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Foreword

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

The prog¢edures used to develop this document and those intended for its further maintenance ‘ate
describefd in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance,with the
editorialrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentioh is drawn to the possibility that some of the elements of this document may be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details pf
any patept rights identified during the development of the document will be in the Tntroduction and/¢r
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n¢t
constitufe an endorsement.

For an gxplanation on the voluntary nature of standards, the-meaning of ISO specific terms and
expressipns related to conformity assessment, as well as infermation about ISO's adherence to the
World Tifade Organization (WTO) principles in the TechnicakBarriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee I1SO/TC 285, Clean cookstoves and clean cooking
solutions

Alist of 3ll parts in the ISO 19867 series can be:found on the ISO website.

Any feedback or questions on this documentishould be directed to the user’s national standards body.|A
completg listing of these bodies can be found at www.iso.org/members.html.
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Introduction

It is recognized that performance assessed through laboratory testing does not always accurately
represent performance when the device/fuel combination is in actual use. Although field performance is
often worse than laboratory-based performance, it is still valuable to assess the performance and progress
of improved cookstoves through laboratory testing, because laboratory tests can provide guidance for
best practices in design that can be translated into better cookstove performance in the field.

Differences between performance as measured in the laboratory and in the field arise for a number of
rmasons, Including the test protocols and actual conditions, variations in the type and characteristics of
the fuel (e.g., moisture of wood), deterioration of the cookstove over time, user behaviour, etic., which
cqin impact multiple aspects of cookstove performance.

These benchmarks are based on laboratory test results, thus their validity for real performance
eftimation of cookstoves and cooking solutions in the field is limited. Guidance pofithow the targets may
be implemented is provided in this document.
C
p

buntries and organizations can use these voluntary performance targets as examples and might
Fefer to develop performance targets based on their own priorities, needs, and markets. Redders are
ré¢minded that these voluntary performance targets are only provided-as examples.

© ISO 2018 - All rights reserved v
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Clean cookstoves and clean cooking solutions —
Harmonized laboratory test protocols —

Part 3:

Iaboratory testing

e

Scope

==

§O 19867-1. These voluntary performance targets are intended for use with the resulf
dboratory testing specified in ISO 19867-1.

fa—
b}

hese voluntary performance targets are provided as informativeyguidance, and are not

h approach to benchmarking potential performance of cooksteves and clean cooking solut
Fovide guidance to help organizations and countries withninternational collaboration and
busehold energy technologies, fuels, and related products:

- 5T D W

els to promote for a given setting, since the performance of a given technology will likely diff
r¢al-use conditions. The best way to assess real-world impacts of a stove intervention or pr
through field studies, see ISO 198691, as well.as other existing methods[2[3].

addition to the limitations arising frem differences from real-word performance, labora
etrics (efficiency, emissions, safety, and durability) do not inform other factors that are c
e impacts a product, program, or.ifitervention may achieve. These factors include, but are nd
geographic/cultural suitability, price-affordability, acceptability to the target user group,
cio-economic factors.

==

wn ot

These voluntary performance targets for emissions are intended to evaluate cookstoves used f
s¢ale household applications, with maximum firepower of up to 10 kW. Cookstoves that have f
above 10 kW could emit substantially more overall pollutants into the household environm

dplivered.

2| Normative references

Voluntary performance targets for cookstoves based on

his document provides voluntary performance targets for cookstoves and is-intended to supplement

s of the

intended

b normative requirements for the testing of cookstoves. Perfotmance targets can be considered as

ons, and
trade in

his documentis therefore notintended to serve as thé$ole basis for decisions about which techiologies/

er under
pgram is

tory test
ritical to
t limited

and other

or small-
repower
ent than

those under 10 kW, while still meeting targets based on grams emitted per megajoule of usefil energy

The followmg documents are referred to in the text in such a way that some or all of theit
i i

content
plies. For

undated references the latest ed1t10n of the referenced document (including any amendments) applies.

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 19867-1 apply.

1)  Under preparation. Stage at the time of publication ISO/DIS 19869:2018.

© ISO 2018 - All rights reserved
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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

— IEC Electropedia: available at http://www.electropedia.org/

4 Symbols and abbreviated terms

ACH air changes per hour

ALRI acute lower respiratory infection

CI confidence interval
co carbon monoxide

g gramme

h hour

HAP household air pollution

[ER integrated exposure-response function
| joule

m metre

min minute

mg milligramme

M] megajoule

MJq megajoules delivered

PM3 5 |particulate matter with anderodynamic diameter <2,5 um

ppm parts per million
RR relative risk
SD standard deviation

WHO World Health Organization

ug mieregramme

5 Default target values

5.1 General

Tiered performance targets provide a set of reference values against which to monitor and assess
progress on five criteria: efficiency, emissions of fine particulate matter (PM35), emissions of
carbon monoxide, safety, and durability. The tiers range from the lowest level, Tier 0, representing
the performance typical of open fires and the simplest types of solid-fuel cookstoves, to the highest
level, Tier 5, which represents high levels of performance sought for each of these five characteristics.
Distributed between these lower and upper levels are tiers representing intermediate goals that can be
used to assess progress along a continuum of performance.

