523

(1)

2)

€}

Air Pollutant Emission Factors

Classification of Roads

In. calculating air pollutahl concentrations due to motor vchicles by
dispersion simulation, main roads, namely roads with heavy traffics, hence
emits much pollﬁtams, arc treated as unique sources .(linc sources) and
narrower roads . with less heavy traffics, hence do not emit so much

poliutants are grouped into area sources. The main roads are shown in

Fig.5.2.4.

Classification of Motor Vehicles

Motor vehicles were classified into 3 groups, namely, automobiles, buses
and camiones shown in Table 5.2.2. As to fuels used, automobiles and small

buses use gasoline, buses and trucks use both gasoline and light oil (diese]
oil).

Table 5.2.2 Classification of Motor Vehicles

“Vehicle Type Fuel

Autonmobiles | Passenger.: | 4-cylinder

car 6- and 8-cylinder
Jeep - 3,008 ce
1,001 ce - Gasoline

Light truck ] - 3,800 ce

3,001 ce -
Microbus - 3,000 ec”
3,001 ce. -
Buses Small bus Gasoline
Bus - - . Gasoline
Diesel
Trueks Truck - 8,000 ce Gasoline
Dump truck |- - - - =~~~ - - - - - -
Trailer 8,001 cc . Diesel

Source: 73031,5032

Classification of Roads by Average Driving Speed

In general, pollutant emission rates from motor vechicles are closély related
to their averége driving speed. This time the study area was divided into 2
zones: cenfral zone with heavy (raffics and surroimding zone with rather
less traffics. In Fig. 5.2.4 the central zone is the area inside of the thick-

line roads.
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Weekly and  hourly - average driving speed paiterns  of main roads and
narrower roads in the 2 zones were set for automobiles, buses and trucks
based on the driving conditions survey. Weekly péitcrns' include weekday,
.Salurday and Sunday patterns. The driving speed patterns are shown in

Table 5.2.3 and Tabic 5.2.4.
Table 5.2.3 Driving Mode of the Main Roads (Average Speed)

{1} ¥eekday
Wnit kn/h)

T;me.Zone .
Zone Yehicleé Type | 07-09 | 08-16 | 16-18. | 18-20 | 20-07
Central Zone | Automobiles | 20(15) | 30(28) | 2018) | 30z5) | 30(28).
Buses i 1% TR 20 a0
Trucks 20015 | 30028) | 20¢15) | 3025 | 3028)
Surrouﬁding Automohiles 25 _30 30 25 30
Zone Buses 20 25 20 25 30
Trucks 25 0 | 0 25 30

¥ole The values in the parenthe§is éré those applied io Avenida Caracas

{ihe dotted road in Fig.3.2.4).

"(2) Saturday and Sunday (Holiday)
(Unit:km/h

Time Zone
Zone | Venicle Type | 07-09 | 03-16 | 16-18| 18-07
Central Zone | Automobiles 30 | 40(45) 30 | 40¢45)
Buses 20 | 30C40) | 20 | 40(45)
" Trucks ' 30 | 4005 | 30 | 40(a®
Surrounding _Au;omobiles
Zone. Buses : 45(30)
Trueks

Note The values in the parenthesis are the values for Seunday.
In cases where the valves on Saturday and Sunday are same

they were omitted.
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Table 5.2.4 Driving Mode of the Narrower Roads (Average Specd)

(1) Yeckday

‘(Onit:kn/h)

Tine Zone
Zone Vehiclo Type | 07-08 | 09-16 | 16-18 | 18-20 | 20-07
Central Zone| Autoanbiles 20 - 30 20 30 a0
Buses 10 15 10 20 l30
Tracks | 20 | 30 |20 |30 | 30
Surrounding | Automobiles 25 | 30 | 30 | 25 | 20
Tone - Buses 20 25 20 25 30
Trucks - 25 30 20 25 30

(2) Saturday and Sunday CHoliday)

(Unit:kn/h)

Time Zone

Zone . .Vchicle Type | 07-09.} 09-16. 16-18 | 18-07
Central Zone | Automobiles 20(25) 25(30) 20(25) | 30(35)
Buses 10Q15) | 15¢20) | 10(15) | 30(35)
Trucks | 2eCzs) { 25(30) | 20025) | 30035
Surrounding Automobiles .
Zone . Buses . 30357
frucks

Note The valuss ia the pareathesis are the values for Sunday,

(4) Emission Factors

Emission factors for HC, CO, SOx and NOx (as NO;3) were set based on existing
data in the U.S., Mexico and =Ja.pan.' The emission factors for motor vehicles
by vehicle type arc shown in Tablé 5.2.5. Using the fraction of automobiles
and buses (Table 5.,2.6) average emission rates for automobiles, buses and

trucks (Table 5.2.7) were calcuialéd.
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Table 5.2.5 Emission Rates. for Motor Vehicles

( Unit: g/kn )

. Average Speed(km/h_)

Vehicle Item 10 15 20.| 25 30 35 10 15 50
Passenger G seal 430 .40 2090 258 235 218 203 .88
car €0 63.50] 49.36| 40.18| 35.44| 32.27| 30.06| 28.16| 25.94| 24.38
N0 L] nor| cfer]| woz|ones| nas| 25| 1.3 1.42

50x o.12] o.a2) oe.12] earf e.ui| o.te] 03| o] 0.8

Jeep He 78| 553 4.38| 873 s soz| 2.80) 261 2.4
w0 . | 76.59| 55.48 15.15 | 39.81| 36.25] 33.77| 3164 20.45| 20.37

wox . | 1.25] 110} 1.08| 1.06[ 1.EP] 1.18] 1:29( 1.38] 1.48

S0x o4l o.rs| 0.1zl oar| ooref oo} o.10| o09| o0.08

Light e s.65| 6.06| 4.79] 408 361 329 304} 282 2.61
truck co Lrozst] 7570 5985 s2.68] a7.98] 44.58) a1.64] 236.25| 35.88
§Ox T is) vl tes! ovsel el et owe| wn|ois

| " _

sox | ez 20| 0s o.18| 0.17] o.16} o.15| 0.14| 0.13

¥icrobus e rg_;ira 5.43| 4.28 2 o6| 2.25| 2.97] 274] vss| 2.a
co 71 08) 5131 41.79] 36.86] 23.57| sr.26| 29.29] 26.98 25.34

M0x pee| voes{ ozl res| voesl vzt orarl L3} 14

S0 oz ozl oaz| eur| 01| o.ro| o.08f o0.09[ 0.08

| Snall bus e 1466 10.22| 8.06| 6.83| 6.02] 549 5.02| 4.61| 4.28
O 168, 32 11.19.17 95.08 34.15 16.71 'f_ﬂ.'iﬁ 55,54 60,33 55.86

§0x 209| 1.87] vsi| 1sr| 188 zas| 233 250 2.66

~ S0x 0.37| ©0.31] 0.28} 0.25| o0.25fp -0.24| 0.23) 0.23| 0.22

Buse fe 19,60 15.26| 12.08| 8.71] 7.9 6.62] 5.57| 4.7 4.17
o |91t | 29408 ) 233.48 189.74 | 157,54 [ 132.87 | 115.35 | 102.19| 9197
NOx 629| 5.90] 5.57] 5.35| 5.19| 5.08| 4.38| 4.99 5.00

