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Want to learn more?
See our website and join the conversation at 
ashes-csu.org
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Opening Remarks by John Mitchell
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Advancing Sustainable Household 
Energy Solutions (ASHES)
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ASHES Interdisciplinary 
Research Highlight: Results 
from the STOVES Study
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A recent peer-reviewed article out 
of CSU from the Subclinical Tests 
on Volunteers Exposed to Smoke 
(STOVES) study. Led by Drs 
Jennifer Peel and John Volckens.

https://www.ahajournals.org/doi/pdf/10.1161/JAHA.119.012246
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Honduras Cookstove Project, 
2014-2018. Led by Drs Maggie 
Clark and Jennifer Peel and 
research scientists, Drs Sarah 
Rajkumar and Bonnie Young. 
Photo by Bonnie Young.

ASHES Interdisciplinary 
Research Highlight: 
Results from the Honduras 
Cookstove Project

https://pubmed.ncbi.nlm.nih.gov/30195255/



ASHES Interdisciplinary Research Highlight: 
Results from the HAPIN Trial
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Household Air Pollution 
Intervention Network (HAPIN) Trial 
and RCT intervention setup in 
Rwanda (2018). Photo by Bonnie 
Young.

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP6422

https://ehp.niehs.nih.gov/doi/full/10.1289/EHP6422


Minimize and maximize control panel

Webinar Control Panel

You are in ‘listen only’ mode

Minimize and maximize screen

We are not using this function 
today.

Questions pane

Type your question in here

Submit your question 
by clicking here
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Clean Household Energy for Health

Jessica Lewis householdenergy@who.int



01 Defining household air pollution

02 Health impacts of household energy use

03 WHO Guidelines and defining clean 
household energy

04 WHO Clean Household Energy Solutions 
Toolkit

05 Setting Voluntary Performance Targets 
(VPTs)

Overview of Presentation
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Defining 
Household Air 
Pollution 
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Ø Household air pollution (HAP) is a mixture of pollutants released during 
incomplete combustion of carbon-based fuels (wood, coal, dung) in and around 
the home (not just indoors!) 

Ø Released during use of inefficient technologies for activities including 
cooking, heating, lighting

Ø Particles <2.5µm in diameter penetrate into the lungs and affect the body 
contributing to diseases
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Defining household air pollution 
(HAP)

CO
NMVOCs
SOx

CH2OPAH
CH4

NOx CO2



• More than 3 billion people still cook with polluting energy sources

• Unchanged for 20 years
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Household air pollution: 
scope of problem 

Tracking SDG7: The Energy Progress Report 2020 (WHO data)



Increasing access deficit in Sub-Saharan Africa
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Tracking SDG7: The Energy Progress Report 2020 (WHO data)

Population primarily cooking with 
polluting fuels and technologies
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Health impacts 
of household 
energy use
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Outdoor Air Pollution

Health effects of HAP exposure:
Particulate matter (PM)

Diseases Outcomes from HAP exposure 
with strong evidence:

• Ischaemic heart disease

• Stroke

• Chronic Obstructive Pulmonary Disease 
(COPD)

• Lung Cancer

• Pneumonia

• Cataract

Suggestive Evidence
• Adverse pregnancy outcomes

• Cognitive Development

• Diabetes

• Tuberculosis
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Carbon monoxide is released by inefficient 
stoves like charcoal stoves

Short-term (<24h) exposure to high levels 
of CO: acute toxicity and death

Long-term (>24h) exposure to low levels 
of CO increases the risk of chronic 
diseases including cardiovascular disease.
- Pregnant women: reduced birth weight
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Health effects of HAP exposure: 
Carbon Monoxide
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Household air pollution: Health toll



Traditional 
stoves can pose 

major safety 
risks in the 

home. 

