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Environmental Management Plan for Air Pollution Abatement
“Yasuji HIMI *

1. Introduction

" Recently, the environmental problems are recognized
by many people as the global matters. On the other hand,
there are many difficult problems to settle as local envir-
onmental pollution problems too, although the past heavy
environmental pollution caused by the industry in Japan
has been going toward to :solve by the administration
based on the environmental conservation strategy.
Therefore, standing- systematic view points, Japanese
administrative activities onthe environmental conserva-
tion are scrutinizing about the design and enforcement of
the environmental management plan on the air pollution

problems.

And the technologies for the  enforcement of these
policies may be useful for the environmental impact
assessment institution. ' Since 1956, the author has been
studying on the air pollution in Yokohama — Kawasaki

. . 1-.
industrial area'™

where the pollution was thought to be
the heaviest in Japan. : :

The author has investigated on-the measuring method of
collection efficiency of dust collector® , the expression of
the specification for dust collector, the analytical method
of nitrogen oxides concentration in flue gas %) 3nd on the
etc, at Industrial
Research Institute of Kanagawa Prefecture and Kanagawa

emission factors of air pollutants®”

Prefectural Environmental Center:

And the author was the chief of Air Conservation De-
partment, Environmental Protection Bureau, Kanagawa
Prefectural Government in Yokohama, from 1977 to
1980 too. Here, the author represents the environmental
management plan for the al.r pollutron abatement through
these experiences. ) '

2. The history on the air pollution in Japan

The air pollution will be characterized by the age, area
and development of technology. In Japan, the air pollu-
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tion problems had been occured according to the indus-
trialization since 19th century.  After Meiji restoration

"1868, modern scientific technologies from Europe and

America had been introduced, and industrialization of
Japan were promorted very quickly, so the air pollution
problems occurred For example, in 1875, the operation
of the cement factory had started at Fukagawa, Tokyo
by the Japanese Government, and the cement dust dis-
persion problem occurred. = In 1903, Asano Cement
Manufactunng Co. Tokyo factory, that was established
by Mr Souichirou Asano” who ‘was famous enterprize
manager in this age, takmg over the governmental cement
factory introduced before, had adopted rotary kiln im-
ported from Allis-Charmers Manufacturing Co. in US,
then large scale cement dust dispersion problem: occurred
and was noticed by many people This episode was
disolved by the adoptatron of the electrostatic precrpr-
tator that was investigated by Dr.F. G. Cottrell® , a
professor of University of California, for treatment of
cement dust®

The steel 1s very unportant mdustnal materials and has
been used very w1dely

The modern steel making industry equipped blast fur-
nace had started in 18th ’century in Europe. In Japan,
first modern blast furnace had beerr operated at Kamaishi
City, Iwate Prefecture in 1858, by Mr. Takatou Qushima.

And this steel making technology had been. repiaced
to the governmental Yawata Steel ‘Mill establllshed at
Yawata City in 1901'?

could not avoid from the air pollution problems due to

. So, Kama.lshr and Yawata c1tles

steel mills.

The seaside reclaimed land construction had been.done
in Japan very early, to form large scale seaside industrial
areas. It is special characteristic for Japanese indpstry to
locate large scale factories in seaside industrial area con-
structed by the reclaiming works. And four large scale
seaside industrial areas, called Keihin, Hanshin, Chukyo
and Kita-Kyushyu were constructed until 1900’s in Japan.
And the air pollution problems occurred due to coal

combustion facilities and steel mills located in these
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industrial areas.

: During the ‘world war II, Japatiese industrial plants ‘got
crusing blows, and ‘the atmosphere: in “Japan' became
very clear. Japanese people had to work very ha:trd for
reconstruction their industry to hold their life after the
war. - . . dar s )

Because the main energy sources of these reconstructed
industries were the coal producted at Japanese coal pit‘s
that was contained lot of tar and ash, the air pollﬁtion
due to black smioke and fly ash ‘exhausted from coal
combustion facilities occured ‘and ‘was noticed by many

people living around the industrial areas again.

