate requirements, a point of average
velocity shall be chosen, and the anemometric probe (e.g, Pitot static tube) and temperature sensor
shall be placed at that location in the duct. Alternatively, the anemometric probe and the temperature
sensor shall be located at the duct centroid and a velocity correction factor shall be calculated for the
centroidal position. The anemometric probe shall be mounted to prevent movement during the test
sequence, and the port holes shall be sealed to minimize air leakage. The anemometric probe opening
shall be aligned to be parallel with the duct axis at the measurement point. This condition shall be

checked to ensure it is maintained during the test sequence (at ~30 min intervals). The temperature
and velocityshall he monitored dnring pretest trial test sequences to ensure that the proper flow rate

is maintair

5.3.8.4 R

The total-c
method sp

ed. Adjustments shall be made to the dilution tunnel flow rate as necessary.

ilter sample analysis

apture dilution-tunnel method specified in 5.3.8.1 to 5.3.8.3 and the filter;sample anal
pcified in this subclause shall be used for Clause 6.

ySis

5.3.8.4.1 |Filter sample analysis equipment and supplies

5.3.8.4.1.1] Desiccator or equilibration chamber

Filters sha

a)

b) a chamber for achieving an equilibration environment(through controlling relative humidity

1 be conditioned before and after sampling in either
an air-tight enclosure for removing unbound water from filters through the use of a dessicant, ¢r

and

tempefature conditions for filters.
5.3.8.4.1.2] Desiccant
Anhydrouy calcium sulphate, calcium chloridé; or silica gel, indicating type (changes colour with

moisture) $hall be used in the desiccator.

5.3.8.4.1.3] Hygrometer

ter with an accuracy, of +5 % shall be used to measure moisture in the air inside|the

por equilibration chamber.

A hygrome
desiccator

5.3.8.4.1.4 Temperature sensor

A temperafure sensoy‘with an accuracy of +2 °C shall be used to measure the temperature of thq air

inside the ¢lesiccator’or equilibration chamber.

5.3.8.4.1.5 ““Analytical balance

An electronic analytical balance shall be used for gravimetric analysis of filters. The analytical balance
shall have a resolution of 0,01 mg or better, an accuracy of 0,05 mg or better, and a precision of 0,05 mg
or better. The accuracy and precision of the balance shall be at least 10 times better than the mass of
filter loading.
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5.3.8.4.1.6 Filters

Glass fibre, quartz fibre, or PTFE (Teflon) membrane filters with a diameter of 37 mm to 100 mm,
without organic binder, exhibiting at least 99,95 % efficiency (<0,05 % penetration) on 0,3 um dioctyl
phthalate smoke particles shall be used.

NOTE The filter media selected can affect the accuracy of gravimetric particulate matter measurements.

Factors for consideration include media type, collection efficiency, and pressure drop. Advantages and
disadvantages of three common filter media are presented in Table A.1.

5.3.8.4.2 Pretest preparation

5.3/8.4.2.1 Filter check

Using tweezers and/or clean disposable surgical gloves, one labeled (identified) and weighed filter shall
be placed in the filter holder. The filter shall be properly centred and the gasket (if present) shall be
properly placed so as to prevent the sample gas stream from circumventing the filter. Each|filter shall
be ¢hecked for tears after assembly is completed. If tears are found after atest is completed, then the
grayimetric result shall be rejected.

5.3/8.4.2.2 Leak-check

A leak-check of the sampling train shall be conducted on eachiday of testing. The leak rate shall be less
thah 0,1 % of the sampling flow rate at operating pressure, Sée A.7 for recommended leak test method.

5.3/8.4.2.3 Preliminary determinations

The pressure, temperature and the average velogity of the tunnel gases shall be determined. Moisture
confent of diluted tunnel gases may be assuméd to be 4 % for flow rate calculations. The moisture
confent may be measured directly as in informative Reference [87].

5.3/8.4.2.4 Sampling train operation

The probe inlet shall be positioned at the stack centroid, and the openings around the |probe and
porthole shall be blocked off tofprevent unrepresentative dilution of the gas stream.

5.3/18.4.3 Test

Sanppling shall begiatthe start of the test sequence as defined in Clause 6. During the test $equence, a
conpgtant sample flow rate and dilution tunnel flow rate shall be maintained (within 10 % of the initial
proportionality ratio).

The data fersample flow rate and dilution tunnel flow rate shall be recorded at least once every 10 min
durjngeach test sequence.

Forlthe purposes. of prnpnrh'nn:\] c:\mp]ing rate determinations data from calibrated flow rdte devices,

such as glass rotameters, may be used to determine acceptability limits.

At the end of the test sequence (see Clause 6), the sampling pump shall be turned off.

5.3.8.4.4 Filter weighing

At the beginning of the weighing session, the balance calibration shall be checked with a certified
weight that is of a similar weight to the filter. This check shall be repeated no less frequently than for
every tenth filter weighed. The filters shall undergo a drying period of at least 24 h in a desiccator, or
an equilibration period of at least 24 h in a chamber with control of temperature and humidity, before
the tare and gross weighings. The filters shall be returned to the desiccator or equilibration chamber
for at least an additional 6 h before the second weighing. If the weights taken after the 24 h and 6 h
equilibrations agree to within 0,05 mg (taking into account the precision of the balance), the filter
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weight shall be accepted. The 6 h equilibration/weighing cycle shall be repeated until two weights agree
to 0,05 mg. Temperature and relative humidity for filter conditioning shall be reported with results.

5.3.9 Measurement of biomass fuel energy content

A sufficient number of biomass fuel samples shall be tested to provide a representative sample. The
number of biomass fuel samples needed shall be determined from the number necessary to reduce the
standard error on the mean of all samples to less than 0,5 M]/kg, calculated using Formula (2):

om=—r= (2)

where

oM is the standard error of the mean;
o isthe standard deviation of the individual samples;

N is the number of samples.
5.4 Calculations

5.4.1 Caculation of mass of PM2 5

The mass gqf PM3 5 shall be calculated using Formula (3).

— Qtunnel

mPM2,5 XMgample (3)

Qsample
where
mpmz,q is the mass of fine particulate matter emitted during the sampling period, mg;
Qtunne| is the volumetric flow rate.of-gas in the dilution tunnel, m3/min;
Qsamplp is the volumetric flowrate of gas in the sample stream, m3/min;

Msample Mass of fine pargiculate matter collected on the filter, mg.

5.4.2 Uspful energy delivered calculation

Useful energy delivered shall be calculated using Formula (4).

Q1 =CpxGy (T, —Ty ) +(Gy —G,)y (4)

where

Q1  isthe useful energy delivered, kJ;

Cp  istheisobaric mass-specific approximate heat capacity of water between 20 °C and 100 °C:
4,18 kJ-kg-1.K-1;

G1 s the initial mass of water in the cooking vessel, kg;

G s the final mass of water in the cooking vessel, kg;
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T1 is the initial temperature of water in the cooking vessel, °C;

T,  isthe temperature of the local boiling point or the highest temperature attained of the water
in the cooking vessel, °C;

y is the latent heat of water vaporization at the local boiling point, kJ/kg.

For cookstoves with multiple cooking vessels, Formula (4) shall be used to calculate useful energy
delivered for each cooking vessel, and the total useful energy delivered shall be the sum of useful
energies calculated for all cooking vessels.

5.4{3 Cooking power calculation

Codking power shall be calculated using Formula (5):

Q1

: :(t3—t1)

C

(5)
whére

P¢ is the cooking power, kW;
Q1 is the useful energy delivered, kJ;
t3 isthe final time at end of a test phase, s;

t1 istheinitial time at beginning of a test phase;s’

5.4/4 Cooking thermal efficiency calculationywith no energy credit for remaining char

Codking thermal efficiency with no energy credit for any remaining char shall be calculated using

Formula (6):

Ne - % 009 (6)
net.af
whére
Ne is the cooking thermal efficiency with no energy credit for remaining char, %;
Q1 is thewuseful energy delivered, kJ;
B is the mass of the fuel fed, kg;

Quésar is the lower heating value of fuel, as fired, k] /kg.

5.4.5 Cooking thermal efficiency calculation with energy credit for remaining char
Cooking thermal efficiency with energy credit for remaining char shall be calculated using Formula (7):

B Qnet.af - CQnet.char

V. %100 % (7)

where
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Ye

Q1
B

Qnet.af

C

Qnet.ch

is the cooking thermal efficiency with energy credit for remaining char, %;
is the useful energy delivered, kJ;

is the mass of the fuel fed, kg;

is the lower heating value of fuel, as fired, k]/kg;

is the mass of the remaining char, kg;

ar is the lower heating value of remaining char, kJ/kg.

NOTE ]
energy field|

5.4.6 Ch

For cookst

E

char 7
where

Echar

C

Qnet.af

B
Qnet.ch

5.4.7 Ch

For cookst

M har 3
where

Mchar

'he metric defined by Formula (7) is equivalent to the term ‘exergy efficiency’, as used in‘the bion
and described in ISO/TR 21276.

ar energy productivity

| CQnet.Char X 100%

net.af

is the char energy productivity, %;

is the mass of the remaining char, kg;

is the lower heating value of fuel, as fired, k]/kg;
is the mass of the fuel fed, kg;

L is the lower heating value of remaining char, kJ/kg.

jar mass productivity

bves with remaining'char, char mass productivity shall be calculated using Formula (9):

:£><100%
B

sithe char mass productivity, %;

C
B

bves with remaining char, char energy productivity shall be calculated using Formula (8]:

1SS

(8)

(9)

is the mass of the remaining char, kg;

is the mass of the fuel fed, kg.

5.4.8 Emission factor calculation

The emission factor shall be calculated using Formula (10).
M;
EF =—
Q1
where

20

(10)
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EF 1is the pollutant emission factor, mg/KJ;
M; is the total mass of pollutant emissions during the test, mg;

Q1 is the useful energy delivered, KJ.

5.4.9 Emission rate calculation
The emission rate shall be calculated using Formula (11).
M,
ER=—"—
(t3—t1)
wheére

5.5

The
(sed
san
sha
Rep

The
foll

Low

Low
wh

ER is the pollutant emission rate, mg/s;
M; is the total mass of pollutant emissions during the test, mg;
t3 isthe final time at end of test, s;

t1 istheinitial time at beginning of test, s.

Determination of heating value

heating value shall be determined using a representative sample of the fuel in a bomb ¢
ISO 18125). Representative samples should first be weighed, then the free water con

1 then be tested in a bomb calorimeter (see {SO 18125) to determine the higher heating v4
resentative samples may also be analysed for C, H, and N (see ISO 16948).

lower heating value at constant pressure at the as-fired moisture level shall be calculs
bwing formulae per ISO 18125 ag-follows.

rer heating value at constant'préssure for a dry sample (dry basis, in dry matter):

Qpnet.d =7 gr.d +6, 155w (H), =0,8x[ w(0) , +w(N), |-218,3xw(H),

=qy gr.g222,2xw(H)  =0,8x w(0) , +w(N), |

rer heating ydlue at constant pressure at a required moisture content M (e.g., as req
freupon the.symbol of heating value is gp net,ar) is calculated:

Tpnen = {4V gr.d —212,2xw(H) 0,8x[w(0), +w(N), [Ix(1-0,01M)-24,43xM

(11

alorimeter
tent of the

ples should be determined by drying at 3 °C above the local boiling point of water. The dry samples

lue (HHV).

ited by the

(12)

eived, My,

(13)

=qp, netq X(1—0,01M)—24,43xM

where

©IS

9pnet,m 1S the lower heating value at constant pressure, in J/g, of the biofuel with moist
tent; M (usually as received Myy);

dygrd  is the higher heating value at constant volume, in ]J/g, of the moisture-free fuel;

ure con-

w(H)q isthe hydrogen content, in percentage by mass, of the moisture-free (dry) biofuel (in-
cluding the hydrogen from the water of hydration of the mineral matter as well as the

hydrogen in the biofuel substance);
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w(0)q isthe oxygen content, in percentage by mass, of the moisture-free biofuel;
w(N)q isthe nitrogen content, in percentage by mass, of the moisture-free biofuel;
M is the moisture content, in percentage by mass, for which the calculation is required.

On the dry basis: M = 0; on the air-dried basis, M = M,q4; on the as-sampled or as-fired (as
received, ar) basis, M = My (total moisture content as received).

The enthalpy of vaporization (constant pressure) for water at 25 °C is 44,01 kJ/mol. This value
corresponds to 218,3 ]J/g for 1 % (mass/mass) of hydrogen in the biofuel sample or 24,43 ]J/g for 1 %

(mass/mass)of moisture, respectively.

NOTE W(0)q + w(N)q may be derived by subtracting from 100 the percentages of ash, carbon, hydrogen|and
sulphur.

5.6 Secqndary dilution system methods

An air pollfitant sample stream may be diluted with air, nitrogen, or other gases for purposes including
a) dryingthe sample,

b) cooling the sample, and

c) decregsing the sample concentration to the range of the measurément instruments used.

5.6.1 Segondary dilution systems used in the standard testsequence

In Clause §, direct sampling from the dilution tunnel, withgut the use of an additional dilution sysfem,
shall be uspd for determining emissions of PM3 5, CO, and*CO3. For determination of emissions of other
pollutants,the measurement of which is optional, secotidary dilution system methods may be used.
5.6.2 Serondary dilution system calibration

The secondlary dilution system shall be cdlibrated by the direct measurement of the volumetric fllow

rate throu
with an ac
with a corr

5.7 Carl

bh the system using a primary flow instrument, such as a bubble flow meter or equival
curacy and precision of 3% (or better) of the nominal flow rate, or by using a tracer
esponding gas analysery

jon mass balaneemethod

The carbom mass balaneg.method may be used as an optional quality assurance check with the td

capture mg

6 Stand

thod specifiéd in Clause 6. See Annex A for more information.

ard test sequence for emissions and performance

ent,
gas

tal-

6.1 General

This clause is applicable only to fuel-burning cookstoves (e.g. not applicable to solar cookstoves).

The standard test sequence characterizes performance of cookstove systems (including appropriate
fuel, cooking vessel, and operating procedure) with international comparability for cookstoves tested
at three power levels — low, medium, and high — and results at each power level shall be reported
separately. The standard test sequence allows for both

a) comparing cookstove systems of different types, and
b) comparing the same cookstove system at different facilities.
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Cookstoves that are designed for operation at only one power level shall be tested at only that power
level. Cookstoves that are designed for operation at only two power levels shall be tested at only
those power levels. Separate results for the two or three power levels may be weighted based on
the percentage of time that typical users operate cookstoves at each power level, if such field data
are available. If field data are used to support weighted results, then a detailed description of the
methodology and statistical indicators of the representativeness of the field data shall be provided
along with the laboratory test results. Weighted results may be reported, but results shall also be
reported separately for low, medium, and high power.

EXAMPLE1 Fieldwork in a certain region could estimate that typical combined cooking sequences are
50 % low-power, 10 % medium-power, and 40 % high-power. If PM; 5 emissions are 38 mg/M]q at low-
power, 24 mg/M]q at medium-power, and 46 mg/M]q at high-power, then the weighted averag¢ would be:
(0,5p x 38) + (0,10 x 24) + (0,40 x 46) = 39,8 mg/M]q.