Kerosene is a 
leading cause of 

childhood 
poisonings in 
low and middle 

income countries

Fuel collection 
can lead to 
musculo-

skeletal injuries 
and is major 

source of time 
loss

Burns, scalds, poisonings & injury

Other health impacts of 
polluting household energy use
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Household air pollution is a major source of outdoor air pollution –
25–50% in some countries (Chafe et al. 2014, Zhao et al. 2018)

Household cooking, heating and lighting produces 
>50% of global anthropogenic black carbon emissions (IIASA 2020)

Reliance on biomass leads to deforestation, decreased biodiversity 
(Bailis et al. 2015)
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Environmental impacts of
polluting household energy use



WHO Guidelines 
& Defining 
Clean 
Household 
Energy
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Existing (published) WHO Air 
Quality Guidelines (AQGs)

l Global update (ambient) 2005:
– PM2.5, PM10

– Chapter on IAP

l Indoor AQG:
– Dampness and Mould: 2009
– Selected pollutants (CO): 2010
– Household fuel combustion
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WHO Air Quality Guidelines:
PM2.5 and carbon monoxide (CO)

Pollutant Guideline or 
target

Exposure period Level (µg/m3)

PM2.5
(2005)

Guideline Annual average 10

IT-3 15

IT-2 25

IT-1 35

Pollutant Guideline or 
target

Exposure period Level (mg/m3)

Carbon 
monoxide
(2010)

Guideline 8-hour 10 

Guideline 24-hour 7
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• Provides emission rate targets for PM2.5, 
and CO that determine whether fuel and 
technology combinations are “clean” for 
health

• Policy in transition calls for transitional fuels 
and technologies that are as clean as 
possible 

• Specific fuels should be avoided: 
kerosene and unprocessed coal use

• Policies should incorporate synergies 
between climate, health and clean energy

WHO Guidelines for indoor air 
quality: household fuel combustion
Overview of Recommendations
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Recommendation 2: 
Policy during transition

Urban and 
peri-urban

Rural 
better-off

Rural poor

Clean 
fuels

Traditional 
biomass

Low emission 
biomass

2015 2020 2025 2030

To ensure ‘best possible’
• Testing
• Standards
• Certification
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Clean Polluting
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Definition of “Clean” 
Household Energy for Health

Biomass – does it achieve WHO Guidelines? 
Linked to ISO Voluntary Performance Targets…

A MATTER OF FUELS AND TECHNOLOGIES



Reminder: Important to Consider Full Picture
All uses (cook, light, heat) must be clean
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WHO Clean 
Household 
Energy Solutions 
Toolkit
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Clean Household Energy Solutions 
Toolkit (CHEST) Overview

Tools and resources for developing & implementing 
clean household energy policies & programmes

Step-by-step 

Guide+

http://www.who.int/airpollution/household/chest/en/
31



Module Objectives:

l Identify key stakeholders working on household energy 
and health issues

l Household Energy Assessment Rapid Tool (HEART) 
Templates for mapping out current stakeholders 
and their roles related to household energy policies 
and programmes (available online)

l WHO Household Energy Database
WHO Household Air Pollution Measurement Database

http://www.who.int/airpollution/household/interventions/chest-module1/en/
https://www.who.int/airpollution/household/interventions/chest-module2/en/

Stakeholder Mapping &
Needs Assessment 
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http://www.who.int/airpollution/household/interventions/chest-module1/en/
https://www.who.int/airpollution/household/interventions/chest-module2/en/


Module Objectives:

l Evaluate health risk from different technological 
interventions through an interactive web-based 
emissions model, protocols for measuring input 
data, and a database of input values (available 
online)

l Assess costs and benefits of cleaner cooking 
transition with BAR-HAP tool (available online)

l Provide clearinghouse of examples of national 
household energy policies in policy database 
(under development)

https://www.who.int/airpollution/household/interventions/
chest-module3/en/

Identify policy and 
technological solutions
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https://www.who.int/airpollution/household/interventions/chest-module3/en/


Module Objectives:

● Support adoption/adaptation of national 
standards for cookstoves, such as those produced 
by International Organization for Standardization 
(ISO)

● WHO Setting National Cookstove Targets 
document in peer review 

● Two regional workshops on cookstove 
standards completed (Nepal 2018 and 
Uganda 2019), currently conducting virtual 
Francophone series (USEPA, CCA, ISO)
- Next standards workshop: Senegal

