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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.
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Introduction

Field measurements of cooking systems are essential for providing metrics for impact evaluation
and performance evaluation. Elements of the cooking system include cooking practice, fuel type, fuel
quality, cooking device (cookstove) characteristics, and environmental conditions. Each can affect
performance. Field tests provide measurements that capture elements of the system that are not able
to be reproduced in a laboratory setting. The performance metrics in this document are considered
more representative of cooking system performance than those described in ISO 19867-1. However,
field testing results are generally only applicable to the study region. Guidelines for determining social
impacts on individuals and communities from the cooking system are the subject of ISO/TR 19915[11,
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Clean cookstoves and clean cooking solutions — Field
testing methods for cookstoves

1 Scope

This document provides field testing methods to evaluate cooking system performance in real-world

condftiorrs:

This|document is intended to:

a)

q

b) 1

|
1
1

d) 1

The parts of the cooking system include the cookstove, cooking vessel, fuel, user practice, an

cook
are [
to bd
cons
cook
othe

This
smal
cook
This
som¢
cook
elect]

implementation of a new cooking system.

rovide quantitative and qualitative measurements of cooking system perforimance. R¢
nd guidance are provided for evaluation of usage, usability, fuel consumption;energy c
ower, emissions, safety, and durability. These measurements include uncontrolled an
ooking tests.

Provide guidance for measurements of household air pollution and‘personal exposure
0.

Provide guidance for field assessments that compare cogking system performance m
o defined performance levels or to a counterfactual s¢enario that enables assessmen
he new cooking system is improved compared to What would have been observed

Provide guidance for prioritizing measurements that balance comprehensiveness and {

ing devices (such as pot skirts and retained heat cookers). Several measurements in th
resented as measurements of “caokstoves” or “cooking devices” for simplicity, but 4

interpreted as measurements ©f cooking systems. Some measurements (usage, kit
imption, and pollutant exposure) pertain to household-level cooking systems that
stoves, cooking devices, fuels,'and user practices in a household. Cooking systems can
" aspects of the cooking environment (such as ventilation when measuring exposure).

document is applicdble to cookstoves used primarily for cooking or water heating
[-scale enterprisesdand in institutional applications, typically with firepower less thary
ing vessel volumeless than 150 1. The provisions of this document are applicable to sq

Pquirements
bnsumption,
d controlled

fo PM; 5 and

btrics either
t of whether
without the

easibility.

d additional
is document
re intended
then energy

include all
also include

n domestic,
20 kW and
lar cookers.

document dgesnot cover electric stoves or cookstoves used primarily for space heating. Although

parts of-this document can be applicable to electric stoves (usage, usability, safet}
ing power, and household energy consumption), specific considerations required
ric stoves are not provided.

This

document is intended for manufacturers, implementing organizations, researchers, g

i, durability,
for testing

bvernments,

or other entities that need to evaluate cooking system performance in the field.

2 Normative 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.

ISO 19867-1:2018, Clean cookstoves and clean cooking solutions — Harmonized laboratory test
protocols — Part 1: Standard test sequence for emissions and performance, safety and durability

ASAE S580.1, Testing and reporting solar cooker performance
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and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

[EC Electropedia: available at http://www.electropedia.org/

3.1 Cooking system

3.1.1
cooking de
apparatus u

Note 1 to ent
retained heat

3.1.2

cooking syj§
combinatior
and cooking

3.1.3
cooking vej

yice
sed for cooking (by heating)

ry: Cooking devices include such items as cookstoves (3.1.4), pot skirts, cookingvessels (3.1.3
cookers.

tem
of cookstove (3.1.4), fuel, cooking equipment, cooking environment (including ventilg
practice

ssel

pot or contdiiner in which food or water is heated and prepared

3.14
cookstove
device prim
heating, or d

3.1.5

improved ¢
cookstove (3
outperform
fuel consumy

3.1.6

solar cooks
solar cookd
device that

3.1.7
traditional

arily employed for the cooking of food, hut'which can also be employed for space or yj
ther purposes

ookstove

.1.4) proposed for a geographie region or target community (3.2.7), which has been shoy
a baseline (3.2.2) with reSpect to primary criteria that can include emission factors (3]
ption (3.3.3), thermal efficiency (3.3.12), durability (3.5.2) and/or safety (3.5.7)

tove
r
lelivers uséful cooking heat from thermal energy received from the sun

, and

tion)

vater

vn to
14.5),

cookstove

type of cool

stove (3.1.4) or three-stone open fire that has been in long existence in a region and has

been establi

3.2 Adop

3.21
adoption
condition in

3.2.2
baseline

shed from generation to generation

tion

which a user employs an improved cookstove (3.1.5) regularly and maintains it

status of a market, community, or cooking system (3.1.2) prior to intervention, determined by
measurements and metadata

© ISO 2019 - All rights reserved
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3

displacement
replacement of a cookstove (3.1.4) for major tasks with a different technology that is more efficient,
safer, and/or produces fewer harmful emissions

3.2.
init

4
ial acceptance

regular use of improved cookstove (3.1.5) by household when it is acquired

3.2.
coo

t‘ 1 Lald £ 4 datas 1 1. 1 H Lect (2 1 42
Con ITUCTU TIUUOSUIIVIU UOST Ul UIIT Ul 1IIUI'CT LI dauIitivlidl UlUIIIdSS"UUuUl llllls CUURNSLUVCECDS l_J-L-_I')

5
kstove stacking

b
j

adopttion (3.2.1) of an improved cookstove (3.1.5) for some cooking tasks

3.2.4

sustained adoption
statg in which there has been adoption (3.2.1) for an extended period of time

Note [l to entry: The length of time for an improved cookstove (3.1.5) to be considered adopted is locat
specific, but should be defined by the users’ reliance on the stove, integration intotegular cooking b
frequent use of the improved cookstove, as well as repair and/or replacement of the improved cook
brealts or wears out.

3.2.7%

target community
socidl group that regularly employs cookstoves (3.1.4) and has expressed a willingness to

use

3.2.4

usa

qf improved cookstoves (3.1.5)

hility

extent to which a system, product or service.can be used by specified users to achieve sp¢
with|effectiveness, efficiency and satisfactiomin a specified context of use

[SOURCE: ISO 9241-210:2010, 2.13]

3.29

usa
acti

e
ﬂn, amount, or mode of using a cooking device; often a quantitative measure of time tha

(3.1.4) is used

3.3

3.3.1

asf

Fuel consumption

ired

condiition ‘ofa fuel immediately before testing in a cookstove (3.1.4)

3.3.2

addition to

ion and stove
bhaviour, and
stove when it

ronsider the

bcified goals

L a cookstove

burn sequence
combustion of fuel in a cookstove (3.1.4) from ignition to an end point defined in a specified protocol

3.3.3

fuel consumed
mass of raw fuel (3.3.9) fed, see fuel fed (3.3.5), minus mass of residual fuel (3.3.10), if applicable, during
a defined burn sequence (3.3.2)

Note 1 to entry: It is expressed in kilogrammes (kg).

Note 2 to entry: For applicability of residual fuel (3.3.10), see details in testing protocol.
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fuel energy used
product of the heating value (3.3.6) of the raw fuel (3.3.9) and its mass as fired, less the product of the
heating value of the residual fuel (3.3.10), if applicable, and its mass

3.3.5
fuel fed

fuel supplied to a cookstove (3.1.4) during the course of the burn sequence (3.3.2)

3.3.6

heating value
energy per

Note 1 to enf
(3.3.8).

3.3.7
higher heaf
measured v

such conditions that all the water of the reaction products is in the form of liquid,water at 15 °C, M}.

3.3.8

ry: The heating value shall be stated as either higher heating value (3.3.7) or lower heating

ing value
hlue of the energy of combustion of a fuel burned in oxygen in a bomb calorimeter y

lower heating value

calculated V|
such conditi

Note 1 to erf

heating valug.

3.3.9
raw fuel
mass of the

3.3.10
residual fu
material thd

3.3.11
specific fue
amount of fi

3.3.12

alue of the energy of combustion of a fuel burned in oxygen in a combustion bomb
ons that all the water of the reaction products remain-as water vapour at 150 °C, MJ.kg

try: The heating value (3.3.6) at constant pressurecis generally used when calculating

h

unburned fuel supplied to a cookstove (3:1.4) during the course of the burn sequence (3]

d|
t has a usable energy contentithat remains after a burn sequence (3.3.2) is completed

1 consumption
el consumed (3.3.3);0n a mass or energy basis, per mass of food cooked

thermal efficiency

ratio of usef]

3.3.13
useful ener

Ll energydelivered (3.3.13) to fuel energy used (3.3.4)

value

13.2)

gy delivered
£, J LD 1 D) ..

Frlood oo
CCIracrars

s the

energy tran

RPN N nEant £ a Iz o Lo din ot ikl Py
TCTTCU COTTITCCUTITCTICS OT a COONTILY VESSCT (O 10, HICTUUTITg e SCITSTOTCIICa

temperature of the contents of the cooking vessel and the latent heat of evaporation of water from the
cooking vessel

3.4 Emissions

3.4.1

black carbon
particulate carbonaceous material containing mostly carbon by mass and measured by its high
absorption of visible light

© ISO 2019 - All rights reserved
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3.4.2
carbon emission ratio
ratio of a pollutant concentration to total carbon concentration

Note 1 to entry: Total carbon includes the CO,, CO, CH,, non-methane hydrocarbons, and PM.

3.4.3
carbon monoxide
toxic gas formed during the incomplete combustion of carbonaceous material

3.4.4

elenr_n.ra]_m.tbnn
particulate carbonaceous material emitted during combustion that demonstrates a reffagtory nature
according to a defined thermal-optical protocol

3.4.5
emigsion factor
ratio| of the mass of a pollutant emitted to a defined measure that quantifies-the activity emitting the
pollytant

3.4.6
emigsion rate
ER
masq of an air pollutant emitted per unit time, reported in units'such as mg/h or g/s

3.4.7
fuel{based emission factor
EFmass

masgq of pollutant per mass of fuel consumed (3.3.3)

3.4.9
fuel pnergy-based emission factor
EFene rgy

masgq of pollutant per MJ of heat fromthe fuel

3.49
hougehold air pollution
presence of air pollutants ‘ircluding solid particles or gases in air in both indoor gnd outdoor
environments of living spaces

3.4.10
modjified combustien efficiency
MCE
proxy for trué.combustion efficiency calculated as molar CO, over the sum of molar CO, an¢l CO

3.4.11
organiCcarbon
carbonaceous material emitted during combustion in which the carbon is chemically bonded to
hydrogen and possibly also oxygen, nitrogen, sulphur, or other elements

3.4.12

partial capture method

emission sampling method in which part of the exhaust plume is captured and a continuous sample is
collected

3.4.13

particulate matter

PM

solids and liquids of a sufficiently small size to be suspended in air

© IS0 2019 - All rights reserved 5
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3.4.14

PM,

fine particulate matter (3.4.13) such that the aerodynamic equivalent diameter of the particles is less
than or equal to 2,5 pm

3.4.15
pyranometer
instrument used for measuring global (all-sky) solar radiation

3.4.16
total capture method
emission sa up}ius mrethodwhtehaH-of-the-exhatst }J}Luuc 1S \,ayttu edatrd-a—contintous—sample is

collected

3.5 Safety and durability

3.5.1
acute hazard
hazard (3.5.8) that has immediate or short-term negative consequences

3.5.2

durability
ability of a dookstove (3.1.4) to continue to be operated for an extended period safely and with mirnimal
loss of perfgrmance under conditions typical of those found in the target community (3.2.7)

3.5.3
hazard
potential souirce of harm

[SOURCE: IS0 7176-14:2008, 3.13]

3.54
kitchen
location where food is prepared and cooked

Note 1 to entty: The kitchen may be locatediindoors or outdoors.

3.5.5
likelihood ¢f hazard
probability pf occurrence of a hazard (3.5.3)

3.5.6
risk
product of the severity of the consequences of a hazard (3.5.3) and the likelihood that the hqzard
will occur

3.5.7
safety
ability of a cookstove (3.1.4) to be operated at an acceptable level of risk of harm

3.5.8

serious hazard

hazard (3.5.3) associated with outcomes that, if present, would lead to severe consequences, such as
death or severe injury

4 Symbols, abbreviated terms, and units

NOTE Following ISO convention, decimal comma and thousand spacer in strings of numbers are used in this
document.

6 © IS0 2019 - All rights reserved
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Symbol/ Definition/

Abbreviated term Meaning
BC black carbon
C carbon
Cc total carbon concentration, g/m3
Ceo average CO concentration (background subtracted), g/m3
Cco,ppm average CO concentration (background subtracted), ppm
Cco,ppm,bkg average background CO concentration, ppm

CCO,DDm bkg realtime

real-time CO background data series, ppm

Cco,gom,postbkg post-test background period average CO concentration, ppm . Oy
Cco,ppm,prebkg pre-test background period average CO concentration, ppm AQ'\
Cco pm,realtime real-time CO data series, ppm N <V
Cco,ppm,realtime,n measured CO concentration at time point index n, ppm A%bJ
Ceo,ppm,test test period average CO concentration, ppm \Uf’

Ceoz average CO, concentration (background subtracteq,),@m3
Ccozfppm average CO, concentration (background subtrac&eﬁ)?ppm

CCOZ ppm,bkg

background CO, concentration, ppm /. o

CCOZ [ppm,postbkg

post-test background period average CO;\@'%entration, ppm

CCOZ [ppm,prebkg

pre-test background period average (‘\Qz\soncentration, ppm

CCOZ [ppm,realtime,n

N
measured CO, concentration at tim&@int n, ppm

CCOZ [ppm,test

test period average CO, concerlt(*sgfon, ppm
—

CCT controlled cooking test N
Crcdrog) EC or OC concentration (}g@kground subtracted), mg/m3
Cec(dr 0C)back EC or OC concentratiptimeasured by backup quartz filter, mg/m3

CEC(or 0C),bkg

ECorOC backgrp}.h;{d concentration, mg/m3

CEC(or 0C),prim

ECor OC con@Ztion measured by primary quartz filter, mg/m3

CEC(or 0C),sample

ECor OC S&l’hpﬂ! concentration, mg/m3

CFrdc. ¢

effect@él carbon fraction, g/g

CFrq Cfuel,af

as’\-figeﬁ'fuel carbon fraction, g/g

Co

on monoxide

{
co, AC;‘Eerbon dioxide
CoV OS) coefficient of variation; standard deviation/mean
Cop A > specific heat of cooking vessel material, J/gK

specific heat of water, 4,186 J/g/K

average PM concentration (background subtracted), mg/m3

Com ieg average background PM concentration, mg/m3
CpM,sample average PM concentration, mg/m3

CSM continuous stove monitor

Dyack backup quartz filter spot diameter, cm

Dpyrim primary quartz filter spot diameter, cm

DTT dithiothreitol

EC elemental carbon

E.ons energy consumed in past 24 h, M]

EF¢o energy fuel energy based CO emission factor, g/M]
EF(0 mass fuel mass based CO emission factor, g/kg

NOTE ppm = parts per million.
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Symbol/ Definition/
Abbreviated term Meaning
EF:02 energy fuel energy based CO, emission factor, g/M]
EFc02.mass fuel mass based CO, emission factor, g/kg
EFg((or 0C)energy fuel energy based EC or OC emission factor, mg/M]
EFg((or 0C),mass fuel mass based EC or OC emission factor, mg/kg
EFpy energy fuel energy based PM emission factor, mg/M]
EFpM mass fuel mass based PM emission factor, mg/kg
Eriel energy consumed, M]
EHV effective fuel heating value, MJ/kg . Oy
Eercap daily per capita energy consumed for a fuel type, M] AQ'\
ERcq average emission rate CO, g/min _ ".V
ERco; average emission rate CO,, g/min Aq.’\od
ERgc(or00) average emission rate EC (or OC), mg/min r\UJ'
ERpy average emission rate PM, mg/min p
ERC. CO carbon emission ratio, g/g k\vJ
ERC¢q, CO, carbon emission ratio, g/g /. o
ERCgc(or 00) EC or OC carbon emission ratio, mg/g AO‘
ERCpy PM carbon emission ratio, mg/g N\
Eiot total daily energy consumed for all fuel typ&%\)&l]
E\otpercap total daily per capita energy consumeq‘s@@all fuel types, MJ
FEPX field emissions protocol N N
g gram \'\\Q
H hydrogen xQO )
HAP household air pollution (.\‘J: N
HEPA high-efficiency partio@l}}zarrestance
IQR interquartile range " -
kg kilogram OV‘
K] kilojoule (U
KPT kitcher@i&ﬁormance test
kW kilowatt
| e
LHV A"Iswer heating value, M]/kg
LHV,¢ "é\/ lower heating value, as fired, M]/kg
LOD ’«Y\ limit of detection
LOQ 2 limit of quantification
LPG liquefied petroleum gas
MCE modified combustion efficiency
mg milligram
min minute
M] megajoule
MEC(or 0C),back EC or OC mass density on backup quartz filter, mg/cm?
MEC(or 0C),prim EC or OC mass density on primary quartz filter, mg/cm?
Mg (or 00)back EC or OC mass on backup quartz filter, mg
Mg (or 0C),prim EC or OC mass on primary quartz filter, mg

NOTE ppm = parts per million.
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Symbol/
Abbreviated term

Definition/
Meaning

Mo new fuel mass collected in past 24 h, kg

M ons fuel mass consumed in past 24 h, kg

M; final mass of fuel, kg

Meyoq mass of food cooked, kg

Meyel total mass of fuel consumed, kg

M; initial mass of fuel, kg

M4 mass of cooking vessel lid, g

My erbap per capita fuel mass consumed, kg . Oy
Mpy artefact-corrected PM mass on filter, mg AQ'\
MpyKilter mass of PM collected on filter, mg _ Vv
Mp filterblank average mass of PM collected on blank filters, mg 3 -
Mpy filter,¢ final PM filter mass, mg '\U~>'
Mpykitter,i initial PM filter mass, mg D

Mo mass of cooking vessel, g g(\vJ

My e fuel mass stock of the previous day, kg Z o

Mo fuel mass remaining from the previous (&@‘ﬁock, kg

Mo di mass of fuel stock, kg \\\(

MW, molecular weight of species x, g/mo‘l\Q\

n(x) data series point index for timQ‘s(\@

N nitrogen N N

ocC organic carbon AN

Pa pascal xO -

PAH polycyclic aromgl&ﬁgﬁ&};drocarbon

Pe average firep('v@",lw

P.yol cooking pewer, W

Ppost post—t@?n‘lbient pressure, Pa

Pore pl;g-feﬁ‘tlambient pressure, Pa

Piq { dard pressure, 101 325 Pa

PE A('O\f)%rsonal exposure

PM Y particulate matter

PMy, A\ > average background PM magnitude from real-time sensor, arbitrary units
PM_ dstbke ~é\/ post-test background period average PM magnitude, arbitrary units
PMpIebj{g&Y\ pre-test background period average PM magnitude, arbitrary units
PMrea:tg real-time PM data series, arbitrary units

PM

measured PM magnitude at time point n, arbitrary units

realtime,n
PM st test period average PM magnitude from real-time sensor, arbitrary units
PM, ¢ particulate matter with an aerodynamic diameter < 2,5um
PTFE polytetrafluoroethylene
Qfitter average volumetric flow across filter (standard conditions), 1/min
Qfilter,post post-test volumetric flow across filter (actual conditions), 1/min

inlter,post,std

post-test volumetric flow across filter (standard conditions), l/min

inlter,pre

pre-test volumetric flow across filter (actual conditions), /min

inlter,pre,std

pre-test volumetric flow across filter (standard conditions), I/min

NOTE ppm = parts per million.
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Symbol/
Abbreviated term

Definition/
Meaning

Qprim average volumetric flow through primary quartz filter (standard conditions), l/min
Qprim,post post-test volumetric flow through primary quartz filter (actual conditions), 1/min
Qprim,pre pre-test volumetric flow through primary quartz filter (actual conditions), /min

Qprim,post,std

post-test volumetric flow through primary quartz filter (standard conditions), 1/min

Qprim,pre,std

pre-test volumetric flow through primary quartz filter (standard conditions), 1/min

QFF quartz fibre filter

R ideal gas constant, 8,314 ]/mol/K

RH relative humidity

ROS reactive oxygen species

s second

SCenergy specific energy consumption, M]/kg

TCTT time to complete tasks test

t time between initial and final water temperatures for the cooking power test, s
thostbkg,end post-test background period end time, hh:mm:ss
tpostbkg,start post-test background period start time, hh:mm:ss
torebkg end pre-test background period end time, hh:mm:ss
torebkg start pre-test background period start time, hh:mm:ss
Eotart start time of cooking power test, hh:mm:ss

Estop stop time of cooking power test, hh:mmiss

Erest test time length, min

trest.end test period start time, hh:mm:ss

ttest,start

test period start time, hh:mmiss

Thost post-test ambient temperature, K

Tore pre-test ambient temperature, K

Tsiq standard temperature, 293,15 K

T, initial water temperature of cooking power test, °C;

T, final water temperature of cooking power test, °C;

UCT uncontroled cooking test

Vback voluie'of air sampled through the backup quartz filter, m3
Viilter voluwme of air collected by the PM filter, m3

Vorim volume of air sampled through the primary quartz filter, m3
vVoC volatile organic carbon

W db moisture content, dry basis, %

W wb moisture content, wet basis, %

°C degrees Celsius

A change

Aty burn sequence time for average firepower test, s

NOTE ppm = parts per million.

5 Field study development

5.1 General

The purpose of this clause is to provide requirements and guidance for field studies intended to
determine performance metrics of cooking systems. It links study design considerations to the metrics
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and guidance provided in this document. Requirements are given for conducting a performance
assessment.

Appropriate study design is critical for effective use of resources and ensuring research questions are
answered. However, study design depends on numerous technical and practical considerations that can
vary immensely across studies. This clause cannot practically address all potential considerations and
solutions, but instead provides a framework for determining performance metrics to be measured and
a testing strategy. Additional information for developing cooking system field studies is provided in
Reference [2], including qualitative thinking tools, considerations and trade-offs, and example surveys
for field studies of cookstove programs. In certain cases, specialist knowledge can be necessary to
ensure appropriate and statistically valid study design.

The following clauses in this document provide methods for evaluating elements of ceoking system
field |performance. Table 1 identifies common questions driving cooking system field\evaluation. The
second column of Table 1 refers to relevant metrics in Table 2 for addressing the specified question.