If field data are not available, then results cannot be weighted, but averaged results'may be used for
volyntary performance targets (ISO/TR 19867-3).

If the manufacturer’s instructions and field information are in conflict, (then the conflift shall be
repprted along with the information used to test the cookstove. The test report shall include 4 statement
indicating whether the tests were performed according to manufacturersinstructions or baged on field
infgrmation. Supplementary information on the standard test sequence-is provided in Annex C.

6.2| Phases of the standard test sequence

As dlepicted in Figures 1 and 2, the duration of each phase.shall include a fuel burning peripd plus the
var]able time needed for shut-down. Cookstoves designéd.for variable power should be testdd with fuel
burping periods of approximately 30 min for each test’phase. Cookstoves designed for onlylone power
levgl should be tested with fuel-burning periods *of either approximately 30 min or approximately
60 nin. The optional 30 min or 60 min period shallbe determined by the manufacturer’s sp¢cifications
for the cookstove.

Phgse 1. At the beginning of the phase, the cookstove and the water in the cooking vessel|shall be at
ambient temperature. Emissions shall be‘captured during startup, operation at high power, pnd during
shufdown. Any char remaining shall be removed from the cookstove and weighed before cdmmencing
Phalse 2. For cookstoves designed for one power only, Phase 1 shall be the only test phase, ds shown in
Figiire 1.

iture after
ressel shall
um power,
hed before

iture after
ressel shall
bower, and

NOTE Cookstove operating temperature is not specified, because it varies for cookstoves.

6.3 Standard test sequence diagrams

The standard test sequence for cookstoves with only one power level is illustrated in Figure 1.
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Figure [l — Diagram of the standard test sequence for cookstoves with a single power leve

The standdrd test sequence for cookstoves with a range of cooking power is illustrated in Figure 2.
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End of test phase —» ¢—— End oftestphase —>| ¢—— End of test phase —,
5 minutes maximum —»| | —> «— 5 minutes maximum

Time (min)

Figure 2 — Diagram of the standard test sequence for cookstoves with a range of cooking power

6.4 Limitations

The standard test sequence is designed to simulate operation of a cookstove system over a range of
conditions typical of field use, but laboratory-based tests can have limited ability to predict performance
in the field due to variation in fuels, cooking vessels, foods prepared, user behaviour, and environmental
conditions. The standard test sequence is designed to produce repeatable and comparable results under
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controlled conditions, but a limitation of this type of test is that certain conditions can be difficult to
control — for example, operator behaviour, including the distribution and addition of fuel, for some
continuously fed cookstoves.

NOTE The standard test sequence is based on best practices from established testing protocols and the
experience of many testing centres, but the standard test sequence is a new method that is likely to require
refinement as data from laboratory and field testing become available.

6.5 Cookstove system requirements

Following are requirements for testing a cookstove system defined as including the cookstove, cooking
vessel, fuel, and operating procedure. A detailed cookstove system description shall be incliided in the
tesf results, as specified in Clause 9.

6.5]1 Cookstove

A r¢presentative sample of produced cookstoves shall be used. For manufactured cookstovef produced
with a high level of quality control over materials and tolerances, one cooksteve can be representative.
Forjartisan-produced cookstoves developed in settings with a lower level of)quality control over materials
and|tolerances, three or more cookstoves might be needed to constitutea representative sample.

NOTE1 Indicators of a high level of quality control include

a) |cookstoves produced with interchangeable parts,

b) |parts and assemblies are produced according to engineering drawings with tolerances,
c) |partsand assemblies produced using tooling such asgigs, fixtures, dies, and moulds,

d) |partsand assembled cookstoves are inspected forcompliance with tolerances,

e) |partsand assembled cookstoves are rejected if out of compliance with tolerances, and
f) |final assembled cookstoves are inspected for compliance with performance criteria.

NOTE 2  Artisan-produced cookstoves’ are generally made by hand by skilled workers, rather [than mass-
prodluced in factories.

6.5)2 Cooking vessel

A cgoking vessel (typically a pot) with appropriate size and shape shall be used. The cookstqve shall be
testled with a cookingwvessel similar to those used in the field, if field data are available. If thg cookstove
is dpsigned for a-gertain cooking vessel, then the cookstove shall be tested with that cooking vessel.

EXAMPLE Cookstoves designed for round-bottomed pots, pots with built-in pot skirts, or pots pf a specific
sizelshall be-teSted with the corresponding pot.

The cookstove shall be tested with a cooking vessel with appropriate size and water mass that enables

Horftao ba baoatad 0 nthin 1 0C ~f 4 1oca]l bhaotling nnatndt Coazath o +ian 1o i) vazath oot o ld n th
Wwater—to—sereatea—+to—wWwiHiHh—T—--6o++the1ecatrHoHh S P tWitnhHo—+tHRe—H t-WeRedtd 11 (0] e

cooking vessel at the highest power level.

6.5.3 Fuel

A fuel with appropriate size, shape, composition, energy content, and moisture content shall be used.
The cookstove shall be tested with fuel similar to that used in the field, if field data are available. If a
cookstove is designed for a certain type of fuel, then the cookstove shall be tested with that fuel.

EXAMPLE A cookstove designed for a certain type of pellet fuel shall be tested with that fuel.

A fire start-up fuel with appropriate size, shape, composition, and moisture content shall be used. The
cookstove shall be tested with a start-up fuel similar to that used in the field, if field data are available.
If a cookstove is designed for a certain type of start-up fuel, then the cookstove shall be tested with that
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start-up fuel. An accelerant, such as kerosene or alcohol, may be used as a start-up fuel if specified by
the manufacturer in written instructions.

6.5.4 Operating procedure

The cookstove shall be operated during testing as specified by the manufacturer’s instructions
(see Clause 10 for marking and packaging requirements). If field data are available that indicate
a cookstove is typically not operated as intended, then the cookstove shall be operated following
procedures similar to field use. If field data are used to support operation that does not match the
manufacturer’s instructions, then a detailed description of the methodology and statistical indicators

fth ot £l 213 4 Lolll idad ol S S 1ol i s s 1s
O e repr FOCIILAULIVUIIUOO Ul LIIU 1TITIU Udid SlidIll UT lJl UviIUCTuUu CllUlls VVILIT LIIC 1dDUILI AdlUl -y LLOL T LUOUILS.

WARNING|— Do not exceed design load limits and other possible safety limitations.
6.6 Det¢rmination of cooking power levels

6.6.1 Low power

If a cookstpve has controls, such as fan speed or air adjustment, then the contrels shall be adjustef to
their lowedt setting that enables operation during the low-power test phase.

If a minimum cooking power level is specified by the manufacturér, then the cookstove shall be
operated af that cooking power during the test. If field data are available, then the cookstove shalll be
operated af the lowest power level typically observed in the field.If field data are not available, then|the
cookstove ghall be operated at a practical low-power level to be determined by the interested parities
(e.g., certification bodies, manufacturers, suppliers, custongers, inspectors, research organizatipns,
sponsors, tlesting laboratories). The average low-power levelshall be reported in the test results.

If the marufacturer’s instructions and field information are in conflict, then the conflict shall be
reported along with the information used to test the cookstove. The test report shall include a statenfent
indicating Whether the tests were performed according to manufacturer’s instructions or based onr;rield
informatiop.

6.6.2 Medium power

The medium-power level shall be determined by calculating the mid-point between low power and high
power. Thd average medium-powerevel shall be reported in the test results.

6.6.3 High power

If a cookstpve has controls, such as fan speed or air adjustment, then the controls shall be adjustef to
their highest settingthat enables operation during the high-power test phase.

be
be

If a maxinmum €ooking power level is specified by the manufacturer, then the cookstove shal
operated af that cooking power during the test. If field data are available, then the cookstove shall
operated atthe-highestpowerteveltypiealy-observedinthefieldifield-dataarenotavaitable then the
cookstove shall be operated at a practical high-power level to be determined by the interested parties
(e.g., certification bodies, manufacturers, suppliers, customers, inspectors, research organizations,
sponsors, testing laboratories). The average high-power level shall be reported in the test results.

6.7 Procedure for standard test sequence

Specific procedures shall vary depending on the type of cookstove identified in Annex D, as specified in
6.8. The general procedure for testing at each power level is as follows.
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6.7.1 Test preparation
The following test preparation steps shall be taken:

a) Personnel conducting the test shall be familiar with the operation method of the cookstove, and
personnel shall possess appropriate qualifications and experience in cookstove testing.

b) Photographs of test equipment, test setup, and cookstove serial numbers, where available, shall be
taken and included with the test report.

c) Each instrument shall be calibrated to meet requirements specified in Clause 5, Laboratory-based

4= £ - H | £,
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d) |Suitable types of fuel shall be selected (see 6.5.3).

e) |Trial test sequences shall be conducted to determine the amount of fuel required fqr the fuel-
burning period, approximately 30 min of operation at each power level from'ignition until the CO;
concentration measured in the exhaust drops to approximately half of its Steady-state background-
subtracted value, except for cookstoves designed for only one powerNevel. For these ¢ookstoves,
optional fuel-burning periods are either approximately 30 min or appreximately 60 min of operation
from ignition until the CO, concentration measured in the exhaust)drops to approximately half of
its steady-state background-subtracted value.

f) [The lower heating value of biomass fuel shall be determined‘(see 5.5).

g) |The water in the cooking vessel shall be weighed and\the mass of water, G1, and the initial water
temperature, T1, shall be recorded.

h) |The temperature sensor shall be placed in the‘cooking vessel using a holder, and th¢ tip of the
sensor shall be located in the centre of the valume of water in the cooking vessel. The ljd shall not
be placed on the cooking vessel.

i) |The ambient temperature, humidity, wind speed, and altitude shall be recorded.

j) | Thelocal boiling point of water shall'be determined by heating water (using any cookstove or heating
device) to a vigorous rolling boil'and measuring the temperature with the temperature s¢nsor.

NOTE The local boilingpoint can vary with altitude and/or atmospheric pressure.

6.7{2 Test steps
The following test steps shall be taken:

a) [The fire shall be lit and the time shall be recorded, t1, when ignition occurs (e.g., when|a match is
struck);

b) |The témperature of the water shall be recorded at least every 1 min during the test|phase. For
tésts including emissions, measurements of water temperature and time shall be recprded by a

dataacquisitiorsystenTat teastevery 10, see 531 {g):

c) If the local boiling point temperature is reached before 30 min (or optional 60 min for cookstoves
with only one power level), record the time, t;. See Figure 3.

d) If at the end of 30 min (or optional 60 min for cookstoves with only one power level) the local
boiling point temperature has been reached, then record the water temperature, T. The test shall
be ended when

1) the water temperature drops to 5 °C below the boiling temperature attained, or

2) 5 min elapse after the end of the 30 min period (or optional 60 min period for cookstoves with
only one power level), whichever occurs first.
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See Figures 3 and 4.

e) If at the end of 30 min (or optional 60 min for cookstoves with only one power level) the local
boiling point temperature has not been reached, then record the water temperature, T, and the
test shall be ended when

1) the water temperature drops to 5 °C below the maximum recorded temperature obtained
within the 30 min test (or optional 60 min test for cookstoves with only one power level), or

2) 5 min elapse after the end of the 30 min period (or optional 60 min period for cookstoves with
only one power level), whichever occurs first.

See Figure 5.

f)  Shut-dpwn procedure for continuously fed cookstoves is as follows: fuel feeding shall be'stopped at
the engl of the fuel burning period, any char shall remain in the cookstove, and unburned solid fuel
(e.g., wood) shall be removed from the cookstove. Any char shall be allowed to centinue to burn
until the end of the test phase, as defined in Steps d) and e).

g) The mass of char remaining at the end of the test phase shall be recorded, if present.
h) Upon donclusion of the test, the water shall be weighed and recorded as G3.

i) The elgctrical power shall be recorded, if the cookstove has a fafif The manufacturer’s electifical
power|rating (in W) of the fan may be reported, or the electrical.power (in W) may be measyred
with ajwattmeter.
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Figure 3 — Illustrative graph of water temperature versus time for any test phase when water
temperature reaches the local boiling point before the end of the fuel burning period
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Figure 4 — Illustrative graph of water temperaturéyversus time for any test phase when water
temperature reaches the local boiling pointiat the end of the fuel burning peripd
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Figure 5 — Illustrative graph of water temperature versus time for any test phase when water

temperature does not reach the local boiling point
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6.7.3 Emission testing

Emission testing shall be conducted simultaneously with efficiency testing (see 6.7.2). The following
emission testing steps shall be taken:

a) The emission sampling shall be started immediately before lighting the fire.
b) Emission sampling shall be taken from a dilution tunnel.

c¢) The sampling and measurement of PM, CO, and optional pollutants (e.g., BC, EC, OC) shall refer to
Clause 5.

d) The erJlission sampling shall continue until the end of the test phase.

One PMy s |filter sample is required per test phase, but optional additional filter samples may-als¢ be
taken to fylly characterize the performance of cookstoves. For example, separate filter samples fay
be taken during startup, refuelling, steady-state, and/or shutdown phases of the-burn sequehce.
Consideratiions for taking optional filter samples include the additional sampling €guipment and|the
resolution pf the balance used to weigh the filters. A balance with higher resolution ¢an be necessarjy to
weigh lightly loaded filters.

6.7.4 Teptreplicates

A minimuth of five replicate tests shall be performed for each cookstove/fuel combination, and|the
number of|replicates shall be reported. If greater statistical confidénce is desired to meet user ndeds
(e.g. for rating against performance targets), then more than five\replicate tests should be conducfed.
The numbdr of test replicates performed to achieve statistical confidence is described in basic statigtics
— for example, see free-of-cost informative references Technologies and Fuels Testing: Protocols{l09]
and Electrenic Statistics Textbookl122], For all required metrics listed in 5.3.2, mean values, standard
deviations] and 90 % confidence intervals shall be:réported. A greater level of confidence may be
obtained tp meet programmatic goals, but increasing‘confidence comes at a cost in terms of time and/
or money. Users should seek to balance the level of.confidence with practicality and costs.

6.8 Spegific procedures for cookstovetypes

Specific prpcedures shall vary depending on the type of cookstove identified in Annex D.

6.8.1 Plancha cookstoves

Plancha (griddle) cookstoves shall be tested in two modes with different vessels to represent the range
of cooking |performed with these cookstoves:

a) with typical cogking vessels (pots), and

b) with water in-contact with 60 % of the hottest surface area of the plancha. For testing with watgr in

contaclt with' the plancha, the cookstove shall be tested with either the ‘plancha-olla’ (plancha-pot)
methodar the ‘Mvlar lrm‘r' method

If the ‘plancha-olla’ (plancha-pot) method is used, then metal sides shall be welded to the griddle to
form a vessel with water in contact with 60 % of the hottest surface area.

Further information on assembling Mylar pots is provided in C.4.

6.8.2 Chimney cookstoves

For cookstoves with chimneys, total emissions shall be measured including both the chimney exhaust
and the fugitive emissions (indoor emissions) from the cookstove body, although some chimney
cookstoves can have no fugitive emissions. Additionally, fugitive emission rates shall be measured
separately. See 5.3.8.2.5 to 5.3.8.2.7 and Figures B.1 to B.4.
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In case of any modification of chimney height, the modification shall be reported, along with a disclaimer
that performance can be affected by the modification.