S0x 140 t.18| 1.o7{ 1.01] o.e8] 0.3 o.91f 0.89 o8

Trucks ne s 1.8 19| esy|o9.79) ss3) 852 4700 408
€0 356,21} 276.90 | 219,42 |*178.32 | 148.16 | 124.90 | 108.43] 96.05 | 86.44

K 7] s01| 6.47] 6.6] 5.92] 5.6 S5.62 5.61( 5.5

S0 Lez| 18] nes| tas|o 1| nes] ror| ros| 103
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Table 5.2.6

Small bus

Source: #6022

Fraction of Automobiles and
Vehicle Type Ratio
Automobiles | Passenger car | 0.717
Jeep 0.11%
.Lighl truck G.159
Microbus 0.605
Buses Bes 0.626
0.374

Buscs

Average Emission Rates for Motor Vehicles

Table 5.2.7
| € Unit: g/kn )
* Average Speed(kn/h)

Vehicle iten 10 15 20 25 30 | 35 10 45 50
Autonmobiles ne 6.75 4.73 - 3.74 319 2.83| 2.58 2.38 2.23 2,06
o .fl.as 53.97{ 43.91) 38.71| 35.25) 32.82| 30.72| 28.28| 26.55
¥0x i.zs_ Liz) 106} 1.07) 1.3} L21| 131 1.40) 1.49
S0x 0.4} o0.13] 0.13| 0.1z “e:lz{ o.11f oo 6.30| 0.09
Buses te 17.75 | 13.38| 10.38 8.83| 7.22{ 6.20] 5.38[ 4.69) 4.20
€0 300.29 220.04 | '182.09 150.25 | 127.37 [ 109.64 | 96.72| 86.53} 78.46
KOx 4:72] 4.39| 4.18) 4.05) 3.89| 3.93| 3.99| 4.06| 4.12
S0x 0.68| 0.50| 0.5 0.50| 0.48| 0.47] 0.46| 0.45| 0.45
Trucks e 18.98 | 14.83) an.79| 951 7.79| 6.53) 5.52| 470 4.16
o 356.20 | 276.90 | 219.42 | 178.32 | 148.16 | 124.90 108.43 | 96.05 | 86.44
Rox 7.44°( 6.9t '6.47| 6.16| 5.92) 5.76| 5.62| 5.6l 5.58
" SOx 112 ©.97( 0.89| 0.84 0.81 03| o8| 0.76] 0.75
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5.2,4 Quantity of Air Pollutant Emission

(1)

Based on the traffic vclumc and emission factors, driving kilos and

quantity of air pollutant em:ssmns were estimated.
Driving Kilos by Vehicle Type

The annual driving kilos by vehicle type and zone type arc shown, m Table
52.8. The total annual volume of driving is 5, 191 X 108 km and that of
automobiles accounted for 4,285 x 105 km (82.5%). The atinual driving kilos
by road type is shown in Ta'bie.5.2.9. In this table line source means main
roads and area source means narrower roads. '

Table 5.2.8 Annual air Pollmant "Emission from Motor Vehicles
' by Vehicle and Zone Type

Yenicle type Zone Yehicle Kilos HC 0 S$0x A0x
Traveled .
Autezobiles | Contrat zone 1; 138 a.423] 42.047 138 . 1.5;;—
Surrounding zane 3,101 5,816 | 107,100 138 {3904
Saatl tolal 4,285 12,438 | 149,237 136} 5038
Buses Central zone 18 25| an.110 130 | 185
Surrounding zose 138 3,817 63.313 325 |1.839
Sasll total §41 5,781 100, 845 415 2.3”
Tracks " Central zone ) : 38 9 | §.055 I 128
Surroundingr zond 21 : l.10§ 32.595 34 | 1,389
Sealt Lotal s | orons| asest] 28 |11
Grand total Nt 19,845 [ 298433} 1.289 | 8,350
Ugil FET: 10’unii-iu!veaf

HC. €0. ¥0x. §0x: tonfyear

Table 52.0  Annual Air Pollutant Emission from Motor Vehicles
o by ‘Road and Zone Type

Source . Lone Yohicle Kiips HC . <o 50x N0x

. TraJEIed ]
Line | Central zone © L1280 3448 73,356 208 | 2173
Sou}runding zone |’ ..3;132 11.181 | 181,943 743 | 5.387
Saall total §.412 16,629 | 240,511 049 7,162
trea | Ceatral zone 99 98| 6,706 w| an.
Surroundinag zone | 6a0 2:758 | 41,216 194 ] 1,313
Saail total - s | s.218 7,922 | 229 1.488
Graad lotal 3.890 [ 19,845 [ 288,433 | 1,269]9,230

lait V.KE.T: 10%unit-ka/year

HC, €0, S0x.¥0x: ton/year
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(2) Fuel Consumption by Vehicle Type

The annual fucl consumption by vchicle type and zone type is shown in
Table 5.2.10. The total annual consumptions of gasolinc and light oil were
634.5 x 103 k/ and 55.6 x 103 k{ respectively.

Table 5.2.10 Annual Fuel Consumption by Motor Vehicle type
' ' (Unit:lﬂékﬂ/yeér).

Type Zone ~ Gasoline| ACPM
Automobiles | Central zome 124.6
| Surrounding zone' . 288.0
Small total RTINS

ﬁuses. Cenl;al zone C. 58,8 10,8

Surrounding zone 103.1. 20;4

Smatl total 1611 3.3

Trucks Central zone _ 10.4 4.1

Surrounding zone - 50.47 . 20.2

Small total 60.5 | 24.3

Total | 634.5 55.5

(3) Quaniity of Air Pollutant Emission

The annual® pollutant emissions by vehicle type and by zone type are shown
in Table 5.2.8. The total annual emissions of HC, CO, SOx and NOx were 19,845
tons, 289,433 tohs,;_ 1,269 tons énd 0,250 tons respectively. . The annual
pollutant emissions by road typc are shown in Table 5.2.9. Air pollutant
cmission ratios by .vehiclé‘type are shown in Table 5.2.11. As _can. be seen
from this table, with HC,_CO and NOx, automobiles accounted for the greater

part of their total emissions.

Table 5.2.11 Air Pollutant Emission Ratio by Vehicle Type

(brit:
Vehicle Type He o | sox | Mo
* Autonmobiles 60.7 | 517 | 39.1 | 54.5°
Buses 29.1 34.9 | 37.4 | 28.6
Trucks - 10,2 13.4 | 23.5 | 6.9
Total 100.0 | 100.0 | 100.0 | 106.0
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53 Aircraft
5.3.1 Number of Takecoff and Landing -

El Dorado airport (El Dorado Relaciones Aeropuerto) is located. in the west of
Bogota City and receives both domestic and international flights.  Table
5.3.1 shows _zmhua] number of takeoff and landing by jet airplancs,

calculated out of the airport - schedule.