Table 1 — Field research question and suggested metrics for igasurement

Field research question Relevantmetric number(f) in Table 2
Howlis the cookstove performing in terms of energy and fuel con- Fuel'use: 13
sumption? Power: 28 to 31
Emissions and usage: 15 to|27, and 2
to9

Whalt are the potential hazards to health?

=

Household air pollution an

personal exposure: 35 and|[36

How|much is the cookstove influencing climate? Emissions: 15 to 27
Is the cookstove likely to be used? Usability: 12
Howj|does the cookstove design relate to usage? Usability: 12
How|much is the cookstove being used? Usage: 2to 7

Howis the cookstove changing time use patterns? Usage: 9 to 11
Howlsafe is the cookstove? Safety: 32
Howj|durable is the cookstove? Durability: 33 and 34

5.2 | Selection of testing strategy

5.2.1 General

Due |to the timie and resources required for conducting field tests, only cooking systems with
reas¢nablepotential for good performance and adoption rates in the targeted communiti¢s should be
consjdered for the most rigorous testing. This subclause describes discrete evaluation leyels to guide
the yser, of this document to the appropriate measurement method and study design for|the cooking
SYSteTT aSSeSSIMIENt. T Tese evaltuation tevetsare atso reftected i Tabte 2 to guide the user toward the
appropriate metric or metrics to measure.

The three evaluation levels of cooking system assessment are as follows and are described in 5.2.2
to 5.2.4.

1) Preliminary assessment: If no previous and/or relevant testing of a cooking system has been
conducted, and performance is unknown, a preliminary assessment of the cookstove should be
completed. This preliminary assessment includes measurements, observations, and surveys of
usability, usage, safety, and durability. See 5.2.2 for more information on preliminary assessments.

2) Performance assessment: The performance assessment includes measurements, observations,
and surveys of usage, fuel consumption, emissions, safety, and durability, and shall be employed to
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evaluate cooking systems that have undergone a preliminary assessment (5.2.2). See 5.2.3 for more
information on performance assessments.

3) Outcomes assessment: The outcomes assessment can be conducted to determine a change in
metrics, such as emissions or household air pollution (HAP), due to use of the improved cooking
system (i.e. compared to a baseline cooking system). See 5.2.4 for more information on outcomes
assessments.

The metrics measured and the clauses in which to find guidance on these measurements are shown in
Table 2.

I'able 2 — F1eld-Dased metrics ol CoOoKing system measurements

Metric # Metric name Units Clause | Preliminary | Performance Qutcomes
assessment assessment assessnjent
Laboratory test results several 5 optional N/A N/A
2 Average cooking events per day |events/ 6 optional required N/A
on|fa specific cooking device day
3 Average cooking events per events/ 6 optional required N/A
day on all cookstoves in a day
hotisehold
4 Average cooking duration per |h/day 6 optional required N/A
day on a specific cooking device
5 Average cooking duration h/day 6 optional required N/A
pef day on all cookstoves in a
hopisehold
6 Digplacement: fraction of events/ 6 gptional required N/A
cogking events on a specific events
cogking device
7 Digplacement: fraction of h/h 6 optional required N/A

cogking duration on a specific
cogking device

8 Number of stacked cooking 6 optional required N/A
deyices

9 Chpnges in cooking time min/day 6 optional optional N/A

10 Chphnges in total cooking-re- ,min/day/ 6 optional optional N/A
latpd time Household mem-

ber

11 Chpnges in time-use patterns |qualitative 6 optional optional N/A

12 Usability assessment qualitative 6 optional optional N/A

13 Peycent differencespecific % diff (M]J/kg) |7 N/A required N/A
en¢rgy consumption

14 Percentagédifference of house- | % diff (M]/ 7 N/A N/A optional
hold energy consumption person/day)

15 Mqdified combustion efficiency | mol/mol 8 N/A required optional

16 CO emission rate g/min 8 N/A required optional

17 CO fuel energy-based emission |g/M] 8 N/A required optional
factor

18 CO fuel-based emission factor |g/kg 8 N/A required optional

19 PM, s emission rate g/min 8 N/A required optional

20 PM, ; fuel energy-based emis- |g/M] 8 N/A required optional
sion factor

21 PM, 5 fuel-based emission factor | g/kg 8 N/A required optional

22 OC emission rate g/min 8 N/A optional optional

23 OC fuel energy-based emission |g/M] 8 N/A optional optional
factor

N/A  Notapplicable.
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Table 2 (continued)

Metric # Metric name Units Clause | Preliminary | Performance Outcomes
assessment assessment assessment
24 OC fuel-based emission factor |g/kg N/A optional optional
25 EC emission rate g/min N/A optional optional
26 EC fuel energy-based emission |g/M] N/A optional optional
factor
27 EC fuel-based emission factor |g/kg N/A optional optional
28 Cooking power w N/A optional N/A
29 Averasefirepower 9 NAA eptional N/A
30 Cooking power for solar cook- |W 9 N/A required N/A
stoves
31 Cooking efficiency for solar — 9 N/A required N/A
cookstoves
32 Safety assessment report qualitative 10 optional required N/A
33 Fraction of non-functional — 11 optional required N/A
stoves
34 Fraction of stoves with particu- | — 11 optional required N/A
lar failure
35 PM, s concentration 24 h pg/ms3 12 N/A N/A optional
average
36 CO concentration 24 h average |pg/m3 12 N/A N/A ojptional
N/A | Not applicable.
5.2.7 Preliminary assessment
If no| previous and/or relevant testing of a cooking system has been conducted, and perjfformance is
unkrjown, a preliminary assessment of the-cooking system should be completed. The preliminary
assegsment includes qualitative and quantitative measurements within the study region, a$ well as any
existfing laboratory test results. The preliminary assessment can be used to assess adoptipn and basic
performance of a cooking technology and should be conducted before either a performance assessment
or ar] outcomes assessment.
5.2.2.1 Laboratory tests
Labdratory tests (see-ISO 19867-1) are highly recommended to be conducted in conjunctjon with the
preliminary assessment and before a performance assessment. Cooking systems that do hot perform
well lunder relatively ideal operating conditions of controlled laboratory testing are generally not
expefcted to perform well under normal uncontrolled conditions in homes. Results of labdratory tests
can Qe assessed using the thresholds defined in ISO/TR 19867-3(31.
5.2.2.2~) Usage

Adoption and displacement measurements should be sensor-based by using continuous stove
monitors (CSMs).

Displacement is a useful way to understand rates of use and adoption by determining the fraction of
total cooking duration or events per day on an improved cookstove calculated by measuring cooking
duration on all household cookstoves. Displacement can be calculated over a 24 h period and/or over a
longer-term period (e.g. 1 year).

Optionally, observations and surveys may also be used to complement CSMs and determine changes in

time

© ISO

use patterns (see 6.3.3).
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5.2.2.3 Usability
Information on usability measurement methods is provided in 6.4.

Studies to establish levels of usability should be carried out in target communities where a cookstove
type has not been previously tested. Culturally compatible and preferred cookstoves may be identified
from a pool of those cookstoves meeting performance-related criteria, or cookstove designs may be
created or adapted with these factors in mind. The evaluation of usability can be used to determine if
certain cookstoves (and cooking systems) meet the cooking requirements of the target population in

ways that provide benefits to the cooks and their families.

Usability metrics may include:

a) fuel cosfand convenience: the expense and effort required to obtain and prepare fuel;
b) cooking performance: cooking speed, control, and versatility;

c) operability: ease of operation, ease of learning, and error-tolerance;

d) maintefance: expense and effort required for short- and long-term maintenance;

e) comforf: perceived comfort and aesthetic considerations; and

f) location-specific needs, including secondary uses besides cooking,

5.2.3 Performance assessment
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without claj
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to test results published in the literature and in Reference [4] should only be considered meaning
ected using the protocols described in this document and if sufficient detail regardinjg the

data are col
test conditig

hance assessment produces quantitative performance metrics for a cooking syste
can be compared to existing performance results from comparable measurement met
ns and resources such as Reference [4]. PM @hd CO emission rates and fuel-based emi
pbe compared to metrics reported in laboratory tests defined in ISO 19867-1.

nhd optional metrics for a performance assessment and the associated measure
e referenced in Table 2. The required metrics for the performance assessment asses;
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5.2.4 Outcomes assessment

5.2.4.1 General

NOTE 1

This subclause provides guidance, rather than prescriptive direction, on procedures for assessing

outcomes, and does not address all ethical and practical considerations of sample selection and study design.

The outcomes assessment evaluates the effect of the improved cooking system compared to a baseline
cooking system. Thus, during an outcomes assessment, the baseline cooking system performance
should be measured in addition to the improved cooking system performance.

NOTE 2 A cooking system can exhibit improved performance and yet not reduce levels of pollution to which a
resident is exposed. For example, the stove might not be used regularly or could be moved into a less-ventilated
cooking area.
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Outcomes assessment addresses the question of whether a household cooking system yields improved
performance and/or associated outcomes in the target community. Performance and/or outcome
metrics can be measured using the study design elements presented in this clause. Refer to Table 2 for a
list of the metrics that may be measured under the outcomes assessment study design framework.

5.2.4.2 General design issues

The outcomes assessment requires larger sample sizes or longer monitoring periods than the
performance assessment, since both the improved and original cookstove systems are measured.
This expansion can be achieved using a cross-sectional study design (greater sample size), described

in 5.
in 5.]
and

Metr]
meas

2.4.3.3.1, or a before-and-after/longitudinal study design

D.4.3.3.2. The metrics included in the outcomes assessment may include emissionsyg
Can also include HAP and/or personal exposure (other potential metrics are shown
ics listed as outcome metrics in Table 2 are measurements that require a comparat]
urement to contextualize the improved stove measurements. Multiple metfics can b

simultaneously during an outcomes assessment campaign.

5.2.4
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.3 Study design options

.3.1 General

e are several types of program evaluations that may beised as a framework for stu
rer outcomes assessment research questions. Each study design has advantages and di
thould be considered in the planning of the study.

m X uses less fuel than cooking system Y’ or, for an‘outcomes-with-outcome-metrics study,
ng system X has lower household air pollutiorr;than one with cooking system Y’. Cooking
examples is typically some sort of improved-cooking system and cooking system Y is typical
ng system.

.3.2 Experimental study design

nmmended.

1 Inrandomized experiments, study subjects (or groups) are randomly assigned to a group)
fogram intervention(study or treatment group) or a comparison group that does notreceive thg
ol or non-treatment\group). Data for each group are collected before and after the interventi

experiment, différénces between the intervention and comparison groups can be attributed t
tervention, ifthe sample is sufficiently large.

NOTH
gro

2 Randemization, if the sample size is large enough, ensures that the intervention ang

comparisen'group serves as the ‘counterfactual’ of what would have happened in the absence of thg

key r

longer monitoring time), described

nd fuel use,
in Table 2).
ive baseline
e measured

ly design to
sadvantages

A common hypothesis for a outcomes-with-pefformance-metrics study takes the form of ‘cooking

a home with
system X in
y an original

in experimental study, randemization of study subjects into control and treatment groups is

thatreceives
intervention
n. At the end
b the effect of

comparison
vention. The
program—a

u{s are~equivalent with respect to all factors other than whether they received the inter

qUirement in determining whether a program caused an outcome.

NOTE 3

Randomized experiments, also called experimental design, are the most rigorous evaluation design.

Although considered the ‘gold standard’, randomized experiments often are not feasible in real-world scenarios.
For more information on experimental, or randomized, studies, as well as other study design options, see
Reference [5].

5.2.4.3.3 Observational study design

Observational study designs that do not alter the natural pattern of use and measure what is occurring
naturally should be used.

NOTE Observational studies are generally more feasible in a real-world setting than experimental study
designs. The two simplest and most commonly used observational study designs in cooking system trials are
cross-sectional and before-and-after/longitudinal studies.
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5.2.4.3.3.1 Cross-sectional study (independent samples)

In a cross-sectional study, a sample group of households using improved cookstoves are compared with
a sample group of households not using the improved cookstoves, and outcomes are compared across
these two groups. The cross-sectional measurement comparison is done on a population level rather
than an individual level, which introduces variability and hence requires a larger sample size when
implementing a cross-sectional outcomes assessment.

Theoretically, the main difference between the original and improved cooking system(s) measurement
groups is the presence or absence of the improved cooking system. However, it can be difficult to ensure
that this is the only meaningful difference between the two groups. Careful consideration should be

made when
economic, b
factors that
cooking.
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atched or measured between the study groups.
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However, as the cookstove use and outcomessare measured at the same point in time, i
Fily be clear whether the cookstove use influenced the outcomes or vice versa (correl
ply causation).

Before-and-after/longitudinal study (paired samples)

hnd-after study, the samplestfor the original and improved cooking systems are collg
me cooks or households The sampling is conducted at two different time points,
ginal cooking system, ‘and then after the introduction of the improved cooking syj
ent period of at least) one month should be planned between ‘before’ cooking sy
measurements and_the follow-up ‘after’ cooking system measurements, to allow the {
ved cooking system to become accustomed to their new technology. Since the monit
separated 4h-time, temporal changes between the monitoring periods can infly
pments. Changes such as fuel quality or moisture content, fuel and food availabilityj
chedules.can have effects on measurements.
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part.

Use of a control group leads to a more robust study design and necessitates a larger sample size and
more resources. If the improved cooking system demonstrates favourable performance in the field test,
it is advisable to provide equal opportunity for households in the control group to obtain the improved
cooking system at the end of the study period. Situations where improved cooking systems are made
available in a phased approach can create a natural control group for this purpose.

5.2.4.3.4 Benefits and challenges of cross-sectional vs. before-and-after studies

The benefits and challenges of cross-sectional studies in comparison to before-and-after studies are
presented in Table 3.
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Table 3 — Benefits and challenges of study design approaches

Cross-sectional

Before-and-after

during a single

and original
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Therg are many study design options for different research needs. If more:complex study defsign options
are required, such as randomized control trials, researchers should consult with a study dgsign expert.

5.3

5.3.1
The

General

Sample selection guidance

him of a field study is to measure a subset of homes that represent the general study population

and yield the same results as that the entire region.of interest would yield if the full set of hpmes within

the negion was sampled. Guidelines for sampling’are available from Reference [6], which
variqus considerations for sample design and provides a sample size calculator.

Additional methods and considerations for-sample selection are provided in Reference [2].

5.3.2

For Intervention studies, whéther randomized or observational, it is important to def

Efficacy versus effectiveness

outlines the

ne whether

the gtudy is an effectiveness)trial (uncontrolled, i.e. measuring the performance or oufcome of an

interjvention under real-world conditions) or an efficacy trial (controlled, i.e. measuring
tcome under nearzideal circumstances). This determination will frame the study an
participants are reguested to participate. Some considerations are presented in Table 4.

or oy

erformance
1 guide how

Table-4(— Examples of factors to consider for effectiveness versus efficacy trjals

Training on use of an

(real world)

expectation for training in
the scaled-up cooking sys-
tem program

Study develop- improved cooking svstem Participant instruction for | Will improved cpoking sys-
mertconsider- dﬁring cooking §vsytem personal exposure or house- | tems be repaired|or replaced
—ation dissemination —holdairpolutionrstudy forfreeduringstudy period?
) Training should mirror the Efrﬁéile%agcscsglzzljtzzm\;vish Repair and replacement
Effectiveness y should mirror what the scaled-

with no specifications on
which cooking systems to use
during measurement period

up program for the improved
cooking system will employ

Efficacy
(idealized)

Training should be as exten-
sive as possible to ensure
participant is fully clear on
operation of the improved
cooking system

Participants should be
encouraged to use only the
improved cooking system and
discontinue use of the original
cooking system

Cooking systems should be
repaired and replaced as soon
as needed in order to have the
greatest number of optimal-
ly working cooking systems
during the study

For more information on effectiveness versus efficacy trials, see Reference [7].
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5.3.3 Uncontrolled cooking test (UCT)

An uncontrolled cooking test is a set of measurements performed when the meal is not constrained,
and cooks are free to prepare what they want, how they want, using whatever cooking implements and
fuels they choose. The UCT can be employed for the measurement of any cooking system, either original
or improved. The UCT is applicable for measuring usage, power, and emissions.

5.3.4 Representative site selection

Selection of the study site is generally dictated by the focus area of the implementing organization.
Assuming there is flexibility within the project area, several considerations can help guide the selection
of the specific communities to ensure a successful field campaign.

5.3.4.1 Géeneralizability

Vhen
tudy
d on
atus,
stem
d, so

Selection bips occurs when the participants selected do not represent the target population.
determining a study sample, researchers should consider the target demographic,fey the given §
cooking system and should ensure the recruited participants match the target demographic basq
key descriptors. Depending on the indicator measured, these factors can includesocioeconomic st
primary fuel type, kitchen characteristics, family size, cooking practices, and*original cooking sy
type. Howeyer, there are always potential influencing factors that cannot be)predicted or measure
within thes¢ constraints, randomization should be used.

5.3.4.2 Identifying representative communities

Cooking sy¢ | use
practices of
cuisine, fuel

to ensure th

tems should be tested in communities that are weptresentative of the cooking and fud
the potential customer/users, considering socio-economic and agro-climatic traits. Local
types/mixing, and other energy demands, such as heating, should be carefully considered
at the measurements are taken in communities that typify the larger geographic region and

the location
households
socio-econo
within a giv

where the cooking system program will-be scaled up. The samples should be selected
that represent the potential customers/users, with care taken to represent the relg
mic and agro-climatic conditions-\Iflarge and distinct differences in these conditions
bn region, then sampling across these conditions will be necessary to provide represent]

from
vant
exist
ative

performancg estimates.

5.3.4.3 Obtaining data on representative practices

If informati
available th
partners or

bn on the cooking'and fuel use practices to guide the study site designation is not formally
Fough prior surveys or census data such as Reference [4], it can often be provided by|local
contacts with’knowledge of the target area.

5.3.4.4 Representative household selection

Within each|of'the sampling approaches, selection criteria can further guide recruitment of households.
1 Haria ara docianad 0 idoantifu ctndy narticinantce that arn vranracontativua of thao h
Selectlo_n Cr.‘:‘,._.u are—aesigned—toiaentity—stua mt.\,.ym_.tu. thatarerepresentative—otthe tJI‘_get
population of interest and have the necessary characteristics to answer the research question.
Participant selection criteria will vary depending on the performance or outcome metric measured.
Exclusion and inclusion criteria are specified during study design to decide who will take part in the

study. In selecting representative samples, the factors mentioned in 5.2.4.3.3 are unlikely to be matched.

NOTE Reference [2] provides an example of a short selection criteria survey used in the field to screen
potential participants for an uncontrolled cooking test.

5.4 Selection of representative sampling times

Selection of representative sampling days is particularly important because it is usually impractical
to randomize the sampling days across seasons. There can also be specific days or times when
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sampling is not representative due to factors such as cultural events and household work schedules
(e.g. harvest times).

5.4.1 Seasonal

There are likely to be seasonal differences in emissions. If a before-and-after study design is carried out
with the baseline and follow-up data collection periods occurring in different seasons, there is a risk
that the results will be confounded by seasonal changes in cooking and fuel use behaviour. Although
some of the confounding effects of seasonal behaviour can be explored and controlled for, if possible,
the before-and-after sections of the study should be conducted in the same season.

5.4.2 Events

Cons|
even
caus
that

ultation with the local team should be carried out to identify any religious or cultural festivals/
[s occurring during the proposed study timeline in the target population. Thése events can often
e the communities to be unavailable to participate in the study or can influefice’'them to ook in ways
hre not reflective of normal behaviour. Such events can also limit the availability of the fleld staff.

5.4.3 Harvest

the harvest
'he influx of
mal cooking

If col
and/|
migr
pattg

1ducting the study in an agricultural community, care should be taken to ensure that]
pr planting season will not complicate sampling due to participants’ time demands. ]
ant workers and use of harvest-specific crop residues for¢ooking can also alter the nor
rns and performance.

5.4.4 Weather constraints

hther should
y season.

In ge
to bef

pgraphical areas with extreme climatic seasgns, possible constraints imposed by the we
considered. For example, physical access to‘the study site can be limited during the rain

5.5 | Sample size

Sample sizes should be determined following the guidelines in Reference [6].

Whe
Ssyste
the ¢

h determining the diffefence in performance between an improved and an original cooking
m, the sample size or number of tests required to support or refute a hypothesis is 3 function of
xpected variability-inthe measurements and the expected or desired difference in performance

of t
part
unab

improved and original cooking systems. Any study reliant on repeated measures
cipant fatiguesor-drop out. Fatigue and dropout occur when participants begin a st
le or unwilling-to participate in follow-up visits. It is often advised to oversize a study

is at risk of
udy but are
y to mitigate

the impacts of-participant dropout by approximately 10 %.

Key samplesize concepts and conventions can be found in Reference [2].
NOTH Cross-sectional studies necessitate more samples because the comparison is Hetween two
independent groups, which results in more variability. A before-and-after study, in contrast, directly compares
the results of a paired sample, which reduces the variability.

Tables 3 and 4 in Reference [2] provide a guide for determining sample sizes for a field study. The tables
assume the standard conventions: p-value of 0,05, power of 80 %, and a two-tailed statistical test.
Given the assumed conventions, the remaining factors to consider are study design, expected/desired
difference in the means, and expected variability.

EXAMPLE If the detectable difference for the performance metric of interest is targeted to be 40 % and
a CoV of 60 % is expected, then the researcher would need 36 test samples in each group for cross-sectional
study, or 18 in a before/after study (sampled once with the original cooking system and once with the improved
cooking system). Adding an additional 10 % for potential drop-out would yield 40 test samples in the cross-
sectional study or 20 in a before-and after study. For a study in which the outcomes relate to health or the sample
is clustered, a larger sample is likely to be needed.
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With large detectable differences and small CoV, it is theoretically possible to measure statistically
significant differences with very small sample sizes; however, sample sizes less than 15 for uncontrolled
field testing should be avoided to maintain a reasonable level of confidence in the results.

5.6 Field technician capacities

Field technicians should have experience with instrument handling and following protocols. Collecting
quality data will be aided by having conscientious, well-trained, independent, and motivated field staff.
The technicians should be sensitive to local cultures and customs and be able to communicate fluently,
preferably in the same language as the participants. These individuals should not have any vested
interested in the outcome of the study, nor be supervised by personnel responsible for the promotion of

any fuel or

In-field resy
completely,
team should

Post-field p}
instruments
arrangemern

5.7 Meas

echnology.

onsibilities include correctly completing consent forms; filling out survey forms le
hnd consistently; and setting up/running the test equipment according to set protocolg
pay close attention while taking detailed notes during tests.

rocedures can include downloading data from instrumentation, calibrating and cleg

t with the field supervisor and project manager.

urement statistics

5.7.1 Genleral

All aggregat
deviation, a

Further infd

ed measurements should be reported as a sample'mean or proportions, median, stan
nd CoV. Confidence intervals should also be included.

rmation on statistical analysis can be found'in Reference [8].