6.8.

3 Charcoal-fuelled cookstoves

Unless otherwise specified by the manufacturer or determined by actual use in the field, the charcoal
fuel shall be ignited using kerosene as the starter fuel. The amount of kerosene shall be 5 % by weight of
the weight of the charcoal fuel load.

The cooking vessel shall be placed on the cookstove after the kerosene flames out (typically 4 min

to §

min)
3

If th
per
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Chdarcoal-fuelled cookstoves designed for two power levels shall be tested.at two power level
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and|
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at the beginning of the high-, medium-, and low-power test phases. Useful energy delivered is det
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without a lid on the pot.

6.8
Sol:

7

Met
gar
of d
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e cookstove has an air-control device (e.g. door or damper), the air-control device shall

[rol is not available, then the air-control device shall be fully open during the high-power
fully closed during the low-power test phase. The low-power phase shall-be performe
coal remaining from the high-power phase.

. Charcoal-fuelled cookstoves may be tested at a medium-power level by adjusting the f
or the air control device, if present.

E Charcoal stoves are typically capable of operating at relatively low power compared to
oves. Some testing protocols for charcoal stoves specify that-a\lid be placed on the cooking ves
ment specifies that a cooking vessel (pot) with ambient temperature water is to be placed on th

suring the increase in the temperature of the water and the mass of any steam produced. With
ribed in this document, useful energy delivered and thermal efficiency are determined for all

4 Solar cookstoves

r cookstoves shall be tested for cooking power per ASAE S580.1.

Safety measurements

hods for evaluating safety include assessment of sharp edges and points (including §
ments in solar cookstove panels), tipping, containment of fuel, obstructions, temperatur
himney, flame location, and size. These methods are applicable to solid-fuel cookstove

kstoves. Safetyrevaluation of electric stoves can be found in IEC 60335-2-6[62]. Safety ey
fuelled cogkstoves can be found in ISO 23550 and [SO 23551 (all parts).

bints-based rating system is used to allow individual countries and organizations to s
bd on 'their priorities.

e operated

manufacturer’s instructions or per actual use in the field. If information on the operdtion of the air-

test phase,
d with hot

5 (high and
Lel loading

other types
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e cookstove
ermined by
the method
stove types

nagging of
b, shielding
5 and solar

kstoves only, andthese methods are not applicable to electric cookstoves and gas/liquid-fuelled

aluation of

blect levels

Su

7.1

Measurement equipment

Equipment for safety testing, in addition to the cookstove, fuel, and cooking vessel:

a)
b)
‘)
d)

©IS

tape measure or ruler;
Data Collection Form[106] to assist with data entry and calculations (optional);
cloth, rag, or some form of loose clothing;

chalk;
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e)

thermometer;

f) hand-held infrared (IR) thermometer with emissivity adjustment.

7.2 Taking measurements

7.21 Ge

neral

The range of scores for the safety method is 25 to 100, with 25 having the most safety concerns, and
100 having the fewest safety concerns.

Cookstoves$ for testing should be selected randomly to prevent bias. Cookstoves shall be new.land
unused. Ohe cookstove should be tested for safety. However, for situations with potentially high
variability[in production quality, multiple sets of cookstoves should be tested (see 6.5.1).

7.2.2 Test 1: Sharp edges and points

7.2.2.1 Hquipment

Equipment required for this test is a cloth, rag, or loose clothing.

7.2.2.2 Brocedure

The cookstlove need not be lit for this procedure.

a) Rub clpth gently over the entire exterior surface of thetcookstove (including reflector panel§ on
solar cpokstoves) to find areas that catch or tear the cloth.

b) Record number of areas on the surface of the cookStove that snag or tear the cloth. Masonry (g.g.,
stone, |clay, brick) cookstoves can provide resistance to the material being run over the surface,
but this resistance should not be deemed_ unsatisfactory unless the cookstove moves or the|rag
becomles completely snagged.

7.2.2.3 §coring

The scoring system for the sharp edges and points test is provided in Table F.1.

7.2.3 Tept 2: Cookstove tipping

7.2.3.1 (eneral

Portable cqokstoves.should come back to rest upright after being tipped [see 7.2.3.3, Step d)] from their

than 25 kg ard.is not secured to the ground or wall. The number of runs conducted should be e

usual resting pesition. Testing for this hazard should be performed only if the cookstove weighs [less

% Eual
to the number of legs or corners on the base of the cookstove (because it is not always clear where
a cookstove’s centre of gravity is located). If tipping toward the direction of a fuel entry point is not

possible, instead use multiple other tipping directions for the procedure. Measurements should be
taken with care because the change in height can be small.

Built-in-place cookstoves should be tested for tipping by determining the load required to reach tip-
over conditions.

7.2.3.2 Equipment
Equipment required for this test is as follows:

a)

cookstove;

32 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=f8f1b8ad635d122eff7dedfab827e9da

ISO 19867-1:2018(E)

b) fuel;

c) ruler/tape measure.

7.2.3.3 Procedure for portable cookstoves
a) Setcookstove on flat surface and load with fuel but do not ignite.

b) All cookstove covers and/or utensils remain in their normal positions. Cooking vessels are not
included; remove any cooking vessel prior to conducting the test.

c) [With the cookstove stable and upright, measure the height of the tallest point (standing height, cm)
on the side you will tip towards.

d) |Slowly tip cookstove to the chosen side until the cookstove is able to tip over on‘its ow1l (when the
centre of gravity is directly above the point of contact with the ground).

e) |Hold cookstove tilted where it can overturn and measure the new height0f the same pgint chosen
in step c) (tipped height).

f) |Repeat process for as many runs as there are legs on the cookstove(or four times for a cir¢ular base).

Key
H [standing height, measured_ prior to tilt
h |tipped height, measured after tilt

Figuré6 — Diagram of height measurements for cookstove tipping test

7.213.4 Scering

The scorihg system for the cookstove tipping test is provided in Table F.2.

7.2.4 Test 3: Containment of fuel

7.2.4.1 General

Flaming fuel should rarely fall from the cookstove when it is overturned and embers/burning fuel
should have little chance of being expelled from the combustion chamber.

7.2.4.2 Equipment
Equipment required for this test is as follows:

a) fuel;
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b)

<)
d)

cooking vessel;

ruler/tape measure;

calculator (optional).

7.2.4.3 Procedure

a)
b)
‘)
d)

e)

Key
w

h

D

f)

g)

Stock the cookstove with fuel but do not ignite.

All cookstove covers and/or utensils remain in their normal positions.

Place the cooking vessel onto the burner surface.

Visual

cookirf vessel or through the fuel loading chamber).

Measu
Choosg

width
height
diamet

Figy

Calcul

Box-ty|
cookst
bright
outsid

y inspect to find exposed areas through which fuel can be seen (often around the sides of

where = 3,141 6

P
re 7 — Diagram of €xposed area of fuel for rectangular and circular cookstoves

ite the sum of @llthe individual exposed areas, which will be the total area of fuel expose

pe and panel-type solar cookstoves receive the best rating. Concentrating-type s
oves are scored based on the distance outside the curved mirror volume that an intg
spot (the focal point) is projected. The rating is ‘Poor’ if the focal point is more than 30
e thevmirror volume or ‘Best’ if the focal point is <30 cm outside the mirror volume.

the

)
~

e the area of each exposed area. Examples of area calculation are provided in Figuie 7
e the appropriate formula based on the shape of the gap.
y
— w
h
Area=wxh Area=mx D2/4

, A.

blar
nse

cm

WARNING — Reflection of sunlight into the eyes can be a safety issue for certain types of solar
cookstoves. Use protective goggles.

The use of protective goggles should be included in manufacturer’s instructions (see Clause 10 for
marking and packaging instructions). Note or record any reflection issues in the report.

7.2.4.4 Scoring

The scoring system for the containment of fuel test is provided in Table F.3.

34
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5 Test 4: Obstructions near cooking surface

5.1 General

A ruler or tape measure is used to find the difference in height of the cooking surface to the height of

any protrusions closely surrounding it.

7.2.5.2 Equipment

Equipment required for this test is a ruler or tape measure.

7.2{5.3 Procedure

a) |Inspect cookstove for skirt (a skirt is present if cooking vessel sits partially into a/hear{cylindrical
extension to the cookstove). Do not perform this procedure if skirt is present. Cookgtoves with
skirts receive a ‘Good’ rating if the skirt holds the cooking vessel in positien‘on top of the¢ stove.

b) |Do not perform this procedure for solar cookstoves. Solar cookstoves receive the ‘Best’ rating.

c) |Measure the height of the cooking surface.

d) |For each obstruction or protrusion closely surrounding the ceoking surface, measure|the height
of the obstruction in cm. Obstructions can include small*but solid obstructions such |as handles
perpendicular to the griddle.

e) |For each obstruction or protrusion, calculate the height difference between the cooking surface
and obstruction. The maximum height difference {Ahmax) is used to find the rating and qcore.

7.215.4 Scoring

The scoring system for the obstructions neap cooking surface test is provided in Table F.4.

7.2/6 Tests5,6,and 7

7.216.1 General

For|Tests 5, 6, and 7, the amibient air temperature (°C) is used as a reference point to allow domparison

betveen the cookstove-and surrounding area temperatures. Solar cookstoves are excluded|from Tests

5, 6} and 7.

Test 5: Surface)temperature, is employed with the intention that burns should not opcur if the

cookstove surface is touched for a short duration.

Tesit 6: Heat transfer to the environment, is employed with the knowledge that large amoynts of heat

trapsniission to surroundings can ignite combustibles or the household structure in the area of the

cookstove. The following procedures are used if the cookstove is placed within 10 cm of a cpmbustible

or has a combustion chamber less than 5 cm in height from the ground. If the cookstove is located
outside these bounds it receives a rating of ‘Best.” Alternate procedures are provided for cookstoves
that are designed to be attached to the floor or wall.

Test 7: Handle temperature, is intended to measure parts of the cookstove that are touched during
regular operation. Temperatures should not reach a level where use can cause harm either directly or
indirectly.

7.2.6.2 Equipment
Equipment required for these tests is as follows:

a) fuel;
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igniter;

chalk;

ruler/tape measure;

hand-held thermocouple.

Additional recommended equipment is as follows:

f)
g) forwat
7.2.6.3 K
a) Ensure
b) Recorg
c¢) Chalk
d) Chalk
and 1,
with li
e) Ifthe
the co
chalk :
f) Horizo
g) Ignite
to 401
h) Recorg
i) Begin
back i
back up.
j)
k)
)
aratin
NOTE
36

variable-emissivity infrared thermometer;

these heights measured from the ground.

the walll 16 cm higher than the top of the cookstove:

d-looking infrared radiometer (FLIR) camera.

rocedure
the cookstove is shaded during the evaluation.
| air temperature.

extra-thick lines on the cookstove at heights of 0,9 m and 1,5 myif-the cookstove reac

hn 8 cm x 8 cm grid onto the cookstove surface below the 059 m line, and between the 0
b m lines, if applicable. The grid should cover the entire-targeted surface of the cookst
hes spaced 8 cm apart vertically and horizontally.

bkstove’s dimensions on the floor. If the cookstove is located within 10 cm of a wall, t
i grid within an outline of the cookstove’s diniensions on the wall, and also chalk a gric

ntal cooking surfaces, such as burners:dr'griddles, are excluded for Tests 5 and 6.

fuel and wait until cookstove has t:eached its maximum temperature (approximately 20
hin) before proceeding, adding fuel when necessary.

| temperature data using the;thermocouple at each grid intersection.

'he wall and floor meastirements by moving the cookstove away (if it is safe to do so) to

hes

O m
ove

ookstove’s undercarriage is within 5 cm of the floor; then chalk a grid within an outlinje of

hen
| on

min

ake

measufrements for up to l-min, then return the cookstove to its original position for at least 5 min,

taking| surface temperature and handle temperatures during this duration. Repeat step h) y
all datp points have been checked. No more than 1 min should elapse when taking data with
cookstjove moved dway from its original position. After the data-taking period, place the cookst

If the dopkstove is mounted to the floor or wall, record cookstove surface temperatures near wi
the cobkstove attachesto the floor nnr]/nr wall

its original position for a period of no less than 3 min to give the surfaces time to w

ntil
the
ove
hrm

jere

Find the maximum temperature for each surface below/above 0,9 m height (the child line — see
E.1.7 for information), for metallic or non-metallic surfaces, for floor and wall, and for metallic or
non-metallic handle temperature.

Cookstoves that do not have any components that need to be touched during cookstove use receive

g of ‘Best’ for Test 7.

This test applies only to handles and other parts that are touched during regular operation,

Test 5 applies to surfaces that could be inadvertently touched.
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7.2.6.4 Scoring

The scoring system for the surface temperature test is provided in Table F.5.

The scoring system for the heat transfer to the environment test is provided in Table F.6.

The scoring system for the handle temperature test is provided in Table F.7.

7.2.7 Test 8: Chimney shielding

7.2

71 General

Tes

7.2

Equ

7.2

7.2
Thd

7.2

7.2

Equ

7.2

F 8 evaluates the chimney shield for the risk of contact.

7.2 Equipment

ipment required for this testis a ruler or tape measure.

7.3 Procedure
If the cookstove has no chimney, the rating is ‘Best’.

If the chimney has no protective shielding or the shielding does not have holes, use f{
temperature from Test 5.

If the chimney has a protective covering, inspect it far’any open holes.

Measure the area of the largest open hole or gap.in the chimney shielding, which will be
Calculate the area using the formulae in Test-3%(see 7.2.4.3).

7.4 Scoring

scoring system for the chimney shielding test is provided in Table E.8.
8 Test 9: Flames surrounding cooking vessel

8.1 Equipment

ipment required fof-this test is a cooking vessel.

8.2 Procedure

If a griddle-type cookstove has concentric rings that can be removed, then they shall 4
for the-test.

Keeép fire in cookstove fully lit.

f)

Place cooking vessel into cooking position.

Observe the uncovered flames surrounding the cooking vessel for 5 min. Measure the

he surface

the area, A.

e removed

maximum

height of the flame, and whether it is less than 4 cm, greater than 4 cm, or if the flames reach the

top of the cooking vessel and handles.

Cookstoves that fully enclose all flames (such as cookstoves that use a griddle) receive
‘Best’ (because there is no danger from a stray flame).

Solar cookstoves receive the ‘Best’ rating.
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7.2.8.3 Scoring

The scoring system for the flames surrounding cooking vessel test is provided in Table F.9.
7.2.9 Test 10: Flames exiting fuel chamber

7.2.9.1 Equipment

No equipment is required for this test.

7.2.9.2 rocedure

a) Remove cooking vessel from cookstove.

b) Keep flre in cookstove burning at high-power operational level.

c) Visually inspect the amount, if any, of flames coming out of the fuel chamber.
d) Therafingis ‘Poor’ if flames are protruding and ‘Best’ if flames are contained.

e) Solar gookstoves receive the ‘Best’ rating.

7.2.9.3 Ycoring

The scoring system for the flames exiting fuel chamber test is provided in Table F.10.

7.2.10 Overall safety score

To calculate the overall safety score, the score fromeach of the 10 procedures is multiplied By a
weighting factor based on the system provided in Table F.11, and then summed for a total score.