2 © ISO 2018 - All rights reserved
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5.2 Default performance tiers

Voluntary performance targets and associated tiers are shown in Table 1. For unvented devices (no
chimney or flue), emissions listed represent total emissions. For vented devices (with flue or chimney),
emissions represent ‘fugitive’ emissions that are not captured by the device-venting system.

For emissions of PM3 5 and CO, default tier levels are shown in Table 1; two alternative sets of tier levels
for these same emissions are provided in 6.3 for conditions with ventilation rates assumed at higher
and lower values.

NOTE Ventilation rate reiers to ail changes per nour (ACHJ and can include natural and _mechanical
ventilation. The term “ventilation rate” is synonymous with the terms “air change rate” and “air exghange rate.”

These alternative scenarios demonstrate how the targets may change based on conditions|that can
vary between regions and settings.

Clause 6 provides more information on sources of tiered targets, the basis/for selection|of tiers,
interpretation of tiers, further detail on default and alternative scenariosjand how users|of these
standards can customize performance targets.

Table 1 — Voluntary performance targets - default values?

e | ety o T | Sty | purbiy
% L\¥25 mg/ | (score)c (score)d
g/MlaOY Mg
Better 5 >50 <3,0 <5 >95 <10
performance 4 >40 <h4 <62 >86 <15
3 >30 <7,2 <218 >77 <20
2 =20 <11,5 <481 268 <25
1 >10 <18,3 <1030 260 <35
0 10 >18,3 >1030 <60 >35

a  For non-default values, see Clagsg 6.

b The tier level for each performance metric should be reported separately. See example in Table 2.

¢ Safety protocols (seelS0. 19867-1:2018, Clause 7) cover solid-fuel stoves and solar cookers only.

d  Durability protogols (see ISO 19867-1:2018, Clause 8) evaluate common material failures in biomag
cookstoves. The protocol is not comprehensive of all failures that might be found in the field, nor ar
the tests found it the durability protocol applicable for all cookstoves. Instead the durability protoc
seeks to cover, the most prevalent durability concerns found across a range of cookstove technologies an|
constructiofimaterials.

2 =0 »n

1]

br PM3 5 and €0, equivalent kitchen concentrations at each level of emissions performarce (tier)
hder theasSumptions of the model used to derive these values are provided in 6.3, along with further
bscription’of the model and references.

Qo

5/320 Reporting the tiers

Test conditions (e.g., fuel burning rate, fuel moisture, cookstove operating procedure) should be
reported when reporting results against targets (tiers). A simple average of the values obtained from
testing at different power levels should be used when reporting results against targets, unless there are
demonstrable data from the field, in which case a weighted average can be used. See ISO 19867-1.

The tier ratings for thermal efficiency should be determined by the lower bounds of the 90 % confidence
intervals for the combined results. See example in Table 2.

The tier ratings for PM2 5 and CO emissions should be determined by the upper bounds of the 90 %
confidence intervals for the combined results. See example in Table 2.

© ISO 2018 - All rights reserved 3
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Cookstove performance should be reported separately for all tier categories including CO, PMjy s,
thermal efficiency, safety, and durability, further described in Clause 6. See example in Table 2.

EXAMPLE A cookstove with emissions of PMp 5 of 336 mg/M]q4 on the upper bound of the 90 % confidence
interval for the combined result would be Tier 2 for PM3 5, and emissions of CO of 0,9 g/M]q4 on the upper bound of
the 90 % confidence interval for the combined result would be Tier 5 for CO. See example in Table 2.

For CO, PM3 5, and thermal efficiency, performance should be reported based on individual test-phase-
wise reporting and averaging (see example results table, Table 2).