5.7.2 Replorting guidelines

Written con
with photog

When repor
and standar
designing si
which indic
interval wil

For more int

Reference [§

sent of the cook should be obtained for all test methods and metrics in this document §
raphs and records of test conditions.

ting aggregated data, measures of spread (such as the range, interquartile range, vari
d deviation) should beyreported to help contextualize test results and to help others
milar studies. One Way to characterize uncertainty is to report the 95 % confidence intg
ites that in repeated identical experiments, there is a 95 % probability that the confid
include the true mean value.

ormation @n statistical analysis for calculating uncertainty and variability of a data se

].

5.7.3 Mit

pibly,
. The

ning

, gathering supplies for the following day, and possibly data entry, depending on the

dard

ilong

hnce,
when
rval,
ence

[, see

gating bias and managing uncertainty

Mitigating bias and managing measurement uncertainty are critical for controlling the quality of the
data collected during a field measurement campaign. Systematic bias can be minimized with good
quality assurance and quality control practices. See Reference [2] for more information. See Annex C
for guidelines on reporting measurement uncertainty.

6 Usage and usability

6.1 General

Cookstove use and adoption rates, which relate to the potential impact of a cooking system, can be
assessed through usage measurements. The cookstove user’s cooking needs and attitudes towards
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a cookstove, which may impact usage decisions, can be understood by the assessment of cookstove
usability.

An example cookstove usage and usability survey can be found in Reference [2].

6.2 Sample selection and timing

Guidelines for sample selection are provided in 5.3 and contain provisions for selecting a representative
sample of households in a target community. Additional considerations important in study design for
cookstove usage measurements can be found in 5.2. These considerations include determining relevant
baseline use and time required to adjust to an improved cookstove, which need to be determined before

representative measurements can be taken.

6.3 | Cookstove usage

Intenjded outcomes of an improved cooking device can only be realized if it is used:-Usage mgasurements
include how much and how often a cooking device is used, as well as savings in time us
to a fooking device. This subclause describes sensor, observation, interyiew, and survey-
meagurements.

6.3.1

The guantitative measurement of changes in time use due t6.@ new cooking system relatij

Usage reporting metrics

cookfing system does not necessarily provide a complete picture of the impact on time use

invegtigations of the changes in time use patterns for all. heusehold members are also recon

e attributed
based usage

e to the old
Qualitative
nmended, as

task§ may shift from one family member to another grtake place simultaneously after the introduction

of a new cooking system. Similarly, perceptions of drudgery and quality of time may also ey

Repdrting metrics for cooking events in usage-studies can be used to assess changes in tim

a ney cooking system compared to the origifial cooking system. These metrics include:

a) c¢hanges in time use, measured relative to time to complete a standard cooking task;

b) ¢hanges in time use of other activities related to cooking, such as

iy
4

4)

fuel gathering (walking,)chopping, carrying);

fuel preparation (chopping, splitting, stacking);

food prepardtion (peeling, chopping, grinding, mixing);
fire tendifg (fanning, blowing, adding fuel);
fire-starting (lighting, adjusting, maintenance);

food tending (mixing, stirring, flipping); and

olve.

e use due to

7)

clean-up (extinguishing fire, removing ashes, washing pots); and

c) total changes in time use, measured as the sum of the time savings for the cooking task and all
other related activities.

The following reporting metrics are determined by using continuous stove monitors as described in

6.3.3.3:

— average cooking events per day on a specific cooking device;

— average cooking events per day on all cooking devices in a household;

— average cooking duration per day on a specific cooking device;

— average cooking duration per day on all cooking devices in a household;
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displacement as a fraction of cooking events on a specific cooking device;

displacement as a fraction of cooking duration on a specific cooking device; and

of stacked cooking devices.

Displacement is a useful way to understand rates of use and adoption by determining the fraction

of total cooking duration or events per day on an improved cookstove calculated by measuring cooking on all
cooking devices in a household including both improved and traditional cooking devices.

6.3.2 Usage claims

6.3.2.1 Pgqg

rformance assessment

To claim compliance with this document’s performance assessment, requirements for usage shal

sensor-base
households
households

NOTE St
of cookstove

6.3.2.2 Sy

Claims rega
to track how
an accurate
morellll, Da
to continuot
variation. S¢
on a histogr

6.3.2.3 CH

While it is
using the af
specifically
related met
should take
(alone or in|
expenditurg
well as chan
perceived d

6.3.3 Mes

d measurements. The measurement period shall last one month or more(The samj
chall be determined following the provisions of Clause 5, with a minimum,sample size
f the sample guidelines result in a lower sample size.

udies have shown that self-reported cookstove usage is not correlated with sensor-based mea
usage (see References [12] and [10]).

stained adoption

rding sustained adoption should be based on long-terht sensor-based monitoring in
usage has changed over time (see References [9] and10] for more information). To ac
understanding of sustained adoption, measurements should be made over 8 mont
jly measurements of all cooking events should,betaken by placing sensors on the cook
isly monitor for the duration of 8 to 9 month&’ This length of time might not reflect sea
nsors should be used to calculate averagedaily usage per month, and data should be pl
Am to assess how usage has changed over time.

janges in time use

ossible to make claims of egoking time savings of one cooking system relative to an
proach described in 6.3.8.2, claims based on this methodology should be presented
in relation to technology’/and fuels only. Any claims of outcomes for users based on {
rics should focus on\labour time and reflect a more nuanced investigation. Such cl
into consideration-the ways in which changes in cooking technology, fuel, or prag
combination)caffect household time use, whether through time savings, increased
s, or balancésnéutral transference of time among activities and/or household membe
ges in the-user’s perceptions of the changes in time use, such as the increase or decred
rudgery.

surement methods

I use
le of
of 20

sures

rder
hieve
NS or
stove
tonal
btted

bther
very
ime-
aims
tices
time
'S, as
se of

6.3.3.1 General

Measurement methods can be observational, interview, and/or sensor-based (see Reference [2]).

6.3.3.1.1 Observational-based usage measurements

Observational-based methods include local observation during individual cooking events, allowing for
notes to be taken regarding cooking time, exposure time, tending time, and clean up time associated
with a specific event.

Observational forms reduce recall bias by the participant and allow the surveyor to make objective
observations of use. Quick observations can include spot-checking cookstove presence, absence, or
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condition. Observations of all cookstoves in the home are recommended. Structured observations may
be used in which certain key behaviours are counted.

EXAMPLE The inspector might count the number of times the stove was relit during a cooking event or the
number of refuellings.

These methods can facilitate collecting observational data efficiently across larger samples sizes. These
approaches also provide insights into how intensively the cook participates in the cooking across the
duration of the event.

Longer-term observations can include physically observing behaviours associated with cooking by
keeping a record of activities performed by the cook before, during, and after cooking times. When

conducting this type of observation, it is important to limit intrusiveness to avoid obsexy

(i-e. d

hanges in behaviour due to the researcher’s presence).

In some cases, longer-term observations can be partially automated using time-lapse videc

recol
will |

6.3.3

Inten
metH
cook

Inter
usag
facto

appr
befol
An e]

NOTH

"d cooking behaviours (i.e. ‘video ethnography’). Informed consent of the cogkand fam
pe necessary for such studies, and these studies should be approved by an-éthics review

.1.2 Interview/survey-based usage measurements

view and survey methods rely on recall by the participant,oritypical behaviour pat
ods yield information on subject demographics, charageteristics, and factors asso
stove use behaviour.

view-based usage measurement can be conducted‘using questionnaires designed ta
b patterns, cookstove and fuel preferences, effe€ts on use due to seasonal or ot}
rs, and drivers for adoption. Questionnaires should be piloted before use to ens
ppriateness and clarity of the questions. Surveyors should be trained in the use of
e administering them.

kample cookstove usage and usability, survey can be found in Reference [2].

There are disadvantages to interwview and survey methods. Responses do not necessary 1

but istead an interviewee might try to satisfy the interviewer’s expectations. Imperfect human r

lead 1

6.3.3

Sens
as a
mult
ener
cook
quan

o errors in responses. This effectincreases with the time gap between an event and the intery

.1.3 Sensor-based usage measurements

br-based methodsiallow direct, objective measures of cookstove heat output using
proxy for cooking. These methods can be used to measure use across many houseg
ple cookstoyes. Sensor-based methods cannot necessarily distinguish between cq

ational bias

cameras to
Ily members
committee.

erns. These
ciated with

investigate
ler external
ire cultural
the surveys

eflect reality,
bcall can also
iew.

emperature
holds using
oking time,

by output-timme, heating time, and other associated applications that increase the temperature of

stoves_Without necessarily increasing the cooking time. Sensor-based methods can
tify,ststained use over time. Study design for sensor-based methods can vary.

be used to

6.3.

-4 —Combinming measurement approaches

Sensors and survey forms can be used independently or together. Combining the methods can allow
contextual information from surveys to inform sensor-based measurements.

EXAMPLE1 An observation of a broken cookstove explains why a sensor-based measurement yields a “no-
use” status.
EXAMPLE 2 A completed questionnaire reveals that the festival season is responsible for the higher than

normal sensor-based usage measurements, which show cooking for 6 h per day for 3 days in a row.

Reference [2] compares the data measured by observational, interview, and sensor-based methods

and also discusses their associated protocols, data analyses, and limitations. It is recommended that

inter

© ISO

views or surveys be completed as close to the event as possible.
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6.3.3.2 Observation, interview, and survey-based time measurements

Time measurements are listed in 6.3.1 and can be separated into cooking time and labour time.

6.3.3.2.1 Potential constraints of observational and interview measurements

The use of observational methods can require significant time investment by observers to obtain

appropriate

sample sizes.

These data can also be subject to biases such as the Hawthorne effect, whereby study participants
change their behaviour due to the presence of an observer.

EXAMPLE

Study subjects might use the improved stove for a larger portion of cooking than they roy

would or might load fuel in a manner that more closely follows the training they received than they weuld

not under ob

Similarly, in

6.3.3.2.2

Cooking tim|

ervation.
ferview methods are subject to recall bias by the participant.
Cooking time

e refers to the total time spent cooking a dish; it is the time difference between the finis

time and thle starting time of cooking (in minutes), which is referenced within the CCT protoc

Cooking tim
Observatior

Interview n
cookstoves.

6.3.3.2.3

Labour timd
time period

a) fuel gat

e can be measured by sensor-based, observational, or intervfew methods (see 6.3.3.1)

al methods allow for single events to be observed.

hethods can also be used to investigate cooking,time for different tasks on diff

Labour time

includes cooking-related times that are not measures of the actual cooking period. T
5 consist of:

hering (walking, chopping, carrying);

mally
when

hing
1131,

brent

hese

b) equipmgnt maintenance (axe shatpening, knife sharpening, fixing);
c) fuel preparation (chopping, splitting, stacking);

d) food pre¢paration (peeling;chopping, grinding, mixing);

e) fire stafting (lightirnig,-adjusting, maintenance);

f) fire tending (fanhing, blowing, adding fuel);

g) food tending (mixing, stirring, flipping); and

h) clean-up (extinguishing fire, removing ashes, washing pots).

Observations allow for records to be kept regarding cooking-related behaviours, such as gathering and
preparing fuel, preparing food, starting a fire, cookstove tending time, and clean up after cooking that
cannot be captured by sensor-based methods.

Interview methods can also be used to investigate the cooking-related behaviours listed above.

6.3.3.2.4 Time to complete tasks

For a time to complete tasks test (TCTT), the time to prepare a controlled meal should be monitored for
the traditional cookstove and improved cookstove of interest. The full cycle of food and fuel preparation,
cookstove lighting, cooking, and any cookstove cleaning tasks should be recorded during a timed event
for each cookstove. A minimum of three traditional cookstove events and three improved cookstove
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events should be conducted on the same meal type that is applicable to the local context. Multiple meal
types can be chosen, as needed in the local context. Refer to ISO/TR 19915, for more context and

qualitative guidelines. See also the CCT protocoll13],

6.3.3.3 Continuous (cook)stove monitoring (CSM) measurement method

6.3.3.3.1 General

A number of commercially available continuous stove monitors (CSMs) can be purchased, which log
temperature data or other indicators of cookstove use. Deciding which one works best for a given

proj
appr
optid
placd
whic
in R4
hour
used

Calib

ct denends on the cookstove tune budget and studv desion with respect to the ax
r J 7 (=] 4 J o 7 r

ppriate data analysis alternatives. The main components to consider when selectinga
ns are memory and battery life of the device, cost, data processing and analysin
ment requirements. Each cookstove use monitor will come with more explicit instruct
h are not covered in this document. A comparison of several cookstove usemionitors g
ference [2]. Accuracy of CSM devices vary, but the accuracy of cookstove usage measy
5 per day) is more strongly affected by other factors such as CSM plaeement and th
to translate raw CSM output to hours of usage.

ration of the algorithm for the sensor to translate temperature ‘into cooking duraf

railability of
nong device
b, and size/
ions for use,
an be found
rements (in

e algorithm

ion shall be

performed before sensors are used to compare usage across different stoves.
NOTH For sensor-based methods, it is important to understand how the cookstoves are used. Fuel left in the
cookgtove to burn out after cooking is done can lead to a misinterptetation of ‘hot cookstove’ time as ‘¢ooking’ time.

6.3.3

Prot
be pi
each
and
ther

high
placd
the d
the (
adde

6.3.3

Once
placs
cook
cook

Whi:[l

.3.2 Piloting placement of temperature sensors

floted with all cookstove types seen in the.field to decide on a standardized placement
cookstove type that will yield strong signals and will not break sensors from frequent

ocouple with a real-time screen.interface.

the cookstove is in use, a location should be identified that shows a strong heat si
br than that for which the-GSM is rated. After identification of this location, the CSM
d according to the usenghide and data should be logged over at least 24 h in a home

ookstove. The data ghould then be assessed to determine if the signal is both clear

SM'’s temperature thi€shold. For some CSMs, insulation, such as high temperature sili
d to protect the CSM from high heat.

.3.3 Installing CSMs during a study

a stanidard location for CSM placement has been determined for all cookstoves, CSM
d if _homes. If displacement metrics are intended to be reported, CSMs should be p

pcol for CSM placements varies with choice of device for the study. Placement of the sefsors should

protocol for
overheating

burn out. Potential places suitable for CSM placement can be determined using a dlata logging

bnal but not
s should be
that is using
and safe for
cone, can be

[s should be
laced on all

stoves in homes. Those cookstoves may include traditional cookstoves, advanced cookstoves, gas

stoves, electric cookstoves, electric rice cookers, or electric kettles.

Manufacturers’ usage guides should be followed when handling CSMs. Additionally, CSM placement
should not be in direct sunlight, and should not interfere with participants’ normal activities.
Participants should be informed of the purpose of the CSMs and should be instructed not to tamper
with CSMs.

When installing CSMs, surveyors shall fill out a tracking form for each house that documents the
location of all CSMs. The placement of each CSM shall be documented with a photograph that includes
a visible ID number for each cookstove. Reference [2] provides an example of a tracking form. Using
identifiers such as label stickers or barcodes will help to track CSMs in the field when handling many
sensors for many households.
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When using temperature-based CSMs, additional CSMs shall be deployed to measure ambient
temperature. Ambient CSMs shall be located out of direct sunlight. A minimum of three ambient CSMs
shall be used within a sample region.

6.3.3.3.4 Analysing CSM data

A standardised algorithm shall be used to determine the time periods when each stove is being used
and the daily stove usage (in hours per day) from the raw CSM data. For temperature-based CSMs,
ambient temperature data series shall be subtracted from stove CSM data series. Output data from
CSM analysis software should be inspected for erroneous results and cross-checked against a subset of
observational data.

Cookstove dtacking is determined by identifying all cooking devices that are used in a household.
Cooking deyices that are not used (determined by analysing CSM data) shall not be counted:

6.3.3.3.5 (SM usage reporting

A usage repgprting template should include:

a) averageand standard deviation of:
1) avelage cooking events per day on a specific cooking device,
2) avefage cooking events per day on all cooking devices in a heusehold,
3) avefage cooking duration per day on a specific cooking device,
4) avefage cooking duration per day on all cooking de¥ices in a household,
5) displacement as a fraction of cooking events oh@specific cooking device,
6) displacement as a fraction of cooking duration on a specific cooking device, and
7) avefage number of stacked cooking devices per household; and

b) description of:
1) sanpple location,
2) household sample size,
3) cooking devices measured and frequency of use of each cooking device,
4) CSM type and features, and

5) alggrithmand/or software used to analyse raw CSM data.

6.4 Cooksteve usability

Usability measures the degree to which a cooking system is able to meet the needs of a cook in a given
context and can be understood in terms of effectiveness, efficiency, and user satisfaction. The usability
of a cookstove can depend on each end user; therefore, measurements should be taken across diverse
ranges of target populations. Usability criteria include:

a) fuel cost and convenience: the expense and effort required to obtain and prepare fuel;
b) cooking performance: cooking speed, control, and versatility;

c) operability: ease of operation, ease of learning, and error-tolerance;

d) maintenance: expense and effort required for short- and long-term maintenance;

e) comfort: perceived comfort and aesthetic considerations; and
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f) location-specific needs, including secondary uses besides cooking.

While usability-focused design criteria can sometimes conflict with design criteria that improve
emissions, fuel consumption, and other technical performance aspects, an acceptable level of usability
is necessary for initial acceptance and sustained adoption by a cook.

Usability can be evaluated most effectively by triangulating results from a variety of methods, given
the subjective nature of the measurements. Valid methods include observation, interviews, surveys,
and physical measurements of the cookstove and cooking system. While quantitative methods
should be employed whenever possible to reduce subjectivity, many criteria will need to be evaluated
qualitatively.

A protocol for the evaluation and analysis of usability characteristics based orypbservation,
meagurement, survey, and interview data are available from Reference [14]. Results for, eadh individual
aspert of usability are reported as quantitative performance tiers, from 0 to 4, with supplementary
qualitative data provided where applicable.

7 Fuel measurement

7.1 | General

This|clause includes fuel measurements to determine:

a) ftelative difference in fuel consumption between two cooking devices (7.6),
b) felative difference in household fuel consumption.daused by a cooking intervention (Z.}), and
c) emission reporting metrics using the carbon balance method.

The Inetrics presented in this clause are not applicable to solar thermal cookstoves.

7.2 | Output metrics

Tablg¢ 5 lists fuel consumption communication metrics. Table 6 lists additional fuel measurjements that
are ysed for determination of emiissions by carbon balance.

Table 5 — Fuel measurement reporting metrics

Metnic Units Subclause Assessment level
Relative difference specific % 7.6 Performance
energy consumption
Relative difference daily % 77 Outcomes
percapita kitchen energy
consumption

Table 6 — Fuel measurements for emission measurements by carbon balance

Metric Units Subclause Assessment level
Energy consumed M] 7.8 Performance
Effective fuel heating value M]/kg 7.8 Performance
Effective fuel carbon fraction kg/kg 7.8 Performance

7.2.1 Specific energy consumption

Specific energy consumption is the energy consumption per mass of food cooked measured for a single
cooking event. The specific energy consumption depends on the following variables: cookstove, fuel,
cooking vessel, cooking task, and cookstove operation by the cook. It is not a direct measurement of
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cooking device performance because it is also dependent on the cook and cooking task. When the
cook and cooking task are controlled, the metric can be used to compare the relative difference in fuel
consumption between one cooking device and another. Additionally, the fuel variable may be controlled
to measure a relative difference in cookstove performance, or the cookstove variable may be controlled
to measure a relative difference in fuel performance, or both the cookstove and fuel can be varied to
measure the relative difference in cookstove/fuel combinations.

7.2.2 Kitchen energy consumption

Per capita kitchen energy consumption is the household cooking energy consumed per person per day.
It is a measurement of the following variables: all of the cooking fuels in a household, all of the cooking

technologie
measureme
the cooking
energy cons

5 in a household, and the daily cooking tasks. Per capita energy consumption is not ayd
t of cooking device performance because it is also dependent on other variables‘be
device. However, the metric can be used to compare the relative difference of)housg
umption with and without a cookstove intervention.

7.2.3 Comparison between specific energy consumption and kitchen energy/consumption

The relativy
caused by a
consumptio
acknowledg
change in cd

7.2.4 Ene

Energy cong

e difference of specific energy consumption is a measure of, potential fuel redu
cooking intervention for a typical cooking event. The relative difference of kitchen er
h is a measure of actual fuel reduction caused by a cooking intervention in a house
ing that the introduction of a new cooking intervention ifya household may also ca
oking appliance use patterns.

rgy consumed

umed is calculated from the total fuel consumption during a cooking task. The met

used for determination of emission rates by carbon balance method and for determination of avg

firepower.

7.2.5 Efféd

Effective fu
metric is req
method (sed

7.2.6 Effd

The effectiv
This metric

ctive fuel heating value

bl heating value is the energy-content of the fuel consumed during a cooking event.
juired for the determination.of fuel energy-based emission factors using the carbon ba
8.5).

ctive fuel carbon fraction

is required for-determination of energy-based emission factors by carbon balance (see

7.3 Equipment

A mass bal

afice is required for fuel consumption measurement. The mass balance shall h{

irect
sides
thold

ction

ergy
hold,

1se a

ric is
brage

This
ance

b fuel carbon fragtion is the mass-based proportion of carbon in the fuel that was consumed.

8.5).

ve a

resolution, a

ccuracy, and precision of atleast U,1 Y o1 the reading or better. Une or more mass balances

can be necessary to meet this requirement depending on the fuel mixture and the length of the test.

EXAMPLE

A hanging type mass balance with a 10 kg range and 0,01 kg resolution can be necessary to

measure wood fuels. A top loading mass balance with a 1 kg range and 0,001 kg resolution can be necessary to
measure reused fuel and food.

Mass balances shall be calibrated once per year using standard reference weights and checked against
reference weights regularly. Deviation from the reference value may be used to estimate measurement
uncertainty.