For procedures with multiple values, the minimumvalue is used to calculate the overall score. The tptal
point scord will be between 25 and 100.

7.2.11 Optional Test 11 for plancha (griddle) stoves

7.2.11.1 Hquipment

Equipment required for this.test is a scale.

7.2.11.2 Hrocedure

Remove thg griddlefrom the stove and measure the mass (kg).

7.2.11.3 §corxing

Griddle weight is not combined into the overall safety score and shall be reported separately. The
scoring system for determining whether the griddle is ‘low’, ‘medium’, or ‘high’ weight is provided in
Annex F, Table F.12. Note that the performance of the stove can be influenced by the griddle weight and
material, and considerations of safety for moving the griddle should be integrated with the impact on
performance.

7.3 Materials

This standard includes evaluation of materials for durability (see Clause 8), and durability of materials
can affect the safety of a cookstove. This standard does not include the direct evaluation of materials
for safety, but the following are requirements for materials used for cookstove construction.
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Non-combustible materials shall be used, except for the following applications:

a)
b)

c)

components or accessories fitted outside the appliance,
internal components of controls and safety equipment,

operating handles, and

d) electrical equipment. All such materials shall remain undistorted at operating temperatures.

No part of the appliance shall contain any material known to be harmful. No part of the appliance shall

con

Wh
kng
and|

8

Thd
life

Ap
bas

bre thermal insulation is used, it shall be made of non-combustible material and sh
wn hazard to health in its applied position. The thermal insulation shall withstand nor
mechanical stresses.

Durability measurements

durability methods are intended to evaluate the aspects of cooksteve-designs that can af
and consumers’ perceptions of quality.

bints-based rating system is used to allow individual countries and organizations to s
bd on their priorities.

Supplementary information on laboratory-based durability*measurements is provided in An

8.1
Equ
a)
b)
c)
d)
e)
f)
g)
h)

Equipment for durability stress testing

high-temperature safety gloves and protective sleeves;

safety glasses;

representative fuel — enough for 17 h of operation;

infrared thermometer with adjustment for emissivity of the measured surface;
ruler;

tube with innexdiameter of 2,5 cm, measuring 1 m in length;

steel spherewith diameter between 1,8 cm and 2,2 cm;

2 cm diameter steel rod segments with the following masses:

ipment for durability stress testing, in addition to the cookstove, fuel, and cooking vesse|:

Il not be a
al thermal

fect usable

blect levels

nex E.

<~ 25 g+ 1 g (approximately 1 cm in length);

i)

— 50 g+ 1 g (approximately 2 cm in length);
— 100 g+ 1 g (approximately 4 cm in length);
— 150 g+ 1 g (approximately 6 cm in length);
— 200g=+1 g (approximately 8 cm in length);
— 250 g+ 1 g (approximately 10 cm in length);

electric kiln or muffle furnace (e.g. GS-Bead Cube or Paragon QuikFire 62));

2)

These are examples of suitable products available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of these products.
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j) sodium chloride solution, 35 g/l, or simulated seawater solution, which may include other
compounds in addition to NaCl;

k) spray water bottle;

1) metal tongs;

m) air-tight chamber containing a small humidifier;
n) reference materials (40 mm x 40 mm x >0,5 mm):

— mild steel:

— hot-dipped galvanized steel;
— AYTM Stainless steel 304, or equivalent;
— AYTM Stainless steel 409 or 410, or equivalent;
0) cutting tool, such as a razor blade, scalpel, or box cutter;
p) flexiblg ruler;
q) Scotch|brand #845 tape (a specific tape is used for consistency);
r) Cookirlg vessel with a diameter between 22 cm and 30 cm;
s) water fontainer or pitcher appropriate for pouring;

t) digital{camera.

8.2 Taking measurements

The range|of scores for the durability stress test’ranges from 0 to 37, with 0 having no identified
durability foncerns. See 8.2.8.4.

Cookstoves for testing should be selected randomly to prevent bias. Two new and unused cookstadves
should be tested. However, for situations\with potentially high variability in production quality, multiple
sets of cookstoves should be tested.(see 6.5.1).

8.2.1 Gejneral

Applicable[durability stresstests may be determined using Table 3.

Taple 3 — Guidelines for determining which durability stress tests are applicable

P v}st Test applicability
Visual insppétion of cookstove All cookstoves
Extended run test All cookstoves
External impact test All cookstoves
Internal impact test All cookstoves
Corrosion test Cookstoves with any metal components or metallic coatings
Coating adhesion test Cookstoves with coating on any components.

If unsure whether coating is present, conduct test.

Quenching test All cookstoves
Material failure temperature test All cookstoves

The series of durability tests should be completed in the order outlined in Figure 8. A minimum of two
copies of each cookstove should be used for testing. After completing internal impact testing, one of
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the two cookstoves should be broken down into its primary components, if possible. This process may
require the use of basic hand tools.

Visual
Inspection of
Stove

Detefmine
Tests to
Conduct

Cookstove Copy
#1

Cookstove Copy
#2

External
Impact
Testung

Extended
Run Test

Interda)
Inpact

Deconstruct

Quenching Stove

Eoating Matengd)
Adhesion Corrosion Fadur
Testing Temperajure

Figure 8 — Sequential order of cookstove durability stress tests

8.2J2 Test 1: Extended run

8.212.1 General

Thip test deterimines the temperature that cookstove components reach during use. This tpst focuses
exclusively-on’ steady state temperatures. Temperatures recorded during the extended ryin test are
usefl to, evaluate risk of component failure, realistic ranges for thermal shock testing, and bounds for
thefmalcycling.

8.2.2.2 Equipment

Equipment required for this test is as follows:

a) high-temperature safety gloves and protective sleeves;
b) safety glasses;

c) representative fuel sufficient for 12 h of operation;

d) infrared thermometer with adjustable emissivity;

e) ruler.
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8.2.2.3 Procedure

a)

Place the cookstove in a location where it can be operated for at least 3 d.

WARNING — The location should have adequate ventilation to prevent exposing the tester to
pollutants.

b)

d)

f)

42

When testing a cookstove that depends on sunlight (i.e. solar cookstoves), the cookstove should
be placed in a location that receives full sunlight for at least 4 h. Testing of solar cookstoves should
only be conducted on days with minimum cloud cover.

Prior to i i f i aken
1llustrt1ng each detall Observatlons should be noted on a data sheet Whenever possible,atpler

ove
construction materials can be determined using the guidelines in Annex G. Altlieugh emissiyity
y with temperature, unless a primary temperature standard is availableyit is necessarjy to
assumg constant emissivity with respect to temperature.

A simple two-dimensional schematic of the cookstove should be drawn‘and included on the data
sheet. [On this schematic, cracks, wear marks, chipped/damaged/disceloured coatings, and other
signs ¢f wear should be noted. Also on this form, the tester sheuld document the locationf of
temperature measurements. Important measurement locations £ojinclude, when applicable, arg as
follows:

1) combustion chamber (multiple locations);

2) fuel entrance/cookstove mouth;

3) copkstove exit/cooking vessel support;

4) chimney;

5) exgerior body (bottom, back, and sides of entrance);

6) reflectors (in the case of solar cookstoves);

7) burner (in the case of liquid and gasifier cookstoves).

Run thie cookstove for 4 h-lf.cookstove power can be controlled, the cookstove should be run at{the
highesft-possible firepower Tests should be conducted with a water-filled cooking vessel.

NOTE Itis understood that some cookstove manufacturers specify the firepower to be used for optimum
cookstpve performance. However, for this test, the cookstove is operated at its maximum firepowe}, to
create 3 worst-casge scenario.

Temperatare should be measured after the cookstove has been running for 4 h. While the cooksfove
is still rufining, begin by taking measurements of the cookstove exterior. After completing extefrior
measurements, the fire should be extinguished, where applicable, and any remaining fuel and char
shall be removed from the stove, if applicable. The internal temperatures should be measured
immediately, using the infrared thermometer. Care should be taken to ensure that the infrared
thermometer is not exposed to infrared radiation from flames, as this will interfere with the
accuracy of measurements.

NOTE 2 Details on calibration and use of an infrared thermometer can be found in Annex G.

Temperature should be measured as quickly as possible. All temperature measurements shall be
completed within 5 min of completion of the 4 h run (if applicable).

The test should be run in such a manner as to maximize firepower.

NOTE 3 No strict meaning of ‘maximum’ firepower can be defined.

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=f8f1b8ad635d122eff7dedfab827e9da

ISO 19867-1:2018(E)

NOTE 4  Surface temperature data is only used to inform subsequent tests.

WARNING — Safety gloves, shirt with long sleeves, and safety glasses should be worn when measuring
temperatures.

g) Temperatures should be recorded on a data sheet.
h) The cookstove should be allowed to cool for a minimum of 6 h.

i) Steps d) through h) should be repeated two additional times, for a total of three tests, with
averaging of temperature measurements for each location.

j) |Post-testing observations and photographs should be recorded and documented on the flata sheet.

8.212.4 Scoring

The scoring system for the extended run test is provided in Table F.13.
8.2]3 Test 2: External impact

8.213.1 General

Thi} test is used to determine the ability of the cookstove to witlrstand short duration impadts.

8.2{3.2 Equipment

Equipment required for this test is as follows:

a) [tube with inner diameter of 2,5 cm, and 1 m in\length;
b) [steel sphere with diameter between 1,8 cm'and 2,2 cm;
c) |tubular spirit level;

d) |2 cm diameter steel rod segments with the following masses:
— 25g+1 g (approximatély'l cm in length);

— 50g=+1g(approximately 2 cm in length);

— 100 g+ 1 g (approximately 4 cm in length);

— 150 g + 1, g (approximately 6 cm in length);

— 200 1 g (approximately 8 cm in length);

— ¢ 250 g + 1 g (approximately 10 cm in length).

8.2.3.37 Procedure
a) Place the cookstove on a granite slab or other level working surface.

b) Secure the tube in a vertical orientation, such that the bottom of the tube is just touching the
outside surface of the cookstove.

c) Place a steel sphere inside the tube. The steel sphere helps to ensure a repeatable impact.
d) Starting with the heaviest weight, drop the weight down the inside of the tube.
e) Move the tube away from the cookstove and observe for any substantial damage.

NOTE In the context of this test, substantial damage constitutes any of the following:
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— chipped paint/coatings;
— cracks >2 cm in length;
— dents >5 mm in depth.

f) If substantial damage is observed, move the tube over a new region of the cookstove and repeat the
test with a lighter weight.

g) Repeat steps a) through f) until substantial damage is not observed.

h) Repeat steps a) through f) for all external components of the cookstove.

8.2.3.4 Ycoring

The scorinf system for the external impact test is provided in Table F.14.
8.2.4 Test 3: Internal impact

8.2.4.1 (eneral

This test ijused to determine a cookstove’s ability to withstand repeated,short-duration impacts.

8.2.4.2 Hquipment

Equipmentirequired for this test is as follows:

a) tube with inner diameter of 2,5 cm, and 1 m in length;
b) steel sphere with diameter between 1,8 cm to 2,2 ¢ni;
c) tubulaf spirit level;

d) 2cm d[ameter steel rod segments with thé following masses:

— 25 g+ 1 g (approximately 1 cm in'length);
— 50 g+ 1g(approximately 2. ¢cm in length);

— 100 g + 1 g (approximately 4 cm in length);
— 150 g+ 1 g (approximately 6 cm in length);
— 200 g+ 1 g (apptoximately 8 cm in length);
— 250 g + 1. g\(approximately 10 cm in length).

8.2.4.3 rocedure

a) Place the cookstove on a granite slab or other level working surface.

b) Secure the tube in a vertical orientation, such that the bottom of the tube is just touching the
internal surface of the cookstove.

c) Place a steel sphere inside tube. The steel sphere helps ensure a repeatable impact.
d) Starting with the heaviest weight, drop the weight down the inside of the tube ten times.
e) Move the tube away from the cookstove and observe for any substantial damage.

NOTE In the context of this test, substantial damage constitutes any of the following:

— chipped paint/coatings;
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— cracks >2cm in length;
— dents >5mm in depth.

f) If substantial damage is seen, move the tube over a new region of the cookstove and repeat the test
with a lighter weight.

g) Repeat steps a) through f) until substantial damage is not observed.

h) Repeat steps a) through g) for all internal components of the cookstove. Some components may
need to be removed from the cookstove for testing.

8.214.4 Scoring

The scoring system for the internal impact test is provided in Table F.15.
8.2]5 Test4: Corrosion

8.2]5.1 General

In this comparative test, the unknown and standard reference materials are tested in parallel, in
ordpr to more accurately evaluate the risk of corrosion. When samples are only coated on dne side, all
evaluations should be conducted on both the coated and uncoated sides of the material.

8.2]5.2 Equipment
Equipment required for this test is as follows:
a) |electric kiln or muffle furnace (e.g., GS-Bead.Guibe or Paragon QuikFire 63));

b) |sodium chloride solution, 35 g/l, or-simulated seawater solution, which may include other
compounds in addition to NaCl;

c) |spray water bottle;

d) |high-temperature safety gloves and protective sleeves;
e) |safety glasses;

f) |metal tongs;

g) |air-tight chamber containing a small humidifier;

h) |reference materials (40 mm x 40 mm x 20,5 mm):

— mild steel;

£ hot-dipped galvanized steel;

— ASTM Stainless steel 304;
— ASTM Stainless steel 409 or 410.

8.2.5.3 Procedure
a) Collect samples of metal components from a disassembled cookstove.

b) Take photographs and record observations of samples on a data sheet prior to testing.

3) These are examples of suitable products available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of these products.
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c) Usetemperatures from the extended run test (8.2.2) to determine the cycling temperature for each
component, based on the origin of each component from the cookstove. If multiple temperatures
were recorded, the maximum temperature should be used.

d) Prepare a 35 g/l salt solution in a spray bottle.

e) Setthe humidifier to achieve a relative humidity of at least 95 %.

f) Place one of the test samples into the kiln with a sample of each of the reference materials.

g) Kiln temperature should be increased by approximately 10 °C/min, until the target cycling
tempe at\,u © d\,t\,l lll;llbd ill Dt\.»t.} \,) ;D a\,hi\,vud.

h) Kiln temperature should be maintained for 30 min.

i) After 30 min, the kiln temperature should be lowered as fast as appropriate for the kilh.

i) Once the kiln temperature is below 150 °C, remove the samples from the kiln.

k) Samples should be sprayed liberally with the salt solution and then placed ‘into the humidi
chamber.

NOTE The goal of this step is to keep the droplets of salt solution on the'metal samples while they
transp¢rted into the humidity chamber.

1) Store damples in the humidity chamber for at least 12 h.

m) Repeat steps f) through 1) nine more times, for a total of 10<Cycles.

n) Repeat steps f) through m) for the remaining samples. A different set of reference mater
should| be used for each sample material being tested:*Multiple sets of samples can be placed in
humidjty chamber at the same time if care is taken‘to keep track of the different materials.

8.2.5.4 Ycoring

The scoring system for the corrosion test is.provided in Table E.16.

8.2.6 Test 5: Coating adhesion

8.2.6.1 (eneral

The adhesjon testing presénted in this test, Test 5, investigates how well a coating adheres to

cookstove [and whethef the strength of the coating improves. Maximum coating temperatures

investigatdd in Test 1 \(s€e 8.2.2).

