
Advancing Sustainable 
Household Energy 
Solutions (ASHES)

ASHES seeks to help shift the current household 
energy paradigm to increasingly efficient and 
sustainable solutions through collaboration 
between researchers, academics, and 
practitioners.



ASHES Webinar Calendar
19 November 2020: World Health Organization’s Clean Energy Toolkit

14 January 2021: STAR 1 – Cookstove emissions, climate, and health impacts: an integrated lab, field, and modeling study 

24 February 2021: STAR 2 – Experimental interventions to facilitate clean cookstove adoption, promote clean indoor air, and mitigate 
climate change

24 March 2021: STAR 3 – How will cleaner cooking and lighting practices impact regional air quality and climate in the Sahel of Africa?

TBD April 2021: STAR 4

TBD May 2021: STAR 5

TBD June 2021: HAPIN study results sharing

TBD July 2021: Panel discussion: ISO lessons learned from the field

TBD – What would you like to hear about next? Let us know in the post webinar survey!
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Household Air Pollution: A Global 
Concern

Exposure to household air pollution is a top-ten risk factor for morbidity and mortality and a 
leading contributor to the global burden of disease. Access to modern energy has been 
proposed as a basic human right, yet 3 billion people still rely on traditional energy sources to 
support household needs like cooking, heating, and lighting. Emissions from traditional 
energy sources create unhealthy levels of household air pollution and contribute to the earth’s 
radiative energy balance; over the next century, unhealthy levels of air pollution are expected 
to inflict a major toll on human health. 



Want to learn more?
See our website and join the conversation at ashes-csu.org



During the webinar you will have the opportunity to ask 
questions and interact with presenters. We encourage wide-
ranging discussion and expect civil dialogue. We will answer 
as many questions, that are appropriate for the presenters, 
as we can in the given time. When applicable we may 
combine or rephrase them. Thanks for your cooperation. 

ASHES Webinar Etiquette



Opening 
Remarks

Image shared by Michael Johnson



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.

Type your question 
in this box

Submit your question by 
clicking ‘Send’



Science To Achieve Results (STAR)
Extramural Research Grants

Measurements and Modeling for Quantifying Air Quality and Climatic Impacts of 
Residential Biomass or Coal Combustion for Cooking, Heating, and Lighting
• How would a feasible set of interventions for residential cooking, heating, or lighting 

in a developing part of the world impact air quality and climate?

• What is the realistic range and timeframe of foreseeable benefits to air quality and 
climate of various interventions in cooking, heating, or lighting practices in a 
developing part of the world, considering regional constraints (e.g., acceptability and 
availability of different technologies or fuels) and sustainability of alternate fuels or 
technologies?

RFA Published 2012, Projects Funded 2013/4 – 2018/9
Link to additional information and publications list:
https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/recipients.display/rfa_id/563
Terry Keating, EPA Project Officer, keating.terry@epa.gov

https://cfpub.epa.gov/ncer_abstracts/index.cfm/fuseaction/recipients.display/rfa_id/563


Science To Achieve Results (STAR)
Extramural Research Grants

Stove Use Emissions

Indoor Air & 
Personal Exposure

Ambient Air

Health Impacts

Climate Impacts

Technology
Fuel Availability

Costs
Preferences

6 teams

8 countries

13 field locations

>70 Publications 



• Quantifying the Benefits of Improved Cookstoves: 
An Integrated Lab, Field, and Modeling Study
John Volckens, Colorado State University

• Impacts of Cooking & Lighting Emissions in the African Sahel
Michael Hannigan, Univ of Colorado, Boulder

• Health Impacts of Household Energy Intervention in Tibet
Jill Baumgartner, Univ of Minnesota/McGill University

• Mapping Feasible Residential Solutions for Cooking and Heating
Tami Bond, Univ of Illinois/Colorado State University

• Household Sources of Primary and Secondary PM in Northern India
Kirk Smith, UC Berkeley; Ajay Pillarisetti, Emory University 

• Experimental Stove Interventions in Northern and Southern India
Rob Bailis, Yale Univ/Stockholm Environment Institute

Science To Achieve Results (STAR)
Extramural Research Grants



Experimental Interventions 
to Facilitate Clean Cookstove 
Adoption, Promote Clean 
Indoor Air, and Mitigate 
Climate Change
Rob Bailis – Stockholm Environment Institute
Andrew Grieshop – NC State 
Abhishek Kar – UBC/Colombia U

