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Air Pollution Sources in Nepal: Relative Roles? Mitigation?

Many sources are under-charaterized.



Comprehensive Emission Inventory

Development for Nepal _ e')
Base year: 2011 (plus past trends and future projections)
Species Aerosols : PM,,, PM, ¢, BC, OC, SO,

(12): Ozone precursor: NO, (NO and NO,), NMVOC
(speciated)
Trace gases: SO,, CO, NH4
Greenhouse gases: CO,, CH,, N,O
Resolution: Sub-national level (Districts, Municipalities, Villages)
Resolution : 1km x 1km, yearly, monthly, hourly
Sectors (6) Residential (cooking, heating, lighting, water boiling)

Industrial (point sources, others)

Commercial (academic inst., gov. inst, service sector,
hotels, restaurants, hospitals)

Transport (road network)

Agricultural (residue burning, pumps, tractors etc,)
Trace/garbage burning




Emission Inventory Methodology
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Combustion-related process-related
E= Emissions in (Gg/yr)
| = Pollutant
S = Sector
F = Fuel consumption for energy transformation

Type of fuel being combusted
Combustion technologies

A= Activity
p= Process/fugitive

EF= Emission factor based on fuel consumption or process/fugitive activity
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Emission Inventory Methodology
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Key proxies used in EI development

Nepal Population 2011
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Agriculture Land Cover 2010
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Energy consumption in Nepal: National Level
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Biomass (mainly firewood) is the dominant energy source in Nepa
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Energy consumption
(Sector)

in Nepal: National Level
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Residential sector is the dominant energy consumer in Nepal
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Energy consumption in Nepal: National Level
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Sectoral Emissions (ton) \)

CO, CH4 NoO NOx CO NMVOC PM.s BC oC SO,
Industry 3306535 6723 106 3991 101030 8887 10298 2844 210310420
Transport 1696343 923 16 45305 119374 18290 3840 2195 1128 652

Residential 25308688 101563 1911 14528 1340323 168493 9115414352 38941 3085

Commercial 584956 /06 22 3540 13871 1892 633 137 276 147
Agriculture 179404 94 1 3944 2490 832 725 478 152 39
Total 31075926 110009 2057 71308 1577088 198394 10665020007 4260214343

Not vet included (still working on completion):
Agro-residue burning and garbage burning
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Spatial distribution (1km x 1km) of PM, . emissions

(Year 2011)
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Not yvet included (still working on completion):
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Joint study by IASS, ICIMOD and CDES/TU
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Spatial distribution ( 1km x 1km) of BC emissions
(Year 2011)

Not yet included (still working on completion):

Agro-residue burning and garbage burning
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Thank You
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Extras

Institute for Advanced Sustainability Studies e.V.

15




Methodology: Residential cooking

Get VDC/Municipality population using fuel
for cooking (Census, 2011)

Rural population
Khandel et al., 2016:
U Seasonality based

biomass used for
cooking/hh

AEPCreportingthe

till 2011

number of ICS distributed
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Pokharel, 2004:
U Useful energy/hh for
fuel-stove combination
U System efficiency
Johnsonet al., 2015:
U Energy consumption
for cooking/capita for
baseline stove and ICS

Estimating fuel consumption
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Fuel-tech. emission factors

Seasonal and spatial gridded
emissions
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Methodology: Residential lighting

VDC/Municipality population using
fuel for lighting (Census, 2011)

Assumptions

O Average burn rate

d No. of lamps per HH
U Hours of daily usage

h 4
F 3

Assumptions
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h 4
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Methodology: Residential heating

District-wise population

(Census, 2011)

Hours:
Frc using SH:
Burn rate:

@ Night shifts @ Regular

Seasonality:

Monthly mean
temperature profiles at
district level (T<20C)
for no. of days and
spatial distribution

Y

Estimating fuel consumption

Fuelwood
emission factors
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Seasonal and spatial
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Emission Inventory Methodology: Residential heatin\g)

District-wise population
(Census, 2011)

Seasonality:

) - Monthly mean
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Il;Ioursz - —> | district level (T<20C)
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Methodology: Residential water boiling

Monthly mean minimum

temperature maps
v

If the temperature of district falls below <=20
C, we assume the populationusing energy for

water heating
v
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Methodology: Transport

\;—))

2014. a and L 5, for Nepal are being
VAR estimated.

