6.8 Emission factors for atmospheric pollutants
6.8.1 Qutline"

In order to rationalize the air pollution counter measures in a given region, itis essential to estimate the total
quantity of air pollutant emissions by kind of pollutant as well as human activities. For this estimation, the air
pollutant emission factors calculated from air pollutant emission due to human activities such as fuel combustion or
industrial production and these activities have been utilized. Further, this technical constant, which are necessary
for estimating the total regional emissions of air pollutants, can be used to predict the concentration of air pollutants
by means of the theory of atmospheric diffusion, and are also employed both in establishing plans for the regional
reduction of air poliutants emission and in the running of environmental impact assessment systems.

In 1970, the government of the United States of America announced the estimation resuits of total amountair
pollutant emissions on fire kinds of pollutantsin nation widein 1968 . Further, the American government issued
a report ¥ by R. L. Dupley concerning the air pollutant emission factors that considered these calculation standards,
and which were translated into Japanese by the Japanese Fuel Association ®.  In this report, R. L. Dupley defined
the emission factor as follows: “ The emission factor for air p'oliutams is a statistical average of the rateat whicha
pollutant is released to the atmosphere as a result of some activity, such as combustion or industrial production.
The emission factor thus retates the quantity of pollutants emitted to some indicator such as production capacity,
quantity of fuel, or vehicle miles traveled by autos.” thereby introducing both the overview of causes that generate
air pollutants such as fuel combustion, various manufacturing processes, means of transport, and so forth, and the
emission factors that they cause. Further, in the introduction to this report®, Dupiey wrote that this collated data
from already-published technical papers, and that the calculation basis had been compiled and edited by M. Mayerin
1965 7.

On the other hand, the MITI, Agency of Industrial Science and Technology in Japan examined the state of
smoke and soot emissions from 271 plants nationwide in 1960, and published their resultsin 1961, butin this report
o the quantity of soot and dustemissions from cement kilns was calculated as the quantity of soot and dust emissions
per cement clinker production t.  That result was 0.3 to 3.3 kg/t, and stated that with the wet process, there were
many cases where the results were 1.8 kg/t orless, and with the dry process, there were many cases where the results
were 1.0to 3.3 kg/t, and that although no specific air pollutant emission factor was included, it can be inferred from
the American government that this concept was held from the first. In spite of which, there have beenno similar
activities by MITI to be seen since.

At any rate, in the same way as the American government, which was noted previously, the MITI report ® also
based its calculations on a air pollutant concentration in exhaust gas that had already been measured, but thereafter,
in the 1970s when the emission factor was considered important in Japan, no technical reports concerning the sources
of air pollution source were to be seen, and the formation of an independent organization for actually measuring this

data deserves special mention.

133



6.8.2 Air pollutant emission factors from stationary sources

(1) Caleulating air pollutant emission factors from staticnary sources in Japan

It was when the environmental pollution control programs were planned in 1970 that the total quantity of
emissions of air pollutants in afixed region in Japan were estimated, but if taken separately from the aforementioned
production and technology unit's report ®, the emission factors collated from the actually measured data can be said
10 be the first ever for Tokyo ™.

In 1971, the polluticn control bureau for KanagawaPrefecture obtained formulae pertaining to the emission of
sulfur oxide and the quantity of heavy oil burnt in 40 major factories in both Kawasaki and Yokohama cities, and
introduced regulations for reducing the total quantity of sulfur oxide using a proportional model, and these relevant
formulae can also well be called emission factors ® %,

In 1972, the Air Quality Bureau, Environment Agency established the “Investigation Committee for Air
Pollution Due to Photochemical Reaction,” added the “Emission Source Sub-Commiittee,” and beganexamining and
investigating on the air pollutantemission factors from stationary combustion sources V', As stated previously,
this activity led to the formation and promotion of an independent organization for the measuring of air pollutants
in exhaust gas, and this led to its continuation, in 1973, as the “Investigation Committee for Source GenerationAir
Pollution™ . Next, in 1976, measurement data was also collected by local governments and, for example, the
reiationship between nitrogen oxides emissions and the amounts of burning of fuel was established with regard to
power plant and industrial boilers, as shown in Fig.6.8.1.  Further, the formulae pertinent to such ioad fluctuations,
emissions of NOx, and quantity of fuel combustion were also established, and the emission factors for NOx
concerning boilers were also obtained, as shown in Table 6.8.1.  Moreover, the mean proportion of fuel
combustion and emissions relating to soot and dust, NOx, CO, and hydrocarbon species was calculated both by fuel

and by type of source and, for example, the emission factors as shown in Table 6.8.2 were analyzed U "',
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Fig.6.8.1  Relationship between quantity of NOx emitted by industrial boilers used in power
generation and amount of fuel combustion.