Furthermore, the iron oxide red smoke exhausted from
steel making open hearth furnaces, electric furnaces and
converter were noticed from many people living around
the steel mills.

“The fly ash was exhausted from pulverized coal combus-

tion facilities at power ‘plants, and the iron oxide red

smoke were extausted from steel making furnaces adopt-
ed purified oxigen blow steel making method mvestlgated
. in this age”) ) i

Like these, the air pollution problems are characterized
by the main energy sources, main raw materials and new
technologles adopted by large scale factories located at
industrial area occured these phenomena. ’

In May 1962, Japanese government established “Soot
and Dust Regulation Law™ according to the r'equest to
hope the abatement of air pollution from many local
government and people lived in industrial areas. Befo;e
the ‘establishment of" this law, governments of Tokyo
metropolis, Osaka, Kanagawa and’ Fukuoka Prefecture
established - *“‘Abatement ‘Rules for the Environmental
Pollution Caused Industry”, in 1949, 1950, 1951 and
1955 respectively. e o k

And Dec.,’ 1958, Japanese Government established two
laws for the regulation of water pollution, according to
the teaching obtained in Urayasu episode that was the
troubles  on the water pollution occured between the
paper mill and union of fisherman in this'year.

So Japanese government had the competences due to
laws for regulation: of énvironmental p"ollutaﬁt from the
faétories. ‘After that, these compéterices has been strong-
ly ‘and- w1dely yea.r by year for envuonmental conserva-
tion. i ‘ '

For éxample, althrough in' 1962 the concentration of

I
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soot, dust and sulfur oxides in the flue gas from the
combustion’ facilities ‘were regulatéd by “Soot and Dust
Regulation’ Law” only ‘about the factories located at the
regulation area prescribed by thislaw, in 1967 first “Ciéan
Air Law” was established, sulfur oxides exhausted volume
was regulated. Furthermore, in this law; the regulation
was carried ‘out for the factories located in all over the
country, and the regulation for automobile exhaust gas
was adopted. As explained before, the administrative
compentences became strong and wide, but recently the
state of the problems on air pollution have became com-
plicate ‘as follows. Namely, the'emissions of air pollutants
from regulated facilities decreased by the administrative
activities based on the “Clean Air Law™, but the emissions
from nonregulated sources or regulation difficult one have
increased:© By these changes about the environmental
problems, the administration for the air pollution abate-
ment is obliged to modify its strategy. And the design of
the environmental management plan is requested in Japan

as one of strategy for the environmental protection.
"3, 'What is environmental management plan

Generally speaking, the population, the desire of per-
sons and the production of mdustry and agrlculture will
iricrease ‘more quickly than the effects of the abatement
stiategy for ‘the environmental pollution due to these
human actions. SRR

And flankly speaking, the enforcement of regulation
due 'to ‘abatement policies hasn’t been able to do com-
pletely today. v

Thié policies for the environmental conservation on at-
mosphere ‘were carried ‘out using the technical counter-
measires about air pollutants collection, such as dust
collector ‘and " desu].funzatlon equ1pments ‘for exhausted
gas and heavy oil.’ o

Therefore we are obhged to’ consume many energy
sources for‘the'operatlon ‘of thése air pollutants ‘collection
facilities, ‘and ‘to hold 'the environmental safety of the
collected’ air pollutants” “For exambple, in 1984, Japanese
factories “eéquipped’ about 1500 desulfunzatlon fac111t1es
for the flue gas from these combustlon process And total
treatmentable gas capacities of these 1500 desulfunzatxon
facilities were' ‘about 1334 ¥ 10° Nm’ /hr,

capacities to operate these facilities are calculated as

so ‘electric
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66.7x 10* KW. . y

In 1977, Japan 1mported 25000x 10 ton;crude oil.
And it was estimated that mean sulfur content in this
crude oil is about 1.5%, so we can estimate that about
370x 10* ton suifur were -brought into Japan with im-
ported crude.oil.

