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Abstract

The uncertainty assessment is important to improve the reliability of emission inventory data. The DARS (Data
Attribute Rating System) have recommended as the uncertainty assessment technic of emission inventory by U.S.
EPA (Environmental Protection Agency) EIIP (Emission Inventory Improvement Program). The DARS score is
based on the perceived quality of the emission factor and activity data. Scores are assigned to four attributes;
measurement/method, source specificity, spatial congruity and temporal congruity. The resulting emission factor
and activity rate scores are combined to arrive at an overall confidence rating for the inventory. So DARS is
believed to be a useful tool and may provide more information about inventories than the usual qualitative grading
procedures (e.g. A through E).

In this study, the uncertainty assessment for 2009 CAPSS (Clean Air Policy Support System) emission inventory
is conducted by DARS. According to the result of this uncertainty assessment, the uncertainty for fugitive dust
emission data is higher than other sources, the uncertainty of emission factor for surface coating is the highest
value, and the uncertainty of activity data for motor cycle is the highest value. Also it is analysed that the improve-
ment of uncertainty for activity data is as much important as the improvement for emission factor to upgrade the

reliability of CAPSS emission inventory.
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Table 1. Overview of method used to estimate emissions uncertainty.

Level of
Methodolo Description N
ey P effort
Qualitative Sources of uncertainty are listed and discussed. General direction of bias, and <100 hrs
Discussion relative magnitude of imprecision are given if known.
Subjective Data Subjective rankings based on professional judgement are assigned to each emission <100 hrs
Quality Ratings factor or parameter.
Data Attribute Ratin . . . . . L
€ Numerical values representing relative uncertainty are assigned through objective methods. <500 hrs
System, DARS
Emission distribution parameters (i.e., mean, standard deviation, and distribution type) are
Expert Estimation estimated by experts. Simple analytical and graphical techniques can then be used <500 hrs
Method to estimate confidence limits from the assumed distributional data. In the Delphi method,
expert judgement is used to estimate uncertainty directly.
. Emission parameter means and standard deviations are estimated using expert judgement,
Propagation of Errors .. . . .
Method measurements, or other methods. Standard statistical techniques of error propagation typically <500 hrs
based upon Taylor’s series expansions are then used to estimate the composite uncertainty.
Monte Carlo, Latin hypercube, bootstrap (resampling), and other numerical methods are
. . . used to estimate directly the central value and confidence intervals of individual emission
Direct Simulation R . . .
estimates. In the Monte Carlo method, expert judgement is used to estimate the values of <1000 hrs
Method . . . .
the distribution parameters prior to performance of the Monte Carlo simulation. Other
methods require no such assumptions.
. . Direct or indirect field measurement of emissions are used to compute emissions and
Direct or Indirect .. . . . . .
Measurement emissions uncertainty directly. Methods include direct measurement such as stack sampling <1000 hrs
o and indirect measurement such as tracer studies. These methods also provide data for
(Validation) Method o .. . .
validating emission estimates and emission models.
Receptor modeling is an independent means to estimate the relative contribution of specific
. source types to observed air quality measurements. The method works best for nonreactive
Receptor Modeling . . . e en . .
Method pollutants for which unique emission composition “fingerprints” exist for all significant <1000 hrs
so urce categories. The method provides a measure of the relative contribution of each source
type but not absolute emission estimates.
Inverse Air Quality Air quality simulation models are used in an inverse, iterative approach to estimate the <1000 hrs

Modeling Method

emissions that would be required to produce the observed concentrations fields.

Source: US, EPA, EIIP, Technical report series Volume 6, Evaluating the uncertainty of emission estimates, 1996
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Table 2. Emission factor rating assessment of CAPSS by
source category and pollutants.

Pollutant A B C D E Blank
CcO 2,251 80 505 127 222 216
NO, 1,756 439 784 5 204 216
SO, 2,359 595 8 9 225 192
PM,, 16 379 2,406 193 222 255
TSP 28 2,551 216 195 228 282
vVOC 2,220 93 545 144 254 234
NH; 0 0 8 2 3,161 336

o2 ElPe]| 2Jste] vIA=RH 2ta 59 v
(Semiquantative Data Quality Rankings)®] 3% 4}
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Table 3. DARS scoring box.

Attribute Factor Activity Emissions
Measurement/Method e a e Xa,
Source specificity e, a, e, X a,
Spatial congruity e as e3X as
Temporal congruity ey a, eyXay

4 4 4
Z ¢ 2 a 2 (e;xa)
Composite i=0 i=0 i=0
4 4 4

Source: Recommended approach to using the data attribute rating
system (DARS), EIIP Technical report series Volume 6, Appendix F.

Table 4. AP-42 Letter codes and corresponding DARS
factor measurement attribute scores.