ASHES Seminar
Science to Achieve Results #2
24 Feb, 2021
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The full team
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Co-PIs
Rob Bailis – Yale/Stockholm Env’t Institute
Andrew Grieshop – NC State 
Mamta Chandar – Jagriti Kullu
Pradeep Talashery – Samuha
S Narayanswamy – Samuha
Nadine Unger – Yale/Exeter University
Puneet Dwivedi – Yale/University of Georgia
Julian Marshall – U Minnesota/U Washington
Hisham Zerriffi – UBC 

PhD Students and Post-docs
Abhishek Kar – UBC (now at Colombia U)
Vikas Menghwani – UBC
Devyani Singh – UBC (now at Harrisburg University)
Arundhati Jagadish – UGA (now at Conservation Int’l)
Deepti Chatti – Yale University (now at Humboldt State)
Yaoxian Huang – Yale University (now at Wayne State)

Research managers Research assistants
Karthik Sethuraman Carlos Gould 
Grishma Jain Roshan Wathore

Adam Walters
Ryan Repoff

Supplemental co-Funding
Clean Cooking Alliance (formerly GACC) 
UBC
Yale University
NC State



Overview

Rob

• Research questions & study design

• Stove choice and stove adoption

Andy

• Emissions and exposures

Abhishek

• LPG adoption through PMUY
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From the EPA’s RFP released in March 2012…

• How would a feasible set of interventions for residential cooking, 
heating, or lighting in a developing part of the world impact air quality 
and climate?

• What is the realistic range and timeframe of foreseeable 
benefits to air quality and climate of various interventions in cooking, 
heating, or lighting practices in a developing part of the world…

4

From: http://www.epa.gov/ncer/rfa/2012/2012_star_cook_heat_light.html
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Research Objectives

1) assess the availability and acceptability of clean cooking technologies and 
fuels in two Indian states

2) experiment by varying stove price and exchange policies among users to 
see how they affect:

• Adoption and long-term use

• Fuel consumption
• Emissions and exposures

3) Model impacts of stove adoption on climate through a range of scenarios 
informed by data from the field 
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Study design

• Choice exp’t with randomized treatments 

§ Offer wide range of biomass options

§ LPG and induction (as an afterthought)

• 2 sites / 4 communities in each

§ 480 HHs overall (400 trmnt / 80 controls)

§ Baseline, midline, endline data collection
• Original focus on biomass stoves largely evolved 

into a study of LPG adoption and impacts

2/24/21 ASHES - Science to Achieve Results #2 6



Study design

Factorial design with 
two treatments

• Randomized by 
community 

• Free vs. Subsidized

• With/without stove 
exchanges

2/24/21 7ASHES - Science to Achieve Results #2

(replicated in each state)

Exchanges

Community 1

Free stove
No exchange

50 HHs

Community 2

Subsidized stove
No exchange

50 HHs

Community 3

Free stove
Stove exchanges

50 HHs

Community 4

Subsidized stove
Stove exchanges

50 HHs

10 Control 10 Control
HHs HHs

10 Control 10 Control
HHs HHs



Geographic context

Himachal Pradesh
§ Small mountainous state in N India
§ 6.8 million people
§ High HDI
§ Seasonal heating demand

Karnataka
§ Large state in S India; varied geography
§ 61 million people
§ Medium HDI – lower in project HHs
§ Hot, semi-arid

2/24/21 8ASHES - Science to Achieve Results #2



Policy context – LPG in India

• Pre-2012: Longstanding subsidy
§ No limit on eligibility or 

consumption
• 2012-2015: major reforms 

§ Volume limits/Eligibility criteria
§ Voluntary “Give it up” campaign
§ Income threshold

• 2016: PMUY scheme introduced to 
increase access for poor HHs 
§ 80 million connections by Sep 2019

2/24/21 9ASHES - Science to Achieve Results #2

https://twitter.com/piyushgoyaloffc/status/987250128758034434



Stove options

10

Paying communities 
were offered stoves at a 
75% discount.