Table 6.8.1 Emisston factors for NOx from industrial boilers and power plant.

Rating of fuel combustion NOx emission factor (NO,-Kg/16* Kcal)

(107 Keal/h) Load 0.4 Load 0.6 Load 0.8 Load 1.0
10 49.1 57.3 64.1 69.8
30 49.7 58. 1 64.9 70.7
50 50.0 58.5 65.3 71.2
70 50.2 587 65.6 71.5
90 50.3 58.9 65.8 71.7
100 50.4 58.9 65.9 71.8
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Table 6.8.2 Examples of emission factors from stationary combustion sources

Combustion facilities Kind of fuel Emission factor {Kg/10? Kcal)
Soot and dust NOx Carben monoxide| Hydrocarbons
Power-plant boiler C heavy oil 4.7 63.5 78.9 37.1
Aheavy oil 50.7
Crude oil 56.5 3.3 89.0
LNG 38.9
Coal 128.0
Industrial boiler C heavy oil 12.2 56.6 7.5 0.11
B heavy oil 5.9 40.5 7.1 1.12
Aheavy oil 6.4 25.2 3.5 0.43
kerosene 5.6 20.7 17.3 0.08
LPG 32.4 0.09
Glass melting furnace Cheavy ail 48.1 251.0 32.5 0.25
B heavy oil 257.0
Aheavy oil 2.4 121.0
Cement kiln  Dry process C heavy ol 9473 127.0 83.2 4.64
Wel process 11782 162.0 12.2 1.03
Lepol 14414 212.0 246.0 1.42

(2) Examples of caiculated resuits of air pollutant emission factors

Thereafter, the government of the United States of America also calculated the emission factors for many

different air pollutants, and published their findings '*.

Table 6.8.3 Emission factors for stationary combustion sources {Fuel oil burning, no controls)

These examples are shown in Table 6.8.3 and 6.8.4 '¥.

Soot and dust

(amount of a

Boiler type | For power generation (Heavy oil firing)
For industriat use (Heavy oil firing)

For industrial use {Kerosene firing)

For commercial use (Heavy oil firing)

For commercial use (Kerosene firing)

For domestic use (Kerosene firing)

0.24

0.24
0.3

Sulfur dioxide| APNYAIOUs | cabon monoxide |Mitroxen
sulfuric acid onides
ir pollutants emitted — Kg/Amount of fuel oil firing-k()

19§ 0.345 0.6 8.0

198 0.24S8 0.6 6.6

178 0.248 0.6 2.4

1958 0.248 0.6 6.6

178 0.245 0.6 2.4

178 0.248 0.6 2.2

Note: §: Sulfur content in the fuel (%)

Table 6.8.4

Evaporation loss of hydrocarbon from gasoline supply

Emission source

Emission factor

(Emitted gasoline vapor-mg/Amount of gasoline fuel-1}

Supplied by underground tank Splash fill (On the supply pipe surface) 1440
Submerged fill B840

Underground tank venting loss 120

Automobile tank fuel supply loss

(No control) 1320

(Contral) [32

Spillage 80
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(3) Use of emission factors of air pollutants relating to stationary sources

Thereafter, the emission factors shown in bothTable 6.8.1 and inTable 6.8.2 were used in estimating the total
quantity of air pollutant emissions of NOx, etc., in Japan nationwide " and, moreover, were used in establishinga
plan for reducing the total emission of NOx, thereby proving to be very usefui to Japan in her pursuit of air pollution
control programs.

Further, as was stated previously, the emission factors have also been used in creating a regional diffusion

model '¥ for air pollutants, in order to evaluate the environmental impact.

6.8.3 Air pollutant emission factors from mobile sources '?

The guantity of air pollutant emissions from automaobiles differ depending upon the model of car (engine type
{gasoline, diesel|, size [weight of vehicle, load| quantity of exhaust), running type (driving pattern), and type of
exhaust gas control measures. These different factors are made as equitable as possible, the overall compositionis
thoroughly understood, and the emission factors are vitally important as basic data for calculating the proportion that

different types of vehicle contribute to pollution.