_ a and L , from Pandey and Venkataraman,
E = ZZZVc,v xP. xFE, xEF,,
C

Vcv — On-road vehicle population for category 'c’ and vintage v’
On-road vehicles = Sales(yy) x SuF(s) SuF(s) — Survival fraction = Su(s)/Su(0)
Su(s) = 1 Su(s) — survival rate;  a — shape factor;
1 ‘*‘exP[aret(] . S/LSO.ret)] : . . )
L 5, — age at which 50% vehicles have retired;

[Yan et al., 2011; Pandey and Venkataraman, 2014]
P. — Passenger kilometer travelled (km)

Modelled using the study Shreejan et la., 2013 for different vehicle categories

FE. — Fuel efficiency (km/l)
Compiled and averaged from literature reporting fuel efficiency for Nepal vehicles

EF. — Emission factors (a/kq)

Currently the Indian dynamometer measured emission factors are used from Pandey and
Venkataraman, 2014. For Nepal these needs to be examined and estimated.
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Methodology: Agriculture (pumps) \)

Amount of water required for
irrigation in 2005 [FAO, 2012]

Fractional STW & DTW 1 Fractional surface water irrigation
from Agriculture dept.

irrigation

A4

Estimate the amount of diesel energy
required to lift water by different sources

Deduct the amount of electricity
sold in agriculture sector

N

\4
Diesel consumed for irrigation in 2005

Increase in agr. Productivity (2005-2011) 41

Diesel consumed for irrigation in 2011
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Grid (1x1 km) wise Black Carbon Emissions FquJ
from Agricultural Residue Burning (2008/2009) &

Black Carbon Emission|
(kg/km3yr)

==t

=1-1o
10-20

) 20-30

30-50
50-70

70-80
E 90-120

120 - 150

150 - 180

Institute for Advanced Sustainability Studies e.V. 23

Das et al, in preparation




Technology-wise Emissions (ton)

Technologies Energy (TJ) CO02 CH4 N20 NOX Cco
TCS (Firewood) 156163 12660861 45979 840 7459 712445
Openburning (wood) 46373 3759713 13654 249 2215 211565
TCS (Ag.res) 46036 4772181 27783 180 4032 240332
ICS (Firewood) 23305 1368704 4971 91 0 77019
TCS (Dungcake) 16939 1627005 6961 488 467 62133
FCBTK (Coal+wood) 13179 1170815 1290 9 355 20129
Furnace (Ricehusk) 9073 1009555 3396 62 551 52628
LPG stove 9008 564387 9 27 0 2726
Truck 6973 775442 99 5 23528 21339
Bus 6620 163495 3 2 11672 5306
Furnace (Wood) 6550 463460 1683 31 273 26080
LUl 6213 774776 2814 51 456 43598
(Dungcake)

DG set (Diesel+FO) 4310 302937 14 2 5665 1505
Cement kiln (Coal) 4177 293595 0 0 0 0
2-Wheeler 3791 260524 782 0 4571 77390
Cars 2688 154845 6 7 600 10338
Mini Truck/Pick Up 2687 123381 10 0 519 819
Boiler (Diesel) 2328 160323 0 2 142 36
Microbus/Minibus 1514 69495 6 0 292 461
Boiler (Coal) 1167 82043 1 1 185 105
Pumps (Diesel) 1159 79088 66 0 310 422
Tractors (Diesel) 1045 72567 16 1 2875 1613
Tractor/Tiller 994 110580 14 1 3355 3043

NMVOC
64743
19226
31107

9662
37564
1011
4783
3439
4377
1273
2370

3962

145
11
10265
923
427

240
161

521
624

PM2.5
38495
11431
18583
4162
15306
2427
2783
58
2396
293
1404

2356

85
3483
554

125

70
96
219
383
342

BC
6458
1918
3172

698
549
2041
467

1581
194
236

395

56
26
28

82
13
46
19
144
253
226

oC
18062
5363
7868
1953
4816
83
1306
10
503
62
659

1105

18
S
438

26
15
46

81
72

S02
746
221
586
81
1369
8548
55
59
372
144
27

46

336
517
16

29
33
16
720
17
15
53
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Technology-wise Emissions (ton) (continued)

Technologies

Biogas stove
Kerosene stove
Kerosene lamps
Cars/Jeeps/Van
Oilboiler (FO)
Clamps (Coal+wood)
TCS (Coal)
Threshers (Diesel)
Gas furnace (LPG)
Pumps (Gasoline)
Power tillers (Diesel)
Biogas lamps

TOTAL

Energy (TJ)
817
778
636
563
434
388
241
220
212
140

42
0

376763 31075926 11000

CO,

0]
50436
38276
38581
31702
33005
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15299
13261
9556
2895
-

CH4
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0
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76

O©OORFr 0O Ww

N20 NOx

767
253
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0]
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0]
Si
115
0]

OO OPRPLPONOOORrLrNO

CO NMVOC
0 0]
674 288
152 205
678 161
68 17
1328 555
2640 101
340 110
64 81
51 19
64 21
0] 0

PM2s
0

10
1285
56
15
53
50
81

1

26
15

0

BC
0]
3

1244

7

10

10

16

53
0]

17

10
0]

231

(9]
ORL NEFE WO

2057 71308 1577088 198394 106650 20007 42602 14343
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