● Build capacity for the development adaptation of 
national standards with a web-based model for 
setting national performance tiers (available online)

•

Guidance on Standards &
Testing

https://www.who.int/airpollution/household/interventions/chest-module4/en/ 34

https://www.who.int/airpollution/household/interventions/chest-module4/en/


Standards for labelling can include 
information on:

- Energy efficiency (star rating)

- Emissions level to protect health 
(“emissions approved”)

Standards and testing: 
Sample Label for National Standards

Courtesy: Clean Cooking Alliance
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Module Objectives:

• Provide the tools and resources necessary to 
effectively monitor and track household 
energy use and impacts 

• Core questions on household energy use 
finalized (adopted by MICS, DHS) 
(available online)

• Guidebook for adoption in national 
censuses nearly finalized (WHO/WB)

Monitoring & Evaluation

https://www.who.int/airpollution/household/interventions/chest-module5/en/ 36

https://www.who.int/airpollution/household/interventions/chest-module5/en/


Module Objectives: 
l Educate and raise awareness of health professionals 

about health risks from household energy use

l Provide health professionals with the tools to assess 
household energy as a risk factor for disease and 
‘prescribe’ clean household energy

l Training materials under development for 
clinicians

l Breathe Life Campagn underway

Engaging the Health 
Community & 
Communications
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Setting 
Voluntary 
Performance 
Targets
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ISO Voluntary Performance Targets
• Technical Report - Part three of ISO harmonized 

laboratory test protocols standard
• Developed by ISO Working Group with 

international majority consensus
• Performance metrics are linked to ISO test 

protocols
• Thermal efficiency 
• Emissions 
• Safety 
• Durability

• Tier system has performance ranging from 
simple/traditional stoves (Tier 0) to aspirational 
targets (Tier 5)

https://www.iso.org/standard/73935.html?browse=tc

https://www.iso.org/standard/73935.html?browse=tc


Overview of Tiers of Performance

0% 10% 20% 30% 40% 50% 60%
Thermal Efficiency

Tier 0 Tier 2 Tier 3 Tier 4Tier 1 Tier 5

Better performance



Why do we need performance targets?

• ISO Voluntary Performance Targets are voluntary
• Emissions targets (PM, CO) are aligned with WHO Guidelines
• Countries can use VPTs to set local standards of acceptability
• Tiers can be used in labelling to provide information to consumers 
• Complimented with tools to help adapt targets for specific locations and/or 

contexts
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• Developed with same model and inputs as used as for PM2.5

• No exposure response established between CO concentrations and risk

• Targets determined by looking at different percentages of homes 
meeting the WHO 24 hour CO guideline (7mg/m3) (WHO 2010)

ISO Carbon Monoxide (CO) Targets



üRegion-specific targets can be 
developed 

ü Tier ratings should be reported 
separately 
(e.g., Tier 3 for PM2.5, 
Tier 5 for CO- there is no such thing as a 
“Tier 3 stove”)

ü The performance targets may be 
updated within the ISO system as more 
data becomes available

ü Performance targets are one useful tool 
in an ecosystem of design, production, 
sales, user training, customer 
awareness, etc…

üA high-performing stove that does not 
get sold or displace polluting fuels and 
technologies will not have impact

Additional Notes



Thank you

Jessica Lewis
WHO Air Quality and 
Health Unit

Householdenergy@who.int



Modeling tools for
voluntary performance targets

Michael Johnson

November, 2020
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Always a group effort, 
thank you to…

WHO and ISO

Ajay Pillarisetti,
Emory University

Ricardo Piedrahita,
Berkeley Air
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Outline
Linking indoor air quality with 
emissions performance

WHO Performance Target Model

WHO HOMES Model

Support materials
• Background information
• Support Materials
• Databases
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Purpose of the two models

Model Purpose Inputs Outputs
Performance 
Target model
(WHO-PT)

- Backwards looking: 
Estimate emissions 
performance to meet an 
air pollutant 
concentration or health 
target.  