Table 5.3.1 Anmial' Number of Takeoff and Landing by Aircraft Type

Small-=sized Medium-sized Large-sized
Aircraft “Type pcs| B707{ 8757| DC9| B727| B767| DCI0| B747] AB3| Total
MNwmber of engings 4 4 2 2 31 2 3 41 20 -
International 104 886 S| a7y isel 287| 939) 365| 4,484
Domestic . 1,251 1,005 574|3,780/22;500 - - 129,200
Total 1,355{ 1,981| 574|3,780[24.247 156 287| 939 365| 33,684

5.3.2 Exhaust Emission Factor

SOx and NOx are mﬁjor air.'pollulants contained in exhaust fume from
aircrafts,  Both exhaust emission factor and amount of fuel consumption -
were calculated from data in No.8005 and were determined by type of
aircraft "and navigation mode. . Results arc shown in Table 53.2. In
calculating amount of SOx emitted by aircrafts, amount of sulphur
contained in jet fuel was defined as 0.05% (wi%), according to reference
No.8005. |

A simulation of navigation mode is shown in Fig. 5.3.1.

The amount of air pollutants emitted both modes of approach and climb was

calculated 'up o 500 m above ground.

-. }38 h . |




Table 5.3.2 Nox Emission Facter and Fucl Consumption Classificd by Planc I‘ypc
Unit : g/s number of engnncs

Model of Flight
Ttems Idling | Take-off | Ascent | APPToach| - Aircraft Type
. (Landing |
S NOx. 0.21 | 144 | 9.40 2.44 |DC8, B707, B757
Fuel _consumption 153 | 1,200 975 450 |
NOx ‘| 0.085 | 3.50 | 3.50 0.81 -| DCY, B727,B767
Fuel consumption 115 755 1 :755. {1_65
NOx 0.83 | 941 | 526 6.51 |DC10, B747,AR3
Fuel co:;sumbiton- 220 | 2,650 1,730 640 '
Cycle time (min). 20 2 0.4 | 25 -
S ' ! Taxing/ldling FParking
Sy S Enginc Power 5% W ““““

)
(15 min.) {
|
|

’ W fa“t‘; ﬂ\\\'\ )
A
coﬁ P
“2 "l\‘ 00 ™

Lo TaLcaf[
7 E.ngme Power IUO“’ C

(1 min.)

______::______
g2
[ T =]
il
\a
%
_ A
X |
A
2
2l

Cruising

. Oa
ﬂfqr Py h Svecd Tnmghdlmg
Fro "e,3 Adjusuncnl Engine Pawer 5%

{4 10 5 min.}

Note: * For D.C-S and B727, engine power for approach is 40%.

Fig. 5.3.1 Airplane Navigation Mode
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5.3.3 Amount of Air Pollutant Emitted

The calculation results on amount of air pollutants emitied from aircraft

are shown in Table 5.‘3.3. Annual 'émount of total SOx emissidn was 29.0

tonnes, while the cquivalent of NOx cmission was 114.0 tonncs.

~Table 5.3.3  Quantity of Pollutant Emission from Aircart .
B . ' Unit:  tonfyear
- Model. of Flight | ;
ftems Idling Take-off | Ascent Appro‘ach Total
= : . -t /Landing | . -
SOx 15.1 5.6 2.0 6.4 29.0
NOx 17.2 59.6° | 16.8 20.3 114.0
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5.4

(H

2)

Domestic Source

In Santa Fe de Bogota City, the main energy sources for cooking and hot
water supply arc clectricity, kerosene and propane .gas. But there is little
information on the energy consumption by the houscholds therc. So this
study the po:lfﬁtant e'm‘issions_ from domestic sources were estimated

tentatively based on Japanese data.
‘Fuel Consumption

In 1990 the population of Santa Fe de Bogota City was approximately 4.90
million (#1021 and #1004). If an average family consists of 5 persons,

‘there are. 980,000 hous.eh'olds there. If 50%, 20% and 30% of the total

houscholds - use .cl_cctricity, kerosene and propanc gas respectively (#7009),

190,000 households use cocinol and 294,000 houscholds use propane gas. In
“Japan a h_oﬁséhbld consume 3.65 million kcal of town gas for cooking and

hot water shpply in a year.
The ' characteristics of cocinol and propane . gas is shown in Table 5.4.1.

Table"5'4.'1' Characteeristics of Kerosene and Propane Gas -

Fuel ‘Density - |  Calorific. Valug Sulfur Content
(g/mb). (kcal/kg) (%)
Kerosene = 0.92 11,900 4.07
'- Propane gas 0.54 16,560 -

The energy of 3 65 million kcal corresponds to 306.7 kg of kerosene and
2204kg of propane gas. Based on thc Japanese data, the households usc

'60 113 tons (65,340 ki) of kerosene and 64,798 tons (119, 996 kl) of propane

gas in a year in Santafe de Bogota City.

_Emission Faciors

The emlssmn factors for kcrosene and propanc gas .were set as shown in
Table 5 4.2 (EPA #4016) '
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Table 5.4.2 Emission Factor for Kerosene and Propanc Gas

(Unit: _kg/103D)

Fuel Emission . Factor
Dust - NOx
Kerosene 12 1.5
Propane gas 0.223 : 1.3 -

(3) Quantity of Air Pollutant Emi.ssion

With the fuel consumptions, sulfur contents and emission; factors above,
the annual guantitics of dust, SOx and Nox ¢missions from domestic sources
~were 105 tons, 84 tons and 254 tons ‘respectively (Table 5.4.3).

Table 5.4.3 :Air‘Poll'utant Emission froni_ Dom_é_stic Sburccs

Unit: - tonfyear)

Fuel Dust SOx . - | NOx
Kerosene 78.4 i 842 980 -
Propanc gas 264 . | - 156.0
Total , 1048 | 842 254.0
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5.5

(1)

@

Summary for Quantity of Air Pollutant Emission

Pollutant Emission Quami!y by Source

The pol'li:ta'n'l emission quantity by source is shown in Table 5.5.1.

Although the quantiiy of pollulaﬁt ‘emissions shown in this table is used in
the air quality simulation, il does not represent the -total emission in the
study area .as: stated at the beginning of this chapter. Dust cmission
quantity was calculated “solely for stationary - sources and the emission: from
f’m{ones amounts to 2,198 tons/year. ‘CO emission was calculated solely for
motor ‘vehicles and. amounts to 288 433 tons/year " The SOx emission was.
pnmarlly from f'tclortcs at 6504 tons/year (83. 4%) of tﬁc total .7802
tonsfycar, 'I‘he NOx emission was . primarily from motor vehicles at 9250

tons/year (83 ’f%) of lhc toial 11 (}52 mns/ycar

Table 5.5.1 Air Poliutant_Emission_ by Source

(Oait:ton/year)

Classilication | Souree ~ | Dust|.'sex | ox | co He
- Stationary _F;ctorieé and 2,i081 6,504] 1.688 :
Source.s. . _ . 'E's'tab'lishmer':ts ' E _ : '
Wobile .| MotorVehicles - 1,269 | 8,250 285,433 18,845
Sources _ CAiréraft : - - . 29 ild
Total | 2198 7,802 11.052| 288.433) 19,845

