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Prevalence of Solid Fuel as Primary Cooking Fuesl
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available data for ~82% of the world’s population, of which approximately
51% (3.1 billion individuals) cook primarily with solid fuels.



Emission inventory procedure

and all we need to improve

—>  Heating [~» xEF | —
Total fuel
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Fuel use based on surveys & Division done :
: Few field
extrapolations; no formal loosely, or not done
_ measurements
records. Not well constrained at all.




Where were we when this project started?
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Previous state of emissions factors

In field emission factors for household stoves during daily
cooking activities.

Emission factors (g/kg fuel)
Fuel Stowe classification CO2 CO CH4 TNMOC PM

Biomass- Wood Traditional Unvented Local 1509 87.2 5.0 10.0 7.4 . 93.4
(1672-1267) 6 (145-25.66) 12  (7.4-2.8) 5 (14.85-2.4) 4 (11.7-5) 11 (0.7-0.6) 3 _/A94-93) 19
Improved Unvented Local 1711 74.5 ™S 7 93.4
(1711) 1 (77-72) 2 (5.9-1.2) 6 (2.145-0.8)5 (93.4)6
Natural 1672 74.5 51 3.9 4.8 1.5 93.3
(1711-1633) 2 (88.6-47) 10 1.0 1.0 (13.3-1.2) 14 (2.145-0.8) 6 (93.4-93.1) 14
Forced 1661 50.0 3.4 8.2 1.9 0.1 95.5
1 1 1 1 1 1 1
Improved Vented Local 1628 40.9 2.5 5.6 93.4
(1764-1452) 4 (65.33-16.33) 5 (4.4-0.93) 4 1.0 1
Charcoal Improved Unvented Local 2469 311.9 14.7 41.7 15.0 78.4
(2543-2394) 2 (350.5-273.2) 2 (15.0-14.3) 2 (53.4-29.9) 2(15.9-14.1) 2 (81.2-75.6) 5
Liquid- Kerosene Improved Unvented Local 11.0 90
1 1
Gas- LPG/NG Improved Unvented gas burner 2848 9.4 0.032

(3440-1390) 4  (19.1-0.3) 3 (0.044-0.012) 3

Number after parentheses indicates number of stoves

We only had emissions factors for a handful of stoves in Central
America, and only for using wood fuels

WHO Indoor Air Quality Guidelines: Household fuel Combustion.
Chapter 4: Emissions of Health-Damaging Pollutants from Household Stoves






Field sites
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Major findings
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OC correlates well with PM, . mass across all sites
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EC correlates well with CO, Emissions rate in
Nepal
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PM, . emissions rates correlate well with CO emission

PM, . emission rate mg/min
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Yunnan Coal stoves

Cumulative Scattering Emission Factor
for All Cooking Events Combined
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Unstandardized Coefficients
2

Dependent variable n R™  Stc. Error Significance Independent variables B Std. Error Sig.
EC emission g/kg dry fuel 35 0.67 1.41 0.000  (Constant) -1.51 0.48 0.003
OC emission gfkgfuel -0.83 0.17 0.000
PM emission g/kgfuel 0.78 0.13 0.000

flue 1.56 0.49 0.003




India emissions

g substance/ kg dry fuel

n MCE co, co PM, . EC
Fixed Chula w/o Chimney 12 0.94 (+0.02) 1050 (+326) 67.3 (+19.3) 14.6(+10.7) 0.5(%0.7)
Phillips 12 0.96 (+0.02) 1366 (+297) 51.2(+25.9) 7.0(4.7) 0.4 (+0.5)
Haro/Angithi 50.91(+0.02) 694 (+167) 66.8(+14.8) 35.7(+39.9) 1.2 (+2.4)
Haro/Angithi * 4 0.91(+0.02) 620(+16) 61.8(+11.2) 18.1(+7.9) 0.2(0.1)

*large outlier removed

Somewhat higher than previous in
field tests — a lot higher than Lab
based measurements that formed
most of our inventories
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Comparison to fireplaces in the US

Table 1
Database Summary of Particulate Emission Factors for Masonry and Factory-Built
Fireplaces

Parameter 5G g'kg 5H g'kg Count

Mean Median hean Median I
All masonry and factory-bult g4 6.4 9.5 1.5 360
(zero clearance)
All cordwood 11.7 11.3 13.0 12.6 167
All dimensional lnmber 5.6 4.3 6.5 5.2 193
All with closed doors 4.8 35 5.6 44 104
All with open doors 9 e it ~+ 256
All masomrv fireplaces C: 9.6 7.2 10.6 8.7 90
All factory-built fireplaces . = e——— ey I
Cordwood, factory-buili. 12.4 11.9 13.9 13.5 92
open doors
Dimensional lumber, factory- 7.1 5.6 82 6.5 92
bunlt, open doors
AP-42 calculated from 15.2 14.5 16.4 15.9 54
referenced tests®
AP-42 16.2 - 17.3 - -

Notes: Three outlier runs were removed from the database, average moisture for all runs
was 20% and average bum rate for all runs was 4.8 kg/lr,
*OMNI was unable to duplicate the exact AP-42 values from the tests cited.