Japanese people will be obliged to be safety in the en-
vironment the lot of sulfur calculated before. But these
are very difficult to operate, so we will not be able to con-
tinue these collection operating'? .

The author thinks that the envuonmental pollution have
been occured by the inclination of all things and the accu-
mulation of materials.as shown present city life, motariza-
tion and industrialization. .

According. to -above reasons, we have to ratlonahze the
today s human activities and human life, to. conserve the
environment.

Furthermore, the author thinks that to_solve these
subjects are very important and are able to carry out by
the design of the environmental management plan.

But practically, Japanese environmental administration
do not start the enforcement and design of the environ-
mental management plan explained before, because they
have not the information and the technology for these
objects, . ’ ;

Therefore, the author explain mainly about the design
to decrease of air pollutants exhaust by administrative

regulation plans.
4. Environmental monitoring and management plan

The environmental monitoring on the air qualities is the
base of the air pollution abatement administration and
the design of environmental management plan on the air
pollu‘tion. The air pollution monitoring started by the
measurement of deposited dust used deposit gauge pre-
scribed in BS1747 (1951), atmospheric sulfur dioxide by
PbO, cylinder method and suspended particulate con-
centration used filter paper tape type air sampler in Japan
from 1940’s to 1950’s. For example, when reconstruc-
tion of industry was carried out in Ube City, Yamaguchi
Prefecture using the coal producted at Ube coal pit near
thls cxty, the people living in this city noticed and claimed
to the deposited dust from the power plants and cement
factories etc.. '

In 1949, the mayor of Ube requested the survey .and
monitoring about. this deposited dust -to Dr. Yoshikatsu
Nose, an assistant professor of Medical University Yama-
guchi Prefecture.

Dr. Nose carried out.the momtonng of the deposxted
dust using deposit gauge in this year at Ube City. After
that, = he started measurement of atmospheric sulfur
dioxide by PbO, cylinder method too'> .

In 1954, Dr, Takeo Suzuki, the director of occupational
health, National Institute of Public Health, started the
measuring of the atmospheric. suspended particulate
concentration at his laboratory using the filter paper tape

type air sampler 19

. The author started the air pollution
survey and monitoring using deposit gauge and the filter
paper tape type air sampler in Yokohama — Kawasaki
industrial area since 1956 '™

In this age, the air pollution monitoring were carried out
in the main industrial area and main cities in Japan. In-
troducing these, Sapporo is the largest city in Hokkaido
located at north Japan. Because the main sources of air
pollution were coal combustion for residential heating in
long cold season in this city, the deposited soot were
measured. ' ’

The large scale steel mills located at Kamaishi, Kawa-
saki, Kobe and Yawata, so in these cities the analysis of
iron in deposited dust were carried out.

Industry of Ube was using the coal producted at Ube
coal pit contained lot of tar and ash as introduced before,
so ash and tar in deposited dust analysis was done.. And
Tokyo, Kawasaki, Yokohama, Osaka, Amagasaki, Kobe
and Yawata were large cities, and large scale industrial
area located, so many air. pollutant measurings . were
carried out for air pollution monitoring.

Omuta was industrial city due to Miike coal, so tar and

ash analysis in deposited dust were done for environ- -

mental monitoring.

Like this, the environmental monitorings were carried
out considering about the kind of industries, these main
resources and energy sources and human life in monitor-
ing area.

In 1962, Japanese Government established “Smoke and
Dust Regulation Law” as explained before, in this law the
monitoring of air pollution was provided as the obligation
of local government according to 7th articles.

Therefore, the air pollution monitoring. system were
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operated by: local authority from 1960’. . For example in
1965, Kanagawa Prefecture selected 9 measuring sites in
Yokohama — Kawasaki area. And the continous atmos-
pheric sulfur dioxide analysers;-the filter paper tape type
air samplers. and  the measuring-instruments for: wind
speed .and direction, humidity and temperature were set
in each measuring sites.

Furthermore,:the data obtained at each measuring sites
were transmitted -electrically by -telemeter system to
Kanagawa Prefectural Environmental Center, Yokahama
and Kawasaki city hall since 19697

typical air pollution monitoring system in this age.