Regional Distribution of Pollutant Emission

Regional distributions of thé_ total cini.ssions of SOx, CO, NOx and Dust arc -

‘shown in Fig. 5.5.1 - 5.5.4 respectively. -

Because the factories ~are mainly located at the ceniral part of the study

area and the (raffic volumés are also highly concenirated there, the

central part - accounts’ for the grcatcr part of the tolal emission of ecach

polluzan!
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CHAPTER 6 ANALYSIS OF AIR POLLUTION STRUCTURE
BY AIR DISPERSION SIMULATION MODEL









CHAPTER 6. ANALYSIS OF AIR POLLUTION STRUCTURE BY AIR DISPERSION
' SIMULATION MODEL, '

6.1 Outline of Air Dispersion Simulation Model

6.1.1 Air Dispersion Simulation Model. Preparation Procedure

Modeling was made with information pertinent to emitting condition

obtained from analysis of airpollutant sources, and the air dispersion

field obtained from analysis of meteorological condition and environment
called the

concentration.  The dispersion simulation model (hereinafier

"dispersion model") representing the current air pollution state was

prepared according to the procedure shown in Fig. 6.1.1.

Pollutant source data
Factories

Yateorclogical data
Surface wind

Aiv qualicy data
Ashient concen-

Autoaabiles Upper wind tration of
Air crafts Ateospheric stability pallutants
Settingv(i;!_zuueﬂ"- r
Air pollution sievlation
B9l | e S,
. ™y
Yodeling polklutant
souTces Settipg the seteoro-
Point area line logical biocks
SOUrces:
time-zonal eaission

]

Yodeling neteorologicaf'

Effective stack

beight sodel conditioons
Factaries vind direction/speed
autozobiles. atnospheric stability

aircraft('indylcaln)

[Dispersion equatioss Sertiag cosditions of
Point, lipe. area e— dispersion
sources{vindy/cain) Biffusion paraaeters

| Yearly tize-zonal
average concentration
of 50;. A0x, and CO

]

E:r;g;m:;;“v\:{u Ravieving the dispersion
¢ . ) condition and

. and [0 pollutant scurces

Conpletion of mode
calibration

Estisation of
hackground
coacentration

Preparation of

lgng-term average
concentration saps

Fig. 6.1.1 General Process of Air Quality Simulation
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6.1.2

Scope of the Dispersion Model
This dispersion model covers the following matters:

a.  Air polluiants concerned
Sulfur dioxide (SO,), Nitrogen oxide (NOx),
Nitrogen dioxide (NQ,), Carbon monoxide (CO)

b. Averaging time of concentration _ _
Taking into consideration  the accuracy of the data on the air
. pollutant -sources and mecteorology, the predictable ambient air
quality should be a long-term avcfage concentration. So the 6-
month average concentiration was estimated to evaluale the . ambient

air quality.

¢. Source concerned

‘Factories, motor vehicles, aircraft
d. Model evaluation points

Air quality monitoring stations (5)
e. Period

November 23, 1990 - June 10, 1991

f. Area covered by prediction

Area around Santafe de Bogota City as shown in Fig, 6.1.2

Setting the Period and Time Zone

Though there are dry and rainy scasons, the metrological conditions of

the Santafe de Bogota arca has less fluctuation in the air temperature

‘throughout the year. Factors to cause fluctuation of the source activity

by heating are also considered limited.

Since the actual measurement data of meteorology and environmental
concentration available currently are only for less than one year, the

period shown below was chosen for this survey.

Table 6.1.1 Classification of Time Zone

Morning 6~ 10 0'Clock 5 ‘hours
Afternoon - 11~ 16 0'Clock 6 hours
Evening 17~23" 0'Clock 7 hours
Midnight 24~ 5 G'Clock 6 hours)
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6.1.4

Period concerned: November 23, 1990 - Junc 10, 1991

The time zone was set as shown in Table 6.1,1, with reference made 1o
hourly changes in the NOx -environmental concentration (which is said 10
be affected to a relatively large extent by fluctuation of ihe meteorology

and sourccs) and the hourly change in the automobile traffic volume.
Modeling of Pollutant Sources

To handle the sources on the dispersion model, source modeling was made
while taking their configuration and scale into account. Basically, the
sources (stack, road, etc.) with large air pollutant emission amount were
modeled individually. ° Sources which are large in quantily, but

individually less in the emission amount were collectively modcled.

Sources concerned include factories, automobiles (trunk road, allcys) and

airplanes leaving and arriving at E1 Dorado Airpori.

Tabiec 6.1.2  Form of Polluiant’ Sources

6.1.5

(1

Type of N Item Form of Source | Number of 'Sources
Pollutant sources
Stationary Source | Factories Point Source 361
Motor Major Roads Line Source - 422
Mobile Source vehicles | Narrower Roads Area Source 425
Idling/Takeoff Arca Source L 6
Aireraft | Climb, Approach/| poing Source: 474
Landing .

Meteorological Modeling
Setting A Meteorological Block in the Horizontal Dircction

Since Santafe de Bogota City is wide (about 25 km form east to west and
about 35 km from norith 'to south), the meleoroiogical ~appearance
condition is considered to vary from one region to anbther. _Accord'ingly,
the arca was divided into 3 blocks as sfmwh in- Fig. 6.1.3 in view of
topographical state and source distribution state. Meteorological
observation data of each observalion point were  applied as .rcpresentative

meteorological data to cach block.
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(2)

Meteorological Classification in the Vertical Direction

Generally, the wind speed tends to increase as the height from the ground

surface rises.

To reflect this trend, the source emission height on the

dispersion model was divided into three in a vertical direction as shown

in Table 6.1.3 and the representative meteorological data were applicd to

cach field.

The observation data of wind speed were used as they are for the lower

field while the wind speed was compensated by using the power index P

shown in Table 6.1.4 according to the emission height of sources and

applied to surface and upper fields respectively.

‘Table 6.1.3

Poliutant Sources

Vertical Division of Dispersion Field and Corresponding.

Category of Dispersion Ficld

Pollutant Sources

Surface Field

Motor Vehicles

Lower Fields

~ Factories (Stack Height ho £

30m)
Aircrafi (Id_linngakeoff)

' Upper Field

Faclories (Stack Height ho > 30m)
Aircraft (Climb, Approach/Landing)

Tablc 6.1.4 Number of P by Atmospheric Stability

A B C D E

Pasquili's Atmospheric Stability
d | B

25

.10 6.15]0.20] 0.25] 0.