From: Broderick, D. R., Houck, J. E. and Crouch, J. (2005). Development of Fireplace Baseline
Particulate Emission Factor Database. OMNI and HBPA report



dung

dung; ag res

wood

wood; dung

mix

agricultural residue
Total

0.93 (+0.02)
0.92 (+0.01)
0.94 (+0.02)
0.92 (+0.01)
0.94 (+0.02)
0.94 (+0.02)
0.93 ($0.02)

1273 (£541)
1234 (+67)
1606 (+99)
1056 (+228)
1673 (+43)
1553 (+101)
1439 (£303)

36 (+39) 5.9 (2.5) 0.6 (+0.3) 2.7 (+2.1)
114 (+14) 3.9 (+3.3) 0.8 (+0.9) 1.4 (+1.0)
107 (+29) 4.4 (+2.5) 0.6 (+0.6) 2.2 (+1.8)
91 (+25) 6.08 (+4.5)  0.5(0.4) 2.7 (+2.6)
102 (+28) 7.8 (+3.4) 1.1 (+0.7) 2.8 (+2.2)
103 (+28)  7.7(3.4) 2.5 (+0.8) 3.8 (+2.5)
100 (+29) 6.29 (£3.5) 1.3 (+L.1) 2.9 (+2.3)
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Coal
Mixed fuels
Cobs

23
35
1

MCE

0.90 (£0.03)
0.90 (+0.03)
0.89

Yunnan Emissions

g substance/ kg fuel

CO,

1689 (+330)
1580 (+399)
1508

1664 (+39)

co

134.8 (+47.8)
133.1 (£50.3)

121.7
90.8 (+13.2)

PM; s

12.8 (+11.6)
11.3 (+14.8)
10.0

3.9 (+0.8)

EC

2.2 (£3.0)
0.6 (£0.5)
0.4
0.7 (0.5)

ocC

8.0 (+8.9)
7.6 (+11.0)
6.0
1.5 (+1.0)

0.94 (+0.03)

Again substantially higher than
previous lab based emission factors

150 .
Tibet
opEn
dung

Tibet il
5 100 chimney ——
f “"." 2N yynnan Tibat d
o chimney oorable 1 ung 0
i Mepal chimney o
d |
E m \E:E:;d coal wood n=T7 ]
L wood o
m 5u I:||J|'||:I corncobs corncohe ¥ z
wood n=23 n=1 B a
agres s n=13 o
n=230 o ¢
B @ @
] ¥ g L] ]
b gl g E
0 4 i .8 S
S T e e e | Mo | Mo | Mo o | Fue | Mo | Mo | Mo | e | Mo | Muee | e
[t o G o [ L T | e (el Do |Sheoc | Seal® | ieed | e | el
Sl | et | s | Setall | Sctal | Bctall | Eack | ek | Seck | Sctal | Secx | Sk e | g impes
CoalBriquette RawCoal Woodagricultural residues

Zhanget at 2000



OC Emission Factor
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EC Emission Factor
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WHO air quality guidelines for indoor air quality:
unprocessed coal combustion

Recommendation 3: Household use of coal

Recommendation strength of recommendation
Unprocessed® coal should not be used as a household fuel. Strong
Remarks

1. This recommendation is made for the following three reasons, over and above
the documented health risks from products of incomplete combustion of
solid fuels.

1. Indoor emissions from household combustion of coal have been deter-
mined by the International Agency for Research on Cancer (IARC) to be
carcinogenic to humans (Group 1).

ii. Coal - in those parts of the world where coal is most extensively used as
a household fuel and the evidence base is strongest — contains toxic ele-
ments (including fluorine, arsenic, lead, selenium and mercury) which are
not destroyed by combustion and lead to multiple adverse health effects.

iii. There are technical constraints on burning coal cleanly in households.




Small scale industries

Economic and social significance well recognized

In Africa and Asia small-scale non-farming enterprises provide 20%-45% of full-time
employment and 30%-50% of rural household income (Haggblade and Liedholm 1991).
Latin America has an estimated 50 million micro and small-scale enterprises responsible
for 20 to 40% of GDP (Scott A 2000), employing 120 million people (Berger and
Guillamon 1996).

Emissions are practically uncharacterized. We don’t know a) how many there are, b) their
emissions, or ¢) what fraction of fuel use they constitute.