This is one of the

Today, many local authorities are operating the air poilu-
tion monitoring systems equipped the continous sulfur
dioxide, nitrogen - oxides, hydrocarbon, oxidant and
carbon monoxide analysers, monitors for suspended
particulate and measuring instruments about the weather,
telemeter and computer systems.

Fig. 1 shows the distribution of measuring sites in Kana-
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gawa prefectural: air' pollution monitoring system operat-
ing since:1973. .In Fig. 1, black circle (@) indicates the
measuring sites. for: environmental air: pollution, white
triangle (A) shows the measuring sites. for air pollution,
due to automobile -exhaust gas, white square ([J) shows
the wheather observation sites. over this area and white
circle .(O) shows-the measuring sites adopted the portable
instrument.

At the each measuring sites, the 8 kinds of air pollutants
concentration are measured by the continous-air pollutant
analysers as introduced before.-

And the observation of 'wind speed, wind direction, hu-
midity and temperature are done by continous weather-
meters.

Furthermore,  these hourly measuring and observation
data are transmitted electrically to Kanagawa Prefectural
Air Pollution Monitoring Center located at Yokohama by
the telemeter system.

Generally speaking; the air pollutants concentration are

Sagami Bay

measuring site

measuring site

weather observation

Sizuoka
Prefecture

instrument

portable measuring

0

Fig.1  Distribution of measuring sites in Kanagawa prefectural
air pollution monitoring system
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varied with the weather conditions, season and human
activities. - For example, when:the wind speed decrease;
the concentration of air poliutants becomes higher. :::-

And if the height of exhausted points at air' pollut-
ants emission sources is low, the daily ‘cyéle variation of
the air pollutants concentration in'atmosphere will change
with two peak appeared at forenoon and afternoon:

Furthermore; the  concentration of air'pollutants in cold
season are higher than those in hot season effecting at-
mospheric stability in Japan'? "

“We can evaluate the measuring results obtained by this
system administratively comparing to: the environmental
standard prescribed in “Fundemental Law for Abate-
ment of Environmentat Pollution”.

Because the local authority and Environment Agency
have to announce officially the air pollution monitoring
data-and these evaluation results, people mnotice this an-
nouncement.

And if they could know that the air pollutants concent-
ration has increased tendency, and are over the environ-
mental standard, they will notice this phenomenon and
request strongly to improve the air pollution. Thgrefore,
the air pollution monitoring systems are considered as one
kind of promotor for the abatement of air pollution. So,

the operating of air pollution monitoring system is judged

as one of execution means on the environmental manage-

ment plan about the atomospheric conservation.

In Japan, a_fr pollutants dispersion vmodels are used fre-
quently as 6ne. méan§ to design the environmental man-
agement plan on the air pollution abatements introduced
as follows. And data obtained byr the monitoring system

have been used to design this dispersion model.
5. Modeling and research on technical constants

We have used the model of the air pollutants dispersion
for the design of enviroﬁméntal management plan. In this
case, the modelling is desig'xwlyed: to ,forecast air pollutant
concentration due to atmospheric dispersion theory.

And this modelingsyste‘am is very complex, and difficult
to understand. - _

So, the author'® will _ixitrqd}xce the modelling on nitro-
gen oxides in Kanagawa Préfécture ‘designed fforﬁ 1977
“to 1980, as administrative riifrogen oxides emission de-
creased plan due to “Clean Air Law””. o :
The area of Kanagawa Prefectuer is about 2400 km?,

and the population were about 7 million in 1977. And
the ‘distance from east side to-west side‘in this prefecture
is about.80 km, thé one from north side to’ south side ‘is
about* 50°km respectivély. And Yokohama — Kawasaki
industrial area locate at the east side of ‘this prefecture.
So, a lot of air pollutants were éxhausted from this side.
At beginning the design of dispersion model, the author

and co-researchers divided the area of Kanagawa pre-
fecture into the. 1945 regular:squares that has 1.’ km or