- Derives emissions 
performance targets.

Kitchen volumes, 
ventilation rates, and 
cooking times

Emissions 
performance 
targets

Household 
multiple 
emissions 
source model 
(WHO-
HOMES)

- Forward looking: What 
concentrations, 
exposures, and 
additional risk result 
from emissions sources 
in the home?

- Tool for exploring 
implications of various 
stove performance/ 
usage scenarios.

Kitchen volumes, 
ventilation rates, 
emission rates 
(multiple sources), 
usage times 
(multiple sources, 
background 
concentrations, and 
exposure factors

Kitchen and 
personal 
exposure 
concentrations, 
health risk
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How do we link emissions with air quality or health targets?

Single zone model is a very 
common and simple air quality 
model

Used for many applications, 
including for the WHO Air Quality 
Guidelines: Household fuel 
combustion (2014)
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Setting performance targets using air quality goals

What emissions 
performance is 
needed to achieve 
a relative risk 
target?

52
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Targets are based on global averages for the model inputs

Also high and low ventilation rate default scenarios

53



WHO Performance Target Model

emissions targets <- concentrations

54



WHO Performance 
Target Model Input

Location specific 
inputs for cooking 
time, ventilation, and 
kitchen volume

https://worldhealthorg.shinyapps.io/who_pt/
55

https://worldhealthorg.shinyapps.io/who_pt/


WHO Performance 
Target Model 
Output

Location specific 
performance 
targets
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WHO Household Multiple Emissions Sources Model

sources -> concentrations/exposures

Credit: Ajay Pillarisetti
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WHO HOMES Input

Location specific 
inputs for cooking 
time, ventilation, 
emissions source 
characteristics, 
ambient 
concentrations, and 
exposure factors 

https://worldhealthorg.shi
nyapps.io/who_homes/
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https://worldhealthorg.shinyapps.io/who_homes/


WHO HOMES 
Output

Kitchen and 
personal exposure 
estimates for the 
given stove 
performance/use 
scenario
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Support materials: Background information
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https://www.who.int/airpollution/household/interve
ntions/chest-module3-inputdata/en/

Support materials: Protocols
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https://www.who.int/airpollution/household/interventions/chest-module3-inputdata/en/


https://worldhealthorg.shinyapp
s.io/HAPmodelinputdata/Support materials: Input Data
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https://worldhealthorg.shinyapps.io/HAPmodelinputdata/


Additional 
notes

Tools are a compliment to the 
ISO standards
Available for countries or 
organizations which want to 
develop context-specific targets 
or explore implications of 
different household energy 
scenarios
Requires a degree of technical 
capacity (ideally laboratories, 
academic/research groups can be 
involved)
Default voluntary performance 
targets are still relevant and help 
point progress towards cleaner 
solutions 
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Thank you!

Michael Johnson
mjohnson@berkeleyair.com
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Clean Household Energy Solutions: World 
Health Organization's New Toolkit– Uganda’s

Experience

Richard Ebong ,richardebong@hotmail.com
/richard.ebong@unbs.go.ug

mailto:richardebong@hotmail.com
mailto:richard.ebong@unbs.go.ug


66



67

Cookstoves and Fuels used in Uganda
• 3 stone open fire and wood are the 

traditional stoves and fuels used for 

cooking in Uganda

• Biomass contribute about 94% of all 

energy consumed.

• wood fuel 80%,

• charcoal 10%, and

• crop residues 4%.
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Clean cooking solutions available in Uganda

• Biomass stoves

• Biogas stoves

• Electric stoves

• LPG

• Solar
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Cookstoves and Fuels used in Uganda
Traditional and improved cookstoves
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Cookstoves and Fuels used in Uganda

Traditional and improved fuels
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Challenges encountered in promoting clean cooking

• High cost of clean fuels and clean cooking 

technologies

• Awareness of risks involved in using traditional fuels 

and cooking technologies

• Availability of technologies especially in rural areas

• High cost of testing charges
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Health impacts from cooking in Uganda

Indoor air pollution related to burning of solid biomass fuels in poorly 

ventilated kitchens leads to about 24,000 deaths/annum (Source: WHO 

2018). 