(3)

Wind speed estimation formula : U: = Us (Z/Z:)°

Uz: Estimated wind
Us:
Z: Height' of wind
Zs;

Modeling of Meteorological Daia

~speed  (m/s)

Wind spccd on the ground (m/s)

speed to be estimated (m)

Surface wind observation height (m)

Mcteorological observation data are modeled through classification as

follows:

« Wind direction :
» Wind speed
o Air

stability : 11 calsses of

i6 direction and calm (8 5 0.4 m/fs)

© 8 classes of wind speed as shown in Table 6.1.5

stability catégories [A (unstalbe) ~

D (neutral} ~ G (stable}]
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Table 6.1.5 Wind Speed Classification

Class 1] 2 3] 4] s o] 1] 8
 Wind speed | 0.4 | 0.5] 2.0| 3.0| 4.0{ 6.0] 8.0} 10.0
classes(m/s) | or less § | i § j j or more
1.9} 2.91 3.9 5.9 1.9 9.9

Wind 'speed 0 | Average wind speed'o'f each class

used (m/s)

Effective Stack Height Calculation Equation

As there was mno particularly large scale facility in the area, thc CONCAWE
equation (when it was windy) and the Brigges cquation (when it was
calm) was used to predict the rising -height of the exhaust gas from a

plant stack..

For pollutant sources other than plants, the sctting as shown in Table

6.1.6 was used in view of individual cmission characteristics.

For climbing, approaching/landing of airplanes, point sources were
arranged along the route and their height was used as the cmission

height.’

- CONCAWE Equalion

A H=0175 QHlIZ.uJM

- Briggs Equation

At =14Qy

-(d6/dz) %

AH: The rise. of the plumc above the stack (m)
Qy: Heat emission due to efflux of stack gases (cal/s)
:.p.'Q"Cp'AT '
p:  Density of emitted gases at 0°C (= 1.293 x 103 g/m3)
Q: Emission rale of gaseous cfl‘lucm‘(:Nm:*/s)
Cp: Specific heat at conslanl pressure (0.24 cal/°k.g)
AT : Difference between the temperature of emitted gas {Tg)
‘and that of atmosphere (15°C) (°C)
u : Wind speed at the top of stack (m/s)
dO/dz:Veriicél ﬁoten[i'al temperatﬁr’e 'gradienl of atmosphere (°C/m)

(to be set at 0.003 for daytime and 0.010 for nighttime)
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- 6.1.7

Table 6.1.6  Effective Stack Height Model

[ Poliutant Source Windy Calm
Automobiles 5 m T m
Airplanes 10 me - | 15 m

Air Dispersion Equation

When it was windy, the equation obtained by improving the plume
equation so that the concentration distribution in the Y direction became
uniform within onc¢ orientation ' (2r/16)(Holland, 1953) was used to predict
ihe long-term average concentration. A method of integration within
the size (1 km % 1 km) was used for the area source and a ‘method of
integration within the range of the length (finité length) for the linc

source.

When it was calm, an equation based on a simplificd puff cquation was

used.

The plume equation and the Holland equation deduced from the former

are shown below.

Table 6.1.7 Application of Dispersion Equation

Wind Condition _ '
. Windy : ' Calm

Form of Source
Point source Plume equation_ . . Simplified puff equation
. Area-source simplified puff
Area source Area-source plume equation .
. equation o :
Line source Line-source plﬁme cquation Lme-s.ource simplified - puff
equation
Plumec cqﬁation.' (original)
7 : 2 2
' (z-He) (z+he)
C{x,v,2) = ——ex -X———-' ex - )+exp (-
y Fraror D X0 C po ) lexp (- 5 dvexn (- 505

¢ : concentration of a pollutant (m3/m3)'

x : downwind distance from the source (m)
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6.1.8

. Q
Cix, z2) = ————— J[exp(-

y : horizontal distance perpendicular 1o the x asix (m)
:hcighl of the point from the grdund where the concentration
is to be computed (m)

Q : pollutant emission rate (m3/s) _

oy : horizontal dispersion parameter evaluated in terms of
‘downwind distance x (m) :

o, : vertical dispersion parameter cvaluated in terms of downwind
distance x {m}

U : wind speed (m/s)

He : effective stack height (m

tamd A :
hrpothetleal point source ___:/._-,‘

LT

Coordinate System for Plume Equation

- When the long-term average concentration is considered, an integrated

form of the aove equation proposcd by Holland (1953) as given below may

be used.

. (z+he) 2

(z-He)’
26:°

VZn g x ol oz®

)+ exp ( J}

Seiling the Dispersion Parameters

The condition of atmospheric dispersion field is said to vary depending on
the time zone (daytime, night time), In view of such characteristic of the
dispersion field, 'dispersionr parameters were adjusted so thal the ‘measured
value of c_nvironm_en_la'l_conce'ntratio_n agrééd_ better with the calculated
value, As a resﬁ]t, the'dis'p'ersi'on paramcters were sel as shown in Table

6.1.8 in co;‘r_cspondenceétq the atmospheric stability that was classified

‘using meteorological observation data. For calculation, the Pasquill-

Gifford chart shown in Fig. 6.1.4 was used as dispersion parameter.

Note that according to the ~observation l'esults__ of the upper layer
meteorology, the appearance frequency of upper-layer inversion at a
height of 100m is so low at about 5% that the "Lid effect” (existence of an

inversion layer. disturbs dispersion of air pollutants to the upper Iayer)
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was ncglected.  But the appearance frequency of inversion near ground
is at 6%, which was taken into consideration in dispersion model by
setting the diffusion parameter for the morning and midnight morc

stable.

Table 6.1.8 AlmOSp.hel‘iC Slability Class to Obtain .I.)iffusi.on Paramester

Classified
Atmospheric Stahility| A { 48 | B |'BC | C [ O | D | D E F |6
Dispersion " l(pay- [(Might
Tine Zone Field A s 1 time)| time)
Sur face Alm|Bfic|lc|o|oa|Dp|DlE]|F
Horning. | Lower Aflm|B|Blc|o|o|bp|D]E]|E
lpper BC BC C ch b Cch [30)] b D E | E
Surface A Blrljc|o|ao|lo|dp|D]|D
Afterncon Lower A B BC c | o _CB ) CD D D D
‘Tpper Bl c|lc|eajaololold|p|Dp]|D
Surface A _AB B BC ;C‘ [k [#)] Ch D D D
Evening | Lower B B BCl c cp cp CD b | D D D
Upper . sc (el cleojo|ow|o|p|D|D]| D,
Surface 8 | Biciclolon p || F|a
¥idnight { Lower B B BC C CD b D E F{F
Upper “BC BC C CcB €D ¥ o] D D E E
1,000 - =
— ln /, L)
,// L4 i /41'.‘ H
7 T E!
A AT T
P . : H1] AL
100 =8 o
— / 3 /-_ » -1
& 1A F 110 —
= e T T
) [~ AL /i‘ =
A g |
WL
/[ 2
L) A o
e
2 -
v
Vv
\ B
500 1,000 0, 000 00, 000

x, DOWNWIND DISTANCE (m)

Fig. 6.1.4 Pasquill-Gifford Chart

- 157 -



6,1.9

Equation to Convert' from NOx to NO2

Conversion from the: NOxto NO:2 concentration was made with a statistic

model based on a relationship between individual measured values.