8.2.6.2 Hquipment

Equipmenf rnqnirnﬂ forthis testis as follows:

a) electric kiln or muffle furnace(e.g., GS-Bead Cube or Paragon QuikFire 6%);

b) high temperature safety gloves and protective sleeves;

c) safety glasses;

d) cutting tool, such as a razor blade, scalpel, or box cutter;

e) flexible ruler;

4)  These are examples of suitable products available commercially. This information is given for the convenience

of users of this document and does not constitute an endorsement by ISO of these products.
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Scotch Brand #845 tape (A specific tape is used for consistency).

8.2.6.3 Procedure

a)

b)

f)

g)
h)

j)

k)

Looking at the cookstove, identify all components that appear to be covered by some sort of coating.

Record these items on the data sheet.

Collect samples of coated components (atleast 5 cm x 5 cm) from a disassembled cookstove. Smaller

samples can be used. However, sample size should be recorded on the data sheet.

Use the temperatures identified from Test 1 (see 8.2.2) to determine the target temperature for each

component, based on the origin of each component from the cookstove. If multiple ter
were recorded, the maximum temperature should be used.

Place one of the two samples from each component into the kiln.

Kiln temperature should be increased by approximately 10 °C/min, untilthe target te
identified in step c) is achieved.

Kiln temperature should be maintained for 30 min.
After 30 min, the kiln temperature should be lowered as fast as‘appropriate for the kiln.

Repeat steps f) through h) four more times, for a total of five\cycles.

nperatures

mperature

Aged samples shall be removed from the kiln or mufflé-furnace and shall be allowed to col to room

temperature.

Using both aged and un-aged samples, attemptto' cut cross-hatches through the samplg
the substrate. Downward force on the cuttingtool shall be (20 + 10) Newton [the force
of approximately (2 * 1) kg]. The cross hatehées should be spaced approximately 1 mm aj
approximately 20 mm in length. Each cut should be made using a ruler and with one stez
If the cut does not penetrate the coating, it can be scored again using the straight edg

s, down to
of a weight
part and be
dy motion.
b to ensure

that repeated cuts are being placéd'in the same location. Repeat the process until there are six

vertical and six horizontal cuts(see Table 4).

After cutting has been completed, gently brush the samples to remove any loose materig
Pieces of tape should be pressed firmly onto the cut samples.

After leaving the fape in place for 2 min, remove the tape in one quick motion from each

Using Table 4, estimate the amount of material removed by the tape. Each square d
represents. &% of the sample.

Repeat-stéps c) through n) for the remaining cookstove components.

—

sample.

n the grid
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Table 4 — Material loss from adhesion testing (Adapted from ASTM 3359(72])

Description Example Estimated material loss
No apparent loss of coating material 0%
Minimal loss of coating material <5%
NS
NV

Some coatihg material loss 5% to@% )
N

1 <O

Significant{coating material loss | 6\ " 15%t0 35 %
I Q
(7]

Severe coafing material loss 35%to 65 %
T O
<&
Substantial majority of material lost \\\) >65 %
due to adhgsion C)

e

e

%O
8.2.6.4 Scoring OCJ\

The scoring systeméc&s e coating adhesion test is provided in Table F.17.

8.2.7 Te;t% nching

o)

8.2.7.1 quipment

Equipment required for this test is as follows:

a) representative fuel — enough for 5 h of operation;

b) high temperature safety gloves and protective sleeves;

c) safety glasses;

d) cooking vessel with a diameter between 22 cm and 30 cm, or to manufacturer’s specification;
e) ruler;

f) water container or pitcher appropriate for pouring.
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8.2.7.2 Procedure

a) Prior to testing, a detailed visual inspection of the cookstove should be conducted, including
documentation with photographs. Observations should be recorded on a data sheet. Whenever
possible, a ruler should be included in photographs, as a point of reference.

b) Fill a cooking vessel with water to within 10 mm of the brim.

c¢) The cookstove should be run for 1 h. If cookstove power can be controlled, then the cookstove
should be run at the maximum possible firepower.

ANAOT T - -1 = -1 =l e 1 . £ o e =l rod £ s
NUTLE T IS UNMUTTStoO0U tiIdt SOIIC COUKSTOVE NIanuracturers specCIrty tic rmrepower 1qr optlmum

performance. However, for this test the cookstove is operated at its maximum firepower, to_nodel a worst-
case scenario.

WARNING — The tester should wear safety glasses, high temperature safety gloves, and protectjive sleeves.

d) [Quickly pour an additional 1 | of water into the cooking vessel, causing avérflow of water into the
cookstove.

WARNING — There is a risk of water overflowing the container and/or hot.cookstove components. Extreme
caution should be taken while conducting these tests.

e) |Allow atleast 16 h for the cookstove to dry completely.
f) |Repeat steps b) through e) four times, for a total of five tests.

g) |Post-testing observations, such as components that.atre cracked, warped, or otherwise deformed,
shall be noted on the data sheet, and corresponding photographs should be taken.

8.2{7.3 Scoring

The scoring system for the quenching test:is_provided in Table F.18.
8.2]8 Test 7: Material failure temperature

8.218.1 General

In this test, the materials.in-the major components are heated to determine the temperature at which
materials begin to break’down and fail.

8.218.2 Equipnient
Equipment gequired for this test is as follows:

a) |electric kiln or muffle furnace (e.g., GS-Bead Cube or Paragon QuikFire 6°));

b) Lhigh-temperature safety gloves and protective sleeves;

c) digital camera.

8.2.8.3 Procedure
a) Collect samples of each of the major components used in the cookstove.

b) Use the temperatures derived from Test 1 (8.2.2) to determine the operating temperature for each
component, based on the origin of each component from the cookstove. If multiple temperatures
were recorded, the maximum temperature should be used.

5) These are examples of suitable products available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of these products.

© ISO 2018 - All rights reserved 49


https://standardsiso.com/api/?name=f8f1b8ad635d122eff7dedfab827e9da

ISO 19867-1:2018(E)

c) Testing should begin at 100 °C below the operating temperature determined in Test 1 (see 8.2.2).

EXAMPLE 1 A cookstove component that reached 350 °C during Test 1 (see 8.2.2) would begin tes
at 250 °C.

ting

For convenience, starting temperatures may be set at the closest 50 °C increment below the ideal
temperature.

EXAMPLE 2 A component that would start testing at 265 °C could begin testing at 250 °C.

d) Place the sample in the kiln. Multiple samples can be heated in the kiln at once, assuming they have

the sa

e temperature ta rgpr

e) Kiln tg
identif]

f) Kiln te

WARNI

around
g) After 3
h) Sampl
i) Repeaf

by 50

failing
NOTE

—  sig
— €eX
— Inq
—  sig
— in
co

i) Repeaf
8.2.84 S
The scorin
overall duy
procedure

mperature should be increased by approximately 10 °C/min, until the target temperat
ied in step b) is reached.

mperature should be maintained for 30 min at the target temperature.

NG — Some materials can off-gas or smoke. Care should be taken to maintain’adequate air
the kiln.

0 min, kiln temperature should be lowered as fast as appropriate.fop the kiln.
s should be removed and photographed against a white backgreund.

steps d) through h) using the same sample, increasirig the kiln maximum temperat

is considered the maximum operating temperature.
In the context of this test, failure constitutes any:.of the following:
nificant corrosion;
posure of the majority of base material thsgugh coating;
lted components;
nificant twisting or warping of components;

the context of organic matefials, such as wood, failure is indicated by burned, scorched, or cha
mponents.

steps c) through i)for'the remaining components, as required.

coring

b systeni for the material failure temperature test is provided in Table F.19. To calculate
ability“score, the score from each of the 7 procedures shall be summed for a total score.
b with!multiple values, the maximum value shall be used to calculate the overall score.

total point

ure

low

ure

C each time until component fails (see Note). The finalKiln setting prior to the component

'red

the
For
The

seore shall be between 0 and 37, with 0 having no identified durability concerns.

8.2.9 Limitations for durability stress tests

8.2.9.1 Cookstove age

The tests o

utlined here do not inherently account for the age or current condition of any cookstove.

8.2.9.2 Fuel variability

The protoc

50

ol does not specify fuels to be used during testing.
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8.2.9.3 Evaluation ambiguity

Assignment of numeric scores is challenging for some tests because of the degree of ambiguity that is
inherent to the tests.

8.2.9.4 Cookstove type

It is not possible to include tests for every possible cookstove design or type.

9 Reporting test results

9.1 General

Thip clause provides guidance on what to include when reporting test results and how to rd¢port them.
Standardizing how results are reported helps to ensure that the necessary information is provided by
thereport, and helps to increase comparability between test results from different laboratorigs. Included
herg are minimum and recommended guidelines for content. A sample reporting template is provided in
Annlex H and can be downloaded as a Word document from Reference [109]. Testing organizations may
alsq use their own reporting templates, but should adhere to the guidance presented here.

9.2| Report contents

9.2]1 Administrative information

Reports should include the following administrative iformation:
a) |name and address, and telephone number oflaboratory;

b) |producer name or trademark;

c) |distributor or distributing organization;

d) |date cookstoves/fuels were received;

e) |date cookstoves/fuels weretested;

f) |description of cookstave(s) tested:

— make, model,'version number of the cookstove/fuel and/or other information that cdn uniquely
identify the tested cookstove;

— specifieations (weight, height, materials, class/technology/key characteristics);

— aceessories included in cookstove system such as pot skirts and fit-for-purpose potsg;

£ modifications and imperfections;

— photographs of cookstoves, including modifications, imperfections, and accessories;

g) date of report submission.

9.2.2 Tests and metrics

The tests types and test sequences used (see Clauses 6, 7, and 8) and corresponding output metrics
should be outlined, including the following components.

9.2.2.1 Description of the test and output metrics

Brief descriptions of the test and the output metrics should be included (see the reporting template in
Annex H for an example, which can be downloaded from Reference [109]).
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9.2.2.2 Emissions and fuel performance testing

For emissions and fuel performance testing, results shall be presented per test sequence phase and
aggregated per test.

The aggregate results may be averages or may be weighted averages of the three phases in accordance
with specified local cooking or firepower regimes.

Report appendices should include all individual results from test replicates.

9.2.2.3 Testing and operational conditions

Testing andl operational conditions shall be provided for emissions and fuel performance testing.
Required glements are the following:
a) ambient temperature, humidity, altitude, and local boiling point;

b) description of biomass fuels, including the fuel type and species, energy content;’moisture content,
dimenfions, and extent of processing;

c) description of liquid fuels and gas fuels, including the composition and‘eniergy content;
d) description of cooking vessels including the gauge, weight, thickness, diameter, shape, and matefial.
Recommerjded elements are as follows:
a) photographs of biomass fuels;

b) photographs of cooking vessels;

c) compositional (proximate and ultimate) analysis'0f the fuel.
9.2.2.4 Tables and figures

9.2.2.4.1 |Size

Tables and|figures should be clearlyl.readable without enlargement on a printed page (see template in
Annex H for examples).

9.2.2.4.2 | Tabular results
Tabular regults should inelude the following for each test metric:

a) emissipns and.fuel performance: mean, median, minimum, maximum, standard deviation, pnd
samplg size;

b) safetyjnd durability performance: total and subcategory index scores.

9.2.2.4.3 Graphical results

Graphical results shall be clearly decipherable when printed in greyscale.
Graphical results should include the following characteristics:

a) emissions and fuel performance: mean, standard deviation;

b) safety and durability performance: total and subcategory scores.
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9.2.3 Reporting against performance targets

If results are reported against thresholds, then the report shall include the source of the thresholds. An
example of voluntary performance targets for cookstoves can be found in ISO/TR 19867-3.

9.2.4 Quality assurance and quality control

A statement shall be included with the report affirming that quality assurance and quality control
procedures were followed in accordance with this document (see template in Annex H for an example).

Details of procedures may be included, such as leak checks (see 5.3.7.1) and verification (see 5.3.7.2).
Laboratory accreditationsmay be included such as accreditation hy IQﬂ/lF‘(‘ 17025

9.2l4.1 Deviations

Anyf deviations from normal operating procedures shall be listed and potential impligations for
outfomes shall be described.

9.2/4.2 Unique or additional procedures

Descriptions of unique or additional procedures and analysis should be-described in detail.

9.214.3 Conflicts of interest

A stiatement declaring conflicts of interest shall be included.inr the report. If no conflict of intgrest exists,
a stptement shall be made in the report declaring that ne-conflict of interest exists.

9.214.4 Limitations

A statement of limitations on the interpretation and application of the results shall be included in
thefreport.

9.214.5 Authorization

The report shall be signed bywan authorized manager with a statement authorizing the results.
Additionally, the report may be signed by a report writer.

9.3 Templates

A sgmple reportingt€mplate is provided in Annex H and can be downloaded as a Word docyment from
Reference [109].

10|Marking and packaging

Majfking and packaging, where applicable, shall be applied as follows. Packaging requirerhents need
not be Met by artisan COOKSTOVES NOT COOKSTOVES DUIIT 1N Situ; Nowever, the artisan snould supply
basic information, such as: name of manufacturer, address/village/region, date of manufacture, and
type of stove.

a) The marking shall be placed in a clear location on the cookstove.
b) The basic components of the mark shall consist of

— name of the manufacturer,

— name of product,

— trademark,

— specification and model number,
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d)

54

Documentation included with the prndnr"r shall cover the fn]lm/ving items:

maximum cooking power,

cooking thermal efficiency at maximum power, reported both with and without energy credit
for remaining char,

production date,

serial number, and

any applicable standards numbers.

pr

bduct instructions including complete operating instructions;

— parts list.

cable, documentation should also include
pbduct certification, and

pduct warranty.
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Annex A
(informative)

Laboratory-based measurements of emissions and
performance — Additional considerations

A.1 General

Clagise 5 is designed for cookstoves, but shares many principles with particulate and gaseoy
megsurements that have been in use for many years for stationary combustion source

s emission
5. One test

profedure that shares many of these principles is the dilution tunnel methodas_currently specified for

certification of space-heating stoves in many countries.

Anqther lab-based test procedure, the mass balance method, shares many principles with

field-based

profedures that have been widely used, especially where the use of\a-dilution tunnel is not practical.

Total capture of the emissions is not required with the use of theymass balance method.
mags balance method has been in use for many years for variouSapplications.

Theg ‘gold standard’ for quantification of emissions and fuek efficiency is the use of the to
dildytion tunnel method cross-checked with the carbon mass balance method. Obtaining ¢

sir:Llar results for both methods does not prove accuraey but greatly improves confidence in

Evalluating emissions and fuel efficiency from cqokstoves is more complicated than the
for |other stationary sources due to the diversity of cookstove designs, fuels, and applic
example, many stationary source applications-primarily consist of operation at steady-state

'he carbon

fal-capture
bnsistently
the results.

same task
ations. For
conditions.