Other health impacts/risks

•Burns and scalds are very common, especially to children and women

•Burning of roofs and entire houses

•Snake bites, incidences of rape (while collecting fuels), bruises and 

injuries from carrying wood, overweight loads carried by children and 

women.
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Brief history of standards development for
cookstoves and fuels in Uganda

Development of standards in this sector began in 2007 with 

the development of the following standards:

1) US 765:2007, Wood charcoal and charcoal briquettes for 

household

2) US 761:2007, Energy efficiency stoves Household biomass 

stoves Performance requirements and test methods

(Low level of lake Victoria, high cost of  electricity, and War)
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Brief history of standards development for
cookstoves and fuels in Uganda

These two standards have since been revised.

1.US 761:2019 , Household biomass stoves requirements

2.US 765 -1:2019, Solid biofuels - Specification - Part 1: Lump 

charcoal

3.US 765-2:2019, Solid biofuels - Specification - Part 2: 

Carbonized briquettes; 

4. Other  standards US 1642: 2016, Domestic biogas stoves

Specification

1. US 971:2019 Liquefied Petroleum 

Gases (LPG)
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Current efforts to implement standards for clean
cooking in UGANDA

1. Revised  US 761:2007 and issued  US 761:2019 , Household 

biomass stoves Requirements (incorporating ISO/TR 19867-

3:2018 Part 3: Voluntary performance targets for cookstoves 

based on laboratory testing)

2. Revised  US 765:2007 and separated 
1. 765 -1:2019, Solid biofuels - Specification - Part 1: Lump charcoal

2. US 765-2:2019, Solid biofuels - Specification - Part 2: Carbonized 

briquettes

3. Adopted US ISO 19867 -1 2018 Standard test sequence for 

emissions and performance, safety and durability
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Current efforts to implement standards for clean
cooking in UGANDA

1. Uganda proposed work item institutional cookstoves for 

development by ISO/TC285,

2. In the final stage of adopting ISO/FDIS 19869, Clean 

cookstoves and clean cooking solutions field testing 

methods for cookstoves

3. Development of sector codes of practice and Sensitization 

of stakeholders about clean cooking and the importance of 

standards in the sector.
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Current efforts to implement standards for clean
cooking in UGANDA

1. Private sector engagements and trainings

2. Many Certification applications are in the process one 

certified brand 

3. Certification of biomass cookstoves and briquettes 

4. Testing centers recognized under UNBS Laboratory 

recognition scheme  - Government and Private schemes

UNBS, CREEC, CIRCODU, Nyabyeya, Chemiphar
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Current efforts to implement standards for clean
cooking in UGANDA
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Current efforts to implement standards for clean
cooking in UGANDA

1. Private sector engagements and trainings

2. Many Certification applications are in the process 
1. One local manufacture certified for cookstove and briquettes 

3. Certification of biomass cook stoves and briquettes

4. Development of Testing centers  - under UNBS Laboratory 

recognition scheme  - Government and Private schemes 

:UNBS, CREEC, CIRCODU, Nyabyeya, Chemiphar

5. Awareness creations 
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Interventions Moving forward

Intervention needed in terms of support to Micro Small 

and Medium Enterprises to meet standards.

1. Enabling MSMEs to access affordable testing 

services for the related products

2. Capacity building in for onsite and offsite Technical 

guidance

3. Continues Consumer awareness campaigns
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The Beauty of Uganda “ The Pearl of 
Africa” 
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Question & Answer

You are in ‘listen only’ mode

Type your question here

Submit your 
question by 
clicking here
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Thank you for joining the ASHES webinar:

CLEAN HOUSEHOLD ENERGY SOLUTIONS: WORLD HEALTH 
ORGANIZATION'S NEW TOOLKIT

Brought to you by Colorado State University & Berkeley Air Monitoring Group

Contact us at erhs_ashes@mail.colostate.edu or find us on our website ashes-csu.org
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