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I. INTRODUCTION 
Household pollution from solid fuels is the leading burden 
of disease in South Asia, #3 in South East Asia and ranked 
#4 globally. Lim, S., et al., 2012 | Lancet 2012; 380: 2224–60
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Key Points on Air Pollution’s Global Continuum TIP Manila

GBD$2010:$outdoor$air$pollution$among$top$10$risks$worldwide
Risk$factors$ranked$by$attributable$burden$of$disease,$2010

Global HighAincome 
Asia$Pacific

East$
Asia

Southeast$
Asia

South$
Asia

Central$
Asia

High%blood%pressure 1 1 1 1 3 1
Tobacco%smoking,%including%
second8hand%smoke

2 2 2 2 2 3

Alcohol%use 3 3 6 6 8 2
Household$air$pollution$
from$solid$fuels

4 42 5 3 1 12

Diet%low%in%fruits 5 5 3 4 5 5
High%body8mass%index 6 8 9 9 17 4
High%fasting%plasma%glucose 7 7 8 5 7 7
Childhood%underweight 8 39 38 13 4 25
Ambient%particulate%matter%
pollution

9 9 4 11 6 10
Physical%inactivity%and%low% 10 4 10 8 11 9

Source:%Lim,%S.,%et%al.,%2012%|%Lancet'2012;%380:%2224–60

Air Pollution: Effects On Health Emissions from household cook stoves, 
fuels, meat grilling and efficiency of their 
use are neither monitored nor managed.

Area emission inventories in developing 
Asian cities generally account for biomass 
burning (kaingin). In most cases, emissions 
from household cooking are poorly accounted 
for in inventories due to the lack of local 
emission factors. 

II. APPROACH
STEP 1. Test the cook stoves, fuels and simulate grilling 
activities in a wind tunnel set-up. 
Parameter:PM2.5 emissions  Duration of burning: 1 hr
Amount of fuel used: 1kg    Number of trials: 8
Apparatus: Air metrics® Minivol Sampler, PM2.5 size cut

Image source: Area emissions from Particulate matter. 2012 Emissions 
inventory data from Department of Environment and Natural Resources |
 Personal communication with DENR,2014

Hence, there is a need to:
ü  generate information on emissions from 

household pollution towards better 
protection of public health.

ü  assess the emissions of local cook stoves, 
fuel and cooking activity using scientific 
approach towards better management

ü  establish local emission factors of 
household air pollution from solid fuels for 
better emission estimates

TEST MATERIAL Emission Factor 
(Wind Tunnel) , 

kg PM2.5/kg fuel/yr

Emission Factor 
(Korat City, 
Thailand)*

Emission Factor, kg 
PM/kg fuel/yr 
(EMEP/EEA)** 

Lechon Manok 
(Charcoal-roasted chicken)

1.2 x 10-2 + 0.003 1 x 10-1 --

Charcoal 
(Cement cookstove)

5.1 x 10-2 + 0.01 -- 2.0 x 10-2

Sawdust (Red lauan) 7.8 x 10-2 + 0.008 -- --

Fuelwood 6 x 10-2 + 0.06 -- 1.4 x 10-2

Kerosene
(EF: kg PM2.5/L fuel)

1.6 x 10-1 + 0.03 -- 3.5 x 10-4

III. RESULTS

IV. SUMMARY
ü To address the gaps in air quality management in 
developing Asian cities, we conducted a research on 
household air pollution from cook stoves, fuels and meat 
grilling activities. 
ü A wind tunnel set-up has been designed and 
constructed to test cook stoves and fuel materials in order 
to develop local emission factors
ü The local emission factors can be suggested to AQ 
managers for better emission estimates and reporting 
towards better public health protection.

COOKSTOVES and FUELS

Test material Units of EF (PM) Activity Data (AD)

Grilled chicken and other 
meat curing establishments

kg PM2.5/kg 
charcoal

mass of charcoal used

Household cooking
(LPG, charcoal, kerosene, 
sawdust, fuelwood)

kg PM2.5/106 m3 

LPG
kg PM/kg fuel

mass of fuel consumed
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EPSL WIND TUNNEL SET-UP#

S T E P 3 : C a l c u l a t e 
e m i s s i o n u s i n g t h e 
algorithm: 

Notes:
*Obtained without the use 
of a wind tunnel. Source: 
Suranaree University of 
Technology, 2012. Final 
Report: Emission Inventory 
of Major Air Pollutants in 
Nakhon Ratchasima 
Municipality (NRM). 
German International 
Cooperation (GIZ).
**Source: EMEP/EEA air 
pollutant emission 
inventory guidebook 2009 
Section 1.A.4. Table 3-6, 
3-21

STEP 2: Gravimetric analysis 
of sampled filters 

Cahn C-33 Microbalance(Fi l ter 
subjected to Electrostatic Remover)

#Patent application in progress
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ü  Regional Testing Center 
(RTC) for cook stoves and 
fuels in South East Asia:
ü  short-lived climate 

pollutants (SLCPs) 
i.e., black carbon
ü  trace elements
ü  combustion gases

V. FUTURE DIRECTIONS
ü Elemental, PAHs analysis of 
sampled ilter
ü Look-up table for local emission 
factors
ü Wind Tunnel Experiments for more 
area, point and Mobile Sources

•  Rice husk, construction 
materials, high grade coal, low 
grade coal, brownie, municipal solid 
waste, bunker oil
•  Euro 2 and pre-Euro vehicles

A sample emission map for meat grilling activities 
in the National Capital Region, Philippines, 
showing the emissions contributed by meat 
grilling activities. 
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OBJECTIVE: Address the gaps in air quality management by testing local cook stoves, fuels and meat grilling to 
generate local emission factors that can be used for (1) better assessment of local emissions (2) better emission 
estimates (3) public health protection 