The regression analysis to the exponential function was made for NOxand
NO: averages ai ecach station for a period from November, 1990 to June,
1991 as shown in Table 6.1.9, leading to the regressive equation as shown

below. This cquation was used for conversion,

Fig. 6.1.5 shows the scatter diagrarﬁ of NO:zand Nox of actual values and the

regression cquation obtained from analysis.
(NO3) = 3.41 » (NOx) 0527

Table 6.1.9  Actual value of NO:and NO:
{ Period : Nov., '90~ Jun., '91 )

Ttem | A : Servicio|B : Labora- | € : Puente | D : Ei E : San Juan
.de Salud torio Aranda Tunal de Dios
NOX 64.0 30.0 51.3 28.56 1.1
(ppb) ' |

NO2 | 30.5 22.2 25.3 18.0 40,4
(pp'b) |

NO, (ppb)
" 60

sof —

401 . / N

| "?/g./a’ ]

oot o]
~

ol 7 . |

0 3o 4680 o oo izn 140 NOx (ppb)

Fig. 6.1.5 Scatter Diagram of Actual Value of NOxand NOz2
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6.2

Calculation Result of Dispcrsion Model

_Table 6.2.1 shows the average for the period for which calculation with

the dispersion was made as well as the contribution concentration by

-source.

Appropriateness of measured and cdlculated values is shown in Table 6.2.2

and summarized in two cases as described below:
Case 1: Eveluastion made at five measuring points

Case 2: Evaluation made at four points exglluding E. San Juan de¢ Dios
which was situated along the road and the plume equétion was
difficull to reproduce - the concentration when affecied by local

'meteorology due to wpcsgraphy or building.

Reproducibility of the concentration by means of the dispé’réioh model of
each pollutant was 0.8 or. more in- the correlation coefficient and 0.45 or
less in the coefficient of variation for Case 1. This was 0.8 or morc in the
correlation coefficient and 0.4 or less in the coefficient of variation for

Case 2.

Namely, the dispersion model was decided to be used for estimation of long
ierm averaged conceniration, because reproduéibility was roughly

satisfactory.

However, attention shall be paid when the CO concentration along the
road is estimated, because ihe CO estimated concentration of E. San Juan de
Dios which. is located along the road, had a tendency to underestimating

the actual concentration.

The method of computing for correlation and_co_efficie'm of variation, and
term of decision for reproducibility of dispersion model are shown in

Supporting Reporl.

Fig. 6.2.1 - 6.2.4 show the scatter diagram of measured and calulated

values.
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Table 6.2.1 Computed Concentration by Pollutant Source
' ; (Nov. '90 ~ Jun, 91}

Ftem Pollutant. Source | Total Factory Motor vehicles Adrcralt
Receplor Major Road [Narrower Road|
A. - Servicio de Salud 10.9 4.8 6.2 0.4 0.0
B. Laboratorio _ o124 8.1 3.9 0.4 0.0
$02 (ppb) | C. Puente Aranda 18.5 14.2 3.8 0.5 0.0
D. El Tunal 6.7 | 5.6 | 0.9 : 0.3 0.0
E. San Juan de Dios |. 15.8 59 9.5 0.5 0.0
A. Servicio de Salud |  $5.3 1.2 60.1 - 4.0 0.0
| B.. Laboraterio 45.7 2.3 39.4 4.0 0.1
NOx (ppb) 1c. “Puente Aranda 46.0 36 38.1 _ 41 | 0.1
D. El Tunal | 137 2.4 8.7 26 . 0.0
E. San Juam de Dios | 953 | . 1.9 89.1 4.3 0.0
A. Servicio de Salud 32.2
1B Iiélioratnrio_:_ 27.2.
NO2 (ppb) - | C. Puente Aranda 27.2 _ - -
|DBUTunal o ] 140 _
E. San Juan de Dios’ 381 . | - - - . ‘
A. Servicio de Salud |- 389 | - 3.38 0.20
B. Laboraloria : 2.49 - 2.05 0.21
C O (ppm) | C. Puente Aranda 209 | - 172 0.19 B
| B, El Tunal 0.57 - 0.40 0.12
E. . San Juan de Dios 4.99 - 4.41 0.22
Table 6.2.2 = Reproducibility of Simulation Model
{Nov.'90~ Jun.'91)
Number of Correlation | Coefficient | Back-
Item | Case | Regression Line Stations Coefficient | of Yariation | ground
' - for Evaluation : '
_ 1 Y=1.451%-3. 42" S 0. 826 0.373 2.39
S0z (ppb) |~ - | (ppk)
2 .| Y=1.130X-1.06 4 0. 883 0. 289 0.51
- (ppb) ' - . | (ppb)
1 Y=1. 060X-1. 38 b 0.921 0. 284 1. 84
NOx | - (ppb) . | Cppb)
2 | ¥=0.617X+14.6 4 ' 0. 806 0.379 -1.71
1. (ppb) - | _ . | Cppb)
i ¥=0, 983X-0. 68 o 0. 946 0.119 | -1.02
NG, : ppb) : - (ppb)
' 2| Y=0.722X+5. 46 4 0. 925 010 | -1.69
o Cpb) : 4 . (ppb)
R | Y=1.721X-0.73 - 5 ' 0.947 0.445 [ 1. 29
co __(ppm)- _ (ppm)
s 9| Y=1. 184%40: 21 4 - 0.949 0. 252 0. 63
(ppm) ' (ppm)
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RECEPTOR ACT. ' EST.

SERVICIO DE SALUD 7.98 10.%2
LABORATORIO 11.40 312,41
PUENTE ARANDA T 21.72 1B.e5
EL- TURAL 9.42  6.70
SAN. JUAN DE DIOS 25.72 15.82
CCACTY = -3.4619 % 1,451 = CCEST)
SAMPLE. = 5 ' R = 0.826
3 15 fs 4 35 1 . L — Yo

Estlmated {ppb)

Fig. 6.2.1 Scatter Diagrarﬁ of Actual and Estimated Values of SOz

Actunt ippb)

. 1[2.0.

P

140
=

100,

[14]

RECEPTOR ) Aets EST.

d A. SERVICLO DE SALUD 63.95 &5.27
B. LABDRATORIQ 29.96 45.73
C. PUENTE ARANDA 41.31  £5.97
B. EL TyHAL 28.80° 13.70
J E. SAN JUAM DE DIOS 111.13 95.26
COACTY = -T.3B2 4+ . 1.060 .+ CCEST)
_ SAMPLE = 5 A= 0.921
L {u 45 15 tan Lo L e foo—"00
. Eztimated {ppbl

Fig. 6.2.2 Scatier Diagram .of Actual and Estimated Values of NO, -
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Actual {pphl
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REcEPTOR KGT. ' €5T:
3 A. SERVICIO BE SALUD 30,50 32,19
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D. EL TUHAL Tav.98  16.19
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C(ACT) = ~U.483 + 0.988 + C(EST)
SAMPLE = 5 R = 0.948
.

g —d—— dv— 1o 41 to+ I 1 R |/ E— T
' Estimated{ppb)

Flg 6.2.3 Scatter Diagram of Actual and Estimated -Values of NO:

Actual (ppm)

o}

RECEPTOR ACT. EST.

of . SERVICIO DE SALUD 5.30 3.89
.- LABORATORIO 2.65 2.9

PUENTE ARARDA 2.26 2.09

EL TUMAL 1.33 0.57

SAN JUAMN PE DIOS 8.96 4,99

COACT) = 0.211 + 1,183 '+ C(EST)
SANPLE £ & R = 0.949
T A 1 3 g ¥ -4 —a

Estimﬂtéd{ppm)

Fig. 6.24 Scatter Diagram of Actual and Estimated Values of CO

Note: E. San Juan de Dios is excluded
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6.3

(1)

Analysis of Ailr Pollution Structure
Analysis of Pollutant Source Contribution by Air Simulation Model
Contribution Concentration by Air Pollution Sources

Using  the dispersion model described in the previous item, estimated
result of each air pollutant concentration at each monitoring stations and

maximum concentration point in the area is shown in Table 6.3.1.