Optional equipment items for measuring specific energy consumption, kitchen energy consumption,
and/or emissions by carbon balance are listed in Table 7. Examples for equipment calibration and
frequency are provided in ISO 19867-1.
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Table 7 — Optional fuel measurement equipment

Specific Kitchen Emissions Notes
Optional equipment item energy energy by carbon
consumption | consumption balance

Metal tongs for handling hot fuel X X

Metal spoon or spatula for scooping hot fuel X X

and/or small fuel pieces

Heat-resistant gloves

Metal container for collecting and weighing

smalll fuelpieces—char-ash

Hand-held moisture meter for measuring mois- X X X Spe 7.4

ture|content of solid wood fuels

Fuel|sample storage bags or other sealed X X X Shall be

contpiner for transporting fuel samples for npn-permea-

laboratory analysis ble to air and
njoisture

Cord for bundling wood

Bomp calorimeter to determine the lower heat- Spe 7.5. Not

ing value of the fuel samples required if
the lower
hpating value
if instead
taken from
a[published
dpta source.

Measguring scale for cookstove, pot, and fuel X X X

dimgnsions

Electricity meter (kilowatt-hour meter) for X

measuring energy consumption of electric

appliances

Gas flow meter for measuring piped gasfuel X

“n

NOTE

x” indicates that the equipmentitem may be used for the measurement.

7.4 | Moisture measurement

7.4.1 Hand-held moisture meter

A hapd-held maeisture meter is only appropriate for wood fuels and shall not be used fq
fuels| unless it is' calibrated for the specific fuel being measured. The moisture meter shot

requjrementsin 7.3.

The procedure is as follows.

r non-wood
1ld meet the

a) Selecta minimum of three pieces of wood from the pile.

b) For each piece of wood, measure the moisture content at three equally-spaced points along the

length of the piece.

c) Calculate the average of all single-point measurements using Formula (1).

n
Zizlwc,m TWei2+tWe,i3

nx3

Wc,av -

where
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W, ., istheaverage moisture content of the fuel, in %;

w is the moisture content at point 1 for the ith piece of wood, in %j;

c il

w is the moisture content at point 2 for the ith piece of wood, in %j;

ci2

w is the moisture content at point 3 for the ith piece of wood, in %j;

¢L3
n is the total number of pieces of wood measured (at least three).

The moisture content shall be reported on a wet-basis. If the moisture meter outputs moisture content

d b Gicthantha svuaragn chollbha oo netad +0 o asnt ool
On a ry a l;J’ CIIvIr LIiie davelr us\, ODITAIT UL LUIIVUI LUU LTU A VLU UDAdOTIO.

Wedb

W N A—
1 +Wc,db

(2)

cwb —
where

Wb 19the moisture content, wet basis, in %;
W,.qp 19the moisture content, dry basis, in %.

An example|moisture meter reporting template is provided in Figure-h

| Family name/HH Code: | &\'§:\
Day 0 Instrument reading (% dry basis)
1 2N 3
Piece 1 S
Piece 2 Ay
Piece 3 G

Average moisture content (%)
dry-basis I:I wet-basis |

Day 1 Instrument reading (% dry basis)
1 2 3

Piece 1

Piece 2

Piece 3

Ayerage moisture content (%)

dry-basis wet-basis |
Day 2 Instrument reading (% dry basis)
+ 2 3
Piece 1
Piece 2
Piece 3

Average moisture content (%)
dry-basis I:l wet-basis |

Figure 1 — Example moisture meter reading report template
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7.4.2 Oven dry method for wood and other non-wood solid fuels

The oven dry method is appropriate for all solid fuels. A representative fuel sample shall be collected.
As soon as practicable, its mass shall be measured and recorded. The sample shall be placed in an air-
tight container for moisture content determination in the laboratory using the oven dry method (see
EN 14774-3[15]), The time between collection and moisture determination should be minimised.

The difference in mass immediately after the sample was collected and immediately before its moisture
content is determined is an indication of the reliability of the measurement.

7.5 Fuel heating value measurement

For 9
be fd

18, 5.5 shall
lid biomass

olid biomass fuels, determination of the heating value as specified in ISO 19867-1:20
llowed to determine the lower heating value as-fired. For fuel types other than sc

(coal} liquid, gas), a standard method appropriate for the fuel type shall be used, ahd a reference to
the method shall be provided along with the results. Alternatively, if the fuel-héating value has been
prevjously measured and published, then the value may be taken from that published source. If so, the
valug shall be adjusted to the lower heating value as-fired using the formulae'in ISO 19867-[:2018, 5.5.
7.6 | Specific fuel consumption

The $pecific fuel consumption measurement is adapted from the €ontrolled cooking testl13. Compared
to the controlled cooking test, the measurement in this document:

a) provides more prescriptive requirements and less informative guidance,

b) las terms and definitions consistent with ISO/TR21276[1¢],

c) prescribes an explicit step-by-step measurerent procedure, and

d) las a different calculation of specific enérgy consumption.

The purpose of the test is to measure therelative difference in fuel consumption between
techpologies, such as cookstoves, fuels, or cookstove/fuel combinations. A standard c
is de
perfy

fwo cooking
poking task
termined and then performed using each of the two cooking technologies. The cogking task is
rmed by multiple cooks, with multiple repetitions by each cook in order to prevent bigs.

7.6.1 Test conditions

The test shall be cofducted in a home setting that has adequate ventilation and is profected from

ambi
vessd
fuel,
varig
stan

ent wind. The cookstove system that is tested in this procedure includes the cookst
bls, fuels, coeks, and cooking task. In order to test a part of this system (such as th
cooksto¥e/pot combination, cookstove/fuel combination, or cookstove/fuel/pot com
bles shall be controlled except the test variable(s). The cooking task is controlled by
lard.cooking task. The cooks are controlled by having the same cooks use each cooking

The

fuels shall be prepared and the stove shall be operated and cleaned following normal

bve, cooking
b cookstove,
bination) all
' choosing a
technology.
practices in

the region. The combinations of cooks and cooking technologies shall be tested in random order. Each
type of fuel stock shall have consistent moisture content and energy content for all test replicates.

7.6.2 Sample selection

The standard cooking task used for the test should be typical to the region where the test is performed
and typical for the cooking technologies being tested.

The particular cooking devices that are used during the test should be functioning correctly.

The cooks should be selected locally in the region where the test is performed and should have
knowledge and experience in using the cooking technologies and performing the standard cooking task.

© ISO

2019 - All rights reserved
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The cooking task shall be performed by at least three cooks. Each cook shall perform at least three
repetitions of the cooking task. When performing more tests than the minimum requirement, it is
recommended to increase the number of cooks rather than increasing the number of repetitions per cook.

7.6.3 Measurements
The following measurements shall be taken:
a) mass of each type of fuel consumed;

b) energy content of each type of fuel (lower heating value);

c) moisture content of each type of fuel;
d) initial empty mass of each cooking vessel;
e) initial mass of uncooked food; and

f) final mgss of each cooking vessel with cooked food.

7.6.4 Equipment

In addition [to the equipment described in 7.3, an adequate supply ofifuel, food, and water shdll be
provided based on the selected cooking task and number of test repéetitions. Dishes, utensils, cutting
boards, and|knives may also be needed to prepare the ingredients:

7.6.5 Protocol

7.6.5.1 Determining the standard cooking task

Cooks shall|be interviewed in the region to determine an appropriate cooking task that is tyjpical
of the regiop for the cooking technologies being:tested. The cooking procedure shall be recordgd in
detail, with [the recorder remaining as objective as possible. A list of ingredients and the mass of|each
ingredient shall be recorded. An example ingredient list from the CCT13! is provided in Table 8.

Table 8 — Example ingredient list used in a CCT

Dish Ingredient Quantity (g)
porridge water 4000
millet flour 1000
sauce oil 100
meat 450
tomatoes 300
water 2500
onions 70
spices 50
Taken from Reference [13].

7.6.5.2 Conducting the test
The procedure for conducting the test is as follows.

a) Prepare the fuel and cooking ingredients. Prepare twice as much fuel as is expected to be used.
Measure and record:

1) the initial mass of each cooking vessel,
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d)

b)

7.6.4 Calculations

7.6..1 Energy consumption

Energy consumed is defined as the total fuel energy in (raw and reused fuel in) less the
remdining. In Formula (3), reused. fuel in and reused fuel remaining can be treated as one
theylhave the same heating value;otherwise they should be treated as separate fuel types.

IS0 19869:2019(E)

2) the initial mass of uncooked food, and

3) theinitial mass of each fuel type.

Fuel types shall be distinguished by their heating value. Examples of fuel types include biomass
species or other fuel materials such as kerosene. Reused fuel in shall also be treated as a separate

fuel type in addition to raw fuel.

Collect a representative sample of each fuel type in sealed containers for laboratory analysis of
moisture content and heating value. If using a hand-held moisture meter for wood fuels, measure

and record the moisture content (see 7.4.1).

Instruct the cook to begin cooking and record the start time of the cooking event.
When the cook indicates the cooking task is finished, record:

1) the end time of cooking, and

2) the mass of each cooking vessel with cooked food.

Instruct the cook to separate reused fuel from the remaining solids following norm
If the separation process happens after the remaining solids*have cooled, then w:
geparation has been performed to measure the reused fuel. Record:

1) the final remaining mass of each raw fuel type,
2) the final mass of reused fuel, and

3) the time of the final fuel measurement.

h] practices.
it until the

reused fuel
fuel type if

type

IPREDY [(M typei M type f )XLH Viype af } (3)
where

Eroel is the total energy consumed, in MJ;

M is the initial mass of each fuel type;

Miype s is the final mass of each fuel type;

LHVyype o¢ is the lower heating value of each fuel type, as fired, in M]/kg.
7.6.6.2 Mass of food cooked
The total mass of food cooked, M;, 4 (kg), is the initial mass of uncooked food.
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7.6.6.3 Specific energy consumption (as fired)

SCenergy = ,f,:; ©
where

SCenergy  is the specific energy consumption, in MJ/ kg;

Efyel is the total energy consumed for all fuel types, in MJ;

Miy04 is the total mass of food cooked, in kg.
7.6.6.4 Aggregated results
The specific consumption metric shall be tabulated for all test replicates performed on |each

cooking tec
(3 cooks x 3

The mean, {
shall be calg

To calculate]

replicates per cook).

tandard deviation, and coefficient of variation of the specificcenergy consumed SC,
ulated for the cooking technology #1 and cooking technology #2 test replicates.

the percent difference of the two sample means, Formulay(5) shall be used:

. mean(SCenergy‘z )—mean(SCenergy,l)
%diff =
mean(SC energy, 1 )
where
SCenergyr 1s the specific energy consumption of cooking technology #1;
SCenergylz 1s the specific energy consuniption of cooking technology #2.

This calcula
to cooking t
compared t

A two-taile
probability
along with

7.6.7 Reporting

All measure

Fion provides the percent difference in fuel consumption of cooking technology #2 comp
bchnology #1. A negative value indicates technology #2 had a reduction in fuel consum
technology #1.

 t-test shall be pefformed on the cooking technology sample groups to determin
that the samplesZare from the same population. The p-value of the t-test shall be rep
he percent difference.

d.and reported quantities shall include uncertainty estimates (see Annex C for uncert

hnology. There should be a minimum of 9 test replicates for each eooking techn¢logy

bnergy

(5)

ared
btion

b the
rted

hinty

ed:

guidelines).
a) initialu
b)
<)

In-addition to the reparting requirements of 7891 the fn]lm/ving should also he repor

ncooked mass of each type of food;

empty mass and material of each cooking vessel;

final mass of each cooking vessel with cooked food; and

d) the reporting metric of specific energy consumption.

An example

34

specific energy consumption reporting template is provided in Figure 2.
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Specific energy consumption reporting template

Specific energy consumption (M]/Kg)

sample size mean stdev CoV

cooking technology #1

cooking technology #2

difference (%)

-Test p-value

Hescription of cooking technology #1

Hescription of cooking technology #2

Hescription of standard cooking task:

Hescription of other controlled variables [fuel, stove, cooking vessel, etc.):

Figure 2 — Example specific energy consumption reporting template

7.7 | Kitchen energy consumption measurement
See Reference [17].

The primary purpose of this test protocokis to demonstrate differences in consumption of cooking
fuels|between households using baseline‘eéeoking technologies and households using imprgved cooking
techmnologies by measuring the rate-of daily fuel consumption per person in the normdl household
environment over an extended period’of time (typically 3 to 7 days). It is a prolonged tegt conducted
with[the willing cooperation of individual families.

7.7.1 Considerations

Field| technicians shouldw#ot provide fuel. Households should use their own supply of fuel ajnd store the
fuel following theigregular practice.

The minimum sample size is 20 households.

7.7.2 Reporting

All measured and reported guantities shall include uncertainty estimates (see Annex C forluncertainty
guidelines).

Copies should be kept of all datasheets and spreadsheets used to determine individual household
results and final aggregated results.

An example kitchen energy consumption reporting template is provided in Figure 3.
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difference

baseline sample group

intervention sample group

Kitchen energy consumption reporting template

Daily per capita energy consumption (M]/person/day)

sample size mean stdev CoV

(%)

t-Test pvd

ue

descriptiof

of study design (how samples were selected):

descriptio

of baseline sample group (location, cooking appliances, fuels):

descriptioy

of intervention sample group (location, cooking appliances, fuels):

7.8 Fuel}

The energy
in this subc
metrics are
Limitations
A.3.2. Thee

7.8.1 Tesf

This fuel m
setting. The
ignition ang
naturally, th
subtracting
cooking seq

Figure 3 — Example kitchen energy consumption reportingtemplate

measurements for emissions by carbon balance

consumption, effective fuel heating value, and effective’'fuel carbon fraction are deternj
lause. The output metrics are not a direct measufée of cooking system performance

to the carbon balance method, and these associated fuel measurements, are discuss
hergy consumption Ef , may also be used-to-calculate average firepower (see 9.3).

L conditions

basurement procedure is applicable for uncontrolled and controlled cooking tasks i
measurement procedure is\for one full burn sequence. The burn sequence starts
ends when combustion(is extinguished or left to burnout naturally. If left to bui

e end of the burn sequénce is defined at the time when the plume CO, concentration

the background coricentration) has diminished to 10 % of the average value durin

llence.

7.8.2 Equipment

In addition 4

0 the equipment listed in 7.3, laboratory fuel analysis equipment described in ASTM E8]

may be used to perform the ultimate analysis of the fuel samples (unless the carbon fraction va

instead esti

mated from a reference source).

lined
The

used to determine emission factors and emission rates by carbon balance method in 8.5.

ed in

I any
upon
nout
after
b the

7 [18]
ue is

7.8.3 Required measurements

The following measurements are required for each fuel type:

a)
b)
‘)
d)
e)

36

initial fuel mass;

final fuel mass;

moisture content (wet basis);
lower heating value (as-fired); and

carbon fraction (as-fired).
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7.8.4 Determination of moisture content

See 7.4.

7.8.5 Determination of lower heating value

The lower heating value LHV, may be determined according to ISO 19867-1:2018, 5.5 or by referencing

a published value that was determined following the method specified in ISO 19867-1:2018

7.8.6 Determination of fuel carbon fraction

,5.5.

The fuel carbon fraction CFracg, may be determined by referencing a published data-s
obtalning a representative fuel sample and performing an ultimate analysis in a laborato
ASTM E870118],

7.8.7 Protocol

a) Measure and record the initial mass of each fuel type. Fuel types shall be distinguis
heating value. Examples of fuel types include biomass species orother fuel mater
kerosene. Reused fuel in shall also be treated as a separate fuel type in addition to raw

burce, or by
ry following

hed by their
jals such as
fuel.

b) (ollect a representative sample of each fuel type in sealed Containers for laboratory analysis of

moisture content (see 7.4.1).

c) Record the start time of the burn sequence when the cookstove is ignited.

moisture content (see 7.4.2), heating value (see 7.5), and carbon fraction (see 7.8.6]). Mark and
¢atalogue each sample. If using a hand-held moisture meter for wood fuels, measure and record the

d) Determine the end time of the burn sequence@hen combustion is extinguished, or when the cooking
gequence is finished and combustion is left to burnout naturally. If left to burnout naturally, the end

from the remaining solids followihgnormal practices.
e) Measure and record:

1) end time of burn sequence;

2) final remaining‘madss of each raw fuel type;

3) mass of residual fuel; and

4) final mass of reused fuel.

7.8.8 alculations

f the burn sequence is defined at the time when the plume CO, concentration has diminished to
10 % of the average value during thecooking sequence. Instruct the cook to separatg reused fuel

7.8.8.1 Energy consumption

Refer to 7.6.6.1.

7.8.8.2 Effective fuel heating value

The effective heating value EHV (M]/kgg,q1) is an expression of fuel heat energy per unit mass that
relates the fuel mass consumed to the fuel energy contained in it. (See further guidelines for determining
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effective heating value in Annex A.) For the simple case of a single fuel type that burns homogeneously,
the effective heating value is equal to the lower heating value, as-fired LHV

EHV =L

where

EHV

LHV,;

HV ¢

is the effective heating value, in M]/kg;

is the lower heating value as-fired, in M]/kg.

(16)

Formula (16

) is valid for liquid and gas fuels as well as biomass fuels that burn to completion Wi

net change in reused fuel. For more complex cases of multiple fuel types and/or a net change-in'reg

fuel, the effd

N
EHV =4

ctive fuel heating value can be calculated as:

~ type
D
[

|:(Mtype,i - Mtype,f )XLHVtype,af J

where

EHV

A4type,i

Aﬂyp&f

LHVgpe

Formula (17
all fuel type

reused fuel
they should

2 type(IWtype,i - Mtype,f )

is the effective heating value, in M]/kg;
is the initial mass of each fuel type, in kg;
is the final mass of each fuel type, in kg;
¢ is the lower heating value of each fuel type, as fired, in MJ/kg.

) is the total energy consumed dividedby the total net change in fuel mass (summed

remaining can be treated as onge-fuel type if they have the same heating value, other]
be treated as separate fuel types:

7.8.8.3 Effective fuel carbon fraction

The effectiv]
consumed.

e fuel carbon fractien.CFrac,is a conversion factor between carbon released and fuel
See further guidelines for determining effective fuel carbon fraction in Annex A.)

For the simple case of a single fuel type that burns homogeneously, the effective fuel carbon fract

equal to the

CFrac 4

fuel carbonfraction:

= CFraCfuel,af

th no
used

(17)

over

5 where each fuel type is denoted with-the subscript “type”). In this case, reused fuel i and

wise

nass

onis

(18)

where

38

CFrac.; is the effective fuel carbon fraction, in g/g;

CFracgy) 4¢is the as fired fuel carbon fraction, in g/g.
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Formula (18) is valid for liquid and gas fuels as well as biomass fuels that burn to completion with no
net change in reused fuel and no residual fuel. For more complex cases of multiple fuel types and/or a
net change in reused fuel or residual fuel, the effective fuel carbon fraction can be calculated as:

type
2 [CFracfuellaf,type ><(Ivltype,i _Mtype'f ):|

CFrac ¢ =
Mfyer
where
Frac g is the effective fuel carbon fraction. in g/g:

(19)

]
]

Forny
(sum
shall
if the

7.8.9
A re

meay
guid
7.8.9

a) 3

[Fracpye aftype 1S the as fired fuel carbon fraction for each fuel type, in g/g;

. is the initial mass of each fuel type, in kg;

ype,i
Miypef is the final mass of each fuel type, in kg;
Vel is the total mass of fuel consumed, in kg.
ula (19) is the total net change in carbon in the fuel consumed,divided by the total fu

y have the same heating value, otherwise they should be'treated as separate fuel type

Reporting

port shall be prepared for each cooking event and shall contain the following info
ured and reported quantities shall includé<uncertainty estimates (see Annex C for
blines).

.1 General fuel measurement.réport
idministrator information:
) organization/company;

) contact information;

3) technician names;

b) location:

|

4

)  home(country, district, village, address, house ID, GPS coordinates);

1)~ _cookstove (indoor/outdoor, location in home, photograph);

bl consumed

med over all fuel types where each fuel type is denoted with the subscript “type”). Residual fuel
be included as a fuel type. Reused fuel in and reused fuel remaining can be treated as gne fuel type

b.

rmation. All
uncertainty

c) date;

d) weather conditions;

e) description of cooking system (note if any factors are controlled):

1y
2)

3) cooking vessels (shape, size, mass, materials, description, photograph);

4) fuels (species, shape, dimensions, quantity, photograph);
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cookstove (make, model, serial number, description, materials, dimensions, photograph);

food cooked/cooking task [description, quantity (number of people fed), flavour, photograph];
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5) stove operator (who);

f) description of equipment:
1) scales (make, model, range, resolution, accuracy);
2) moisture measurement equipment;

g) cooking test data sheet for each fuel type:

1) moisture content;

2) mojsturecontentmeasurenrentmetiod;
3) initjal mass of fuel;
4) fingl mass of fuel;
5) fue] mass consumed;
6) lower heating values as fired;
7) method of determination of lower heating values;
8) energy consumed;
h) additional notes; and

i) copies df raw test data sheet.

7.8.9.2 Cgrbon balance fuel report

If emission§ are measured using the carbon balance method described in 8.5, in addition t¢ the
reporting rgquirements of 7.8.9.1, the following shall be reported:

a) carbon fraction as-fired for each fuel type;
b) method|of determination of carbonsfractions;
c) effectivg heating value; and

d) effectivg fuel carbon fraction.

7.9 Limitations

Researcherq should\imit their subjects to participants willing to cooperate with the study. Households
should und¢rstandithe requirements that are placed on them. Long-duration tests can necesgitate
regular visitstorhouseholds; these visits can be seen as a nuisance if subjects are not fully inform|ed of
the study pdrameters

8 Emission measurement

Cookstove emissions contain pollutants that affect health and climate. The pollutant composition
and emission rate can vary greatly with cooking technology and fuel type and condition. Emission
measurements are used to compare cooking system technologies, observe changes in performance
under different conditions, and provide input for health and climate relevant research questions. This
clause provides guidance for measuring and reporting cooking system emissions of PM, 5, CO, CO,,
EC, and OC. The methods and metrics covered in this clause are applicable for field measurements of
emissions during controlled and uncontrolled cooking tests for chimney and non-chimney cookstoves.

Owing to their lack of combustion-based emissions, this clause does not apply to solar cookstoves.
Emission factor and emission rate values are not prescribed for solar cookstoves.
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8.1 Emission species measured

This protocol provides guidance for measuring PM, s, CO, elemental carbon (EC) and organic carbon
(0C). PM; 5 and CO are required, while EC/OC are optional measurements. Additional species may also
be measured. In general, the same procedures to measure PM, 5 and CO can also be used to measure
additional species. However, additional species analysis can require a unique sampling matrix, such as
quartz fibre filter for EC/OC analysis, and can be sensitive to method detection limits and overloading.