I'able 2 — Example table ol reported results
Test Sequence Phase Perf‘(')gﬁén\ce
Metric . . . agai rget
High Medium Low Combinedb (e.g, ti ‘rating)

Thermallefficiency Mean 31,4 34,7 35,1 33,7
without ¢hara (%) SD 19 17 2.1 19 3

90 % CI 29,6-33,2 33,1-36,3 33,1-37,1 31,9-355
Thermallefficiency Mean 33,6 37,0 39,8 36,8
with chaf (%) SD 2,2 16 2,0 19 3

90 % CI 31,5-35,7 35,5-38,5 37,9-41,7 35,0-38,6
Char enefrgy produc- Mean 4,1 3,3 2,7 3,4
tivity (% SD 0,9 0,7 03 0,7 e
Char mags produc- Mean 2,2 1,3 0,7 1,4
tivity (%) SD 0,6 0,3 0.1 0,3 e
Cooking power (kW) Mean 1,6 1,2 0,7

SD 0,2 0,1 0,1 e

Fuel burhing rate Mean 16,5 12,8 8,9
(/min) SD 19 11 07 e
PM3y 5 pefr useful Mean 497 203 216 305
energy (ng/MJq) SD 55 19 22 32 2

90 % CI 445-549 185-221 195-237 274-336
CO per ufeful energy Mean 0,6 0,8 1,1 0,8
(g/MJa) SD 0,1 0,2 0,1 0,1 5

90 %€l 0,5-0,7 0,6-1,0 1,0-1,2 0,7-0,9
Safety Scere 88 4
Durability Score 18 3
a  For s¢lid-fuel stoves that produce char, thermal efficiency should be reported both 1) without energy credit and 2) with
energy credit for remaining char. Thermal efficiency without char is applicable when users do not use the char remaininlg
after coolfing as\frel. Thermal efficiency with char is applicable when users use the char remaining after cooking as fuel.
b Valugs‘m bold are the conservative bounds of the 90 % confidence intervals for determining the tier level, gds
described1m5-3-

Some of the fuels/technologies that fall within the general scope of ISO 19867-1, including gas/liquid-
fuelled cookstoves, are not covered by the safety testing protocol (see ISO 19867-1:2018, Clause 7) that
serves as the basis for the tiered targets in Table 1. Accordingly, test results obtained from other safety
testing protocols should be reported separately.

4 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=a277ae3fb862785c81c9b31f00e4cf91

ISO/TR 19867-3:2018(E)

6 Technical basis and guidance for implementation

6.1 General

This clause provides information on the technical basis for the tiered performance targets, and guidance
on how these targets may be implemented, covering the following:

pollutant
 criteria

a) definitions of the tier levels for thermal efficiency and emissions (PM2, s and CO);
b)__the empirical basis for selection of the tiers, including:
— the emissions model used for PM3 5 and CO,
— description of the integrated exposure-response function (IER) providing“the basis for
PM; s tiers,
— application of evidence of both chronic and acute toxic effects for CO, and
— laboratory test data used as the basis for safety and durability tiefs;

c] default and alternative sets of targets for PMz s and CO, with'equivalent kitchen
concentrations as predicted by the emissions model, and percentages of homes meeting ke
at each tier level; and

d) guidance on selecting relevant tiers for different settings:

612 Thermal efficiency

o )

2.1 Definition of tier categories for thermalefficiency

Table 3 — Definitions of thermal efficiency tier categories

nsed on the ratio of useful energy deliveredto fuel energy used during controlled laboratory testing,
tier categories are defined as follows in Table 3 for each tier:

Tier category Tier . Definition

Highest 5 The thermal efficiency that is at a level representative of the best ex]sting
technology for fuel-combustion cookstoves

Intermediate 134 Mathematical division of range based on even spacing with five levels, with
Tier 1 set to reflect performance observed with simple cookstove technology
improvements

lJowest 0 The thermal efficiency observed with open fires and other simple sdlid fuel
cookstove technologies

6{2.2. \VEmpirical basis for tiers

T

ors for fhnrma] anlr‘lﬂn(‘U are mn]hn]nc of 10 (Mr\ from 10 OA\ to 50 OA\ These tiers were chose

because

published test results show that the most advanced cookstoves approach or exceed a thermal efficiency
of 50 %, while open fires and rudimentary cookstoves achieve an efficiency around 10 % or less[4].

© ISO 2018 - All rights reserved
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6.2.3 Fuel efficiency based on thermal efficiency

Region-specific fuel efficiency targets for cookstoves that do not produce char used as fuel can be
ascertained by determining the thermal efficiency of the relevant baseline technologies and then
calculating the fuel savings using Formula (1).

Percent fuel savings = [1 - (n1/nx)] x 100 % (1)

where

nt |s the traditional cookstove thermal efficiency, %;

Nx Is the intervention cookstove thermal efficiency, %.

-

The impllied fuel savings per baseline cookstove event displaced with an intervention cookstove
assuminp a traditional cookstove thermal efficiency of 10 %l3], are as follows in Table 4;provided only
as an example.