Hybrid cooking/heating stoves in Kullu

2/24/21 ASHES - Science to Achieve Results #2 11

“Traditional” “Improved” Cooking roti directly in the fire

both have 
chimneys



Chimneys in Koppal

• Not part of our 
intervention

• Present in 
~60% of HHs

2/24/21 12ASHES - Science to Achieve Results #2



Stove exchanges

• Subsequently held in 9-12 month 
intervals in “exchange” 
communities

• Accompanied by Focus Group 
Discussions

• First exchange after baseline data 
collection for all communities

2/24/21 ASHES - Science to Achieve Results #2 13



Pre-intervention cooking choices

2/24/21 14ASHES - Science to Achieve Results #2

(Menghwani et al. 2018)

Kullu, HP Koppal, KA

* SF = Solid fuel 

Variation in baseline stove/fuel use explained by wealth and caste (Kullu) (p<0.01); 
gender empowerment (p<0.05, 0.1), increasing dist. to wood source (p<0.1)



Stove Selections: 1st round both sites

*SF = Solid Fuel

*

15



Stove Selections: 1st round in Koppal – (all HHs)

• 86% chose LPG or Induction
• Wealthier HHs (p<0.05)
• Gender emp. (p<0.1; some models)

• Prior use of non-Solid fuel (elec LPG, 
or kerosene) is significant predictor of 
preference for Induction and LPG over 
woodstoves
• Treatment effects?

• HHs with ability to exchange more likely 
to choose LPG over Ind. (p<0.05)

• HHs receiving free stoves more likely to 
choose LPG over Induction (p<0.1)

*

16



Families in Koppal bringing home LPG

ASHES - Science to Achieve Results #22/24/21 17ASHES - Science to Achieve Results #2



Stove selections in Koppal: 1st switch-out (n=99)

88%

10%

2%

71%

19%

9%

92%

6%
2%

Baseline stoves Initial choice – Q4 2015 First exchange – Q4 2016

• Nobody dropped 
LPG

• 20 changed to 
LPG
• 13 of 19 HHs that 

chose a woodstove

• 7 of 9 HHs that 
chose induction

2%
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Stove selections: final switch-out (n=99)

88%

10%

2%

71%

19%

9%

92%

6%
2%

Baseline stoves Initial choice – Q4 2015 First exchange – Q4 2016

• 6 more took LPG
• 5 of 6 woodstoves

• 1 of 2 induction

2%

98%

1%
1%

Final exchange – Q3 2017

?
19



86%

5%

10%

Kullu – all HHs full timespan (n = 239)
• 98% used traditional stoves at baseline; 30 HHs had kerosene, 2 had LPG

• 1st round: 86% chose LPG or Induction stoves
• Rounds 2 and 3: nearly all in the “Switchout” group chose LPG

• All control HHs chose LPG
• Ultimately ~95% chose LPG or Induction stoves

ASHES - Science to Achieve Results #22/24/21 ASHES - Science to Achieve Results #2 20



So, nearly everyone wanted an LPG connection

Does LPG deliver “benefits to air quality and climate”?

• How much do people use?

• How much solid fuel is displaced?

• What are the impacts on HAP and emissions?

ASHES - Science to Achieve Results #22/24/21 ASHES - Science to Achieve Results #2 21



Air pollutant emissions and exposure reductions 
were primary outcomes of the intervention 
• Indoor air quality
 Indicator of effectiveness of intervention
 (Imperfect) proxy for exposure by household members

• Emissions:
 Measure of ‘real world’ performance of devices/fuels
 ‘Intermediate input’ for estimating exposure
 Primary input to atmospheric models

• Climate: 
 Fuel use reductions
 Reduction in short-lived climate forcers (SLCFs)

2/24/2021 1ASHES - Science to Achieve Results #2

Maksim Islam 

Roshan Wathore



In-home emissions and IAQ measurements

2

Indoor PM2.5
Concentration:
RTI microPEM
(Personal 
Exposure 
Monitor)

Emissions: 
STEMS (STove
Emission 
Measurement 
System)



Indoor PM2.5
Concentration:
RTI microPEM
(Personal 
Exposure 
Monitor)

Emissions: 
STEMS (STove
Emission 
Measurement 
System)

In-home emissions and IAQ measurements

3

Emission measurements (~10% households)
 40-50 tests/period (253 tests in total)
Real-time data 
 CO, CO2, PM scattering, BC absorption
Teflon and Quartz Filters
 PM/OC/EC
Result: Emission Factor (EF) from ‘Carbon Balance’