Codkstove applications include a wider range of power levels and functions. Additionally, soine built-in-

plage cookstoves are large enough to preclude the application of typical laboratory test equ
methods. In cases where the application of a dilution tunnel is not possible, the tests should |
sitelor under appropriate conditions:

Evalluating emissions and fuehefficiency is also more complicated for solid-fuel cookstov
liquid/gas-fuelled cookstoves. Combustion of solid fuels is inherently more variable tha

pment and
be made on

bs than for
h liquid or

gasgous fuels because theycombustion process of solid fuels includes moisture vaporization (drying),

hydrocarbon volatilizdation (pyrolysis and carbonization), char (carbon) gasification
conjbustion. Furthermore, controlling combustion of solid fuels is more complicated than
conjbustion for typical liquid and gas counterparts.

A.2 DuctReynolds number calculations

and gas
controlling

To 4chieve a minimum Reynolds number of 104, select a circular duct cross section and Volullnetric flow

rateas given in rFormula (A.T].

Re=Yd_4Q 194
v vrd
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where

Re is the value of the Reynolds number, unitless;

V' isthe velocity of air in the duct, m/s;

d isthe diameter of the duct, m;

v isthe kinematic viscosity of air at sampling temperature and pressure, m2/s;

Q isvolumetric flow rate, m3/s.

A.3 Calqulation of minimum flow rate

For air at 20 °C and 100 kPa pressure (v = 1,5 x 10-5 m2/s), solve for the minimum flowrate for 0,15 m
and 0,3 m dlucting as given in Formula (A.2).

L
0 zﬂf—d (h.2)

Qmin,D 0,15 m 2 64 m3/hr (V=1 m/s)

Qmin, D k0,30 m =130 m3/hr (V= 0,5 m/s)

where
Q is volumetric flow rate, m3/s;
1% is the kinematic viscosity of air at sampling temperature and pressure, m2/s;
d is the diameter of the duct, m;
V is the velocity of air in the duct, m/s;

Qmin,p| is minimum volumetrie-flow rate, m3/s.

A.4 Air pollutant emissions sampling and calculations

A.4.1 Isqkinetic sampling of particulate matter

Isokinetic $ampling’is considered good practice and is recommended for sampling of particulate mafter
from a dil{ition tunnel (see Liu et al. 2008[118], Maricq et al. 2003[119], and Petrovic et al. 2015[1¢0]).
However, isokinetic sampllng 1s not requlred because for cookstove emlssmns the count and
median dianete , 500 nm ason,—inertial-depos hat
dominates from partlcles >1 um in dlameter is not as large of a concern, and careful con51derat10n of
isokinetic sampling is not critical.

A.4.1.1 Sample tube diameter determination, dilution tunnel method

Using the dilution tunnel method, the internal diameter of the sampling tube can be determined as

given in Formula (A.3).

2 Qsample
dsample \/dduct (A.3)
Qduct
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where

A4

dsample is the internal diameter of the sampling tube, m;
ddquct is the internal diameter of the exhaust duct, m;
Qduct is the volumetric flow rate through the exhaust system, m3/s;

Qsample is the sampling rate, m3/s.

1.2 Qnmpln tube diameter dnl‘nrminnﬁnn’ carbon balance method

Wh
For|

whg

An
of t

Thd

A4

Aer]
glas

Opt
mas
and
100

bn employing the carbon mass balance method, determine the sampling tube’s diaméeter

mula (A.4).

d

sample —

re

dsample is the internal diameter of the sampling tube, m;
Vplume IS the plume’s velocity, m/s;
Qsample is the sampling rate, m3/s.

hnemometer or similar device may be used to approximate plume velocity. The temperg
he anemometer should be checked to ensure appropriate range for measuring the plume

sampling tube’s axis should be parallel to-the plume’s velocity.

.2 Aerosol mass concentration ineasurement

psol mass concentration, such as/PM3 s, should be measured by sampling of aerosol o
s fibre, or PTFE gravimetric filters as described in ISO 9096. See A.9 and Figure A.1.

ical-based methods aremet an acceptable reference for quantifying cookstove-generaf
s concentrations because optical methods are calibrated to the optical properties of a gi
are less accurate than gravimetric methods, especially when significant mass is below
nm (see Amaraletal. 2015[114]),

as given in

(A4)

ture limits

Nto quartz,

ed aerosol
ven source
~50 nm to
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Qduct Qsample
S | el
vduct vsample

Key

1 cylclone or impactor

2 filter holder

3 pymp and flow control

dsample in
dduct in

[ernal diameter of the sampling tube, m
ernal diameter of the exhaust duct, m

Qduct vdlumetric flow rate through the exhaust system, m3/s

Qsample  sdmpling rate, m3/s

Vduct vdlocity of gas in duct, m/s

Vsample  Velocity of gas in sample probe, m/s

Figurd A.1 — Representative diagranr’of an aerosol mass concentration sampling system

A4.3 Sa

mpling of gaseous pollutants

Sampling qf gaseous species.n€ed not be isokinetic, see Figure A.2. However, care should be take
ensure gag analysis equipnient is protected from high aerosol concentration and relative humi
that can b¢ present in the.duct. If reactive species are being sampled, care should be taken to chq
appropriate samplingitube materials to reduce losses due to wall reactions. Typically, cookstove tes
can be corlducted-iising gas measurement instruments with a full scale of 10 000 ppm for CO;

1000 ppm

58

for CO,:although other full scales may be used depending on testing conditions.

N to
ity
ose
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0

Key]
aerosol filtration
dryer

gas analyzer

Figure A.2 — Representative diagram of a suggested carbonaceous gas sampling system

A.4{3.1 Integrated measures

For|integrated measures such as filter-based aerosol mass concentration, average mass enjission rate
from the source over the integration period, ¢, (Es;) can be calculated as given in Formula (A[5).

: m
Es,i =R _Ci,O Qguct (A.5)
thample
where
Es ; is the avérage mass emission rate from the source over the integration period, gfs;
R is the dilution ratio of the solution, unitless;
m is the integrated mass of the pollutant sampled, g;
t is time, s;

Qsample is the sampling volumetric flow rate, m3/s;
Cio is the mass concentration of the pollutant of interest in ambient air, g/m3;
Qduct is the volumetric flow rate through the exhaust system, m3/s.

NOTE1 Formula (A.5) is applicable for total-capture (hood and duct) based sampling schemes, but it is not
relevant for sampling from a room or other indoor environment.

NOTE 2 It is assumed that the dilution stream, if any, contains negligible concentrations of the pollutant of

interest. This assumption is not always true, especially if the primary dilution stream is ambient air from a
polluted environment.
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NOTE3  Qquct always refers to the pre-sample volumetric flow rate through the duct at the duct’s temperature
and pressure. However, it is rare in practice that measuring Qquct post-sample could affect results because,

typically, Qduct >> @sample-

EXAMPLE A typical total capture system can have Qquct = 7 000 LPM while Qsample = 16,7 LPM, leading to an
error of ~0,2 % if the Qquct is defined incorrectly.

A.4.3.2 Real-time measurements

For real-time systems measuring concentration, such as a gas analyser, source emissions rate is defined

as given in Formula (A.6).

Es,rt = RCsample,DTPQduct (A-6)
where

Es'rt is the real-time source emission rate, g/s;

R is the dilution ratio of the solution, unitless;

Csampl¢, DTP is the fire-generated mass concentration of the pollutant ¢finterest at the same
temperature and pressure as that of the duct, g/m3;

Qduct is the volumetric flow rate through the exhaust system, m3/s.

Temperature and pressure correction can be applied as givenin‘Formula (A.7).

Tsampl P

ple duct

Csampl(,DTP Z(Csample _CO) T et p ucl (7.7)
uc sample

where

Csampl¢, DTP is the fire-generated mass eohcentration of the pollutant of interest at the same
temperature and pressure-as that of the duct, g/m3;

Csamplg is the measured concentration of the sample, g/m3;

Co is the mass cancentration of the pollutant of interest in ambient air, g/m3;
Tsampld is the temipgerature of the sample gas, K;

Tduct is the temperature of gas in the duct, K;

Pauct issthe pressure in the duct, Pa;

Psampld is the pressure in the sample line, Pa.

NOTE1 Tand P are measured in absolute units, i.e. Kelvin and absolute Pascals.

NOTE 2  Sampling with instruments from a duct and dilution tunnel has inherent time lag. The sample will
rise from the fire and travel through the duct, dilution tunnel, and sampling lines before finally arriving at
the instrument. Additionally, the instrument may have its own time delay (e.g. electrochemical methods for
measuring CO). For this reason, ‘real-time’ data may lag the behaviour of the cookstove, typically by 5 s to 30 s. It
is important to consider time delays and instrument response times when analysing data, considering the effects
of response time on aliasing, and when aligning data streams in the time domain.
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A.5 Carbon balance method

For integrated measures such as filter-based aerosol mass concentration, average emissions rate from
the source over the integration period, ¢, (Es,;) can be calculated as given in Formula (A.8).

. m
E;;i=R— (A.8)
! th
where
t:'s ; s theaverage emissions Tate fronT the source over the mtegration period; g7s;
R is the dilution ratio, unitless;

m is the mass of pollutant collected on the filter, g;

VAs is the fraction of all elemental carbon, having originated from thefire, that passed through
the sampling device, unitless;

t is time, s.

For[fuel containing a dry mass fraction of elemental carbon, f. w,burned in a fire lasting time|t, z; can be
wriften as given in Formula (A.9).

n t
Qsample sz fc,i jo(ci _Ci,O )dt

Zc (A9)
fc,wmw
whgre
VA» is the fraction of all elemental‘carbon, having originated from the fire, that pass¢d through
the sampling device, unitless;
Qsample is the volumetric sampling rate, m3/s;
n is the number of carbon-containing molecules, unitless;
fei is the mass fraction of carbon in carbon-containing molecules, unitless;
Ci is the tofal'mass concentration of any carbon-containing species, g/ms3;
Cio is the ambient (background) mass concentration of any carbon-containing species, g/m3;
t is’the time duration of the fire, s;
few is the dry mass fraction of elemental carbon contained in the fuel, unitless;
my is the mass of fuel, g.
NOTE To determine f;w, an elemental composition analysis of the fuel’s dry carbon and ash content is

required with the most important outcome being the elemental carbon mass fraction by dry fuel mass.

EXAMPLE A wood containing 45 % elemental carbon by dry mass is burned in a test. A given phase of the
testlasts 30 min. Over this time, 500 g of dry wood mass is consumed. The ambient concentrations of COz and CO
are 400 ppm and 0 ppm, respectively. A researcher places a tube into the fire’s emissions plume to measure PM3 s.
The time-varying concentrations of COz and CO in the tube are shown in Figure A.3. Given that 5 mg of PM3 5
deposited on the researcher’s filter during the test and that the filter had a volumetric flow rate of 16,7 LPM,
determine the total mass emission rate of PMp 5 from the fire. The sampler has no dilution. Assume elemental
carbon mass in wood is emitted primarily as CO2 and CO.
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Example Mass Balance Test

120
4000 | 1 100
1 80
~ 3000 f =CO02 (ppm)
E ~
= =CO (ppm) ~ E
L= OovU &
N
S Foo0+ g
1,40
1000 |
1 20
0 1 1 1 1 1 ¥ 0
0 5 10 15 20 25 30 35
time (min)

Figure A.3 — Time-varying concentration of CO3 and CO in the sample tube
First, integrate the time series of CO and CO.

t=30 rhin
J [Cco (t)-Cco (0):|dt:980 ppm-minute

t=0
980 ppmerhinute | 2 [ 288 )_1 1151073 80N
24,791 || mol |

where

t is the time duration of(théfire, s;

Cco(t) | is the concentrationof CO as a function of time (i.e. at the sampling rate provided by
the instrument);g/m3;

Cco(0)[ is the ambient concentration of CO (at t = 0, before the fire is lit), g/m3.

NOTE 1 onversion of ppm-min to units of g-min/l uses the molar volume of air at STP (24,79 1/mol) and mjolar
mass of CO (28-¢/mol)

Similarly, for COy:

g-min

Jt:30 min

t=0 I:CCOZ (t)_CCO2 (0)]dt=0,160

62 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=f8f1b8ad635d122eff7dedfab827e9da

ISO 19867-1:2018(E)

where

t is the time duration of the fire, s;

Cco. (t) 1s the concentration of COz as a function of time (i.e. at the sampling rate provided by
2 the instrument), g/m3;

Ceo. (0) is the ambient concentration of CO3 (at t = 0, before the fire is lit), g/m3.
2

NOTE 2  Units of ppm-min are converted to g-min/l using the molar volume of air at STP (24;79 1/mol) and
molar mass of CO3 (44 g/mol).

Then, assuming f- = 12/(12 + 16) for CO and f. = 12/(12 + 2 x 16) for COy, z¢ is calculated as:

Quampte X fes | (€1 =Cig)de 167 L [12g/moly 1), q0-3 80N, 12, fg 8 min
sample 2 ; ¢/ c.i ) \*i i,0 min| 28 g/mol 1 44 1
Zr = =

¢ fowMy (0,45x500gY=0,327 %

Finglly, we arrive at the emission rate:

EsizRizl > g —=51 rn.g
’ Zct 0,003 27%x30min min

NOTE 3  For more information on the carbon balance method, see Zhang et al. 2000[125],

A.q Combustion efficiency
Combustion efficiency can be useful to determine for cookstove development and research gurposes.

Dug to the complexity of determining.combustion efficiency, a proxy is often used as an ihdicator of
conjbustion efficiency. Nominal combustion efficiency (CO2/[CO2 + CO + PM + HCx], where HCx is total
hydrocarbons) or modified combustion efficiency (CO2/[CO2 + CO]) are useful proxies for jombustion
effigiency.

Thd determination of combustion efficiency may be based on DIN 1942[98], ASME PTC 4.]1[26], or BS
845-1[97].

A.7 Leak testmethod

A.7l11 Application
Thip leak test method should be applied to

a) the entire part of a sampling system that operates under a vacuum (negative gauge pressure), in
order to ensure the sample is not diluted, and

b) the entire part of a sampling system that operates under pressure (positive gauge pressure)
in which volumetric flow measurement is required, in order to ensure that volumetric flow is
accurately measured.

This leak test method may also be applied to a part of a sampling system that operates under positive
pressure in which volumetric flow measurement is not required (e.g., between outlet of sampling
pump and inlet of gas analyzers), but this is not a requirement, because if sufficient volumetric flow is
maintained, then the sample is not diluted.
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A.7.2 Pro

cedure

The internal volume should be determined for the part of the sampling system to be leak tested. Internal
volume should be determined either

a) by calculating volume from measured internal dimensions, or

b) by fillin

g the system with water and measuring the volume directly.

Residual water may be removed from the sampling system with a vacuum pump.

1 Yod.

The typica

The part df the sampling system under test should be pumped to the operating pressure (orlo
for a system under vacuum, higher for a system under pressure), and the system should bé closed
with valveg.