Table 4 — Example of anticipated fuel savings based on thermal efficiencyfor cookstoves that
do not produce char

Tier Thermal Efficiency 6\ ‘ Fuel Savings
Better 5 >50 % >80 %
pefformance 4 >40 % >75 0
3 >30 % >67 %
2 >20 % >50 %
1 >10 % >0 %
0 <10.% —
NOTE This example table is for a baseline cookstove with a'thermal efficiency of 10 %.
EXAMPLE If thermal efficiency >50 %, then cempared with a baseline thermal efficiency of 10 %, anticipat¢d

fuel savirigs >80 %.

Similar tfables with tiers corresponding to fuel savings targets could be developed for specific regions
where the baseline technologies have'well-characterized thermal efficiencies.

6.3 Pdllutant emissions

6.3.1 Linking emissions rates of PMz 5 and CO to health risks: the emissions model

The voluptary performance targets for emissions of PMz 5 and CO are based on evidence of health risks
of exposure to_ these pollutants, compiled and evaluated by the World Health Organization in its ajir

emissions and health rlsks are based ona set of assumptlons that are deflned in the document

The simple box model used to model relationships between emissions of PM3 5 and CO and predicted
indoor air concentration for the two pollutants is shown in Figure 1. As is the case with all models,
there are uncertainties and limitations associated with their assumptions and estimates, as noted
above, and thus the modelled linkages between emissions, indoor air quality, and health are not meant
as a substitute for field studies. Field studies are recommended as the best way to assess real-world
impacts of a stove intervention or program.

6 © ISO 2018 - All rights reserved
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Vented * i
Model Inputs = Kitchen Model Outputs
emissions

* EmissionratesofPM, and CO o Predictedaverage

Kitchenvolume (mean,range, czgcce(;ltratlonsofPMz_s

andstandard deviation) _ ‘ a

Fugitive ?

e Airexchangerate (mean,range, emissions

and standard deviation)

¢ Durationofuseperday (mean,
range,and standarddeviation)

i A vented (chimney) cookstove is illustrated; for this type of cookstove, some (usually most] of the
emissions are vented to the exterior, and some are ‘fugitive’ (emitted directly into the kitchen);
these fugitive emissions are used for the emission rate values. For unyerrted stoves, total etnissions
are used for the emission rate values.

Figure 1 — Box model used to predict indoor pollutant concentrations
based on emission rates and the otherdata inputs shown

This model incorporates three characteristics of the kitchen and the devices to relate emissjon rates
t¢ pollutant concentrations, namely kitchen volume-and air exchange rate, and the duration df the use
of the device each day. Values for these input variablées for the default targets have been derived from a
wide range of studies, listed in Table 5 (full reference information in the Bibliography).

Table 5 — Studies providing.model input data for the default set of targets
for duration of cooking, air exchange rate, and kitchen volume

Re@s\v Source data
L (References in Bibliography)
Sofith'Asia [9]1[10][11][12][13][14][15][16][17]
East Asia [18]
Latin America [19][20][21][22][23][24]
Note that, for vented devices, emissions that are directed to the exterior of the kitchen by the|chimney
of flue are not counted. Only the fugitive emissions (which are measured using the laborafory test
protocol of [§0:19867-1) are assumed to contribute to indoor air pollution. It is recognized that this is a
simplifyirig assumption as some of the vented emission may re-enter the home. Indoor deposition rate

—

g not included in the model. At typical indoor concentrations, indoor deposition amounts are nggligible.

Tp reflect the distribution of values of these input variables seen in practice (and shown by the range
and standard deviations in Table 8J, the model uses Monte Carlo simulation. AS a consequence, the
output of the model is also a distribution, and is expressed in terms of the percentage of homes that
achieve a given concentration of pollutant.

Based on the set of assumptions defined in this document, the box model allows calculation of an
estimated indoor average concentration of the pollutant of interest, namely PM; 5 or CO, based on a
specified emission rate, and using the specified distributions of air exchange rate, kitchen volume, and
duration of device use per day. This same model can be used—in effect by running it backwards—
to determine what emission rate would be needed to achieve a specified indoor concentration of the
pollutant. This is how the emission factors (and rates) provided for the targets have been derived:
pollutant concentrations have been selected (based on health risk evidence), and the emission rates
required to meet these concentration levels then determined. As noted, with the model, the emission

© ISO 2018 - All rights reserved 7
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rates depend on values chosen for air exchange, kitchen volume, and duration of device use per day, and
these values are provided alongside the targets in 6.3.2 (for PM3 5) and 6.3.3 (for CO).