Pollutant factor

AP-42 factor rating

NO, co VOC  PM,
A 6 6 5 5
B 6 6 5
C 5 5 4 4
D 5 5 4 4
E 4 4 3 3

Source : Recommended approach to using the data attribute rating
system (DARS), EIIP Technical report series Volume 6, Appendix F.
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Fig. 1. DARS measurement attribute emission factor rating flow chart.
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Fig. 3. Result of uncertainty scores for emission data by sub-category sources.
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Table 5. The uncertainty rank of DARS score by source category.
Rank Emission factor Activity Emission
1 Surface coating 0.47 Motor cycle 0.31 Surface coating 0.21
2 Paved road dust 0.49 Agricultural machineries 0.36 Motor cycle 0.22
3 Unloading and open storage 0.50 Ships 0.39 Paved road dust 0.23
4 Other waste 0.51 Construction machineries 0.39 Construction 0.23
5 Construction 0.52 RV 0.43 Ships 0.24
6 Fires 0.58 Surface coating 0.44 Agricultural machineries 0.25
7 Animal 0.62 Construction 0.45 Unloading and open storage 0.26
8 Ships 0.62 Paved road dust 0.46 Agriculture activity 0.31
9 Gasoline supply 0.62 Animal Husbandry 0.48 RV 0.31
10 Waste incineration 0.62 Truck 0.48 Organic chemicals industries 0.31
11 Petroleum industries 0.62 Agriculture activity 0.49 Other waste 0.31
12 Solvent cleaning 0.63 Passenger car 0.49 Animal Husbandry 0.33
13 Commercial and institutional 0.63 Taxi 051 Truck 036
energy use
14 Agriculture activity 0.63 Van 0.51 Van 0.36
15 Agriculture, forestry and 0.63 Unloading and open storage 0.52 Managing Manure 0.36
aquacultural energy use
Table 6. Result of the top-five uncertainty score by air pollutant and source category.
Source category Emission factor Activity Emission
Road transportation Motor cycle 0.70 0.31 0.22
Non-road transportation Ships 0.63 0.39 0.25
CO Non-road transportation Agricultural 0.70 0.36 0.25
Road transportation RV 0.72 0.43 0.31
Road transportation Truck 0.72 0.48 0.36
Road transportation Motor cycle 0.70 0.31 0.22
Non-road transportation Agricultural 0.70 0.36 0.25
NO, Non-road transportation Ships 0.63 0.39 0.26
Road transportation RV 0.72 0.43 0.31
Road transportation Truck 0.72 0.48 0.36
Road transportation Motor cycle 0.70 0.31 0.22
Non-road transportation Ships 0.65 0.39 0.25
SO, Non-road transportation Agricultural 0.68 0.36 0.25
Road transportation RV 0.72 0.43 0.31
Road transportation Truck 0.72 0.48 0.36
Road transportation Motor cycle 0.70 0.31 0.22
Fugitive dust Paved road dust 0.49 0.46 0.23
PM,, Fugitive dust Construction 0.52 0.45 0.23
Non-road transportation Ships 0.60 0.39 0.24
Non-road transportation Agricultural 0.67 0.36 0.24
Solvent utilization Surface coating 0.47 0.44 0.21
Road transportation Motor cycle 0.70 0.31 0.22
vVOC Waste disposal Other waste 0.44 0.63 0.23
Non-road transportation Ships 0.60 0.39 0.24
Non-road transportation Agricultural 0.67 0.36 0.24
Road transportation Motor cycle 0.70 0.31 0.22
Non-road transportation Ships 0.58 0.39 0.23
NH; Non-road transportation Agricultural 0.63 0.36 0.23
Road transportation RV 0.72 0.43 0.31
Non-road transportation Construction machineries 0.91 0.39 0.36

J. KOSAE Vol. 30, No. 1(2014)
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Table 7. Ranking of uncertainty score for emission weighted by source category and pollutant.

Uncertainty of

Rank Source category Pollutant emission weighted
1 Agriculture Managing Manure NH; 43.82
2 Solvent utilization Surface coating vVOC 32.17
3 Fugitive dust Paved road dust PM,, 26.03
4 Road transportation Passenger cars CcO 20.58
5 Road transportation Truck NO, 15.32
6 Combustion in manufacturing industry Others PM,, 13.24
7 Non-road transportation Ships SO, 11.48
8 Solvent utilization Other solvent utilization voC 10.60
9 Road transportation Truck CO 6.98
10 Combustion in manufacturing industry Others SO, 6.65
11 Non industrial combustion Residential plants CO 6.45
12 Road transportation Motor cycle (e(¢] 6.43
13 Agriculture Agricultural fertilizer using NH; 5.97
14 Production process Petroleum industries SO, 5.41
15 Combustion in energy production Public power plants SO, 5.13
16 Production process Petroleum industries NH; 4.92
17 Road transportation Recreational vehicles CO 4.22
18 Road transportation RV (6(¢] 4.01
19 Non-road transportation Ships NO, 4.00
20 Road transportation Bus NO, 3.94
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