8.2 Emission output metrics

Emission reporting metrics are shown in Table 9. All reporting metrics in Table 9 are
performance assessment. Justifications, considerations, and relative importance of ea€h
discyssed in Annex A.

part of the
metric are

Table 9 — Emission reporting metrics and units

. . Units by species
Reporting metric -
co PM, o EC/0C (optional)
Fuel energy-based g/M] mg/M] mg/M], mg/M]
emission factor
Fuel-based emission g/kg mg/kg mg/kg, mg/kg
factor
Emission rate g/min mg/min mg/min, mg/min
Modified combustion
g mole/mole
efficiency
8.3 | Sample selection
The sample of households shall be determined following guidelines in 5.3 to 5.5, with |a minimum
sample size of 20 households if the sample‘guidelines result in a lower sample size.
8.4 | Sampling methods

The partial capture sampling-method with carbon balance calculations is described in 8.5. T
and falculation method jn 85 may be adapted, or a different method may be used t
repofting metrics listed i’ Table 9. If a different method is used, changes shall be clear
propgr justification shall be provided, and potential measurement biases and uncertain
identified and propagated to the confidence interval of the reported results.

he sampling
determine
ly reported,
ries shall be

It is
the |
cons
field

possible toperform field emission measurements using the total capture method
hboratory+based total capture measurement described in ISO 19867-1. However, the
derations and practical challenges associated with performing total capture measure

and‘therefore the partial capture method described in 8.5 is recommended as the m
££,

Betivga antingy forn £101d v oo nn

ante A gonaral doceorintiny Af bt ] A d Eatal ~oags

by adapting
e are many
ments in the
hst practical

and e

TTCTCTrvV e OpPTIUT TOT TICTO TIICO oS UL CITICTICS 1 s CHCT o At SCTITpTIUTT UT poT trat ot cotar Capta

re sampling

methods is provided in A.3.

8.5 Emission measurements using partial capture sampling with carbon balance

This subclause details the equipment and procedure for CO, EC/OC, and PM, 5 emissions sampling using
partial plume capture and carbon balance. CO, is also simultaneously measured because it is essential
for calculation of emission metrics. Emission output metrics are calculated using the carbon mass
balance method. Biases and limitations of the method are described in A.3.2.

8.5.1 Test conditions

This method is intended primarily for uncontrolled cooking tests, in which the technician does not
specify cookstoves, fuels, meals, cooking practices, location of the cookstove in the household, or any
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other factors that may affect emissions. However, this method is also applicable for controlled cooking
tests in which one or more of these factors are specified by the protocol. The type of cooking test, the
test protocol, and any controlled factors shall be reported with the results.

Emissions should be measured continuously for a complete cooking event, including pre-lighting
background, lighting, cooking, burnout, and post-burnout background. Alternatively, in the case where
the cookstove is used continuously, as in heating cookstoves, a representative burn cycle should be chosen.

8.5.2 Required measurements

Measurements shall be taken for:

a) average concentration of CO, in the sampling event plume;

b) average concentration of CO in the sampling event plume;

c) averageflow rate through the PM, 5 gravimetric filter;

d) mass offPM, s collected on the gravimetric filter;

e) backgrqund concentration of CO, in the sampling environment;
f) backgrqund concentration of CO in the sampling environment;

g) backgrqund concentration of PM, 5 in the sampling environment;
h) temperature and humidity in the sample train;

i) ambient (atmospheric) pressure;

j)  mass of|dry fuel burned during sampling event;

k) effective carbon fraction of fuel burned during‘sampling event;

1) effectivg heating value of fuel burned during sampling event; and
m) duration of the sampling event.

Optional mdasurements for EC and OC-are:

o) average|flow rate through theprimary and backup quartz filters;
p) mass of|[EC and OC on théprimary quartz filter;

q) mass of|[EC and OConrthe backup quartz filter; and

r) backgrqund céneentration of EC/OC in the sampling environment.

8.5.3 Equipment specifications

8.5.3.1 Emission sampling system

An emission sample shall be collected from a free plume or chimney with one probe and drawn through
a sample train. The sample stream may be diluted with dry, clean air. The sample stream shall be size-
segregated using a flow through a particle separator (such as a PM; 5 cyclone) to remove particles larger
than 2,5 pm in diameter, and then passed through a PM filter for gravimetric analysis. CO and CO, gas
sensors shall sample from the sample stream after removal of particulate matter.

The sample train shall have only one sample probe to ensure all measurement instruments are exposed
to the same emission sample. Using separate sample probes for separate instruments is not permitted.

An example sample train is shown in Figure 4. Other configurations that meet the component
requirements given in this subclause may be used. The sample train may be split into parallel flows
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to meet the flow criteria when combining sub-assemblies into one sampling system. All sample train
components shall seal to pass the sample train leak test described in 8.5.9.

EXAMPLE1 Arrangements meeting the requirements of this subclause can include gas sensors packaged into
subassemblies that include a data logger and multiple sensor-specific data loggers along the sample train.

EXAMPLE 2  Arrangements meeting the requirements of this subclause can include pumps, flow control
mechanisms, and batteries packaged into a subassembly such as a personal sampling pump.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

U
\
et

Key
dampling probe

particle size separating device (cyclone)
temperature and relative humidity sensors
PM, 5 gravimetric filter and filter holder
darbon dioxide sensor

d¢arbon monoxide sensor

flow control device

Yacuum pump

O© 0 N O U1 o W N =

ower supply

[EnN
o

ata acquisition system
ackup HEPA filter
ilution pump

R
w N

ilution nfetering valve

—_
S

ilution,desiccator
ilution HEPA filter

a Forcedditution:

Juny
vl

b Conductive tubing.
Figure 4 — Sampling system diagram for CO and PM, ; emissions from an open plume

To measure EC and OC in addition to CO and PM, 5, the sample train shall have two quartz filters in
parallel (see Figure 5). The primary quartz filter is in parallel with the gravimetric PM filter. The backup
quartz filter is located downstream of (behind) the gravimetric PM filter for measuring of volatile OC
artefact. The sample train shall also have additional flow control for the primary quartz filter flow train.
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- ~

g )

N < 1 //,’
Key
1-15 see Fighre 4
16  primar}y quartz filter holder
17  backup quartz filter holder
18  primarjy quartz metering valve
a Forced|dilution.
b Condugtive tubing.
¢ Flow control.

Figure 5 — Sampling system diagram for*EC and OC emissions from an open plume

8.5.3.1.1 Sampling probe
A sampling probe is tubing that is placed in the plume from which the emission sample is drawn intpo the
sampling system. The probe should\bé made of stainless steel (or similar) tubing. A multi-point sajmple
probe can b¢ used for sampling naturally diluted plumes in free air above a cookstove or chimney ofitlet.
The numbert}, size, and positioning of inlets should be chosen to capture a representative sample qgf the
plume. The |nlets need notbe’isokinetic (the nozzle inlet velocity need not match the plume velofity),
since cookstove plumesdn-free air usually meet calm air sampling criteria. The probe should intefsect
a cross-sectjon of the plume perpendicular to the direction of cookstove exhaust flow. The sample|shall
be fully mixpd before it reaches the particle separator in the sample train.
A collection| hood'may be used to capture the plume and channel it to the probe. Considerationg and
potential bigsés of collecting a representative sample are discussed in A.3.2.1.

For chimney cookstoves, a single point emission sample should be drawn from a port in the chimney
where the emission flow is fully mixed. As a guideline to locate fully mixed flow, the port should be
located downstream of the cookstove at a distance greater or equal to 10 times that of the inside
chimney diameter (Figure 6). Ideally, the sample probe should be located at the chimney outlet, if it is
accessible, to avoid adding a hole in the chimney wall. The probe end may be extended into the chimney
opening at a depth greater than the pipe diameter to minimize variability associated with ambient
mixing (Figure 6). The probe diameter should be sized to approximate isokinetic sampling conditions.

NOTE Sampling at the chimney outlet avoids drilling a hole in the chimney and prevents the sampling
equipment and operator from intruding into the cooking space.
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Figure 6 — Chimney cookstove sampling probe configurations

.1.2 Particle size separating device

particle size separating device removes particles larger than 2,5 pm from the samp
ne or impactor can be used-to remove particles larger than 2,5 pm from the sample
rate through the particle'separator shall be set to match the PM, 5 cut point of the dey
/min is common for portable field sampling equipment).

.1.3 Temperature and relative humidity sensors

emperature‘sensor and humidity sensor shall transmit a continuous or semi-continy
s loggedto(a data file. The temperature sensor shall have a range of 0 °C to 100 °C or
plution-of‘at least 1 °C, and an accuracy to within 2 °C or better. The relative humidity
arangeof atleast 10 % RH to 90 % RH, a resolution of at least 1 % RH, and an accuracy
tter.

e stream. A
stream. The
rice (1 1/min

ous reading
larger, with
sensor shall
y of 10 % RH

8.5.3.1.4 PM, ; gravimetric filter and filter holder

PM, s mass shall be collected on a filter for gravimetric analysis. The filter shall be PTFE, glass fibre, or
PTFE coated glass fibre, with a collection efficiency of at least 99,95 % for 0,3 um dioctyl phthalate smoke
particles. The filters shall be transported between the analysis laboratory and field site in air-tight Petri
dishes or filter holders. Petri dishes or filter holders should be clearly labelled with a permanent marker
or bar code. Care should be taken to ensure filters remain in the same container before and after sampling.
After sampling, the filters should be kept at -4 °C or lower during transportation and storage. The filter
shall be pre-weighed and post-weighed according to the gravimetric analysis procedure in 8.5.5.
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8.5.3.1.5 EC/OC filter holders

EC/0C mass shall be collected on a filter for thermal optical analysis for carbonaceous species. The
filter shall be quartz fibre filter (QFF), with an aerosol retention efficiency of at least 99,9 % for 0,3 um
dioctyl phthalate smoke particles. The filters shall be transported between the analysis laboratory and
field site in sealed, baked aluminium-lined Petri dishes or sealed filter holders. The filters shall be kept
at -4 °C or lower during transportation and storage. QFF shall be pre-baked to remove organic carbon
contamination by placing the sample filter in a muffle furnace at 550 °C for a minimum of 15 h. Two
filter holders are required to correct for volatile organic carbon artefacts developed on the primary
quartz filter during sampling. The secondary (backup filter) collected downstream of the gravimetric
PM, s filter can be used to correct for the volatile carbon artefact. In lieu of a backup filter, flow through
activated caffbon denuders can be used to scrub VOC from the EC/OC sample [ine prior to the QFFEhglder.
One filter hglder with two stages in series may be used to hold the gravimetric PM,  filter and.backup
quartz filtern.

8.5.3.1.6 (arbon dioxide sensor

The carbon
The sensor
sensor shall
or less. The
shall be che

8.5.3.1.7

The carbon
filter. The sq
The sensor
of 10 % or
calibration

Electrochenpical type CO sensors shall be hydrogen compensated if coal or other hydrogen emittin

is used duri

8.5.3.1.8

The flow ra
minimize bi
ratio. A sam
metering va3
pump speed
has parallel
should be s¢

NOTE A
pressure dro|

lioxide sensor shall be located in the sample train downstream of a paxticulate matter
shall transmit a continuous or semi-continuous reading that is logged to a data file
have a T90 response time of 60 s or less, a resolution of 1 ppm ot [ess, and accuracy of
sensor shall be calibrated prior to collecting a set of measurements, and the calibr
‘ked before and after a set of measurements following the précedure in 8.5.7.

Carbon monoxide sensor

monoxide sensor shall be located in the sample tr@in downstream of a particulate m
ensor shall transmit a continuous or semi-continuous reading that is logged to a dat{
chall have a T90 response time of 60 s or less; a resolution of 1 ppm or less, and accy

bhall be checked before and after a set ‘of measurements following the procedure in

g a measurement.

Flow control

e in the sample train should remain constant for the correct particle size separati
ns and uncertainty of theé measured PM; 5 concentration and to maintain a constant dil
ple flow rate of 11/min to 5 I/min is common. The flow can be controlled with an adjus
lve, critical opificé/venturi, automated control valve (such as mass flow controller
controller. The’flow rate shall be set and checked according to 8.5.10. If the sample
filter flows\for OC/EC measurements, the flow across the primary and backup quartz f
t equal to.each other.

critical orifice maintains a constant flow rate as the pressure downstream fluctuates so long 3

ilter.
The
10 %
htion

atter
1 file.
[racy

less. The sensor shall be calibrated prietto collecting a set of measurements, angl the

B.5.7.
> fuel

bn to
1ition
table
5), or
train
Iters

1s the

pdacross the orifice is sufficient to maintain sonic velocity (choked flow); however, if the pre

ssure

upstream changes (e.g. due to filter loading), the flow rate will change.

8.5.3.1.9 Vacuum pump

The vacuum pump shall be located in the sample train downstream of the particulate filter. The pump

shall provid

e the required flow rate for the PM, s cut point of the particle separator.

8.5.3.1.10 Data acquisition system

Sensor readings (CO, CO,, temperature, RH) shall be logged at a rate of once every 10 s or faster to a

data file wit

46

h time stamps.
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8.5.3.1.11 Dilution train

A forced dilution train is recommended, but not always required. Cookstove exhaust shall be diluted
before sampling to condition the PM sample and to prevent condensation from forming inside the
sample train. An emission plume will dilute naturally as it rises above the cookstove and mixes with
the surrounding air. If natural dilution is adequate, forced dilution is not required. Subclause 8.5.11
provides guidance for determining adequate dilution and adjusting the amount of dilution.

The forced dilution flow train draws in ambient air, dries it, and forces the air into the sample probe
to dilute the exhaust sample. The dilution flow train contains a HEPA filter, desiccator, flow control
device, and pump as shown in Figure 4. The HEPA f11ter removes particles from the dilution air. The
desi i it. Colour-
changing silica gel or anhydrous calcium sulfate are recommended desiccants, because’they provide
a vispal indication of saturation. The flow control device may be an adjustable metefing vplve, critical
orifi¢e/venturi, automated control valve (such as mass flow controllers), or pumpsspeéd controller. The
pump shall be located in the dilution train downstream of the particulate filtér;“The pump and flow
control device combination shall produce a constant flow rate for the duration-of the sanjpling event.
See $.5.11 for guidelines to set the dilution flow and 8.5.10 for guidelines te check the dflution flow.
The dlilution train shall connect to the sample train near the sample probe,/far enough upstream of the
particle separator to ensure thorough mixing of emission sample anddilution air. The djlution train
inlet|shall be located to capture representative background air. Gas sensors can be added to|the dilution
train for more accurate background CO and CO, concentration méasurement. See 8.5.12 for|background
air considerations.

8.5.3.1.12 Tubing

All tiibing that transports the particle-laden sample“shall be electrically conductive to disgipate static
charge to minimize electrostatic particle accumulation on the tube walls. Particle-lader] tubing can
be nmade of stainless steel, copper, or conductive silicone (soft tubing). To minimize particle loss, the
particle-laden tubing shall be as short as paossible and shall not have sharp bends.

8.5.3.2 Additional equipment

8.5.3.2.1 Primary flow calibrator

A primary volumetric flow calibrator, such as a bubble meter or other thin film flow calibrator, shall
be used to measure the in-line volumetric flow rate of the sample train before and after each sampling
evenf. The primary flow-ealibrator shall measure the volumetric flow rate at actual conditjons with an
accufacy of 5 % or better.

8.5.3.2.2 Ambiént pressure, temperature, and RH measurement device

Sensprs to~measure ambient pressure, temperature, and RH shall be used to measure ambient
condtlons The sensor outputs need not be measured contlnuously or logged but shall be displayed to
e ave 3 a~and accuracy
of 3 % of readmg or better The temperature sensor shall have a resolutlon of 1 °C and an accuracy to
within 3 °C or better. The RH sensor shall have a resolution of 1 % RH and an accuracy of 5 % RH or
better. Many hand-held devices exist with ambient sensor assemblies that meet these requirements.

8.5.3.2.3 Vacuum gauge

A vacuum gauge shall be used to leak test the sample train before a sampling event. The gauge shall be
able to measure a vacuum pressure equal to the highest vacuum pressure that occurs in the sample
train. The gauge can be combined in an assembly with a hand pump in order to draw a vacuum on
the sample train. If a hand pump is not included, then a vacuum can be applied to the sample train by
cycling the sample pump on and off.
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8.5.3.2.4 Fuel measurement equipment

Fuel measurements are required to calculate emission reporting metrics. Refer to 7.8 for the required
fuel measurement equipment.

8.5.3.3 Laboratory equipment

Required equipment to perform gravimetric analysis of PM filters is described in 8.5.5. Required
calibration gases and calibration equipment are described in 8.5.7. Optional laboratory equipment to
measure the fuel composition and energy content may also be used to reduce uncertainty of output
metrics. The optional laboratory equipment for fuel analysis is described in Annex A.

8.5.4 Sampling protocol

8.5.4.1 Onsite preparation

Load thg filter into the filter holder at the sampling site, or in a clean location pirier to arrivi

ling site. Check the filter for damage when loading.

1). If the cookstove is already burning, then set up the probe butdo not place it in the p
ney until the start of the test period.

t the sample train (8.5.9) and dilution train.

| all sensors and pumps. Set sample flow rate for‘the particle separator to ensur
iate size cut point will be obtained, and thencset the dilution flow rate followin
esin 8.5.11.

e and record the sample and dilution flows\with a primary calibrator (8.5.10).

b and record ambient pressure, temperature and RH.

und period.

uel samples for laboratory analysis if necessary, weigh the initial fuel load, and test the¢
e content, according to Z4 and Z7.8.

mpling event

the start tinde-of the cooking event (when the cookstove is lit or when the probe is m
plume).

the cooking event, record observational notes such as observations of what is cooked
ind ‘what fuels are used. Record observations of other emission sources that contr

ng at

he equipment. Position the probe 0,5 m to 1 m above the cookstove or in the chimney

lume

b the
v the

background air for at least 10(mih (8.5.12). Record the start time and end time df the

b fuel

oved

who
bute

ackeround emissions. Record observations if wind moves the plume off the probe f

r an

extended period of time.

a)
the sa
b) Set up {
(8.5.3.1
or chim
c) Leaktef
d) Turn oy
appropf
guidelir]
e) Measur
f) Measur
g) Sample
backgrd
h) Collect1
moistuy
8.54.2 S4
a) Record
into the|
b) During
cooks, 4
to the b
c)

Record the stop time of the cooking event when the cooking is finished, the time when the
cookstove is extinguished (naturally or forced by the cook), and the time when the plume CO and

CO, con

centrations are near or at background air concentrations.

8.5.4.3 Onsite post-sampling

a)

b)
‘)

48

Sample background air for at least 10 min (8.5.12). Record the start time and end time of the
background period.

Measure and record ambient pressure, temperature, and RH.

Measure and record the sample and dilution flows with a primary flow calibrator (8.5.10).
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d) Turn off all sensors and pumps.
e) Weigh the remaining fuel (7.8).
f) Remove the filter from the filter holder back into its sealed petri dish at the sampling site, or in a

clean location after leaving the sampling site.

8.5.5 Gravimetric analysis of PM, 5 mass

Follow the gravimetric filter analysis procedure in ISO 19867-1:2018, 5.3.8.4 with the exception of the
changes listed here:

a) Determine the limit of detection (LOD) and limit of quantification (LOQ) for the,|gravimetric
easurement system following guidance in Annex C.

b) Filters of any size may be used.

8.5.4 Thermal optical analysis of EC/OC mass

Therjmal optical analysis of quartz filter samples should be perfdrmed by either the IMPROVE

method[4% or NIOSH 5040[32]. Other protocols exist but are less comfmon and are not reconpmended for

use. All thermal optical measurements are method defined, and/results cannot be directly compared,

esperially for EC quantification. The user should apply the same protocol consistently during a

cookstove evaluation and testing.

8.5.7 Gas sensor calibration

Gas pensors should be calibrated according to_the manufacturers’ specifications. Thel calibration

shall| be checked by exposing the sensor to zer@gas and span gas before and after a figld sampling

campaign. The zero and span check shall also be performed prior to sensor recalibration.

shou
conc
conc
in th
unce

If an
meas

If the

8.5.9

Atle
field

Id contain 0 ppm CO, 0 ppm CO,, with*a-balance of air or nitrogen. The span gas shou
entration of CO and CO, such that the‘plume measurements are within 20 % to 100 ¢
bntration. The sensor readings shiall'be recorded during the zero and span check and tH
e reading and the reference concentration of the calibration gas shall be used to ¢
rtainty of the gas sensors.

electrochemical sensoriisused for CO measurement and the presence of 0, is require
urements, then the Balance gas in the zero and span gas shall contain O,.

sensor reachesits maximum range during a sampling event, then the sampling event

Filter blanks

testing campaign for both PM, s and EC/OC. Laboratory blanks are those that are prep

he zero gas
Id contain a

of the span
e difference
stimate the

] for correct

is invalid.

hst 3 laboratory blanks, 3 field blanks, and 3 dynamic field blank filters shall be collected for every

hred, stored,

and analysed exactly like sample filters. Field blanks are prepared, stored, transported, aind analysed
exactly like sample filters. Dynamic field blanks are prepared, stored, transported, installed in the filter
holder, and analysed exactly like sample filters. All gravimetric filter mass results shall be adjusted by
subtracting the average artefact value measured from the filter blanks.

8.5.9 Leak testing

The sample train shall be tested for leaks before each sampling event. To test for leaks, a vacuum shall
be applied to the sample train and the vacuum pressure shall be monitored with a vacuum gauge. The
applied vacuum pressure should be equal to the maximum vacuum that occurs at any point in the
sampling train during normal sampling. The leak rate shall be less than 0,1 % of the sampling flow rate
at operating pressure. The leak-check procedure used and results obtained shall be recorded for each
check performed. See ISO 19867-1:2018, A.7 for the recommended leak test method.
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8.5.10 Flow rate quality control and tolerances

A primary volumetric flow calibrator, such as a bubble meter, shall be used to measure the in-line
volumetric flow rate of the sample train before and after each sampling event. Flow measurements
should be taken upstream of the cyclone when clean background air is sampled. The primary flow
calibrator shall not be used for continuous flow measurement during the sampling event. The primary
flow calibrator shall have a resolution of 1 % of reading and an accuracy of 3 % of reading or better.
Additional continuous flow measurement devices, such as rotameters and real-time flow sensors, may
be used in addition to, but not as a replacement for the primary calibrator flow measurement.