6.3.2 Fine particulate matter (PM25)

6.3.2.1 Definition of tier categories for PM2 5

The tier categories for PM3 5 emissions are defined as follows in Table 6:

Table 6 — Definition of PM3 5 tier categories

Tier cdtegory Tier Definition nQ -
Highest 5 The highest tier for PM3 5 is the emission rate that, under the statéd,emis-
sion model assumptions, would result in kitchen indoor air quality that
meets the WHO annual mean air quality guideline value of 18 '{ig/m3l6] for
90 % of homes. This is the level of PM3 5 associated with nilinimal adverse
health risk, and has a relative riska for child acute lower respiratory infec-
tions (ALRI) of 1,0 in the integrated exposure responSe function (IER)[25].

Intermedliate 1-4 Intermediate emission rate tiers have been set to-achieve levels of indoor

air quality that are equivalent to relative risks ©£3;15 (Tier 1), 3,0 (Tier 2),
2,5 (Tier 3), and 1,5 (Tier 4), based on the IER for child ALRI. The value for
Tier 1 was selected to be consistent with.pérformance observed with simplg
cookstove technology improvements.

Lowest 0 An emission rate higher than Tier 1{cotsistent with that observed with
open fires and other simple solid fuel cookstove technologies.

—

a  Relat}ve risk (RR) is the risk of a disease experienced by individual exposed to one level of a risk factor (i.e. a highd
level) conppared to the risk experienced by individuals exposed to adower level of the risk factor. An RR of 1,0 implies njo
additiona| risk, while a RR of 2,0 (for example) means twice the risk:

6.3.2.2 | Empirical basis for tiers

To set l¢vels of emission performance that/relate to specified levels of health risk, the following
approach has been used. Evidence is available to relate levels of exposure to PM3 5 to levels of rigk
through [integrated exposure-response functions’ (IERs). These functions are termed ‘integrated’ sin¢e
evidencd is combined on disease riskifrom combustion risk factors (i.e., exposure to PM3 5) includirjg
outdoor pir pollution, second-hand smoking, household air pollution, and active smoking (for this lapt
source, adult diseases only) to dévelop a single integrated risk model for all PM3 5 sources. To date, IERs
have beg¢n defined for five conditions, namely acute lower respiratory infections (ALRI) in childrep,
and ischpmic heart disease;Stroke, chronic obstructive pulmonary (lung) disease, and lung cancer |n
adults[2q].

Since thg values and.shapes of these functions vary across the five diseases, the IER for child ALRI hgs
been selected as<he primary IER function for the current purposes following the approach taken hy
WHO in |the Guidelines for indoor air quality: household fuel combustionl8], which used the child ALRI
IER becqusefitthad the strongest empirical exposure-response evidence for HAP. This IER is shown |n
Figure 21 The IER is used to estimate health risk due to household air pollution exposure; health effects
from household air pollution depend on actual air pollution levels in the home from cookstoves and
other pollutions sources, time spent in the home, and other factors. The IER represents the best current
evidence, and as new evidence becomes available, the IER function and confidence interval may change.

8 © ISO 2018 - All rights reserved
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Integrated exposure-risk function for PM, . ALRI risk
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OTE The solid blue line defines the relatignship between level of exposure to PMy 5 (X-axis) an
sk (Y-axis), while the shaded region shows the 95 % uncertainty bounds (Source Reference[25]).

Figure 2 — Integrated exposure-response function for child ALRI
his [ER function allows estimation of the level of exposure to PM s that is associated with a

blative risk.

KAMPLE The value-for average PMp 5 exposure corresponding to a relative risk of 2,0 is (appro
0 ug/m3, which means a doubling of risk at this level of exposure.

br the purpaeSes’of these performance targets, increments of RR for child ALRI have been se
escribed abéve in the definition of tier categories. Having estimated the target levels of PM3 s ¢

t

rates required to achieve each of the specified PM3 s targets.

at are_associated with these values of RR, the box model has been used to determine the

theugh the IERs indicate risk of disease at specified levels of personal exposure, the b

400

d relative

specified

ximately)

ected as
PXposure
pmission

x model

provides values for the ambient concentration in the kitchen. Many studies show that average personal
exposure levels for women, men, and children tend to be lower than the average concentration in the
kitchen. This difference is seen because most people do not spend all their time in the kitchen micro-
environment, although very young children and older and sick individuals are more likely to do so. A
protective approach has been used with these targets, which seeks to create indoor environments that
are safe for health, however much time individuals choose or need to spend in these settings. Thus,
the emission targets here provide conservative guidance on varying levels of protection to the indoor
environment where the cookstoves are used.
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6.3.2.3 Default values for PM; 5

The default emission factors for PM3 5 (as shown in Table 1 in 5.2) are presented in Table 7 with
additional details on the corresponding relative risks, emission concentration, emission rate, and the
percentage of homes meeting each tier level. The model input assumptions for air exchange rate, kitchen
volume, and number of hours spent cooking per day that were used to derive these default emission
factor targets are shown in Table 8.