Note that background ~concéntration is added to the contribution
concentration of each polintant sources, and summing up of them is the

estimated concéntration.

Concentration of pollutant source which is not ‘grasped yet, ‘concentration
by blowing back phenomenon of pollutants,f error of measurement and

conceniration in nature are included in the . background concentration.

In this investigalion difference between mcasured value and compllted:
value (shown in Table 6.2.2 as background) is set as background

concentration.

Though estimated concentration is averaged values of 6 months from
November, '90 to June, '91, comparing results of these concentrations to

the target concentrations are follows.

S O2 concentration at any computed points is less than the target

concentration (38.2ppb).

N Oz concentration at any computed points is also less than the target

concentration (53.2 ppb).

CO concentration at computed points excluding C. Puente Aranda and D. El

Tunal is more than the target concentration (3.6 ppm).
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Table 6.3.1 Computed Concentration (Nov., '90 ~ Jun, '91)

_ Items 50, NOx NO, - €O
Stations (ppb} (ppb) (ppb) {ppm)
A.Servicio de Salud 13.8 67.1 32.2 5.18
B.Laboratorio 14.8 | 47.6 27.2 3.78
C.Puente Aranda 20.8 47.8 27.2 3.38
D.El Tunal " 9.1 | 15.5 | 16.2 1.86
E.San Juan de Dios . | 18.2 97.1 38.8 6.28
Cmax Point | ' 32.3 108.8 40.4 6.96
Mesh Index - : | 2,15 | (16,14) | (16,14) | (16,14)

Contribution concentration by sources al each monitoring stations and

“maximum 'conccnlratibn-pdihl in the area is shown in Fi. 6.3.1. - Fig. 6.3.3.

Because of too small conceniration, contribution concentration of

aircraft is not included in the figure.
56,

The contribution ‘ratic of factories 1o the estimated value is 22% - 64%, and

the ‘contribution of motor vehicles o the estimated value is 5% - 50%.

The coniribution of factories takes greater part than the other sources at

estimated points excluding E. San Juan de Dios.

NO«

The coniribution ratio of motor vehicles to the estimated value is very

high at 71% - 96%.

Note that contribution of NO2 concentration by sources is not calculated,
because estimated concentration of NO2 was calculated by method . of

converting the total value of NOx.

CO

As the concerned source for estimating CO concentration is only motor
" vehicles,” they occupies all of contribution excluding background

concentration in all stations and the point with maximum concentration.
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(unit:pph)

50 Motor vehicles
Factories

40 Background

30

20

A.Servicio B.Labora- C, Puente D ElL E. San Juan Cmax Point
de Salud  torie Aranda  Tunal de Dies (12,15

Fig. 6.3.1 Contribution of Sources to SO:2 Concentration
{unit:ppb)
150 ;
[Z] Motor vehicles
_ . _ EA Factories
120 ' Background

90

60

30

0

A Servicio B.Labora- C.Puente D.El  E.San Juan Csax Point
de Salud  torio Aranda  Tunal  de Dios . (16, 14)

Fig. 6.3.2 Contribution of Sources io NOx Concentration
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(2)

®

(unit;ppm)

10

D Motor vehicles
[£] Background

oo

|| ]

A.Servicio B. Lnborﬁ— C.Puente D El E San Juan Ceax Point
de Salud “torio .  Aranda Tunal  de Dios (16, 14)

Fig 6.3.3  Contribution of Sources to CO Concentration

Estimation of plane - concentration distribution using the dispersion model
described in the previous item, the plane concentration distribution of

each air pollutant was estim:ated as follows.

Note that the estimated concentration is the average of about 6 months
from November, 1990 to June, 1991. The distribution of contribution

concentration by pollutant source is shown in Appendices.
SO

The result of estimation .of plane concentration distribution of SOz is

shown in Fig. 6.3.4. The concentration of 10 ppb or morec was distributed

'in an arca near to the city center, with the maximum concentration

being 32.3 ppb in the mesh index (12, 15).
NOx, NOz

The result of estimation of plane concentration distribution of NOx is
shown ‘in Fig. 6.3.5, with the conceniration of 60 ppb or more distributed
same and more to the cast of an area with high SOz concentration.  The

maximum concentration was 108.8 ppb in the mesh index (16, 14).

The result’ of estimation of plane -concentration distribution of NO:z is

shown ‘in Fig. 6.3.6, with the concentration distribution showing the
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trend similar to that of NOx. The maximum concentration was 40.4 ppb in
the mesh index (16,14). |
Co

The result of estimation of 'pla:ne' concentration distribution of CO is
~shown in Fig. 6.3.7, ‘'with "the concentration distribution showing . the
trend simil.ar :to_ghal of NOx. The maximum concentration was 7.0 ppm in
the mesh index (16, 14). '
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6.4

(1)

(2)

SPM Source Analysis according to the CMB Method '
Outline of the CMB Method

Generation of suspended particutate matter (SPM) can be traced back to
artificial sources ({faciories, motor vehicles) and natural sources. (soii,

etc.). As the numerical simulation method using a dispersion model is not

‘yet established, the SPM contribution ratio by source is mostly estimated

in accordance with the CMB method.  This survey has also used this

method. .For details of the CMB mcthod, refer to Supporting Report.
Data Used

Data used for analysis according to the CMB method necessary for this
approach include the percent component of heavy metal eclements in dust
emitted from various sources and that of heavy metal elements  in

suspended particulate matters in the atmospheric environment. In this

‘analysis, data on the percent component of heavy metal e¢lements of

sources and atmospheric environment, which were collected in the city

of Santafe de Bogota, were used.

“The percent component of heavy metal elements in SPM  of the

atmospheric environment was analyzed for 11 heavy mectal clements
using data sampled by means of the low volume air sampler at each
station every month during a period from November, 1990 to May, 1991,

The average valuec of this period was used as basic data.
The stations and hcavy metal clements analyzed are shown below:

Stations: A. Servicio de Salud, B. Laboratorio, C. Puenie Aranda,

D. El Tunal, E. San Jﬁan de Dios
Heavy metal elements concerned: Cd, Cr, Mn,I Fe, Zn, Cu, V, Ni, Co, Pb, Al

The metallic component concentration of SPM at cach station during a
period (used in the CMB method) is shown in Table 6.4.1.