2 km bits forming divided meshes. In this case, we set
regular squares -having -1 km bit near the industrial area.
And we calculated the forecasting nitrogen oxides con-
centration as mean value in year at the:center in each

regular squares according to Fig. 2 system. ‘At first, we re-
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Fig: 2" The calculation system for the
++:NOx dispersion model
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searched ‘the emission of nitrogen oxides in‘each regular
squares. ‘In this case, about the stationary emission sources
equipped the-chimney stack that was higher than-30'm;,
the emission of nitrogen oxides at each stack were Te-
searched, with the hight and position of these:chimney
stack, namely we developed calculation™ as' the’ points
sources these ‘emissions. i ‘And we treated stationary
sources equipped chimney stack that was lower than
30 m, as-area one and estimated these emission of nitro-
gen oxides in each regular squares explained before. -

The stationary points sources were almost large ‘scale
factories, these number are 844 in Yokohama, Kawasaki
and Yokosuka area, and 1017 in other area. -

And number of the stationary area sources are 379 in
Yokohama, ‘Kawasaki -and Yokosuka area, and 316 in
other-area. ‘

- The -automobiles. were 'considered as line sources and
area -one in our model. And we defined the automobile
running on 1651 main roads as line sources, and 1721
small roads as area one, and estimated nitrogen oxides
emission ‘from each road sources. - Furthermore, the
vessels: equipped 30 — 50'm -hight stack were considered
as area sources, and one been seaboard as point sources.

And residential combustion sources were considered as
area‘sources and the emissions were estimated in each
regular squares. In the design of dispersion model, we had
to estimated the emission from surounding area, so we
estimated the  emissions from Tokyo Metropolis and
Chiba Prefecture.

The estimated values of nitrogen oxides emissions in thfs
modelling areas are shown in Table 1.

Table 1. Estimated values of the nitrogen oxides
: emission in the area -designed nitrogen
oxide dispersion model

area kinds of ‘sources emission of NOx [my? /hr]
Kanagawa stationary .| factry 4045.6(64.0%)
pref.” resident. 103.6( 1.6%)
transfer automoble | 1856. 6( 29.3%)
vessel 320.8( 5.1%)
total 6326. 5(100.0% )
Tokyo factory 913.9
metrop. automobile 1860.8
aeroplane 1.5
total: IR R -1 N
Chiba pref. R o) factoryso | 432190
Tokyo bay . v | vessel .. .- 481.6

The hight of pollutant dispersion is very important factor.
We adopted Moses & Carson, CONCAWE and Briggs’s
equation for stationary point sources, and CONCAWE
and briggs’s equation for stationary area sources to calcu-
late the effective chimney stack hight. 'And dispersiqn
hight of pollutants from automobiles and residential com-
bustion equipments were estimated as 3 — 5 m, one.of the
vessels were estimated as 30 —50 m for area sources and
were calculated by CONCAWE and Briggs’s equation for
the point sources, respectively. )

About the weather model, we divided Kanagawa Pre-
fecture to 14 blocks, and using the recent measuring
results of weather condition, designed the weather model
about each blocks. ’

And we calculated to forecast yearly mean value of at-
mospheric nitrogen oxides concentration at 1945 points
explained before, using the data about the emissions of
nitrogen oxides, hight of dispersion and weather model
ofc. e e : .

In this case, we adopted puff and plume model as dis-
persion model for the most sources, but adoptéd JEA
equation for line sources of automobile. k '
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Fig.3 The collation of NOx model

Fig. 3 and 4 are the collation results about nitrogen
oxides :-model and- nitrogen dioxide model, respectively.
As shown in both figures, ‘the “calculated values in this

model are alinost equal ‘to the observation ones at 54 air
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Fig.4 ‘The collation of NO2 model

pollution monitoring sites in this area. From these re-
sults, we could judge that the modelling of the nitrogen
oxides dispersion in Kanagawa Prefecture has completed.

. Fig. 5 shows the calculated values>of nitrogen dioxide
concentration in the'case decreasing 30% nitrogen oxides
emission from stationary combustion sources.