If a forced dilution train exists, the dilution flow should also be measured before and after each sampling

event with t
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8.5.12.1 Measurement location

8.5.12.1.1 General

Background air concentrations shall be subtracted from measured plume concentrations. Background
air concentrations can stratify and establish spatial gradients dependent on room geometry and

ventilation.
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8.5.12.1.2 Unvented cookstoves

For unvented cookstoves, the background air concentration should be measured at a location
approximately 1 m from the plume horizontally, at a height equal to or below the probe height in order to
measure the air that naturally mixes into the plume [see Figure 7, a)]. The background air measurement
location should not be inside the breathing zone of a person to avoid artificially high CO, background
concentration measurements.

8.5.12.1.3 Vented cookstoves

For vented cookstoves, the background measurement location should be at least 1 m away from the
chimney horizontally. If the sample portis inside the home, then the background measuren]lent location
should also be inside the home. If the sample port is outside the home, then the backgreuind location
should be outside the home, below the chimney outlet. See Figure 7, b).

C
_______________ A L
A &

QY1

»
1 d i

.
b i

a) Unvented cooksStoves b) Vented cookstoves

Key

duitable background miéasurement zone

robe
a 1elow probeilevel.
b 1 m fromplume.
¢ Below'¢himney outlet height.

d 1 frfrom chimney.

Figure 7 — Background measurement locations for unvented and vented stoves

8.5.12.2 Background gas sampling methods

8.5.12.2.1 General

Background gas concentrations (CO and CO,) shall be measured by one or more of the following
methods:

a) before and after a cooking event (pre- and post-test background periods) with the primary
sample probe;
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simultaneously during the cooking event with real-time background sensors; and/or

simultaneously during the cooking event with an integrated bag sample.

8.5.12.2.2 Pre/post cooking event background

A pre-test background concentration measurement shall be performed after the sampling equipment is
warmed up and before the start of the cooking event (i.e. cookstove lighting). The sample probe shall be
moved to the background measurement location described in 8.5.12.1, and a background sample shall
be taken for at least 10 min. After the cooking event, the same procedure shall be repeated to take a
post-test background measurement.
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6
Key
1 lbag
2 ump
3 etering valve
4 EPA filter
5 ilter holder
6  gyclone

Figure 8 — Background concentration measurement train including optional p(:ryvinyl
fluoride (PVF) bag for integrated bag sample of gases and optional cyclone and filter holder for
integrated PM mass concentration

8.5.12.3 Background PM sampling metheds

8.5.12.3.1 General

Backiground PM concentration may be assumed to be negligible if supported by measurgment. In all
other cases, background PM cénceéntration shall be measured by one or more of the followihg methods:

a) Dbefore and after a cogKing event with a real-time PM sensor added to the sample train;{and/or

b) ¢ontinuously with-an integrated pump and filter sample.

8.5.12.3.2 Assumied to be negligible background

The packgreund PM concentration may be assumed to be negligible if the majority of|dilution air
is supplied by forced dilution of clean (PM removed) air, or if it is measured that there |s negligible
particulate matter in the background air.

8.5.12.3.3 Pre/post cooking event background with real-time sensor

A real-time PM sensor can be added to the sample train as shown in Figure 9. If the sensor is connected
to the sample train in a series upstream of the filter holder (Figure 9), then particle loss in the sensor
shall be less than 3 % or the sensor shall be connected in parallel with the filter holder (Figure 10). The
PM sensor may be optical, tapered element oscillating microbalance, or rely on another measurement
principle. The sensor output need not be calibrated to a mass concentration, but the sensor shall be
zeroed, and the output signal shall be linear over the full range of PM concentrations to which it is
exposed during a sampling event for a given batch of PM. The real-time PM sensor output shall be logged
to a data file, as with real-time gas sensors. The background PM concentration is calculated based on
the relative magnitude of the PM signal during the pre and post background periods compared to the
test period.
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Optical (light-scattering) sensors provide a qualitative indication of PM emissions, but can provide
a quantitative indication of PM mass only if calibrated with a mass-based method (e.g. gravimetric
method) for each sampling period with unique combustion conditions. If a light-scattering sensor is
used, then this method is based on the assumption that the light-scattering properties of the aerosol are
similar during the background and test sampling periods, and this assumption is not always reliable.

Key

1 sampling probe 7  metering valve

2 cyclone 8 pump

3  temperafure and relative humidity sensors 9  Power supply

4  filter holder 10 data acguisition system
5 carbon dioxide sensor 11 real“time PM

6  carbon j\onoxide sensor a  Eonductive tubing.

54

Figure 9 — Real-time PM sensorin series with gravimetric filter
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1  dampling probe 7  metering valves
2 dyclone 8 pump
3 mperature and relative humidity sensors 9  Power supply
4 ilter holder 10 data aequisition system
5 darbon dioxide sensor 11 realstime PM sensor
6  darbon monoxide sensor a _(Gonductive tubing.
Figure 10 — Real-time PM sensor'in parallel with gravimetric filter
8.5.12.3.4 Pump and filter background
An ayerage background PM concentration can be measured by collecting a pump and filter background
sample for gravimetric analysis. Aidédicated sample train (as shown in Figure 8) is requiredl, consisting

of a PM, 5 particle separator, RM filter holder and filter, flow control valve, and pump. The

samy
The
rate

back
shou

8.5.1
If E(

le train components shall meet the same specifications of the primary sample train ¢
ame gravimetric pracedures of collecting and weighing the PM sample shall be follow
shall be set to preduce the correct cut point of the particle separator. The start an
bround filter saample period shall coincide with the start and end of the cooking event.
Id not be used.ifthe majority of dilution air mixed into the sample is clean (PM remove

2.4 Background EC/0OC sampling methods

background
omponents.
ed. The flow
H end of the
[his method
d) air.

umed to be

/OC\emissions are measured, background EC and OC concentrations may be ass

negligible _or shall be measured continuously with an integrated pump and filter sample |

8.5.12.4.1 Assumed to be negligible background

The background EC and OC concentrations may be assumed to be negligible if the majority of dilution
air is supplied by forced dilution of clean (PM removed) air, or if it is measured that there is negligible
particulate matter in the background air.

8.5.12.4.2 Pump and filter background

Average background EC and OC concentrations can be measured by collecting a pump and filter
background sample for thermal optical EC/OC analysis. A dedicated sample train (as shown in
Figure 11) is required, which is similar to the background PM, 5 sample train of Figure 8 with quartz
filters added in parallel flow configuration. The primary quartz filter shall be added in parallel with the
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gravimetric PM, s filter, and the backup quartz filter shall be added in series downstream of the PM, ¢
filter. Flow control is added to the primary quartz flow train. The background sample train components
should meet the same specifications of the primary sample train components. The same thermal optical
procedures of collecting and analysing EC/0C samples should be followed. The flow rate should be set
to produce the correct cut point of the particle separator. The flow rate across the primary and backup
quartz filter should be equal. The start and end of the background filter sample period should coincide
with the start and end of the cooking event. This method should not be used if the majority of dilution
air mixed into the sample is clean (PM removed) air.

Key

pump

metering valves (flow control)
primary quartz holder
backup duartz holder
gravimedric filter holder
cyclone

LN U A W N

Flow dirg¢ction.

Figure 11 4 Sample train for measuring integrated pump and filter background concentrations
of EC, OC, and PM; 5

8.5.13 Fue] measurements

The types of fuelsused shall be identified. For biomass fuels, each species should be identifigd, if
possible. For waod, if specific species cannot be determined, hardwoods, softwoods, and sizes greater
and smaller|than 25 mm in diameter should be categorized separately. Fuel parameters that shall be
determined {see 7.8] are the moisture content, total energy consumed, effective carbon fraction, and
the effective heating value.

Fuels are often heterogeneous; care should be taken to select representative fuel pieces for laboratory
analysis.

8.5.14 Metric calculations

8.5.14.1 General

Emission ratios shall be calculated from measured concentrations, after which emission factors and
emission rates shall be calculated using the carbon mass balance method.
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Carbon emission ratios shall be calculated as the ratio of pollutant concentrations to total carbon
concentration. The effective fuel carbon fraction shall be used to perform a carbon mass balance to
equate the carbon emitted with fuel mass consumed. Mass based emission factors shall then be
calculated from carbon emission ratios as grams of pollutant per kilogram fuel. Fuel energy-based
emission factors (grams pollutant per megajoule) shall be calculated from mass-based emission factors
and fuel heating value. Emission rates shall be calculated from fuel energy-based emission factors,
energy consumption, and measured sampling time.

8.5.14.2 CO and CO, concentrations

Calculation of the average CO concentration, in g/m3, is given in Formula (20). The average CO,

concentration follows the same calculation steps.

The [real-time data of the CO sensor, including warm-up, pre-test background, test, and post-test
background periods, is represented as a time series of concentration measurements logged|from a real-
time(sensor:

CO,ppm,realtime = CCO,ppm,realtime,l N 'CCO,ppm,realtime,n N ~'CC0,ppm,realtime,N (20)
whertte

Lcoppmrealtime 1S the CO concentration measured by thewreal-time CO sensor, in ppny;

1 is the data point index with n = 1,2,3;x., N.

The gverage concentration of CO during the pre-test background period is given by:

"(tprebkg,end) C '
CO,ppm,realtime
5 _ n(tprebkg start ) 21
( CO,ppm,prebkg — 1 ( )
n(tprebkg,end )- n(tprebkg,start )+
where
€co,ppm,prebkg is the ayerage CO concentration during the pre-test background perjod, in ppm;
R(tprebkg,end) is the pre-test background period end data point index;
R(tprebkg start) is-the pre-test background period start data point index;
Cco,ppm realtinte~" 1S the real-time CO data series, in ppm.
The gverage-Concentration of CO during the test period is given by:
N(ttest end)
Zn(t* . ....) CO,ppm,realtime
CO,ppm,test — — (22)
n(ttest,end )- n(ttest,start )+1
where
Ceo,ppmitest is the average CO concentration during the test period, in ppm;
N(teest end) is the test period end point index;
N(teest start) is the test period start point index;

Ccoppmrealtime 1S the real-time CO data series, in ppm.
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The average concentration of CO during the post-test background period is given by:

2 n(tpostbkg,end )
co, ,realti
”(tpostbkg,start ) ppm,reaitime (23)

C =
CO,ppm,postbkg
n(tpostbkg,end )- n(tpostbkg,start )+1

where

Cto,ppm,postbkg is the average CO concentration during the post-test background period, in ppm;

is the post-test background period end data point index;

n(tpostb‘n S,Cllb‘l)
N(tpostbHg start) is the post-test background period start data point index;

Ccoppm feaitime 1S the real-time CO data series, in ppm.

The averagg CO background concentration can be calculated as the average of prectest and posj-test
background|concentrations:

C _ CCO,ppm,prebkg +CCO,ppm,postbkg 24
CO,ppm|bkg — 2 (24)
where
Cco,ppm,bkg is the average CO background concentration, in ppm;
Cto,ppm,brebkg is the pre-test background CO concentration, in ppm;
Cto,ppm,postbkg is the post-test background CO-¢oncentration, in ppm.

Alternatively, the real-time CO background coneentration can be measured and represented as aftime
series of corjcentration measurements logged-fr'om a real-time sensor:

CCO,ppm bkg,realtime = CCO,ppm,bkg,realtime,l AN 'CCO,ppm,realtime,bkg,n AN "CCO,ppm,bkg,realtime,N (25)

where

Cco,ppm,bkg realtime 1S thexedl-time background CO concentration data series, in ppm;

n is’the data pointindex: n=1,2,3,..., N.

In this case,|the average background CO concentration is:

”(ttest,end) C
2"” 1~ CO,ppm,bkg,realtime

CCO m bk — CTLESL SUIT 7 (26)
PPILDEE n[ttest,end ) - n(ttest,start )+ 1

where
Cto,ppm,bkg is the average background CO concentration, in ppm;
N(tiest end) is the test period end point index;
N(Ciest start) is the test period start point index;

Cco,ppm,bkg realtime 1S the real-time background CO data series, in ppm.
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Alternatively, the average CO background concentration CCO,ppm,bk can be measured directly from an
integrated bag sample without recording and averaging real-time data.

The average concentration of CO (background subtracted) is:

CCO,ppm = CCO,ppm,test _CCO,ppm,bkg (27)
where

Cco,ppm, is the average CO concentration, in ppm;

Ccoppmyest 1 the average CO plume concentration during the test period, in ppm;

¢co,ppm,bkg is the average background CO concentration during the test peridd,in ppm.

The ideal gas law is used to convert CO concentration units of ppm to g/m3 at standard conflitions.

_ CCO,ppm ><Pstd ><MWCO

Cco= 3 (28)
107 XRXTgq
whertre
o is the average CO concentration, in g/m3;
L C0,ppm is the average CO concentration, in ppm;
| is the standard pressure, 101 325 Pa;
MW, is CO molecular weight, 28,01 g/mol;
106 is the conversion factor,.1'000 000 ppm;
R is the ideal gas cohstant, 8,314 m3Pa/K/mol;
Tsta is the standafd:temperature, 293,15 K.

8.5.14.3 PM Concentration

The PM mass concentyation is determined gravimetrically. The initial Mpy ger; and final Mpy geer
filtel mass shall be‘measured following 8.5.5. The PM mass collected on the filter is:

Mewm fitee>Mpm fitter,f ~MpM filcer,i (29)
where
Mpy filter is the mass of PM collected on filter, in mg;
Mpy fiter f is the final PM filter mass, in mg;
Mpy fiter,i is the initial PM filter mass, in mg.
Subtract the artefact value (Mpy fijter blank) determined from analysis of the blank filters (see 8.5.8):
Mpym =Mpu fitter ~MpM filter blank (30)

where
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MPM

M PMfilter

is the artefact corrected PM mass, in mg;

is the mass of PM collected on filter, in mg;

Mpy fitterblank 1S the mass of PM collected on blank filter, in mg.

The volumetric flow rate through the PM filter measured before the test Qe pre and after the test
Qfilter,post are converted to standard conditions:

inlter,pre,std = inlter,pre X D < T

where

inlter,pr(

inlter,pr(

P

pre
P std
Tsta

T.

pre

inlter,polst,std =inlter,post X

where

inlter,po

inlter,po

Ppost

P, std
Tstd

T

post

The average

,std

t,std

I

is the pre-test standard volumetric flow rate through PM filter, in 1/min;

is the pre-test volumetric flow rate through PM filter measured at-actual condit
in 1/min;

is the pre-test ambient pressure, in Pa;
is the standard pressure, 101 325 Pa;
is the standard temperature, 293,15 K;

is the pre-test ambient temperature, in K.

PDOSt % Tstq

P std Tpost

is the post-test standard velumetric flow rate through PM filter, in 1/min;

is the post-test volumietric flow rate through PM filter measured at actual cond
tions, in 1/min;

is the post-test ambient pressure, in Pa;
is the standard pressure, 101 325 Pa;
isthe standard temperature, 293,15 K;

is the post-test ambient temperature, in K.

PM filter flow rate is:

_ inlter,pre,std + Qﬁlter,post ,std

inlter -
where

inlter

inlter,pre,std

inlter,post,std

60

2

is the average PM filter flow rate, in 1/min;
is the pre-test PM filter flow rate at standard conditions, in 1/min;

is the post-test PM filter flow rate at standard conditions, in l/min.

(31)

ions,

(32)

(33)
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Alternatively, if a real-time flow sensor is used, the average real-time flow reading may be used instead
of the pre and post flow measurement.

The test time ¢, is the length of time that emissions were sampled:

Ltest =Ctest start — ttest,end (34)
where

trest is the test time, in min;

fieststart 1S the test start time, hhimm:ss;

i is the test end time, hh:mm:ss.

test,end

The fotal volume of air sampled through the filter is:

Vit = 2o test (35)
where

Viilter is the volume of air sampled through PM the filter, in m3;

Ositter is the average PM filter flow rate, in I/min;

fiest is the test time, in min.

The PM mass concentration (uncorrected for background) is:

! Mpm
( PM,sample — v (36)
filter
where
Com,sample is the PM'miass concentration sampled, in mg/m3;
Mpym is theartefact corrected PM mass, in mg;
Veilcer isthe volume of air sampled through PM filter, in m3.
For dases wheTe'the background PM concentration is negligible, assume:
¢pminkg =0 (37)

where Cpy 14 is background PM concentration, in mg/m3.

For cases where the background PM concentration is not negligible, Cpyy, can be measured
gravimetrically with a background pump and filter system and calculated following
Formulae (29) to (36).

Alternatively, the real-time PM concentration can be measured with a real-time PM sensor in the
primary sample train. The real-time data of the PM sensor, including warm-up, pre-test background,
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test, and post-test background periods, is represented as a time series of the PM signal logged from a

real-time sensor:

PM realtime — l)Mrealtime,l AN 'PMrealtime,n .-, PM realtime,N (38)
where

PM_caltime is the real-time PM data series, in arbitrary units;

n is the data pointindex: n = 1,2,3,..., N.
The averagg PM signal during the pre-test background period is given by:

t
z :Etpreiig,e:i))PM realtime
prebkg,sta
PM prebKg ~ 1 (39)
n(tprebkg,end )- n(tprebkg,start )+

where

PM, bk} is the average pre-test background period PM signal, iharbitrary units;

N(tprebkd,end) is the pre-test background period end data pointjindex;

N(tprebkd,stard) 1S the pre-test background period end datapoint index;

PM_cattide is the real-time PM data series, in arbitrary units.
The averageg PM signal during the test period is given by

”(ttest,end )
zn(tt st t)Plvlrealtime
PMiest 7 S (40)
n(ttest,end )= n(ttest,start )+1

where

PM st is the average test period PM signal, in arbitrary units;

N(teest edd) is the test\period end data point index;

N(Ceest sthrt) is thé-tést period end data point index;

PM_cattide is’'the real-time PM data series, in arbitrary units.
The average PMssignal during the post-test background period is given by:

n(tpostbkg,end)
2 n(tpostbkg,start )PM realtime
PM postbkg ~ 1 (41)
n(tpostbkg,end )_ n(tpostbkg,start )+

where

PM, ostbikg is the average post-test background period PM signal, in arbitrary units;

N(tyostbkgend) 1S the post-test background period end data point index;

n(tpostbkg,start)

PM

realtime
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is the post-test background period end data point index;

is the real-time PM data series, in arbitrary units.
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The average PM background signal is the average of the pre-test and post-test background signals:

PMyy, = PMprebkg J; PM postbikg (42)
where

PMyyq is the average background PM signal, in arbitrary units;

PMpebig is the pre-test background period PM signal, in arbitrary units;

li’Mpostbkg is the post-test background period PM signal, in arbitrary units.

The [average PM background concentration is calculated based on the relativerhagnitude of the
background period PM signal compared to the test period PM signal:

PM g

,OKg PM,sample
PMiest
where
Cpm bkg is the average PM background concentration, ifithg/m3;
Cpm,sample 1S the PM mass concentration sampled, in g/m3;
My q is the average background PM signalyin-arbitrary units;
PM st is the average test period PM sigpal, in arbitrary units.

Oncq the background PM concentration .js)determined, the PM mass concentration (jbackground
corrected) is:

Gpm = CPM,sample - CPM,bkg (44)
wherre

Com is the average PM concentration (background subtracted), in mg/m3;

Cpmsample 1S thedverage PM mass concentration sampled, in mg/m3;

Com bkg i5'the average PM background concentration, in mg/m3.
8.5.14.4¢ EC/0C concentration
The EGand-06massconcentrationshall be determined-by-thermal epticalanalysis—Patagdality should

be reviewed to ensure objectives are met. The EC and OC mass loading on the primary and back-up
quartz filters (Mgc prim» Moc,prim MECbacks Mo back) Should be determined by either the NIOSH 5040139
or IMPROVEI[#0] methods. The mass of EC and OC on the primary and backup filters shall be calculated
as follows:

2
wD_ .
_ prim
MEC(or OC),prim _mEC(or OC),prim X 4 (45)

where
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Mgcor 0C),prim is the mass of EC or OC on primary filter, in mg;

MEC(or 0C),prim is the mass density of EC or OC on primary filter, in mg/cm?;

Dprim is the primary quartz filter spot diameter, in cm.

2

Mc(or 0c) back =TMEC(or 0C),back XND% (46)
where

Mg (or o) back is the mass of EC or OC on backup filter, in mg;

MEc(or OF), back is the mass density of EC or OC on backup filter, in mg/cm?;

Dyacx is the backup quartz filter spot diameter, in cm.

The volumetric flow rate through the primary quartz filter measured before thetest @i, ;e andpfter

the test Qpif, 505t are converted to standard conditions:

where

where

64

p T
_ pre std
Qprim,pra,std - Qprim,pre X p X T (47)
std pre

is the pre-test volumetric flow rate through primary quartz filter at standard cpndi-

Qprim,pr( ,std > t -
tions, in 1/min;

Qprim,pre is the pre-test volumetric flow rate through primary quartz filter at actual condli-
tions, in I/min;

Ppre is the pre-test actual pressure, in Pa;

P4 is the standard pressure, 101 325 Pa;

Teq is the standard temperature, 293,15 K;

Tore is the pre-tésbactual temperature, in K.

Ppost o« Tt

P std Tpost

Qprim,post,std = Qprim,post (48)

| PN 4 1 PR | PN | 1 : PR ok PN RN ] 1
IS5 UHE PpUSTLES T VUIUIIITLNIC TIOW T dlC LT UUGSIT PUIHIIAD Y YQUdD LA TIHILED dU Stdlludliu on-

Qprim,post,std he 8 ;
ditions, in 1/min;

Qprim,post is the post-test volumetric flow rate through primary quartz filter at actual condi-
tions, in I/min;

Ppost is the post-test actual pressure, in Pa;

Pyq is the standard pressure, 101 325 Pa;

Terq is the standard temperature, 293,15 K;

Thost is the post-test actual temperature, in K.
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The average primary quartz filter flow rate is:

_ Qprim,pre,std +Qprim,post,std

Qprim - (49)
2
where
Qprim is average primary quartz filter volumetric flow rate, in 1/min;

Qprimpost,std 1S post-test volumetric flow rate through primary quartz filter at standard

r‘nndifinnc’ in ]I/min;

Oprimpresta 1S pre-test volumetric flow rate through primary quartz filter at actual
conditions, in 1/min.