As described in 6.3.1, the box model is used to calculate emission rates to meet indoor air quality targets.
To convert these emission rates to emission factors in measurement units of mass per megajoule of
useful eltergy delivered, emission rates were multiplied by the assumed average cooking time and
divided by the assumed required useful energy delivered for daily cooking needs (11 MJ)[26].

Table 7 — Default emission factors, rates, equivalent concentrations
and % homes meeting specified criteria, for PM2 5

Tier | RR | mg/M]Jq | Normalized pg/m3 Pey\@\fage of
Emission Rate lq?es meeting
. 1 e tier level
mg/min _\

Better 5 1,0 <5 <0,2 <10 >90 %
performance 4 | <15 | <62 <2,7 €50 >50 %
3 <2,5 <218 <9,5 £170 250 %
2 <3,0 <481 <21 <400 =50 %
1 <3,15| <1031 <45 <800 250 %
0 >3,15 | >1031 >45 >800 <50 %

NPTE Tier reporting is based on emission factor, and normalized emission rate is a derived property.

Measured emission rates from laboratory testing are notuised to determine tiers for reporting.

Tabje 8 — Model input assumptions for default emission factor targets for PMz 5 and CO

Mode Values utilized Source data (references in Bibli-
1n_put Mean Range Standard deviation ography)
variable
Minimum | Maximum
Air ex- 21a 4 100 11 [11][13][14]
change
rate (ACH) [18][23][24]
[27]
Kitchen 28a 5 100 16,8 [9][10][12][16][17][19][20][21]
volume [22]
(m3) -
Duratior] of | 4,20 1 8 1,5 [9][10][13]
cooking (h
F e [15]16][17](28)

a Geonletricmean

b Arithmetic mean.

6.3.2.4 High and low ventilation scenarios for PM3 5

Two additional scenarios are provided for a high air exchange rate and a low exchange rate. These
scenarios demonstrate how the emission rates necessary to achieve a given tier level vary in different
ventilation scenarios. These examples are provided to demonstrate how different conditions can affect
the targets. These examples are intended to be illustrative, not applied.

10 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=a277ae3fb862785c81c9b31f00e4cf91

ISO/TR 19867-3:2018(E)

The air exchange rates used in the default-, high-, and low-ventilation scenarios are listed below:

as shown in Table 8.

Default: geometric mean of 21, range of 4 (minimum) to 100 (maximum), standard deviation of 11,

High-ventilation scenario: geometric mean of 30, range of 4 to 100, standard deviation of 15.

Low-ventilation scenario: geometric mean of 10, range of 4 to 100, standard deviation of 5.

The same kitchen volume and duration of cooking were used for the high- and low-ventilation scenarios

a

s forthe default scenarias

Al
fq
I

%)

A
E
h
4

s shown in Table 9, in regions and settings with high ventilation, the PM3 5 emission rate n|
r a cookstove to reach Tier 5 emissions is higher than in the default scenario table. If theair ¢
ite measured in a particular setting is found to be similar to the high- or low-ventilation scen
fenario can be used to determine appropriate tiers for PMz s.

ir exchange rate can be estimated using the tracer gas method[29].
XKAMPLE At the upper end of the published data, studies have reported<averages of ~35 air ch

ACH[14][23][27],

Table 9 — High and low ventilation scenario PMy;5 emission factors and ratesa

ecessary
exchange
hrio, that

hnges per

bur with maxima up to 100 ACH, whereas at the lower end means have bgen reported at ~15 with thinima of

Tier RR | pg/m3 High vgl\i‘lation Low ventilatign
Emission> | Normalized Emission Normalized
fact Emission factor mg/ | Emissjon Rate
Q@%’Ud Rate mg/min MJgq mig)fmin
Better 5 1,0 <10 <7 <0,3 <2 40,1
performance 4 | <15 | <50 <92 <4 <32 1.4
3 <2,5 <170 <321 <14 <115 5
2 <3,0 <400 <733 <32 <252 411
1 <3,15)] <800 <1489 <65 <550 424
0 3,15 >800 >1 489 >65 >550 324
NOTE Tier reporting is based gn emission factor, and normalized emission rate is a derived property. Measured emission
rptes from laboratory testinglare not used to determine tiers for reporting.
al  The percentage of hemes meeting the specified criteria are unchanged from Table 7.