As shown Fig. 5, if we succeed to decrease 30% emission
of nitrogen oxides from stationary sources; the environ-
mental standard on NO; will be held almost in Kanagawa
Prefecture.

Furthermore, the calculated values of the contribution

of atmospheric nitrogen dioxide concentrations due to

NO:concentration(ppm)
0.015 .
QTN 0.020
L -
\~ ol
)
=

8,025

Tokyo
0.025 Bay

.0.015

Sagami Bay .
0. 020

Fig. 5 The calculated values of NO2 concentration -
.in:the case decreasing: 30% NOx emission.
from stationary: combustion sources

the each kind. of emission sources defined in this disper-
sion model. were discussed'® . By these results, we.can
understand that the effect of automobiles are very. im-
portant. ; i

Designing on the this despersion model, we had to solve
many problems.

And the fofmi.ng the technical constants was one of
them. -For the design of this model, the technical con-
stant like emission factors, despersion constants, had te
be used. The author thinks that these constants varied by
the area,age, technology and human activities, ‘so explain
these forming process as example our survey on the air
pollutant emission factors®”

The  air .pollutant emission factor has been utilized as
very important technical constants, to estimate and char-
acterize the emission rate from the numerous sources that
contribute to the community air pollution,and to decide
the course of air pollution control policies. The emission
factor has been -calculated using the emission data from
the air pollutants emission sources.

Namely,the emission factor has given as statistical mean
value about-the ratio of the air pollutant emission to

human activity that was the cause of it’s emission®” .

1,000

- ) J.
500 - - - CIPY

=
=S
4

L)

X

3
-
=

-
>

o
>

>

o
o

Nitrogen oxides emission rate {NO:-Kg/Hr)

0.01 TR e PRI P PRI P
0.01 0.05 0.1 0.5 1.0 5.0

Fuel consumption (107 Kcal/Hr)
Fig.6 Relationship between nitrogen oxides
emission rate and fuel consumption at
the factory boiler and power plant.

o Factory boiler | Pawer Plant boiler
N
s Coal ®
Al p Crude Petroleam @
0.t L No. 1{A)Heavy oil o [©]
°d No.2(8)Heavy oil FN
0.05 2 No.3(C)Heavy oil . ®
Keosune o) ®
Towogas X ®
LPG. x
1
10.0

2

50.0 .100.0




B &

Fig. 6 shows the relationship between the emission rate
of nitrogen oxides [NO>—kg/hr] and fuel consumption
[107 kcal/hr] obtained at the power plants®”:

surveies, we measured the nitrogen oxides and -oxigen

In our

concentration in- flue gas used chemiluminéssence ‘NOx
analyzer and magnetic type O analyser, fuel consump-
tion used fuel meter equipped at the power plants.

As shown Fig. 6, the relationship between nitrogen
oxides emission rate and fuel consumption at the operat-
ing power plants are expressed as the following equation
W .

E=aQ" €}

E; nitrogen oxides emission [NO; ~kg/hr]
Q; fuel consumption [107 keal/hr]

a, b; constant [~]

where

‘And if we can consider the operating load of emission

sources by equation (2), the nitrogen oxides emission rate

are expressed by equation 3)*7?

Table 3. Calculation results of emission factors from

* B
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R =Q/Qq" £42)
where. - E=a’Q¥R° 3)

R; load of power plant [—]
Q; rating of the power plant [107 kcal/br]
a’, b’ c; constant [—]

Using the measuring data at the power plants and equa-
tion (3), we could obtain Table 2 as the calculated values
of the nitrogen oxides emission factors considering the
operating load. ‘

Table 2. Calculated values of nitrogen oxides emission

factors considering operation ‘load in power
plant (Heavy oil No.3 firing)