Indoor air quality measurements (100% households)
 200-300 measurement days/period
 1205 days of kitchen PM2.5 measurements
 Real time and gravimetric PM2.5 measurement
 BC absorption



300

250

200

150

100

50

0

# 
of

 m
ea

su
re

m
en

t d
ay

s

BLF1F2 BLF1F2 F1F2 F1F2 BLF1F2 BLF1F2

ITT Stratified analysis

Location: KA
+TSF

+LPG
-LPG

-Chimney

+Chimney

IAQ data – two ways to analyze

4

A. ITT: Intent-to-treat B. Stratified analysis
(i) Stove presence/use (ii) presence of chimney

BL: baseline; F1: Follow-up-1; F2: Follow-up-2

Location: KA
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A. ITT: Intent-to-treat
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ITT in HP: also indicates mixed 
intervention effectiveness
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ITT in HP: also indicates mixed 
intervention effectiveness
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Stratified analysis of IAQ:
LPG made a big difference, especially when used!
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Does source (PM2.5 EF) follow the same trend as 
impact (Indoor PM2.5)?

11

Biomass 
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LPG 
stove
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Tier PM2.5
emissions 

(g MJ-1)

CO emissions 
(g MJ-1)

5 ≤ 0.005 ≤ 3.0
4 ≤ 0.062 ≤ 4.4
3 ≤ 0.218 ≤ 7.2
2 ≤ 0.481 ≤ 11.5
1 ≤ 1.031 ≤ 18.3
0 >1.031 >18.3

ISO voluntary performance targets



A clean stove is not always a silver bullet for HAP in the 
presence of other potential emission sources
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Tier PM2.5
emissions 

(g MJ-1)

CO emissions 
(g MJ-1)

5 ≤ 0.005 ≤ 3.0
4 ≤ 0.062 ≤ 4.4
3 ≤ 0.218 ≤ 7.2
2 ≤ 0.481 ≤ 11.5
1 ≤ 1.031 ≤ 18.3
0 >1.031 >18.3

ISO voluntary performance targets7
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A clean stove is not always a silver bullet for HAP in the 
presence of other potential emission sources
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IAQ: Kitchen chimneys help!
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Indoor PM2.5 concentrations varied between 
locations, but PM2.5 EF did not… Why?
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Household cooking and ventilation characteristics seem 
to drive inter-location variability in indoor PM2.5
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Household cooking and ventilation characteristics seem 
to drive inter-location variability in indoor PM2.5
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Karnataka vs HP (on average): 
Longer Cooking

+ Less open kitchens
+ Lower measured air exchange

= Worse IAQ for similar emissions…



Combining emission and IAQ data – what can it tell us 
about the box model approach being used*?

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= Emission + Advectionin + Production  

– (Deposition + Loss + Advectionout )
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Combining emission and IAQ data – what can it tell us 
about the box model approach being used*?
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Measurement/model ratio – less bias at high PM2.5
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Model performs better for kitchens with larger volume 
and higher air exchange rate
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Model performs better for kitchens with larger volume 
and higher air exchange rate
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Implication of model overestimation for ISO 
emission rate targets
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Model overestimation may mean ISO emission 
rate targets are highly conservative 
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Other study take-aways
• Traditional stove emissions – depend on fuel moisture and humidity
• Traditional Tandoor and Himanshu Tandoor EFs were similar, but 

IAQ impacts very different. 
• Other biomass stoves – little use, no great performers…
• Stove brown carbon emissions – substantial, distinct from ‘open 

burning’ and controlled lab test stove brown carbon absorption
 Higher OC emissions, but OC is less absorbing than lab tests. 
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Stacking in Koppal: 
Analysis using LPG Sales Data



2

Stacking: Have access to LPG but still use firewood



CLEAN 
KITCHEN
exclusive 
clean fuel 

use

3

PRE-UPTAKE, UPTAKE

RESEARCH FOCUS

SMOKY 
KITCHEN 
exclusive 
solid fuel 

use

Stacking

Uptake

Consistent use

POST-UPTAKE

LIMITED EFFORTS

Post-uptake knowledge gaps
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Post-uptake knowledge gaps
Stacking treated in “very general terms”:

§ “Dynamic use patterns” over time not studied (Ruiz Mercado et al., 2015)

§ “move beyond the acknowledgement of fuel stacking realities to push the 
understanding of its motivations” (Gould et al., 2018)

§ “empirical understanding of the drivers of transition very limited”(Pachauri et 
al., 2013)

POST-UPTAKE USE PATTERNS & ITS DETERMINANTS UNKNOWN



Policy context: Ujjwala roll-out in India

5

• Ujjwala: Subsidy + Micro-finance for ‘poor’ women

• Zero upfront cost option -> UPTAKE

• Massive campaign -> AWARENESS

• Supply Chain Upgrade -> AVAILABILITY

• 80 million HH in 40 months ->  99% coverage



• Anecdotal evidence indicated mismatch 
between reported LPG use during survey 
& field workers of partner NGO 

• Visit to local LPG supplier (distributor): 
Record availability

• Who
• When
• How much: standard (14.2 kg)/ small (5 kg)
• At what price

Immediate Motivation
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Distributor 
Code

Consumer 
Code

Date of 
enrollment

5 kg or 14.2 kg Upfront price paid 
to Distributor



Access to Dataset
• EPA project distributor affiliated to Indian Oil 

Corp. 

• 3 distributors of Indian Oil 
• Exclusively cater to rural consumers

• 25,000 consumers in the district

• Data going back up to 2016

• Purchase = Usage* 



• How different are LPG use patterns between beneficiaries 
(Ujjwala-PMUY) & general consumers?

• Does more experience lead to more LPG use?

• Do the response in EPA survey on LPG consumption match 
their LPG purchase records?

9

Exploratory Research



Refill pattern & its significance

10

• Typical rural 
family of 5 

• Exclusive LPG 
use: 9 
[Standard] 
Cylinders

• 95% HH use 
10 or less 
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Ujjwala vs. General Consumers

2% use LPG as 
primary fuel

50% use LPG 
as primary fuel
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More Experience ≠ Increase in Use

Stable use 
over years for 
General 
consumers
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Significant over-reporting of LPG consumption
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Policy Briefs
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Policymakers
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Journalists



Closing thoughts - 1

Lessons from the intervention
• People preferred LPG stoves (induction a distant 2nd) over every biomass stove we could find 

• Offering additional opportunities to select/purchase a stove resulted in higher uptake of clean options

• Simply acquiring clean options doesn’t result in exclusive use (true for our intervention & PMUY)

• Survey responses about LPG consumption were clearly biased 

§ Approach survey data with caution and supplement with independent sources when possible

We observed hundreds of HHs stacking LPG and biomass -- many HHs also had chimneys
• HHs using LPG showed a clear progression towards better IAQ: 

2/24/21 22ASHES - Science to Achieve Results #2

Primary 
use

Exclusive 
use

Secondary 
use ⇒ ⇒



Closing thoughts - 2

• HHs with chimneys also had significantly better IAQ than those without 

BUT – two important caveats! 

• Only exclusive use of LPG approaches WHO IT-1

• Exclusively “clean” cooking can still be associated with substantial emissions
PMUY
• A huge success providing LPG access to poor families

§ And in collecting data to enable objective impact assessment!
• But LPG consumption is modest and doesn’t appear to increase over time

§ Health and other benefits are unlikely without additional intervention
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Thank you!
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Stove selections in Kullu: 1st switch-out (n=99)
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Baseline stove 
types

Initial choice 
(Bazaar 1)

First Switch-
out (Bazaar 2)

52%

22%

16%

10%

27%

35%

29%

9%

35%

35%

29%

1%



• Social desirability bias: 
• Tendency to give socially 

desirable responses in order 
to be viewed favourably by 
others

• Respondents best guess on 
what will make him/ her 
look good in front of 
(outsider) surveyor & 
(community) bystanders Ref: https://twitter.com/BPCUran/status/985089582629728256/photo/2

Survey Biases



• Demand Charecteristics: 
• Tendency of Survey 

participants to become 
“good subjects” 

• Respondents best guess 
on what researcher/ 
surveyors would be happy 
to hear

Ref: https://twitter.com/BPCUran/status/985089582629728256/photo/2

Survey Biases



Policy interest
• To what extent is Ujjwala 

consumption pattern 
different from other 
consumers in rural areas?