Relatively low combustion temperatures and inefficient technology.

lack pollution control equipment, labour intensive, often located in poor residential
neighbourhoods

Contribute substantially to regional concentrations of climate altering pollutant species and
adverse health impact

el 1 i




Mexico Brick Kilns
Mexico Charcoal
Mexico Copper
Mexico Pottery Glazing
Nepal Hotels
Nepal Candy
Nepal Ceramics
India Dhaba
India Candy
India Pottery

Haystack
Candy Making
Improved Pottery
Traditional Pottery
Restaurant

R R N R R N DM D OON

N BN R R

MCE

0.89 (+0.00)
0.75 (+0.12)
0.95 (+0.05)
0.94 (+0.02)
0.91 (+0.03)
0.93
0.92
0.93 (+0.00)
0.94
0.82

co
198.5
129.9
101.2 (+99.2)
246.5 (+99.9)
66.2 (+ 17.0)

Emission factors

Co, Cco
1456 (6) 187.1 (+6.0)
1622 (£259) 547.8 (+262.7)
1554 (+79) 80.6 (£79.3)
1534 (+37) 98.8 (£35.3)
1495 (+36) 140.5 (+41.5)
1514 131.9
1543 103.5
2030 (+10) 155.6 (£9.9)
1237 81.2
968 216.8
g substance/ kg fuel
PM EC
39.0 1.9
4.1 0.4
1.9 (+1.2)  1.5(+0.8)
6.7 (£5.4) 0.04 (+0.05)
7.2 (£0.5) 3.6 (x1.1)

g substance/ kg dry
fuel
PM, s EC
3.2 (+0.0) 1.1 (0.6)
5.7 (5.0) 0.1 (0.1)
10.5 (£3.9) 0.5 (£0.3)
11.9 (£12.6)  10.7 (+10.5)
9.8 (+4.2) 1.8 (+1.6)
1 0.1
0.8 0.8
1.7 (+0.4) 0.1
14.6 4.6
22.0 0.3
ocC
30.1
24
0.3 (+0.2)
5.7 (£4.9)

2.9 (£0.02)

oc
2.6 (+0.8)
4.9 (£5.8)
6.0 (+2.9)
4.2 (+4.5)
3.8 (+0.7)
1.0
0.3
0.9 (0.1)
4.3
13.5




household stoves

Combustion efficiency

They are not the same as
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Surprise sector: kerosene lamps

Kerosene

Other

engines household

Diesel

lamps
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Advanced combustion stoves

Emissions Condensation of OC in atmosphere
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However adoption and stove stacking also important
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Outdoor cooking as a primary cooking location

Legend

Prevalence of Outdoor as Primary Cooking Location
[ |NoData I 20.1- 30%

[ ]>1% I 30.1-50%

[ 1-10% I 0.1 - s0%

B 10.1-20%

Data represents ~66% of the world’s population, of which
approximately 12.7% (586 million individuals) cook primarily

outdoors.



Emissions rates from outdoor cooking to increase
exposures equivalent to WHO AQG and interim

targets
Exposure stove/cook Emission rate(mg/min)
concentration height(m) Mean StDev 5% 10% 25% 50% 75% 90% 95%
AQG 0.3,1 126 13 108 111 117 125 134 142 148
IT3 0.3,1 189 19 161 166 176 187 200 213 222
T2 0.3,1 315 31 269 278 293 312 334 355 371
IT1 0.3,1 441 44 377 389 411 437 468 499 520
AQG 0.9,1.5 99 10 84 87 92 98 105 112 116
IT3 0.9,1.6 148 15 126 130 138 146 157 167 174
IT2 0.9,1.7 247 24 211 218 229 244 261 279 291
IT1

0.9,1.8 345 34 296 305 321 342 366 390 406
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Impact of outdoor cooking on neighborhood
pollution levels

A function of emission intensity and housing density

Distance to reach 1 ug/m” (m)

Stove Type  Fuel n Time (min) MICE PhL s (mg/min)  u=05(m/s) u=10(m/s) u=15(m/s)
Angithi fHaro Dung 7 143 (+50) B5.1% (+49%) 620(%431) 75 439 214
Chula Dung +wood 16 168 {+22) 0912%(+15%)  94(+56) 144 68 32
Philips Dung +wood 6 23B(£133) 9313 (xl6%) 31(+30) =] 22 10

Philips Wood only 7 211(x74) 94.9% (£2.6%) 7.B(£6.6) 23 G 3
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Thank you

Thanks to all the field site collaborators :

«Ganesh Ram Shrestha and the Center for Rural Technology

| Ne¢pal, Chinese CDC Dr Li and NAMCO, Dr Arora and INCLEN,
. T bococma

for facilitating the field site locations based
laborations and to Ellen Baum for coordinating

: US Collaborators Tami Bond, Cheryl Weyant, Ryan‘Thompson Robert Weltman, Jin
" Dang, Andy Dang, Morgan Bailey, Nicholas Lam