Fuel consumption rating Emission factor [NO,-kg/10%keal]
Qo{10’ keal/hrl load 0.4 | load 0.6 | load 0.8 | load 1.0
.10 49.1 57.3 64.1 69.8
30 48.7 58.1 64.9 70.7
50 50.0 58.5 65.3 1.2
70 50. 2 58.7 65.6 71.5
90 50.3 58.9 65.8 71.7
100 50.4 -58.9 65.9 71.8

stationary combustion plants

Emission factor(ks/10°Kcal) ¥

Combustion plants Fuel O G s GO W panEw
No. 3-heavy oil 63.5 B 37.1 ¢ 78.9 C 1.7 C
No. 1-heavy oik 50.7 D S
Crude pétroleum 56.5 D 89.0 D 3.3'D
Power plant boiler L.N.G. 38.9 D
Coal 128.0 D
Pulp mill waste 5.4 D
water
No. 3-heavy oil 56.6 B 0.11 D 7.5 C 12.2 B
Heat and power generation No. 2-heavy. oil 40.5 C 1.12 D 5.9 C
) No. 1-heavy oil 25.2 A 0.43 D 7.1 C 6.4 C
. . Keroseno 20.7 B 0.08 D 8.5 C 5.6 D
Factory. boiler Gas oit e Db '
Town gas 24.0 C 3.7¢C
L.P.G. 32.4 C 0.08 D 17.3 D
L.N.G. 57.6 D
Diesel engine No. 1-heavy oil 437.0 C 12.9. D 61.1 C
Gas turbine No. 2-heavy oil 96.4 D 44.0 D 479 D
No. 3-heavy oil 251.0 C 0.25 C 82.5 C 48.1 D
No. 2-heavy oil 257.0 C
Glass melting furnace No. 1~heavy oil 121.0 C 2.4 D
: Gas oil 223.0 D 1.2 D
Town gas 184.0 D
Gilass annealing furnace No. 3~hoavy oil 45.1 D 2.0 D 74.2 D
Dry 127.0 C 4.64 D 83.2 C 9473 D
Cement Kiln Wet No._3-heavy oil 162.0 D 1.63 D 12.2 D 11782 D
Coramic industey Lepol 212.0 D 1.42 D 246 D 14414 D
No. 3-hoavy oil 4.1 D 7.48 D 68014 . D
Cement materials dryer Kerosone . 26.3 D
Coal 82.8 D @5.4 D 55385 D
No. 8-heavy oil 60.0-C 18.2 -D 222.0 C 18.5 D
brick kiln No. 1-heavy oil 227.0' D 49.2 D
Kerosene 97.5 D 36.1 D 21.8 D
No. 2-heavy oil 130.0 D 26.0 ‘D 74.7 D 9.3 D
Porcolin kiln No. 1-heavy oil 18.2 D 3.8 D
Gas oil 36.3 D 2.2 D 10.8 D 5.2 D
Iron ore pelleting furnace No.3-heavy oil 47.5 D
Coke oven B.F.G. 73.1°D 159. D
C.0.G. 140.0 C 59.8 D 115 D
Blast furnace stove B.F.G. 1.5 D, 1.0.D
No. 3~heavy oil s55.8°C 0.5 D 11.7 D 7.7 C
No. 2-heavy oil 56.4 D
lron and steel industry No. 1-heavy oil 374 C 0.5 ‘D 31.3 D 3.1'D
Steel heating furnace for Kerosene 17.4 C 0.9 D
hot working Gas oil 12.8 D ; 0.5 D
L.P.G. 30.6 D 18.8 D 1.5 D
L.N.G. 14.8 D
C.0.G. 38.7 D 0.3 ‘D !
No.3-heavy oil 76.1 D 72.9 D
No. 1-heavy oil 25.2 C 22.2 D. E 4.0 D
Emission factor(kg/Ton—charge) %2 )
Municipal incinerator Garbage 1.05C 0.06 D 5.29D U:3.59D
. Paper,wood, 0.48D
Incinerator plastic B
Industrial waste incinorator Waste' oil ’ 3.50D 5.93D 1.68D
Tho others | 18.2 C

#2dgxpressed as uncontrolied plants, *b) axprossed as NOz , ™) axprossed as CIL ., *®ranking scalo of cmission factor
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And as the definition introduced before, we could calcu-
late the emission factors from the ratio of the air pollu-
tants emissions and the level of human activities at the
same kind of air pollutants emission sources. Table 3
shows the example of the air pollutant emission factors at
the  stationary combustion .sources, ~according to. this
definition using the data obtained in our survey.in 1973 —
1976 that was developed as the project of Environment
Agency, Japanese Government.