1
TSP TIPSy ot T oY

The pressyre change (if any) should be measured over time.

wer
off

The leak rpte should be calculated using the measured rate of change in pressure and the intefnal
volume of the sampling system as given in Formula (A.10).
LR = V|x APjeakt * Patm (Al10)
where
LR is the leak rate, 1/min;
% is the internal volume of the sampling system; [;
APjeak| is the change in pressure during time ¢, diie to the leak, Pa;
t is the elapsed time of the leak test, min;
Patm | is the atmospheric pressure, Pa,
A.7.3 System test
In addition| to required leak tests;aperiodic system test is recommended, as follows.
CO3 gas shpuld be delivered-atd@ known flow rate into the emissions hood by either
a) measufring the changein mass of solid COz (dry ice) over time, or
b) measu[ing theflow rate of compressed CO; gas (or other tracer gas).
The CO, concentration in the dilution tunnel should be calculated as given in Formula (A.11).
C=Cp+ M (A11)
tunnel
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where
C is the concentration of CO3 in the dilution tunnel, ppm;
Cp is the background concentration of CO2 in ambient air, ppm;

Qcoz is the volumetric flow rate of CO; delivered to the hood, 1/min;
Qtunnel is the volumetric flow rate of air in the dilution tunnel, /min;

106 is the conversion factor to ppm.

The
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A.8
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the
bias

mi)led in a duct prior to sampling with emission measuremenfinstruments. In this method, 4
jected upstream of the sample port, roughly at the mouth or inlet of the duct, and a safple probe

CO3 concentration should be measured at the sampling location. The CO; gas analyse}
rked for calibration as specified in 5.3.7. If the calculated and measured CO; cencent
in close agreement (depending on system), then the emissions measurement system|
uated to identify and correct the problem.

Method for validating well-mixed emissions in a duct

.1 General

5 method is provided as an example for determining if diluted exhaust from a cookst]

hected to the corresponding gas analyser takes measurements at several locations acrog
full diameter of the duct.

.2 Equipment

5 method requires

a sample probe,

a tracer gas (e.g., COy, CO, SFg),

a precision mass or volumetric flow control device, and

a corresponding gas-analyser for the tracer gas.

sample probe should be long enough to traverse the full diameter of the duct.

recommended that the gas analyser have a measurement interval no greater than
cting a traeer gas, it is important to ensure the difference between the expected conce
diluted tracer gas in the duct and the background ambient concentration of the tracer ¢
error-of the analyser.

should be
fations are
should be

pve is well
tracer gas

s (radially)

1 s. When
ntration of
xceeds the

A.

2 Pranaration
=4

T I CPOracIuUtt

Prior to the experiment:

a)
b)

Analysers should be zeroed and spanned.

Calculations should be performed to estimate the expected tracer gas concentration in duct after
dilution. This calculated concentration shall be greater than the bias of the gas analyser to ensure

accurate measurements.

A.8.4 Introduction of tracer to duct

The tracer gas should be introduced into the duct’s inlet axial with airflow and at a similar velocity as
the airflow (isokinetic injection). For additional certainty, more experiments may be performed with
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tracer introduced tangentially to the duct; using both configurations can increase certainty that the
sample is fully mixed in the duct.

A.8.5 Procedure
The procedure is as follows:
a) To begin the experiment, position the sample probe at the axis of the duct.

b) Next, inject tracer gas at a steady volumetric rate into the hood and wait until steady-state
measurements are achieved on the gas analyser instrument (at least 1 min).

c) After reaching steady-state, leave the probe in the same position and turn off the sample’gas.
Continue sampling until the analyser reads background concentrations (at least 1 min).

d) Repeat this process as needed to achieve desired level of confidence.

e) When desired level of confidence is achieved for the first probe position, move-tlie probe to a hew
axial Ipcation in the duct, closer to the wall, and repeat the process of pulsing'on’ and off the tracer
gas. Cqllect data for five axial positions in the duct (e.g. 0D, 1/4D, 1/2D, 3/4D)yand D).

f) Compdre results to predicted (calculated) gas concentrations and calctlate the error.

In addition| to analysing at mean concentration of diluted tracer, it is recommended that the variande of
tracer con¢entration with respect to time be compared with the ifistrument’s native variance (ndise)
when meaguring ambient air. This step ensures that the tracer is\not just well mixed on average,|but
also well nlixed at the time scale of the instrument’s sampling rate.

A well-mixed duct should have a tracer whose mean concentration is within 5 % of the expected value
and no mote than 10 % variation between the maximumtand minimum measurement.

A.9 Gui¢dance on filter media selection

Table A.1 provides guidance on filter selection:

Table A.1 — Advantages and disadvantages of filter types

Media Type Polytetrafluoro&hylene Glass Fibre Quartz
(PTFE/Teflon)
Advantage — StrongandTobust — Low cost — Low cost
— Chemically inert — Well suited for — Appropriate for thermal-optica
gravimetric measure- |EC/OC measurements

— - Well suited for gravi-

) ments
metric measurements
— Appropriate for
thermal-optical EC/OC
measurements
Disadvantages |— Typically more expen- |— Can exhibitarti- — Fragile — often not well suited for
sive facts due to gas-to-par- |gravimetric measurements, especially
. ticle conversions when the mass captured on the filter
— Not appropriate for is small (<0,5 mg)
thermal-optical EC/OC — More fragile than > Mg
measurements PTFE — Prone to absorbing moisture,
which can impact gravimetric meas-
urements

— Can exhibit artifacts due to
gas-to-particle conversions if the filter
has been strengthened through an
alkali treatment

References: Investigation of Filter Medial25] and Hinds 2012[116],
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Annex B
(normative)

Total-capture dilution-tunnel gravimetric method for

measurement of PM3 s

See[5.3.8. Emissions collection apparatus shall conform to the required minimum dimensjor]
in Higures B.1, B.2, B.3, and B.4. Duct diameter shall be between 0,1 m and 0,3 m. A duet-c

0,15
Thd

enclose the stove being tested. The shape of the hood and the layout of the compofients need n
to those depicted in the figures; these features are shown schematically for illustration purg

Anqther approach to controlling the flow rate may be used in place of the damper.

The

optlonal. See 5.3.8.2.4.

If oply fugitive emissions are to be sampled as shown in<Figure B.3, then a separate du
proyided to exhaust chimney emissions.

NOT

in Flgure B.1.

m should be used where feasible.

opening of the hood shall face toward the user or tester. The hood shall be.designed sd

provision of additional dilution air with the use of the two gate valves shown in Fi

E ‘Tall chimneys’ refers to chimneys whose heightprevents enclosure within a typical hood

s specified
iameter of

as to fully
ot conform
oses only.

bure B.1 is

byt LI.L

ct shall be

as depicted
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Key
1 hood a =D =15 cm recommended or 10 cm to 30 cm acceptable.
2 cooking vessel b Air flow.
3 cookstgve ¢ Additional dilution air (optional).
4  gate valve d  Hood enclosed on three sides.
5 Dbaffles e Optional.
6  dilution tunnel f See Note.
7  sample|ports g Elbow.
8 dampef or other flow,control h Velocity measurement location.
9 blower
10 exhaus
NOTE Ellaffles not required if adequate mixing is demonstrated (see text).

Figure B.1 — Hood and dilution tunnel apparatus
for collecting emissions from cookstoves without tall chimneys
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Key
1 |hood a  D=15cmrecommended or 10 cm to 30 cm accgptable.
2 |cooking vessel b Air flow.
3 |cookstove c Open face area.
4 |chimney d  Hood enclosing cookstove and chimney.
5 |mixing bafftes e  See Note.
6 |dilutiomtunnel f Elbow.
7 |sampleports g  Velocity measurement location.
8 |damper or other flow control
9 Dblower
10 exhaust
NOTE Baffles not required if adequate mixing is demonstrated (see text).

Figure B.2 — Hood and dilution tunnel apparatus
for collecting total emissions from cookstoves with tall chimneys
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Key
1 hood a  D=15cmrecommended or 10 cm to 30 cm acceptable.
2 cooking vessel b Air flow.
3 cookstdve c Open face area.
4 chimnely d  Hood enclosing cookstove.
5 mixing paffles e See Note.
6  dilution tunnel f Elbow.
7  sample|ports &  Velocity measurement location.
8 dampef erother flow control
9 blower
10 exhaust
NOTE Baffles not required if adequate mixing is demonstrated (see text).

Figure B.3 — Hood and dilution tunnel apparatus
for collecting fugitive (indoor) emissions from cookstoves with tall chimneys
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Key
1 |hood a  D=15cmrecommended or 10 cm to 30 cm accEptable.
2 |cooking vessel b Air flow.
3 |cookstove c Open face area.
4 |chimney d  Hood enclosing cookstove.
5 |mixing baffles e  See Note.
6 |dilutionfunnel f Elbow.
7 |sampleports g  Velocity measurement location.
8 |damper or other flow control
9 blower
10 exhaust
NOTE Baffles not required if adequate mixing is demonstrated (see text).

Figure B.4 — Hood and dilution tunnel apparatus for collecting chimney emissions excluding
fugitive emissions from cookstoves
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Figure B.5 — PM3 5 sampling train
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Annex C
(informative)

Standard test sequence — Additional considerations

Cooking vessel
O

It is
In g
and
int
con
poil

C.2

For
ach
the
leve

C3

For
poy)
the
coo
use
ist
pas

A-A A~ e~ 2 VOO TT

important to test with an appropriate size of cooking vessel or as specified by the ma
eneral, a larger cooking vessel has greater surface area with potential for improved hd
enhanced performance in testing, but a cooking vessel that is too large would not typicd
he field. For example, a cooking vessel that is too large might not be useddn'‘the field b
Lents of the vessel cannot be brought to the desired cooking temperature-{typically the I¢
1t of water).

Low power

continuously fed cookstoves, such as rocket-type cookstoves, extremely low cooking po
eved if very small size (matchstick size) fuel is used, but this fuel size is not typical of aq
field. If field data are available, then the cookstove shall be operated at the lowest pracf
1 observed in the field with the fuel size typically usédin the field.

High power

continuously fed cookstoves, such as rocket-type cookstoves, one way to generally (
ber during testing (and during use in, the field) is to feed fuel at a rate that allows flam
bottom of the cooking vessel but ngtto extend up the sides of the vessel. For this type of
king power exceeding manufactrers’ specifications has frequently been observed in the

L the top of the vessel.

C.

Flexible Mylar pots‘conform to the griddle surface of plancha cookstoves. See Figure C.8.
NOTE

WARNING — Use extreme caution when handling Mylar pots containing hot water. Us
protective equipment specified in C.4.1, and see Figure C.8.

Assembly of Mylar pot for testing plancha cookstoves

Mylar is a trademark, and other similar polyester film products are available.

hufacturer.
at transfer
lly be used
ecause the
cal boiling

wer can be

tual use in
ical power

lefine high
bs to touch
cookstove,
field when

s overfill the fuel/air opening with fuel. A way to approximately simulate this overfeedling of fuel
p feed fuel at a rate that allaws flames to extend up the sides of the cooking vessel but ng

t to extend

P personal

Griddle cookstoves may be tested with either the ‘plancha-olla’ (plancha-pot) method or the ‘Mylar pot’
method — see 6.8.1.

C4

.1 Materials

Materials needed for the Mylar pot test are as follows:

Myl

ar pot materials:

a) Mylar (polyester) film (material dimensions should be approximately 0,127 mm thick and

122 cm wide);

b) metal sheet, (material dimensions should be approximately 0,38 mm thick and 5 cm wide).

©IS
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Personal protective equipment required for safely handling Mylar pots containing hot water:
a) thick rubber gloves with long gauntlets;

b) thick rubber high-top boots;

c) thickrubber apron;

d) splash shield that fully covers face.

See Figure C.8.

C.4.2 Mylar pot assembly process
The Mylar pot should be assembled as follows. See Figure C.1 for an illustration.
a) Measufe the total surface area of the griddle.

b) Calculgte 60 % of the surface area of the griddle. The result will be the surfacéarea of the botfom
of the[Mylar pot. It is also possible to construct two or more pots whose bottom surface qrea
collectfively totals 60 % of the surface area of the griddle (see Example 2);

c) Calculate the height of the pot needed to contain 5 L of water (see Table C.1 for equivalences). Add
5 cm t¢ the calculated height for the metal frame that will link the Wwalls.

d) Draw the bottom of the pot on Mylar (dimensions sufficient to cover 60 % of the griddle). Draw|the
walls gt the height calculated in step c).

e) Cutthg¢ Mylar around the edge.
f) Carefullly fold inside all the walls of Mylar. Do not cutithe excess Mylar.
g) Cutang place a strip of metal around the walls:

h) Rivet the strip metal.

60% of the
surface area

Size should be I
sufficient to contain 5
litres of water.

Wall Surface in Wall
contact with the

griddle /_“ No cut, only

. ) fold inside
| / |
I Wall :

Figure C.1 — Assembly of Mylar pot

NOTE Equivalences are provided in Table C.1.
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Table C.1 — Equivalences

5000 cubic centimetre 305,1 cubic inches

5 litres water of water of water

EXAMPLE1 An example Mylar pot assembly process is provided for a griddle with the dimensions 40 cm by
60 cm in Figures C.2 to C.4.

Griddle Size: 40 x 60 cm

— {I Surface in contact with the griddle
B60% = (Total area) )

Size Area : - ch'n\;r@an)

{40cm) (BOcm) - 1440‘”‘
2400cm? B0cm %Q)
&)

N

— N
g 40cm ﬁé{g

|

QO
%
Figure C.2 — Example calculation of&}&r pot size for 40 cm by 60 cm griddle
R\
—
P& Surface in A
C)\\‘"comact with the :
., griddle:
_________ &___ {30cm) (48cm)
1 Leavea _gi’nun 5 1440cm?

ithe grid
((40c cm = 30cm)

Figure C.3 — Example dimensions of Mylar pot surface in contact with 40 cm by 60 cm
griddle surface
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ESUJO /1440 = 3.4cm ;

' Free space = 5.0cm

1 EMetal sheet = 5.0cm E

30 20160 cm?® ' —_— '
CT s Total height = 13.4cm= 14cm |

" i s

v
1—4acm —J‘ " 4 ’
S

Figure C.4 — Example Mylar pot dimensions for 40 cm by 60 %grlddle

EXAMPLE 2  An example assembly process using two Mylar pots is provided lnom to C.7.

N

S%ch in contact with the griddle
6 = (Total area) (0.60)
Size Area : .\'\Q@ = (2400 cm?) (0.60)
(OompBOG) L\ = 1440cm? / 2 mylar pot
2400 c?  \N{BOem _ 4
=720cm
xO
O
&

n®=

Q 40cm

N\
Figure C|5 — Exampl@ulation of pot size using two Mylar pots for 40 cm by 60 cm griddfle

@ Sufacein | | ) ... .
A contact with the '720cm / 30cm= 24cm |
% gridd[e' ------------- e

2 ___________________ @0cm) @4em) [oaem . i

i Leave amaximun5 1 720cm?
Ecmfree on each side of !
'the griddle E
i (40cm—10cm = 30cm) |
; A 30cm ™

Figure C.6 — Example dimensions of Mylar pot surface for each of two mylar pots in contact
with 40 cm by 60 cm griddle
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'5000/720= 6.9cm

‘Free space = 5.0cm

1 Db i Metal sheet= 5.0cm i
30cm <z4Ucm ' i
L " i Total height = 16.9 cm= 17cm :
omlsoliinnennmmiatdnnaassnmsnesnn "

2“0‘.IH u

Figure C.7 — Example dimensions of each of two Mylar pots for 40 cm by 60|cm griddle

Figure C.8 — Photograph of a tester wearing required personal protective equipment and
holding a typical Mylar pot
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Annex D
(informative)

Cookstove family determination

D.1 Gengeral

Test sequences and testing protocols can vary based on certain characteristics of the cookstove."These
characterigtics are fuelling process, heating surface, exhaust type, and fuel type. The cookstayve family
should be |determined for each cookstove prior to testing to understand if there are any releyant
variations pf the test sequence and testing protocols.