The total volume of air sampled through the primary quartz filter is:

- _ Qprim XCiest

prim — 1000 (50)

wherte

Vorim  is the volume of air sampled through primary quartz filter, in m3;
Dorim 1S the average primary quartz filter volumetgic flow rate, in 1/min;
fiest 1S the test time, in min.

The total volume of air sampled through the back-up quartz filter is the volume of air sampled through
the gravimetric PM filter [see Formula (35)}:

=

'back = Viilter (51)
where

Viack  is the volume pf\aif sampled through backup quartz filter, in m3;
Viiiter 1S the volume of air sampled through PM filter, in m3.

The EC and OC mass’concentrations measured by the primary quartz filter are:

s MEC,prim
EC,prim— v (52)

prim

o

where

Cicprim 1S the EC concentration measured by primary quartz filter, in mg/m3;

Mg prim  is the EC mass on primary quartz filter, in mg;

Vorim is the volume of air sampled through primary quartz filter, in m3.
MOC rim
COC,prim =——P7 (53)
Vprim
where
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Coc,prim 1S the OC concentration measured by primary quartz filter, in mg/m3;
Moc prim  is the OC mass on primary quartz filter, in mg;

%4

prim is the volume of air sampled through primary quartz filter, in m3.

The EC and OC mass concentrations measured by the back-up quartz filter are:

M
EC,back (5 4)

CEC back =
' Vback

where

Cgcpack| 1S the EC concentration measured by backup quartz filter, in mg/m3

Mgc pacd  is the EC mass on backup quartz filter, in mg;

Vihack is the volume of air sampled through backup quartz filter, in m3.
MOC,back
COC,baCk = V. (55)
back
where

Cocpack| is the OC concentration measured by backup quartz filter, in mg/m3
Mocpacy 1s the OC mass on backup quartz filter, in mg;
Vback is the volume of air sampled through backup quartz filter, in m3.

The EC masp concentration measured by the bagk-up quartz filter (Cgc ) is not used further ip the
calculationg A quality control check should benade to verify that Cgc a0, = 0. If Cgc pack # 0, then there
is a problem with the sampling or filter analysis method.

The EC mags concentration (uncorreeted for background) is the EC concentration measured by the
primary quartz filter:

CEC,sam[ le = CEC,prim (56)
where

Cicsampe  isthe’EC sample concentration, in mg/m3;

CEc prim is the EC concentration measured by primary quartz filter.

The OC concentration is corrected for VOC artefact by subtracting the OC concentration measured on
the back-up quartz filter from the OC concentration determined for the primary quartz filter:

COC,sample :COC,prim _COC,back (57)
where

Coc,sample 1S the sample OC concentration, in mg/m3;
Coc,prim is the OC concentration measured on primary quartz filter, in mg/m3;

Coc back is the OC concentration measured on backup quartz filter, in mg/m3.
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For cases where the background EC and OC concentrations are negligible, assume:

¢ EC(or OC),bkg ~ 0 (58)

where Cpc(or 0c) kg 1S the EC or OC background concentration, in mg/m3.

For cases where the background EC or OC concentration are not negligible, gy, and Coc i, Can
be measured by thermal optical analysis with a background pump and filter system and Calcu{iated
following Formulae (45) to (57).

Once the background EC and OC concentrations are determined, the EC and OC mass concentrations
(background corrected) are:

CEC(or 0C) ~ CEC(or 0C),sample _CEC(or 0C),bkg (59)
where
Crcoroc) is the background-subtracted EC or OC concentratijon, in mg/m3;

Ceclor oc),sample 1S the sample EC or OC concentration, in mg/m?;

Crcor 00),bkg is the background EC or OC concentratidn,in mg/m3.

8.5.14.5 Total carbon concentration

The fotal carbon concentration in the emission sample C; is the sum of the carbon concentrations from
each|species. The carbon concentration of each gas:species is the species concentration multiplied by
the mass fraction of carbon in the species. PM ¢afbon (Cg and C¢) should be neglected if they are not
meagured.

¢ =Ceo, Xl\::[/VLJFCCO X I\l:[/IV\\//VC - CE; JOC(‘)OC (60)
co, co
where
(8 is the total carbon concentration, in g/m3;
Ccoo is the COsconcentration, in g/m3;
(o is thé CO concentration, in g/m3;
MW, <-is’carbon molecular weight, 12,01 g/mol;
MWy, is CO, molecular weight, 44,01 g/mol;
MW, is CO molecular weight, 28,01 g/mol;
Cge is the EC concentration, in mg/m53;
Coc is the OC concentration, in mg/m3.
8.5.14.6 Modified combustion efficiency
MCE =0z pom (61)

Cco, ppm TCco,ppm

where

© IS0 2019 - All rights reserved 67


https://standardsiso.com/api/?name=72117561488ea8d7a0d1c93631b74c83

ISO 19869:2019(E)

MCE is the modified combustion efficiency, in mol/mol;
Cco2,ppm is the CO, concentration, in ppm;

Cco,ppm is the CO concentration, in ppm.

8.5.14.7 Carbon emission ratio

ERCco = CCLCO (62)
where

ERCq | is the CO carbon emission ratio, in g/g;

Cco is the CO concentration, in g/m3;

Cc is the carbon concentration, in g/m3.

ERCioy = Cg% (63)
where

ERCcg; | is the CO, carbon emission ratio, in g/g

Ccoa is the CO, concentration, in g/m3;

Cc is the carbon concentration, in g/m3.

ERCpy Ccf’z" (64)
where

ERCpy; | is the PM carbon entission ratio, in mg/g

Cpm is the PM concentration, in mg/ms3;

Cc is the carbdaconcentration, in g/m3.

G

ERCpc(or e % (65)

where

ERCgc(orocy is the EC or OC carbon emission ratio, in mg/g;
Cicorocy  is the EC or OC concentration, in mg/m3;

Cc is the carbon concentration, in g/m3.

8.5.14.8 Emission factor, fuel mass based

Emission factors are calculated from carbon emission ratios using the effective fuel carbon fraction
CFrac (g/g), which is determined in 7.8.
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Once the effective fuel carbon fraction is determined, the fuel mass-based emission factors are
calculated by:

EFc0 mass = ERCco XCFrac g x1000 (66)

where

EFcomass 1S the fuel mass based CO emission factor, in g/kg;

ERC. is the CO carbon emission ratio, in g/g;

(Frac.g is the effective fuel carbon fraction, in g/g.

EFCOZ,mass = ERCCOZ XCFraCeff Xl 000 (67)
wherre

EFco2mass 1S the fuel mass based CO, emission factor, in g/kg;

FRC, is the CO, carbon emission ratio, in g/g;

(Frac.g is the effective fuel carbon fraction, in g/g.

FFPM,mass :ERCPM XCFraCeff Xl OOO (68)
whete

EFpy mass 1S the fuel mass-based PM emission factor, in mg/kg;

ERCpy is the PM carbon emissiof ratio, in mg/g;
LFrac.g is the effective fuel carbon fraction, in g/g.
FFEC(or 0C),mass = ERCEC(or 00) X CFrac g *x1000 (69)
where
EFgc(or 0c),mageMS the fuel mass-based EC or OC emission factor, in mg/kg;
ERCgcor80) is the EC or OC carbon emission ratio, in mg/g;
LFrac is the effective fuel carbon fraction, in g/g.

8.5.14.9 Emission factor, fuel energy based

Fuel energy-based emission factors are calculated from fuel mass-based emission factors by applying a
conversion factor between fuel mass consumed and fuel energy consumed. This conversion factor is the
effective heating value (EHV), which is determined in 7.8.

Once the effective heating value is determined, the fuel energy-based emission factors are calculated by:

ERCCO XCFraCeff x1000

EHV (70)

EFCO,energy =

where
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EFco energy is the energy-based CO emission factor, in g/M]
ERC, is the CO carbon emission ratio, in g/g;
CFrac.g is the effective fuel carbon fraction, in g/g;
EHV is the effective heating value, in MJ/kg.
EFcoz.energy = ERC oy XCFracqg %1000
' EHV
where
EFco2,energy is the energy-based CO, emission factor, in g/M]
ERC(, is the CO, carbon emission ratio, in g/g;
CFracg is the effective fuel carbon fraction, in g/g;
EHV is the effective heating value, in M]/kg.
EFoytenbrgy = ERCpy XCFrac . %1000
’ EHV
where
EFpy endray is the energy-based PM emission factor,'in mg/M]
ERCpy is the PM carbon emission ratio, i mg/g;
CFraceff is the effective fuel carbon frraction, in g/g;
EHV is the effective heatingvalue, in M]/kg.
EFEC(or eney = ERCEC(or oc) X GFrac ¢ %1000
’ EHV
where
EFgc(or ¢c)energy 1S the'energy-based EC or OC emission factor, in mg/M]
ERCgcof 00y is the EC or OC carbon emission ratio, in mg/g;
CFracg is the effective fuel carbon fraction, in g/g;
EHV is the effective heating value, in M]/kg.
8.5.14.10 Average emission rate

(71)

(72)

(73)

See 7.8 for determination of energy consumed Eg,, (M]). This fuel consumption should be measured
over the same time period as that the emissions are sampled.

EFCO,energy XEfuel

where

70

ttest

(74)
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ERco is the CO emission rate, in g/min;
EF¢oenergy 1s the energy-based CO emission factor, in g/M]J;
Efyel is the energy consumed, in MJ;

trest is the test time, in min.

EFCOZ,energy ><Efuel

ttest
where
FRco is the CO, emission rate, in g/min;
EFco2,energy 1S the energy-based CO, emission factor, in g/MJ;
Kool is the energy consumed, in MJ;
fiest is the test time, in min.
EFPM XEf 1
I,RPM — ,energy ue (76)
Ltest
where
KRpy is the PM emission rate, in mg/min;
EFpMenergy 1S the energy-based PM emission factor, in mg/M];
Friel is the energy consumed;in MJ;
fiest is the test time, in min.
B EFEC(or 0C),energy XE el
| REC(or 0c) ~ " (77)
tést
where
KRgc(or oc) 18 the EC or OC emission rate,in mg/min;
EFgcocegy  1s the energy-based EC or OC emission factor, in mg/M]J;
Fia is the energy consumed, in MJ;
Lrest is the test time, in min.

8.5.14.11 Relative humidity criteria

The RH sensor time series shall be inspected in the logged data file. The sample RH shall not exceed 60 %.

8.5.14.12 Uncertainty

Uncertainties in calibrations and calculations shall be propagated and reflected in the uncertainty of
the resulting emissions metrics.
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8.6 Reporting

A report for

each cooking event shall contain the following information:

a) administrator information:

1) organization/company;

2) contact information; and

3) technician names;

ne (country, district, village, address, house ID, GPS coordinates); and

kstove (indoor/outdoor, location in home, ambient temp, humidity, and barometric pres
tograph);

iture and weather conditions;

fion of cooking system (note if any factors are controlled):

kstove (make, model, serial number, description, materials, dimensions, photograph);
l cooked/cooking task (description, quantity, flavour,photograph);

king vessels (shape, size, mass, materials, description, photograph);

s (species, shape, dimensions, quantity,~moisture content, any fuel analysis re
tograph); and

kstove operator (who);
fion of equipment:

Ipling method (partial capture, total capture, other, etc.);

b) locatiom:
1) hon
2) coo

phd

c) date;

d) tempery

e) descrip
1) coo
2) foo
3) coo
4) fuel

phd
5) coo

f) descrip
1) san
2) co

ponents [schematic,component list (manufacturer and model), photograph]; and

3) prope and/or hood_(déscription, shape, dimensions, position within the cooking sy
phdtograph);

g) cookingtest data-sheet:

1) ambienteconditions;

sure,

sults,

tem,

2) startand stop times of pre-background period, cooking period, and post-background peri

3) initial and final flow check readings;

4) pre
5) pre
6) add

and post fuel measurements and fuel moisture content;
and post dilution desiccant saturation percentage (by visual inspection); and

itional notes;

h) gravimetric analysis data:

1) filter ID, media, and size;

2) pre

72

mass (record individual weighings);
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3) postmass (record individual weighings); and
4) filter PM mass;
i) EC/O0C analysis data:
1) filter ID, media, and size;
2) filter deposition area;

3) primary quartz filter EC and OC loading per cm?;

H—backupquartzfiter E€and-6€toading perem?;
%) analytical uncertainty; and

6) analytical method;

j) feporting metrics:

1) name of computer and directory where raw data log files and calculations are archfived;
2) background air measurement and subtraction method;

3) fuel carbon released determination method for carbon(balance;
4) fuel energy content determination method;

5) table of reporting metrics with uncertainty estimates expressed as 68 %| confidence
intervals; and

6) verification that all criteria were met fervalid results (flow checks, RH check, gas calibration
checks).

9 Power measurement

9.1 | General

In tHis clause, the cooking, power and average firepower are determined. Solar cookstoyes shall be
tested for cooking powet.and efficiency as described in 9.4.

The finits and subclause corresponding to the different types of measurements discussed ip this clause
are given in Table/20. All the measurements in Table 10 are associated with performance|assessment
(see p.2.3). Allthe measurements in Table 10 are optional.

Table 10 — Power measurements, units, and subclauses

Measurement Ynits Subelatse
Cooking power w 9.2

Average firepower W 9.3

Cooking power for w 9.4.1

solar stoves

Cooking efficiency Dimensionless |9.4.2
for solar stoves ratio

9.2 Cooking power

Cooking power of a cookstove is the rate (per time) of useful energy delivered to the cooking vessel(s)
and its contents. This measurement can be determined as a peak cooking power, average cooking power
over some cooking sequence, or some other condition such as minimum cooking power.
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The cooking power at any selected time can be determined by placing a cooking vessel of known mass
and material containing water of a known mass onto the cookstove operating in the condition to be
assessed.

For high power, the cookstove is operated during some field testing session, for example cooking a meal.

The cooking power is the change in enthalpy of the cooking vessel and its contents per unit time.

ppX(Mpor +Misa )+ €0 X(My, ) [X(To =T )

Pcook = t (78)
where

P.,ox igthe cooking power;

cpp i9the specific heat of the cooking vessel material, in ] /gK;

Cow id the specific heat of water, 4,186 J/gK;

Mpot id the cooking vessel mass, in g;

M),y idthelid mass,ing;

My, igthe mass of water, in g;

T, id the initial water temperature, in °C;
T, id the final water temperature, in °C;

t id the time between initial and final water.temperatures, in s.

EXAMPLE An aluminium pot (¢, , = 0,89 J/g/KJ-with lid and total mass of 1 000 g, containing 4 (00 g
of water, is fjtted with a thermocouplpe immersedin the water. The pot is placed on the cookstove whilg it is
operating in fthe condition of high power. The water temperature is monitored. After it has risen 5 °C frdm its
initial temperature, the time and temperature are noted to a precision of 1 s and 0,1 °C, respectively. After 120 s,
these readings are recorded again, noting-a ¢change of 7,5 °C.

Poyor = [0,89 x (1 000) + 4,816-x 4000] x 7,5/120 = 1 102 W

All measured and reported-quantities shall include uncertainty estimates (see Annex C for uncertpinty
guidelines).

9.3 Averqge firepewer

The averagp
burn seque i
characterlstlcs cookstove de51gn type of meal cooked and the cook behav1our The average f1repower
(kW) is a constant power that would consume the same amount of fuel during the burn sequence. The
average firepower metric characterizes the burn sequence to compare how cooking technologies are
operated, to inform simulated laboratory testing of an appropriate test sequence, and to help evaluate
potential applications for cooking technologies.

f1repower is the average energy consumptlon rate of a cooking system duri

9.3.1 Test conditions

This measurement procedure is applicable for controlled and uncontrolled cooking tests. The type of
cooking test, the test protocol, and any controlled factors shall be reported with the results.
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9.3.2 Required measurements
Required measurements are as follows:
a) energy consumed (from either 7.6 or 7.8);

b) time of burn sequence.

9.3.3 Required equipment

The energy consumed shall be determined using the equipment specified in 7.6 or 7.8. In addition, a

iminadeuviceis reauirad tomoeacure the huurn coauonce timao
1m1
E-aev: 1ISFegtiieato-heastHettne-s-SeqHene -

9.3.4 Measurement protocol

Follow the procedures described in 7.6 or 7.8 to determine the fuel energy constimed. Recgrd the start
time|of the burn sequence when the cookstove is first lit. Record the stop time of the bufn sequence
when cooking is finished and the cookstove user has either extinguished the'fire or let the fire naturally
burnjpout.

9.3.3 Data analysis and calculations

9.3.3.1 Burn sequence time

I

thurn = tstop ~Cstart (79)

wherte

At is the burn sequence time, ins;
fstare 1S the start time, hh:mm:ss;

fop Is the stop time, hh:mm:ss.

9.3.3.2 Average firepower

E o1 X10°
ave =, (80)
At
burn
where
X ) . . :
P.ve< \(Is the average firepower, in W;
[ ictho anarav cancumaed 1n M-
Krr—isthe-enes gy consumed,in-M};

Aty is the burn sequence time, ins.

9.3.6 Reporting

All measured and reported quantities shall include uncertainty estimates (see Annex C for uncertainty
guidelines). Results shall be reported according to the provisions of 7.6 or 7.8 with the following
additions:

a) burn sequence time;
b) average firepower metric with uncertainty estimates; and

c) description of cooking task.
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9.3.7 Limitations

The timing of the end of the burn sequence is potentially subjective, and this determination can have a
significant effect on the average firepower metric.

Cooking power provides a much more useful description of the cooking cycle than the average firepower.
The average firepower is a relatively simple measurement that can be used to make approximate
comparisons between burn sequences.

9.4 Power calculations for solar thermal cookstoves

9.4.1 Coolking power

Cooking power, in W, shall be determined using appropriate methods as given in ASAE S58011:

9.4.2 Cool|king efficiency

Cooking efficiency is the ratio of cooking power (as determined by the method im9.4.1) divided by the
average soldr power intercepted by the device during the test. The intercept aréa)is the sum of the qreas
of the solar cookstove aperture and reflector(s) normal to the sun directiofxwhen set at the anglgs for
maximum pwer (these angles shall be specified by the manufacturer).

10 Safety|assessment

10.1 Context

This clause|describes safety assessments that are partof the preliminary assessment (5.2.2) and
performancp assessment (5.2.3). These assessments-result in one deliverable, a safety assessment
report (10.8). The context of this safety assessmentis the evaluation of (a) baseline conditions with the
existing codking system and practices or (b) one:model of a manufactured cookstove that is intepded
for sale or djstribution to households and/or-small businesses in a local community. Laboratory testing
can identify|some safety risks that are inherent to the cookstove itself. However, even if the cook$tove
passes the lpboratory tests, there may be other risks when it is used in a household setting. Thergfore,
field testing|is also necessary to uncover these risks.

10.2 Purppse

The purposg of the safety assessment is to report to decision makers estimates of the likelihopd of
occurrence pf serious hazatds in a sample of one model of cookstove in a representative field setfting.
A setting is p particulark household arrangement of a cookstove, cooking fuels, and cooking vessels in a
kitchen or cpoking.area, and all the conditions in the cooking area that impact safety. These conditions
include the [number and ages of people in the household, kitchen size and presence of other items,
possible prdgsence of animals, and house architecture. For statistical purposes, the setting shou|d be
typlcal of thesefoundinthet Csiuu of otud_y.

The safety assessment is not intended to be a compliance inspection.

The safety testing methods included in this document include some details of existing safety testing
protocols from ISO 19867-1 and References [21], [22], and [23].

10.3 Assumptions

Cookstove safety field test assessments require some constraining assumptions about ‘typical’ usage
settings and activities. These assumptions include the following.

a) Ifthe cookstove has been recently introduced in the location, it is appropriate for the user's cooking
requirements (e.g. in terms of capacity, food types, temperatures).
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b) The user has received training or instruction materials on proper use of the cookstove, and, if
relevant, on fuel storage and fuel preparation.

c) Assessing hazards may require multiple samples of each particular cookstove to be evaluated. In
some cases there may be a need to disassemble or damage some test samples.

d) The primary exposed target of these risk assessments is people; secondary targets are property
(such as buildings), animals, and the natural environment. Monetary risks, although they may be
considerable, are beyond the scope of this document.

10.4 Serious hazards

Only|serious acute hazards are included in the safety assessment. Chronic hazards such.asthose due to
long exposure to combustion emissions, or disabilities due to long-term carrying of wood pr water are
not ihcluded. Clause 8 specifically addresses measurement of emissions, from which’health outcomes
due fo chronic exposure may be inferred. Other serious hazards not specificalljzrelated tq cookstoves
(e.g. poor home construction in an earthquake zone, industrial fuel productiof),are beyond|the scope of
this glocument.
Highllikelihood of serious hazards may lead to a ‘fail’ decision, which.indicates that therq are serious
safetly risks with use of the stove system. This document provides methods of obtaining eyidence that
can be used (possibly in conjunction with other information) 4n making this decision. pee 10.8 for
further discussion.
Following is a list of the most likely serious hazards that may'be relevant in the setting under study:
a) derious hazards that may be encountered while‘gathering fuels (e.g. wood, straw,) dung) (see

References [24] and [25]):

1) land mines encountered while foraging in conflict areas;

2) criminal attacks while in remote areas;

3) animal attacks;

4) injuries while carrying or'chopping fuel;
b) gerious hazards that may,be encountered in handling of liquid-fuelled or gas-fuelled cookstoves

or fuels:

1) gas or vapor@xplosions;

2) fires from’ignition of spilled fuel;

3) poisening from ingestion of liquid fuels;

4)_7skin or eye injuries due to contact with fuel;
c) serious hazards that may be encountered in cooking activities:

1) cooking vessel spills onto a person, causing burn injury;

2) person touches or falls onto hot cookstove or cooking vessel;

3) cookstove tips over, causing burn injury;

4) cookstove ignites items surrounding the cookstove;

5) chimney fire, leading to house fire;

6) cookstove breaks while heated, exposing fire; or

7) acute carbon monoxide exposure.
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10.5 Training of safety inspectors

The methodology of the safety assessment is based on direct inspection of a sample of representative
households by safety inspectors. Safety inspectors shall receive training in skills required to observe
hazards and to conduct cookstove tests as described below. At a minimum, the training should include
guidance on how to conduct the physical tests in 10.6, and in how to identify the serious hazards listed
in 10.4. The training may include sample photographs, videos, guidance, and advice on how inspectors
can spot non-obvious hazards. Such training may also include training on identification of hazardous
odours. This training may be performed using kitchen facilities at regional testing and knowledge
centres, where various hazards can be simulated for training purposes. Training may also be conducted
at the site of the manufacturer. Safety inspections will inevitably require personal judgements, but
training can improve the reliability of these judgements.