And the author adopted the nitrogen oxide emission
factors shown in:Table 3, for the design of the nitrogen
oxides dispersion model in Kanagawa Prefecture 1977 —
1980 introduced before'® .

the author used the nitrogen oxides emission factors from

In this design of the model,

automobiles, vessels and combustion equipments in

residential heating obtained in other our projects.

6. The environmental management technology and

esources

We have to consider abuout the resources, when we
design the environmental management plan for air pol-
lution abatement.

As introduced before, in 1977 it was estimated that
about 370 x 10% ton’s sulfur were brought into Japan
with imported crude oil. Therefore, Japanese people
experienced violent air pollution problems due to sulfur
dioxide. And the countermeasures adopting the desulfuri-
zation equipments to the flue gas from many factories for
this air pollution has been done.

Limestone is main resources in Japan. Japanese facto-
ries has adopted the limestone — gypsum method'” for
the desulfurization for flue gas.

The chemical processes of limestone — gypsum method
are the flue gas scrubing by the milk of lime, blowing the
air into the formed CaSO; solution and oxidation it to
CaSO,. The main chemical reactions in this desulfuriza-
tion processes are shown chemical equétion 4) and (5).

Ca(OH), +S0, =CaS0; +H,0 @)
2CaS0; + 0, = 2CaS0Oy4 )

Formed CaSOy4 in equation (5) is crystallized with two
molecule crystal water in this desulfurization process.

And formed CaSO, 2H 20 crystals are very stable in the

environment. Furthermore, this crystals have two type ‘
crystal forms, namely a needle type and plate one. And

only -plate. type CaSO; 2H,O crystal:is useful as the
material - of plaster .and - the: cement congealment time
control mixture.

-So, at the oxidation reaction expressed equation (3) in
the ‘desulfurization .equipment, we have: to prepare the
chemical condition to form the plate type crystal.  And
we have used this formed CaSO, 2H, O crystal for the
material: of plaster and the cement congealment time
control mixture. . :

CaSO4 2H> O crystal is called as gypsum. And gypsum
is very stable material in the environment. This fact has
been told by the Pyramid constructed from gypsum and
stone during ‘about 4000 years. So limeston — gypsum
method with the oxidation reaction expressed equation
(8) is very useful for the environmental protection due
to sulfur dioxide pollution. in atmosphere. From such
technical fact, the author will assert that the resources
problems have to be noticed for environmental manage-
ment. As explained before, for the design of the environ-
mental management plan we need the knowledges not
only the state of environment, but also production
technologies and resources.

Technology of the saving energy is noticed to conserve
the environment.

And the using waste heat from many kinds of the fac-
tories is judged useful countermeasure for energy saving
and abatement of environmental pollution.

Fig. 7 shows the calculated values of the nitrogen oxides
control effects using the waste heat of power plant for
area heating in Kanagawa Prefecture by the dispersion

)

model explained before'® . From Fig. 7, we can judge

the effects of using the waste heat to environmental con-

i NOzconcentration(ppb)

state of 1974

case of using waste heat of power plant

Fig. 7 NOx control effect by using waste heat
. of power plant for areal heating
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servation; and efficient use of the dispersion model.
And the author thinks that carrying out such calculation

is first step to design the environmen‘talgmanagement.blan ',

for air pollution control.

The author described this paper ‘based on the authé_r”sy’v

lecture on “Environmental Management Plan” to the

JICA-counterpart training for study on .the Avir_Qu‘allity‘ :

Management Planning for Samud Prakan IndlyxstriAalyDis-’

trict in Kingdom Thailand, held on 6th Sep. 1989.
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