(1) Relation between driving and air pollutant emissions (general trends)
The general trends of the relationship between driving and air pollutant emissions are shown in Table 6.8.5.
Moreover, for calculating the emission factors, it is vitally important to thoroughly and effectively understand the

mean of the types of vehicle, chassis weight, load, emissions, and driving pattern,

Table 6.8.5 Relation between air pollutants and driving

CO, HC. Fuel costs Depends on mean vehicle speed.

Diesel vehicle NOx The quantty of low speed emissions during urban driving is high.  On the expressway. however {(when

there are no traffic jams), conversely. the quantity of high speed emissions is high.

Gasoline vehicle NOx Does not rely heavily on mean vehicle speed. At times of high load (during acceleration, during high

speed driving), emissions are high.

(2) Overview of the procedure for calculating emission factors

In order to calculate the emission factors, firstof alla survey.is taken of the actual driving used by test carson
roads in the area targeted for calculation, and the driving resuits obtained are analyzed and a representative driving
pattern compiled.

Next, the calculations of the emission factors for the target vehicle are set on the chassis dynamo meter, the
compiled driving pattern is recreated and, during a mock run, the quantity of atmospheric pollutants emitted in the
exhaust gasses is measured. In addition, the measurements obtained are collated and analyzed, and the emission

factors thereby calculated.

(3) Actual driving survey using test vehicles in the target area

An actual driving survey is conducted using a test vehicle with the aim of understanding the automobile driving
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conditions on roads in the area targeted for calculating the emission factors. The driving method used follows
regular automobile driving trends, the test vehicle is driven, and vehicle speed the idling time, cruise time, amount
of both acceleration and deceleration in time blocks of, for example, every 0.5 seconds are recorded.  And both the

running time and roads are considered under multiple traffic conditions before a decision is reached.

{4) Driving pattern sampling

A sample of the mean driving pattern (taken 1o be approximately 20 minutes of ordinary driving) for vehicle
speed, idling time, cruising, amount of both acceleration and deceleration, and the time period is taken from the
results recorded above. In addition, in the case of Tokyo, a single patternis sampiedfor the urban expressway, and

the mean of 10 patterns (4.5 to 45.0 km/h) sampled for ordinary roads.

(5) Experiments to measure exhaust gasses from the chassis dynamo meter

The representative driving patternis recreated on the chassis dynamo meter, a mock test run is conducted, and
the exhaust gasses are analyzed and measured. The model of vehicle measuredis selected following consideration of
the type of vehicles driven in the survey test area. In addition, the chassis dynamo meter is fixed to a rollerdevice
on the automobile motor axle, the driving patternis established, and the device recreates engine running conditions
white the vehicle in question remains stationary. Although there is running resistance to theroller, the load that the
mechanism bears depends upon the vehicle speed.  Because running resistance differs depending on the model of the

vehicle, if the running resistance in question is discordant, then actual measurements are necessary.

(6) Compiiing emission factors
The measurement results areadjusted depending on the model of car.  In addition, if the test is held inTokyo,
a regression curve is normally taken to be the emission factor.  Fig.6.8.2 shows the results of emission factors

calculated for NOx in Tokyo in 1994,

{7} Calculating air pollutant emissions

The emission factor for automobiles is always represented as (g/vehicle-km). In addition, there are many
times when “vehicle” is omitted. Moreover, in order to calculate the quantity of emissions, the model of vehicle
(vehicle - km/h} corresponding to the emission factoris necessary. The method for calculating (vehicle-km/h)is to
identify the amount of traffic (v vehicles/h) over a fixed distance (x km), and to then multiply these to obtain (x-y

vehicles km/h), namely, the total quantity of air pollutant emissions is obtained by Eq. (1) and (2).

Quantity of emissions per model of car (kg/h) = fixed distance (x Km) Xamount of traffic per model of car (y vehicles/h)

X emission factor per model of car(g.’vehicle-Km) ......................................... (l)

Total quantity of emissions (Kg/h) = model A(Kg/h) +model B (Kg/h) + --- soermee e e (2)
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Fig.6.8.2 NOx emission factors (fiscal 1994)

{8) General noteworthy items
Because the emission factors are both regional and mean values, in order to use afixed route and time period,

it is necessary to be cautious. Because the emission factors are necessary to the very end for calculating the quantity
of emissions, if such data as, for example, the amount of traffic, necessary for these calculations is insufficient, no

matier how greata level of accuracy is demanded, itis virtually meaningless, or else have to be taken as the units of

the emission factors that correspond to the amount of traffic flow data.
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