D.2 Fuelling process

Excluding polar cookstoves, a fuelled cookstove is defined as either a bateh-loaded cookstove ¢r a
continuougly fed cookstove. Information applicable to continuously fed ¢ookstoves is in 6.7.2 and|C.2
and C.3.

D.3 Healting surface(s)

A cookstoye can either have a plancha surface (also known"as a griddle surface), a single burnef, or
multiple bprners. 6.8.1 and C.4 describe how to conduct a standard test sequence for a plarcha
cookstove.| 5.4.2 describes how to calculate useful€rergy delivered for cookstoves with multiple
cooking vepgsels on multiple burners.

D.4 Exhpust type

A cookstove can either have a chimney (also known as a flue) or not have a chimney (open cookstqve).
6.8.2 descrjibes how to conduct a stadard test sequence for a chimney cookstove.

D.5 Fue] type

D.5.1 Solid-fuel

A solid-fue]l cookstoye'is designed to burn a solid fuel, such as wood, charcoal, coal, dung, pelletg, or

other biom

D.5.2 Li

aSs.

uid /gas-fuel

A liquid/gas-fuel cookstove is designed to burn a liquid and/or gaseous fuel, such as LPG (liquefied
petroleum gas), biogas, alcohol, plant oil, or kerosene. For safety evaluation of liquid /gas-fuel cookstoves,
see [SO 23550 and ISO 23551 (all parts).

D.5.3 Solar

A solar powered cookstove is one in which radiation from the sun is used to heat and cook. 5.1 describes
how cooking power is determined for solar cookstoves. 7.2 outlines how safety test procedure varies
for solar cookstoves.

78
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D.5.4 Electric

Electric stoves are outside the scope of this document. For safety evaluation, see IEC 60335-2-6[62],
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(informative)

Laboratory-based safety and durability
measurements — Additional considerations

E.1 Saféty considerations

E.1.1 Geperal

There are
causing fir
considerat

Irds,
fety

a few characteristics of cookstoves and fires that could be potentialsafety haza
es, burns, and cuts. Design and evaluation of cookstoves may include evaluation of sa
ons, which can be done with simple equipment.

E.1.2 Stability
ion.
mes
ials
als.

It is imporf
Burning fi
overturneq
or househg
See 7.2.3 fq

ant that a cookstove be stable enough to maintain an upright.orientation when in operat
lel can be expelled from a combustion chamber or spilled when a cookstove beco
|. This expulsion can cause burns to the eyes and can:also set fire to surrounding mater
ld structure. Burning or boiling contents can spill onto surrounding persons or mater
r the cookstove tipping test.

E.1.3 Sharp edges and points

Sharp edgs
exterior sy
normal usq

s and points can entangle clothes and gverturn the cookstove or can cut flesh. Consequeitly,
rfaces of a cookstove should not catch or tear any article of clothing or cut hands during
. See 7.2.2 for the sharp edges and peints test.

E.1.4 Obstructions near cooking surface

Areas surifounding the cooking surface should be flat so that cooking vessels being moved from|the

cookstove
nearby chi

E.1.5 Ch

Chimneys

do not collide with protruding components and overturn boiling contents onto hand
dren. See 7.2.5 for the obstructions near cooking surface test.

fmney heat

fan become'extremely hot during use and easily cause burns. The high temperatures pre

5 OI

ent

on a chimn the

chimney th

ey arefrom hot flue gases leaving the cookstove, often creating higher temperatures on|
ananywhere else on the cookstove. See 7.2.7 for the chimney shielding test.

E.1.6 Flames

Flames touching the cooking vessel should be concealed and not able to come into contact with hands
or clothing. Large amounts of flames around the cooking vessel can easily ignite clothes or produce
severe burns to the hands and other parts of the body. Flames or fuel should not protrude from any
fuel loading area or storage container during use. Uncontrolled flames that exit these areas very easily
ignite clothes and burn nearby children and adults. See 7.2.8 for the flames surrounding cooking vessel
testand 7.2.9 for the flames exiting fuel chamber test.

E.1.7 Surface temperature test

The importance of this test is apparent since children have a tendency to touch cookstoves and women
are likely to come into contact with cookstove surfaces during normal use. Since children are more
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sensitive to heat than adults, lower surfaces temperatures are suggested for heights within accidental
touch of a child (0,9 m or less). Conversely, adults are assumed to be susceptible to accidental contact
at heights below that of 1,5 m. Therefore, heights above this level are considered out of reach from
accidental contact and are not tested. The most deficient rating based on material, temperature, and
location is used to determine the likelihood for a person to avoid burns when touching a cookstove. See

7.2.6 for the surface temperature test.

E.1.

8 Handle temperature test

Components where excessive temperatures can occur that need to be handled during regular use

incl

1de daoors for combustion chambers and handles to rngn]af‘n the flaw of gac/]lqlnr’] See Z 26 for the

han|

E.1

Sco
reld

E.2

E.2

Dur
and
nee
hav
rels
cha
alsa

dle temperature test.

9 Review of safety scoring

Fing and content of the safety test protocol will be reviewed when additignal empiricy
ting safety test scores with actual risks in practice has been reviewed andfor accrued.

Durability considerations

1 General

ability affects numerous aspects of the cookstove sector, including usability, performa
user perception. The tests are relevant for multiple technology types, but not all of th

e a major impact on material durability. Due to the’existence of hot combustion temper
tively cool cooking temperatures of many cooking practices, there is a risk for sudden teg
hges, or thermal shock, which can crack ordbreak many components of the cookstove.

can reach extremely high temperatures atwhich materials can begin to breakdown and

Co

of t
rou
and
coo
pot
salt
pre
affe
afte

E.2

k
tra(lsportation, dropping of the cookstove, dropping of other items on the cookstove, and t

stoves can also be exposed to rdugh handling and treatment, including but not

he cookstove. Similar to external€omponents, internal cookstove components are often
bh handling and treatment, iftcluding but not limited to fuel being added to the combustic
removal of ash or charcegal*One major difference between external and internal comp
kstove is that internal components are often subjected to repeated impacts. Materials al
bntial to corrode or rust, including from temperature, humidity, a high rate of thermal ¢
s. Cookstove materials often have coatings (i.e. paint, powder coating, enamel, etc.) fo
vention and aesthetics. However, these coatings can be damaged by impacts and tempera
cts both usen perception and product durability. Although adhesion of a coating is oft
r a thermalieycling, in some cases the coatings ‘cure’, which improves their strength.

2 Durability testing order

Thd

] evidence

hce, safety,
e tests are

ded for every type of cookstove. The rate of temperature change (both heating and c¢oling) can

atures and
mperature
Cookstoves
fail.

limited to
pping over
exposed to
n chamber
bnents of a
5o have the
ycling, and
- corrosion
ure, which
bn reduced

order in which durability tests are conducted was established because certain tests |

equire the

cookstove to be fully assembled while others target specific components. Tests are conducted in two
parallel paths.

E.2

.3 Extended run test

Information about the rate of temperature change of components can be useful for evaluating both
component failure and risk, but evaluation of component failure and risk is considered outside the
scope of this protocol.

Steady state temperature information collected in this step is used repeatedly in subsequent tests.
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E.2.4 Quenching test

Many international thermal shock testing procedures evaluate performance based upon material
strength of small sample pieces. This approach is not appropriate for cookstoves, since cookstove
components are typically difficult or impossible to disassemble. Because of this constraint, tests are

conducted

on the complete cookstove.

E.2.5 Limitations to cookstove durability tests

E.2.5.1 C

ookstove age

The tests d
Because tH

an only evaluate potential durability risks based on the state of the cookstove being. tesfted.
e results of many of the tests outlined in this protocol will be affected by thé& curfent

condition ¢f a cookstove, it is critical to document the appearance and condition of test cookstgves

prior to b

compare diifferent cookstove designs or samples. Unbiased comparisons require thatthe cookstq

being teste
aged cooks

E.2.5.2 K

Fuels can

impact on
temperatu
content of
seen in coq

should be the ones specified by the manufacturer and/or similar to the fuels used in practice, to ens

that testin

E.2.5.3 E
This proto

Wherever
individualg
anticipatec

E.2.5.4 (

This proto
configurat

When intel
known risK

poinning testing. Understanding this limitation is important when using the protoc

d are of an approximately equal age. This test protocol can be conducted eh new as we
toves to evaluate how durability changes with age.

uel variability

be highly variable in composition and energy content. Thése variations can have a di
some of the tests outlined in this protocol. Two examples include the resulting sur
Fes and corrosion of cookstoves. Surface temperatutre will be influenced by the ene
he fuel being used. Fuel variability will also impact the-amount of corrosion or discoloura
kstoves, due to variations in fuel composition. Whénever possible, the fuels used for tes

p represents actual conditions.

valuation ambiguity
col seeks to assign numeric risk factet scores for each test.

possible, concrete evaluation criteria have been included, but tests conducted by diffe
can result in slightly different predicted risk scores. However, these differences
to be fairly minor for any-given test.

ookstove type

col has sought to include tests appropriate for a wide range of cookstove designs
ons.

pretingthe results, it is important to remember that the scoring system is meant to iden
s. The'results do not imply that all possible durability risks have been tested. Some cookst

designs wi

to
ves
|l as

rect
face
rgy
fion
[ing
ure

fent
are

and

tify
ove

l¢equire additional, targeted durability tests for specific potential failure modes.

E.3 Safety and durability testing

Both the safety and durability stress methods include quantitative scores. In order to compare different
types and designs of cookstoves, a method of scoring was required. The use of numeric scores allows
multiple different tests to be combined, which is not possible using letter scores. These methods should
be accessible to and feasible in a broad range of organizations, with fairly minor financial investment in
equipment and only basic training.
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Annex F
(informative)

Scoring tables for safety and durability tests

The scoring tables provided in this annex correspond to the safety tests detailed in Clause 7 and the
durpbititytests-detailedin-tlause8-

F.1| Safety tests

F.1{1 Sharp edges and points test

Table F.1 — Scoring system for sharp edges and points test

Number of Rating S{groe
catches A
Four or more Poor 1
Three Fair 2
One or two Good 3
None Best 4

F1{2 Cookstove tipping test

For|each run, divide the tipped height (h) by the standing height (H) to find the ratio. The 1grgest ratio
from all the runs is the maximum ratio (R);which is used to identify the rating and score from Table F.2.

Table F.2 —(Scoring system for cookstove tipping test

l‘@ﬁhum ratio Rating Score
@) R
>0,978 Poor 1
0,961 <R<0,978 Fair 2
0,940 <R<0,961 Good 3
<0,940 Best 4

F.1/3 Containment of fuel test

Thd rating and score are determined from the total area of fuel exposed, A, using Table F.3.

Table F.3 — Scoring system for containment of fuel test

Area exposed Rating Score
A
cm?
A>250 Poor 1
150 <A <250 Fair 2
50 <A <150 Good 3
A <50 or solar Best 4
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F.1.4 Obstructions near cooking surface test

Table F.4 — Scoring system for obstructions near cooking surface test

Maximum height difference Rating Score
Ahmax
Ahmax > 4 Poor 1
2,5>Ahmax 24 Fair 2
1> Ahmax = 2,5 or cookstove with skirt Good 3
Ahmax < 1 or solar Best 4
F.1.5 Sufrface temperature test
For each syrface, calculate the difference between maximum temperature and the air témperature,|AT.
Table F.5 — Scoring system for surface temperature test
Surface Difference between maximum temperatur C%ting Score
and air temperature s\
AT < O
Below child line AT > 50 Poor 1
(<0.9 m) Metallic 44 <AT<50 Fair 2
38<AT <44 Good 3
AT <38 Best 4
Below child line AT > 58 Poor 1
(<Q,9 m) Non-metallic 52 < AT <58 Fair 2
46 <AT <52 Good 3
AT <46 Best 4
Abjve child line AT > 66 Poor 1
20,9 m) Metallic 60 < AT'< 66 Fair 2
54 L AT < 60 Good 3
AT<54 Best 4
Abpve child line AT > 74 Poor 1
>(),9 m) Non-metalliC 68 < AT < 74 Fair 2
62 <AT <68 Good 3
AT <62 Best 4
F.1.6 Heattransfer to the environment test
For each surface, tatcutate the difference between mmaximmunm temperature and the air temperaturs; AT.

Table F.6 — Scoring system for heat transfer to the environment test

Surface Difference between maximum temperature Rating Score
and air temperature
AT
Floor AT > 65 Poor 1
55<AT <65 Fair 2
45 <AT <55 Good 3
AT <45 Best 4
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Table F.6 (continued)
Surface Difference between maximum temperature Rating Score
and air temperature
AT
Wall AT >80 Poor 1
70 < AT <80 Fair 2
60 <AT<70 Good 3
AT <60 Best 4

F.1{7 Handle temperature test

Forleach surface, calculate the difference between maximum temperature and the air temperature, AT.

Table F.7 — Scoring system for handle temperature test

Surface Difference between maximum temperature '\JRating Scorle
and air temperature
AT g\%
Metallic AT > 32 Poor 1
26 <AT <32 Fair 2
20<AT <26 Good 3
AT <20 Best 4
Nonmetallic AT > 44 Poor 1
38<AT <44 Fair 2
32<AT <38 Good 3
AT <32 Best 4

F.1{8 Chimney shielding test

Table F-8 Scoring system for chimney shielding test

O@Bfe area Rating Score
A

/\%\% cm?

A>150 Poor 1

50 <AK150 Fair 2

104 <50 Good 3

A4'<10 Best 4

F.1.9 Flames surrounding cooking vessel test

Table F.9 — Scoring system for flames surrounding cooking vessel test

Amount of uncovered flames touching cooking vessel Rating | Score
Entire cooking vessel and/or handles Poor 1
Most of cooking vessel, not handles Fair 2
Less than 4 cm up the sides of cooking vessel, not handles Good 3
None or solar cookstove Best 4
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F.1.10 Flames exiting fuel chamber test

Table F.10 — Scoring system for flames exiting fuel chamber test

Occurrence of fire Rating Score
Flames protrude Poor 1
Flames are contained Best 4

F.1.11 Overall safety score

To calculate the overall safety score, the score from each of the 10 procedures is multiplied,Jy a
weighting factor based on Table F.11, and then summed for a total score:

Table F.11 — Overall safety scoring system

Procedure Weight
1 1,5
2 3
3 2,5
4 2
5: Metal, <0,9 m
5: Metal, >0,9 m
5: Non-metal, <0,9 m :
5: Non-metal, >0,9 m
6: Floor
6: Wall 2,5
7: Metallic
7: Non-metallic 2
8 2,5
9 3
10 4

For procedures with multiple values, the minimum value is used to calculate the overall score. The tptal
point scord will be between 257and 100.

F.1.12 Plancha (griddle) stove weight test

Table F.12 — Plancha (griddle) stove weight test

86

Low weight <8 kg
Modiion vaiaght Q 13 10 Lo
Mediumweight 8-=-n<10-ke
High weight =210 kg
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