Prior to hoyisehold visits, inspectors shall become familiar with the types of cookstoves.comnponly
used in the|project location, as well as any new cookstoves introduced. Inspectors shall .reviey the
manufacturpr's instructions on proper placement and operation of the cookstove modél(s) installed in
the community to be inspected. The document to be reviewed shall be the same guide, in the same
languages, that was provided to each household when the cookstoves were distributed (if applicahle).

10.6 Field|safety assessment procedure

10.6.1 Ge

e
This proce(riLre can be used for any type of cookstove within the scope of this document, whethe
in current ulse or a newly introduced model. If the assessment is‘being conducted for a new cookg
it shall have|been in frequent use in a household setting for agperiod exceeding 3 months. This 3-n]
period allows time for the cook to practice using the new cookstove. It is further assumed th
cookstove njodel under test has previously passed the laboratory safety testing protocol as defin

ral
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Informed consent from each homeowneris required for the assessment to take place

liminary assessment level (see 5.2:2), a minimum of 20 households shall be insp¢
hazards by trained inspectors. Inspéctors may prefer to conduct the assessment wit
co-inspector, as is common practi¢el22], [f resources permit, it is recommended that at
t inspectors conduct indepefident inspections of some of the same households. Replic
ment will permit inter-subjective reporting to enhance reliability.

formance assessment-level (see 5.2.3), the sample size for household safety inspec
ased on the sample)Sizes prescribed in the study design in 5.5, which are intende
I means or median values. Safety assessments seek to identify relatively rare risk
a distributionsrather than the central values. Moreover, there are several kinds of se
ookstove use;and they each can have different likelihoods of occurrence. Therefore, r
1g a precise number of samples, the safety assessment requires collection of backgr
to yield rough estimates of risks of various kinds across the entire population in thg
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The activiti

S described inm 10.6.2, 10.6.3, and 10-6.4 Shait be conducted and reported.

10.6.2 Background information gathering

Prior to conducting household visits, a literature search of reported results of hazards from cookstoves
(e.g. injuries, fires) shall be conducted. In some cases, insurance data can be available for evidence on
various types of risks. Emergency services and hospital emergency room statistics can be useful to
identify some cookstove-related risks. The possible presence of land mines, dangerous animals, or
criminal attacks in forested areas and hazardous topography in areas where fuel is collected shall also
be investigated. This background information shall be compiled and documented in Part 1 of the safety
assessment report (see 10.8). This documentation will be helpful to alert safety inspectors to likely
hazards in this location.
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10.6.3 Household setting risk factors survey

Inspectors shall survey a representative sample of at least 30 households that frequently use the
cookstove. Inspectors shall observe not only the cookstove but also the setting and activities that occur
around the cookstove. These inspections should be conducted when the cookstove is in use, because
some aspects of the inspection will require temperature measurements of the heated cookstove. The
likelihood of serious hazards is increased in settings in which certain risk factors are present. The
safety assessment questionnaire (see Annex B) provides a list of questions that can be performed at
each household. Any risk factors identified in the inspection survey shall be highlighted. The number of
highlighted risk factors in each household shall be totalled. All raw data shall be compiled in a report,
which constitutes Part 2 of the safety assessment report (see 10.8). During the inspection, the inspector
shall[take photographs of the cookstove in areas where cooking normally occurs, and take photographs
of pafrticular safety risks observed.

While on site, the inspector shall report immediately to the home owner or cook concetning any serious
riskq that can mitigated relatively easily, such as moving the cookstove to a saférlocation pr removing
nearpy flammable materials.

10.6{4 Physical checks of cookstove and kitchen safety

10.6{4.1 General

Inspectors should be aware that the physical tests take miore time than the household inspection
(10.6.3). Inspectors shall conduct the following series of physical tests in no less than 20 representative
housgholds in the region of interest. Data from the houséhold surveys in 10.6.3 shall be ufed to guide
the selection of representative households.

NOTH These tests are not intended to duplicate thesafety tests of the cookstove performed in|a laboratory.
Thesg tests are intended to identify serious hazards\that can add safety risk factors when the cooksfove is placed
and dperated in typical settings in the household:

The physical tests shall be conducted incthe sequence provided herein, beginning with the procedures
of 10.6.4.3 and proceeding through 10.6.4.8.

The kitchen and cooking vesselsshall be cleaned and left in a neat and safe condition after the conclusion
of all physical tests.

10.6}4.2 Equipment
The following equipment is required for conducting safety checks of the cooking system:

a) ¢amera withrflash capability and date-time storage capability;

b) flashlight/torch;

c) }Portable carbon monoxide detector with quantitative output in ppm;

d) hand-held surface thermocouple, or field pyrometer for remote temperature readings, range 0 °C to
600 °C or thermal imaging camera, if available;

e) 50 cmlong, 1 cm diameter metal bar or pipe to use for probing or moving hot objects;
f) insulated gloves compliant with ISO 15383:2001[28] Type 1;

g) ruler, tape measure, and protractor;

h) micrometer or other tool for measuring sheet metal thickness;

i) avessel commonly used with the cookstove, with water for filling; and

j) fuel commonly used in the stove, sufficient to operate the stove for approximately 45 min.
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10.6.4.3 Test 1: Cookstove and cooking vessel stability test
The cookstove and vessel should not be prone to easily tipping, which could result in burns or fires.
This test should be performed when the cookstove is cold.

a) Ask the cook to provide the largest cooking vessel that is used with the cookstove. Fill with water
to within 3 cm of the rim.

b) Gently move the cookstove a few centimetres in various directions and examine the movement of
water within the vessel.

c) For codkstoves with multiple component parts such as a three-stone fire, the test should be
performed by gently and carefully applying pressure to the cookstove components holding the
vessel (¢.g. rocks or other support) and monitoring the movement of water within the vessel.

d) Scorein Table 11 the likelihood that gentle movement is sufficient to cause the vessélto spill liquids
or for the cookstove to tip over under normal conditions.

Table 11 — Scoring system for the stability test

Test observations Rating | S¢ore
Cooking vessel readily spills water when slightly moved, and/or cookstove support appears Poor 1
top-heavy and unstable.
Cooking vessel spills some water when moved 2 cm, but cookstove suppoit appears stable. Fair 2
Cooking vessel is well supported and cookstove is stable. Best

10.6.4.4 Test 2: Containment of liquid fuels test
Liquid fuels|can be a serious hazard if they can easily.spill from a cooking system when it is overturned.

This test applies to cookstoves powered by liquid fuels such as kerosene or ethanol, and gelled ljquid
fuels. The cpokstove shall not be lit for thistest. Solid-fuelled, gas, and solar cookstoves may skip this
test and recgive no rating on this test.

a) Askthelcook to provide fuel normally used with the cookstove, and to fill the cookstove with fuel as
he or shie would do normally (iflapplicable), but not ignite.

b) Slowly tlip the cookstove untilit is lying on its side. Record whether any fuel spills onto the grpund
or floor.

WARNING +- If any fuelhas spilled out, it should be cleaned up immediately.

Score the regsult of thétest as shown in Table 12.

Table 12 — Scoring system for the containment of liquid fuels test

Fuel spills out from horizontal stove | Rating | Score

Fuel spillage occurs Poor 1

Fuel spillage does not occur Best 4

10.6.4.5 Test 3: Flames surrounding cooking vessel test

This test begins with igniting the fire, because flames can reach their peak height early during the
burning process in a cookstove. Solar cookers, having no flames, may skip this test and receive no rating

for this test.

a) Ask the cook to light the fire in the normal manner. Observe and note any unsafe practices.

b) Place the cooking vessel into cooking position, with water in the vessel.
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Observe whether there are any uncovered flames surrounding the cooking vessel that are visible
from any angle. If so, measure the maximum height of the flame, and record whether it is less than
4 cm, greater than 4 cm, or if the flames reach the top of the cooking vessel and handles.

Continue the test until the water in the vessel boils.
Record maximum height reached by flames during this period.

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

The scoring system for the flames surrounding cooking vessel test is provided in Table 13.

10.6}4.6 Test 4: Surface temperatures test

The

Table 13 — Scoring 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 the cooking vessel, not handles/|-~Good 3
None Best 4

mportance of this test is apparent since children have a tendency to touch cookstdves and the

cook{is likely to come into contact with cookstove surfaces during normal use. People gre assumed
to bg susceptible to accidental contact at heights below’1,5 m. Therefore, heights above this level are
consjdered out of reach from accidental contact and are not tested. The most deficient rating based on
temperature and location is used to determine thg likelihood of burns when touching a cookstove.

Surfgce temperatures for burn thresholds follow guidance in ISO 13732-1[27], pertaining to uhintentional

contact of very young children, thus a contact period of 15 s is specified.

NOTH ISO 13732-1[27] does not provide guidance for the protection against discomfort or palin, only burn

thresholds.

CooKstoves receive a score of\‘Best’ if their surface temperatures do not exceed a pain threshold of

44 °

[ (see Reference [28])..Cookstoves receive a score of ‘Good’ if their surface temperatiyire does not

excegd the burn threshelds’/in 1S013732-1[27], which differs by cookstove material, but doep exceed the
pain|threshold of 44/°C:"Cookstoves receive a score of ‘Poor’ if their surface temperature [exceeds the
burn| threshold, which differs by cookstove material. The lowest safe surface temperaturelis for metal

surfgces; this temperature is used for defining safe temperatures for the wall and floor.

No cpoking vessels shall be placed on the cookstove for this test, unless the cookstove|is designed
to function~only with a cooking vessel in place (e.g. certain sunken pot stoves with chi neys). Some

be cleared of any re51dual ash and char from previous use prior to this test

a)

b)

)

d)

Ask the cook to ignite the fuel and wait until cookstove has reached its maximum temperature (at
least 30 min at full power) before proceeding, adding fuel when necessary.

Record temperature data using the thermocouple or other instrument (e.g. imaging pyranometer),
and record maximum temperature found.

Record maximum temperature data on touchable surfaces of the cookstove including handles (if
applicable) and external body of the cookstove. Do not test the cooking surface and the adjacent top
surface. Note the location of the cookstove where temperature was measured.

If it is possible to take temperature measurements of the wall or floor near the stove while the
stove is lit, these should be taken and recorded. If the cookstove is mounted to the floor or wall,
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record cookstove surface temperatures near places where the cookstove attaches to the floor and/

or wall. Wall temperature measurements should be taken below 1,5 m.

e) Extinguish the fire.

f) If it was not possible to take measurements of the wall or floor while stove was lit, these
measurements should be recorded immediately after the fire is extinguished. If the cookstove
is mounted to the floor or wall, record cookstove surface temperatures near places where the

cookstove attaches to the floor and/or wall.

The scoring system for the surface temperatures test is provided in Table 14, Table 15, and Table 16.

Tgble 14 — Scoring system for cookstove surface temperature, metal surfaces

Temperature (T) of touchable Rating Score
areas on cookstove, metal
surfaces, °C
T>54 Poor
44 <T<54 Good
T<44 Best

Tablle 15 — Scoring system for cookstove surface temperature, non-metal surfaces

Temperature (T) of touchable Rating Score
areas on cookstove - non-metal
surfaces, °C
T> 65 Poor
44 <T<65 Good
T<44 Best

Table 16 — Scoring system for wall and floor temperature

Temperature (T) of touchable Rating Score
areas on wall or floor, °€
T>54 Poor 1
44 <T<54 Good 3
T<44 Best 4

10.6.4.7 Té¢st 5: Flames‘exiting fuel chamber test

Solar cookefs, havingno flames, may skip this test and receive no rating for this test.

a) Remove cooking vessel from cookstove.

b) Keep fire in cookstove fully lit, adding fuel when necessary.

c) Visually inspect the amount, if any, of flames coming out of the fuel chamber.

d) The ratingis ‘Poor’ if flames are protruding and ‘Best’ if flames are contained.

e) The scoring system for the flames exiting fuel chamber text is shown in Table 17.

Table 17 — Scoring system for flames exiting fuel chamber test

Occurrence of fire Rating Score
Flames protrude Poor 1
Flames are contained Best 4

82
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10.6.4.8 Test 6: Carbon monoxide test

Carbon monoxide (CO) exposure can result in serious adverse health impacts, through (a) long-term,
chronic exposure, as well as (b) acute, short-term exposure (which can take place over minutes or
hours). Additional discussion about the importance of measuring the concentration of CO in household
settings is included in Clause 12. Standards for levels of CO concentration that are protective for health
have been issued by the World Health Organization; the 24 h mean air quality guideline value for CO is
7 mg/m3, which would ensure that the household area is safe for health regardless of time spent in the
kitchen[3Zl, The 15 min guideline for exposure is 100 mg/m3 to protect against health impacts from
acute exposure episodes. Mild adverse effects of CO exposure have been seen at levels of 230 mg/m3 of
exposure for 2 h to 3 h, including headache and impaired judgement.

[

Solaf cookers, involving no combustion, may skip this test and receive no rating for this.tes
a) has been in
e household.
o make any
5 should not

his test should be conducted following tests 1 to 5, thus ensuring the cookstove

peration for more than 30 min in the kitchen, using the same fuel normallyused by th
s with all tests in the safety assessment, the inspector should not direct)the cook f
djustments to ventilation other than the normal conditions for cooking, (e.g. window|
e opened by the inspector).

b) easure the level of carbon monoxide in the centre of the kitchehn or cooking area using a portable
instrument. In addition, record 5 or more readings in mg/mm?3 at different times apd locations
the home. Record readings during an entire meal preparation event conducted uhder typical
cal conditions (e.g. typical fuel(s), cooking vessels, and‘\cookstove operation). Report the highest
reading and the median of 5 or more readings in mg/mé.
c) Aptthe time of measurement, the inspector should s6te what sources of ventilation wer¢ used in the
iouse. Were windows open? Was there a door epen from the cooking area to the rest ¢f the house,
r to the outdoors? Was a fan used? The inspéctor should also record wind speed and flirection, as
yvell as indoor and outdoor temperature.
10.6}4.9 Test 7: Cookstove shutdown test
Even|after a stove is extinguished, surrounding surfaces can still be hazardous to touch, apd there can
be lipgering emissions for an extended period of time. These observations shall be recordegl.
a) The inspector shall ask the ook to shut down the cookstove in the normal manner.
b) Observe the cook as,she/he extinguishes the fire. Are safe practices used? For exgmple, if the
¢ookstove has a chamber where char is collected, observe where chamber is placed and whether it
resents any burn risk.
c) ote the prégsence of any residual emissions.
If it yvas not'possible to take measurements of walls or floor while stove was lit, these mgasurements

shou]d-atthis time be promptly recorded with the scoring system for test 4 (see 10.6.4.6).

10.6.4.10 Overall summary of physical test scores

Table 18 indicates the relationship of the physical tests to several of the serious hazards. Table 18 shall
be used, along with information from the inspection survey, to estimate the likelihood of each of the
hazards for each cookstove in the sample.

Not all hazards are associated with a test protocol; those hazards that are not associated with a test
protocol do not appear in Table 18 and shall be scored based on the inspection data.

When more than one test listed in Table 18 is conducted, the test with the lowest score shall be listed in
the third column along with that score.
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Table 18 — Summary of physical test scores for each household

Serious hazard Physical test | Lowest score on a test
Gas or vapor explosions 2
Fires from ignition of spilled fuel 2
Hot cooking vessel spills onto person, causing burn injury 1
Person touches or falls onto hot cookstove or walls 4,7
Cookstove tips over, causing burn injury 1,2,4
Cookstove ignites items surrounding the cookstove, leading to a
house fire 3.4.5
Cookstove breaks while heated, exposing fire / fuels 3,5
Acute carbon monoxide exposure 6

The lowest
used, along
likelihood o

The physicd
report (see |

10.7 Haza

For assessmfent purposes, it is assumed that the life of a cookstove is'5 years, unless otherwise speg

by the man
exposure sc

score on any of the tests is an indication of a more likely hazard. This information shd
with the inspection survey for the household, to inform the inspector’s de¢isions aboy
[ each hazard.

| test results for each household shall be documented as Part 3.6f)the safety assess
10.8).

'd likelihood matrix

ifacturer. For each of the serious hazards listed in, 10.4, the inspector shall assign 4
pre as presented in Table 19.

Table 19 — Risk exposure scores

1]l be
t the

ment

ified
risk

Risk exposure Description
score
0 Improbable: So unlikely, it ¢an be assumed occurrence will not be experienced in the life
of the cookstove
1 Remote: Unlikely, butpossible to occur in the life of the cookstove.
2 Occasional: Likely to occur sometime in the life of the cookstove.
3 Probable: Willoccur several times in the life of the cookstove.
4 Frequent:hikely to occur often in the life of the cookstove.
A matrix of erious haza¥rds (rows) and their estimated likelihood (columns) shall be completed forfeach
household vjisited. The\matrix shall be filled in for the household being inspected only. This matrix|shall

be filled in b
is as shown

y the inspéctor within 24 h of visiting the respective household. The structure of the m
in Table 20, which uses the serious hazards list from 10.4.

atrix

Table 20 — Hazard likelihood matrix

Serious hazard 0 Improbable | 1 Remote | 2 Occasional | 3 Probable

4 Frequent

1 - land mines encountered while forag-
ing for cooking fuel

cooking fuel

2 - criminal attacks while foraging for

cooking fuel

3 - animal attacks while foraging for

4 - accidents
cooking fuel

while carrying or chopping

5 - gas or vapour explosions
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Table 20 (continued)

Serious hazard 0 Improbable | 1 Remote | 2 Occasional | 3 Probable

4 Frequent

6 - fires from ignitions of spilled fuel

7 - poisoning from ingestion of liquid fuel

8 - Skin or eye injuries due to contact
with fuel

9 - cooking vessel spills onto person,
causing severe burns

10 - person touches or falls onto hot

COOKJ|STOVE

11 - cookstove tips over

12 -
the @

cookstove ignites items surrounding
ookstove, leading to a house fire

13 -Ichimney fire, leading to a house fire

14 -
expg

cookstove breaks while heated,
sing fire

15 -jacute carbon monoxide exposure

Any
the li
of an|
Such

Fisk factors identified in the household setting (based on thédinspector’s survey data)

arisk is considered high and should be reported as a'serious hazard risk.

If an
and
the d
chi

y imminent hazards are observed during the inspection, the inspector shall alert the
make an initial effort to remove the hazards:\This may include something as simpl

ney.

10.8 Safety assessment report

The gafety assessment report shall include all of the data from the following three parts:

art 1 - Background information (10.6.2)

art 2 - Household riskfactors surveys (10.6.3)

art 3 - Household)physical tests (10.6.4)

Using all the dataland assessments collected from all households visited, the inspector s
a corpplete report with an executive summary that includes a general discussion of the o
along with answers to the following questions and prompts.

kelihood of one or more of the serious hazards. Of primary\importance is to report on {
y of the serious hazards with a likelihood of ‘occasional or greater within the life of th

ran increase
he presence
e cookstove.

homeowner
P as moving

ookstove to a safer location, removing flamimable material next to the stove, or closing leaks in a

hall compile
bservations,

a) hat'serious hazards are most likely to be present in the test location?

b) Are any of these hazards an inherent fault of the cookstove, or are they hazards due to the settings
in which they were installed?

c) Other comments may be added, such as suggestions for mitigating safety risks in cookstove
placement or support structures, simple ways to reduce emissions into the kitchen, and other
remedies.

d) Based on all the facts gathered, what conclusions are warranted regarding the usage of this

cookstove?

The safety assessment report shall compile the background information (10.6.2), risk factors surveys
(10.6.3), results of the physical checks (10.6.4), the hazard likelihood matrix (10.7), and the inspector's
observations, as described above in items (a) through (d). This report constitutes the final deliverable
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from the safety assessment. The report provides evidence that shall be used (in conjunction with other

information

11 Durab

beyond the scope of this document) in making the pass/fail decision on a cookstove.

ility assessment

11.1 General

This clause provides a method to evaluate durability. Claims of cooking device durability associated

with this do

performed
assessment

The survey
age, the out

a) fractio
b) fractio

For stoves
can be plott

Laboratory
consumers’
evaluate hoy
levels of per
first few we
and will not

When asses
when it is fj
the user of

the time limit of the manufacturer’s warranty, if applicable. The durability assessment for a co

device can d
performanc

Durability 4
the time an
to the opers
on type of 1
high tempei
and the cycl
cookstove g

cument shall be based on a qualitative survey/field inspection described in 11.4.

pp 8 y
t the preliminary and performance assessment levels The survey is the same.at
evel, and the sample size is what determines the assessment level.

esults are aggregated into quantitative output metrics in 11.5. For cookstoyes of a de
ut metrics are:

of stoves that are non-functional, and
of stoves with a particular failure.

various ages, the fraction of total stove failures or fractionof specific component fai
bd as a function of stove age to produce a failure curve.

testing can evaluate aspects of cooking device desighs that may affect usable lifd
perceptions of quality (see ISO 19867-1), but inxfield durability assessments can
v the cooking device condition and functionality.change over time. Levels of emission
formance in cooking systems should apply over time and are not only relevant durin
ks or months of use. If cooking devices deteriorate quickly, they are unlikely to be add
lead to the desired implementation goals,

5ing durability, however, it is important to evaluate the state that the cooking device
rst received by the community@nd after it has been used over a duration establishg
he method (number of weeks, months, or years). It is advisable that this duration be w

ompare baseline performance (assessed at the time of installation and initial use) wit
e level after a duration.within field conditions that can impact the state of the cooking d

ssessments characterize the physical state of the parts of the cooking devices thr
l mode of use-(e:g. combustion chamber, burners, chimney, and any other parts relg
tion of the typ& of cooking device). Durability should be tested for individual parts b
haterial. Combustion chambers of various materials will have a different durability y
ature, depending on duration of daily use, the daily temperature range it is subjects
e of hot-and cold periods of the cooking device. Similarly, variation in materials used fd
'ate may impact the capacity of the grate to withstand high temperatures.
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While the manufacturer’s stated lifetime for a cooking device may be considered during the
procurement stage, the outcomes of this testing may inform manufacturers or program implementers
about the claims they make regarding the lifetime and durability of their stove.

11.2 Test schedule

Regional field conditions can impact a particular cooking device (e.g. wet or dry climate; dust). Metal
components, for instance, may be vulnerable to oxidation in humid climates; likewise, motorized fans
may have limited lifetime in dusty regions. Durability assessments shall include basic information
obtained from the user for notation of geographic coordinate location(s) where the appliance was used,
frequency of use, and local climatic conditions.
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