- O

3.3 Carbonxmonoxide (CO)

3.3.1 .Definition of tier categories for CO

he tiet categories for CO emissions are defined as follows in Table 10:

©

ISO 2018 - All rights reserved
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Table 10 — Tier categories for CO emissions

Tier category Tier Definition

Highest 5 The highest tier for CO is the emission rate that, under the stated emis-

sion model assumptions, would result in 90 % of homes having kitchen CO
concentrations that meets the WHO 24 h mean air quality guideline value of
7 mg/m3.

Intermediate 1-4 The Tier 1 emission rate has been set so that 90 % of homes would have
kitchen CO concentration at or below 230 mg/m3 during cooking events, a
level associated with mild adverse acute symptoms from CO exposure (see
empirical basis for tiers section, 6.3.3.2). The remaining intermediate emis-
sion rate tiers (2 to 4) represent equal mathematical divisions between Tiers
1 and 5 for the percentage of homes covered at 7 mg/m3 daily average €O
concentration.

Lowest 0 An emission rate higher than Tier 1, and consistent with that observed with
open fires and other simple solid fuel cookstove technologies;

6.3.3.2 | Empirical basis for tiers

For CO, cpnsideration has been given to two recognized mechanisms by which this gas adversely affects
health, rfamely (a) long-term chronic exposure to low and medium levels of CO and (b) acute (shor
term, over minutes or hours) toxicity from higher levels of CO.

ar

For protgction against chronic CO exposure, the Tier 5 emission £ate has been set such that 90 % pf
homes will have average levels of kitchen CO concentrations that meet the WHO 24-hr CO air quality
guideling of 7 mg/m3, developed to protect against adverserhealth effects from chronic low-doge
exposurelZ],

For protpction against the effects of acute exposure, Tier 1 has been set such that—during cookiry
events -+ 90 % of homes will have kitchen indoor air;quality at or below 230 mg/m3, a concentratid
at which| subjects may experience mild symptomsfrom CO exposure, namely headache and impaireg
judgemept at 2 h to 3 h of exposurel30] - see Tdble 11. At the Tier 1 level, over 99,98 % of homes al
covered pt or below 930 mg/m3 during cookixig events. This is the concentration at which subjects m3
experierce dizziness, nausea, and convulsions within 45 min, and would be insensible within 2 h to 3
from staft of exposurel30].

o< @ QS 0g

While the approach described draws'on the best available evidence for setting performance target tiers
in a way that combines protectian from both chronic health effects and acute toxicity, it should be notgd
that the [relationship between short-term exposure to CO, Carboxyhemoglobin levels, and symptongs
(e.g. as 1leported in[30]) cafi-be quite variable between individuals, and according to factors such gs
exercise|(see Reference [#])CO chapter). The guidance provided on the percentage of homes that would
be expedted to avoid the,mild and severe symptoms described should therefore be used with caution.

While it |s generally'recommended that all stoves be used in well-ventilated areas, stoves at Tiers 0 anld
1 for CO phouldmet be used indoors due to risks from acute toxicity from this pollutant; particular care
should taken with charcoal stoves. For enclosed spaces with minimal ventilation, there is no safe
level of JO-emissions.

6.3.3.3 Default values for CO

The default emission factors for CO (as are shown in Table 1 in 5.2) are included in Table 11 with
additional details including corresponding emission concentration and emission rate. For each tier,
Table 11 also includes the 24 h average concentrations expected (i.e., the concentration in 50 % of
homes that use a cookstove with the given emissions rate), which is shown in the fifth column. Similarly,
the average cooking event concentration expected (i.e., the concentration in 50 % of homes that use a
cookstove with the given emissions rate) is shown in the sixth column for a daily cooking duration
of 4,2 h (Table 11). In addition, for each tier level, Table 11 shows the percentage of homes covered at
230 mg/m3.
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For CO, the same methods for calculating emission rates and converting emission rates to emission
factors are used as the methods for PM3 5 (see 6.3.2.3).

Table 11 — Default emission factors, rates, equivalent concentrations,
and % homes meeting specified criteria, for CO

Tier | Emission | Emission 24 hour con- Cooking event | Percent Percent
factor Rate mg/ centration at |concentrationat| of homes | of homes
/MJq de- min 50 % coverage | 50 % coverage | covered | covered
S e mg/m3 (ppm) | mg/m3 (ppm) | at7mg/ |at230 mg/
bl m3 daily %3 during
averagea/ ‘cpokingb
Better 5 <3,0 <133 2,3 (2,0) 13,6 (11,9) 290 % 299,9
performance |4 <4,4 <190 3,2 (2,8) 19,3 (16,8) >80% 2999
3 <7,2 <315 5,4 (4,7) 32,6 (28,5) >60 % 299,3
2 <11,5 <500 8,8 (7,7) 52,5 (45,8) 240 % 2971
1 <18,3 <800 14,0 (12,2) 84,1 (73,4) 220 % 290
0 >18,3 >800 14,0 (12,2) 84,1.(73,4) <20 % <90
NOTE Tier reporting is based on emission factor, and emission rate is a derived’property. Measured emission fates from
Iaboratory testing are not used to determine tiers for reporting.
al ' WHO 24-hour air quality guidelinelZ].
bl Concentration during cooking at which subjects experience slightheadache and impaired judgement within|2 h to 3 h
from start of exposurel30].

he model input assumptions for default emission facter targets for carbon monoxide (CO) are
those for PM3 5 (Table 8).

(=)

3.3.4 High and low ventilation scenarigs;for CO

—3

o additional scenarios are provided fef.a high air exchange rate and a low air exchange rate
ime assumptions as in 6.3.2.4.

wn

Als shown in Table 12, in regions and settings with high ventilation, the CO emission rate necess
cpokstove to reach Tier 5 emissions is higher than in the default scenario table.

Table 12 — High ventilation scenario emission factors and rates for CO2

identical

1sing the

ary for a

Tier\Q_)\’24 hour con- | Cooking event High ventilation Low ventilation
O Sti;ezltratlon a corsu(:)egltratlon Emission | Emission | Emission ETission
<L %o coverage | at 50 % cover- factor Rate mg/ factor Rate mg/
?\ mg/m3 (ppm) age mg/m3 i i
ke (ppm) g/MJq g/MJq
Better 5 2,3 (2,0) 13,6 (11,9) <4,4 <190 <1,4 <60
performance | 3,2 (2,8) 19,3 (16,8) <6,2 <270 <2,2 <95
3 54473 3262653 <16;3 <456 <377 <160
2 8,8 (7,7) 52,5 (45,8) <16,0 <700 <5,5 <240
1 14,0 (12,2) 84,1 (73,4) <26,9 <1175 <99 <430
0 14,0 (12,2) 84.1 (73.4) >26,9 >1 175 >9,9 >430
NOTE Tier reporting is based on emission factor, and emission rate is a derived property. Measured emission rates from
laboratory testing are not used to determine tiers for reporting.
a  The percentage of homes meeting the specified criteria are unchanged from Table 11.
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6.4 Safety

6.4.1 Application of targets

The targets for safety provided in Table 1 in 5.2 are derived from the safety test protocol of
ISO 19867-1:2018, Clause 7, which is designed for solid-fuel cookstoves and solar cookers. The tiers and
their empirical basis, described here, therefore only apply to testing of solid fuel and solar cookers.

6.4.2 Definition of tier categories for safety

The tier fategories for safety are defined as follows in Table 13:

Table 13 — Definitions of tier categories for safety

Tier category Tier Definition n_(b\

Highest 5 Based on the laboratory safety assessment score for cooksteyes (according
to ISO 19867-1:2018, Clause 7), the highest tier is associated with a very low
(but not zero) risk of injuries, namely burns, scalds, and Iacerations.

Intermedliate 1-4 Intermediate safety tiers are evenly spaced mathématically and represent
the range of scores observed for existing cooksteve technologies.

Lowest 0 The lowest tier is based on safety scores observed with open fires and other
simple solid fuel cookstove technologies:

6.4.3 Empirical basis for tiers

Tiers for safety are based on divisions of the distributions of published test score results[2] and
unpublished results.

6.5 Dyrability

Durability targets are set to reflect decreased risk of cookstove component failure and reflect the
durabilitly test protocol in ISO 19867-1:2018, Clause 8. The possible range of scores is 0 to 37, with|0
indicatir]g the lowest possible risk and 37 the greatest. A score of 10 or lower for Tier 5 represengs
relatively low risk of component failure given normal cookstove operation, with each lower ti¢r
indicatinjg subsequently increasingtisk of component failure.

6.5.1 Definition of tiers for durability

The tier fategories for durability are defined as follows in Table 14:

Table 14 — Definitions of tier categories for durability

Tler ‘\e Tier Definition

Highest 5 Based on the durability assessment score for cookstoves (according to

[SO 19867-1:2018, Clause 8), the highest tier is associated with durability of
cookstove components and functioning which is at or close to the best achiev-
able for this application.

Intermediate 1-4 Intermediate tiers have been set based on simple mathematical divisions
to represent the range of durability scores observed for existing cookstove
technologies.

Lowest 0 The lowest tier level is based on durability scores observed with solid fuel

cookstove technologies with a relatively high risk of component failure.

6.5.2 Empirical basis for tiers

Tiers for durability are based on scores found through the development of the protocol as well as self-
reported results.
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