Table 6.4.2_ shows the metallic element concentration of dust emitted from

the sources, which were' used in the CMB method.
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Table 6.4.1 Concentratiopn of Metallic Element in the Ambient Air

(Unit: ng/m3)

Station A B c D E
Ttems ' | - |

Cd 1.0 1.0 2.6 0.9 0.6
Cr | 16.1]  12.0 12.1 14.7 14.6
Mn 7.9 8.4 19.7 32.7] 16.6
Fe T530.0| 412.9| 568.6 | 848.6| 549.4
Zn 222.1 254.1] . 535.7 398.6| 345.7
" Cu 34.0 52.7 68.0 - 37.6 34.9
' 13.1 22.4 27.9 226.6 44.6
N |+ 53.1 34.6 88.4 59.3 85.9
Co- 12.7. 12. 4 10.7 - 5.3|  135.6
Pb 219.9| 207.3| 241.3 | 400.1| 401.4
Al 304.4 409. 1 350.6 | 1046.9| 597.9 |

Table 6.4.2 Conceniration of Metallic Element from Sources (Unit: %)

~ Sources | Soil | Coal D 0il ¢ |''Auto-® | Incine- ®| Steel®
Items : Boiler Boiler mobile rater w
Cd 0.000033 0.000t - 0.060007 0.0 0.0500 0.0252
Cr 0.06527 0.00452 -0.003.. 0.0 0.0850 0.316
Hn 0.0116 0.000832 | 0.031 0.0 0.0330 2.20
Fe 1.95 ' 1.04 t1.6 2.0 0.610 | 15,17
in 06.00706 0.00198 0.197 0.06 Z.60 5.15
Cu 0.00184. 1 0.00177 0.033 0. 0.360- ~{ 0.370
Y 0.00845 0.0241 1.136 0. 0.06270 0.0125
Ni 0.00112. 0.00551 0.319 -B. 0. : 0.290
Co . 0.000285( 0.00218. 0.087 0. 0.00210 0.00440
Pb 0.00466 | 0.00114 | 0.008 4.0 0. 0.
Al 4 .88 12.2 0.0007 Q. 0.420 0.999

Notice : (1) Measured Numbers-in Bogota City :

(2) Quoted Numbers from “ Atmospheric Environment, Vol.12 Pi1143 " _

(3) Quoted Numbers from “ Analysis and Simulation of Air Pollution by

SPH . ( supervised by Air Pollution Conirel Pivision of Japan
Environmental Agency ) " ' '
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(3) Analytical - Result

Estimation of the co_nt'ribu'lion of sources 1o SPM cohccntralion_ according

to the CMB mecthod may not necessarily prové reasonable in certain cascs

because numerical calculation is made according to the minimum square
method under various prerequisites.

In this survey, combination ‘of elements and the kind of sources was

reviewed thmugh trial - and error and the actual regional - state into

account. Table 6.4.3 shows cases for which approximately reasonable
results were obtained.
Tabie 6.4.3 Comribulion of Sources to SPM Concentration
Computed by the CMB Method
Unit : pg/m3 : Concentration
(%)

Sources | Total | Soil Coal 0il Motor | Incine- Steel | Un-
Stations Boiler | Boiler | Vehicles| rater Known
A.Servicio| 44,1 2.0 | 1.2 | 5.3 5.4 | 12.6 - 17.6

de Salud | (100.) | ( 4.5) | ( 2.7) '(12.0) (12.2) { (28.06) ' (39.9)}
B.Labora- | 56.9 5.2 0.9 1.9 5.2 i2.5 - 31.3

trio (100, } € 9.1) | (- 1.6) ] ( 3.3y ( 9.1)| (22.0) (55.0)
C.Puente | 59.3 | 4.0 | 0.7 | 2.4 | 6.0 | 16.3 | 0.6 | 29.4
~ Aranda (100 ) C6.7) 1 1.2y | Ca.0)) (101} | (27.5) | ( 1.0) ] (49.6)
E.San Juan| 52.5 2.8 3.5 3.6 10.1 9.3 - 23.2

de Dios | (100.) ) ( 5.3} | ( 6.7 ] ( 6.9) | (19.2) | (17.7) (44.72)

According to the recsult, the percentage of "Unknown" was highest at 40 -
55% in each point, followed by contribution of incineration of wasies at

18 - 29%, and contribution of motor vehicles 9 - 19%

Contribution of soil and"b(.)'i_ler'wcrc_sli'ghtly smaller in percentage at 5 -
9% and 1 - 12% respectively when compared with former sources. As is
est_iméted from the above result, .inciperation of wastes and motor
vehicles contributed greatly to generation of SPM in Santafe de¢ Bogota.
Becaise of high perécnta_gc_ of "Unknown", the accuracy of estimation

may be considered not so high,
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A probable rcason is the limited data availability on heavy metal clements
in SPM in the 'anSphcr;c environment (i.c., data were collcctcd only 7
months for a pcrmd from November, 1990 to May '1991). - Another reason
may be that data on hcavy metal elcmcnls in dust from pollmam sources
may not necessarily agrec with lhc actual state becausc reference to the
survey . cases of other countries (Japan, USA) usmg litcratures was made
depending on sources though these data were attempled to. sct on thc basis
of information materials available in Santafc' de Bogota as much ‘as

possible.

I wnll be necessary for analytical rcsull wuh much higher accuracy to
collect and accumulate data on heavy metal clements in SPM in the
atmospheric environment and on heavy metal eclements in dust from

various pollitant sources.
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CHAPTER 7 FUTURE CONCENTRATION AND REQUIRED EMISSION REDUCTION

For the future year of 2001, the air pollutant emission from each source
and the air pollutant concentration were predicted, and the required

emission reduction was calculated.
7.1 Prediction of Fuwurc Air Pollutant Sources
7.1.1 Factories and ~Establishments

(1)  Prediction Method

Table 7.1.1 (#1004, #1005, and #1065) shows ihe economical growth rate
and the industrial growth rate for the 1977 - 1988 period in Colombia and
Bogota. The growth raie by industrial type was set on the basis of this
table and the fuel consumption and air pollutant cmission were predicted

for the year 2001. The growth rale by industrial type is shown in Table

7:1.2.

Table 7.1.1  Growth of Gross Domestic Product in Colombia and Bogota City

Grovth Rate {1875=140) Hean Apnual Growth Eale
1978 1879 1380 1981 1982 £983 1984 1935 1986 1987 1938 15-88(%) 53-38(1)

Eatiosal industrial growih T 1164 1236 125.1  1ZLE 1200 12E.4 128.6  E3E.4 L40.3  149.0  152.3 .11 163
1 Elabosate coffoe 0.7 134.1 137.1  EE8.6  197.4 1221 133.5 132.5 1456 140.9 1230 1.58 0.58
% Yeats and preparations 108.5  115.1 120,86 E26.4 130.0 124.8 1285 1365 1307 131.3 1.8 2.18 2,63
3 Cerctl trensforaations 6.8 119.3  116.2 1?16 127.0 130.3  126.2 1364 1397 1417 1443 2,04 2.12
{ Nilkr producis 118.1  fzp.p 1M4.2 P64 1284 1340 1307 136§ M4T.4 1510 1588 102 3.51
5 Sugar asd by-products 93.3 1881 1228 115.% 133.3 §M.6 1359 k561 1516 @549 1839 8.11 3.75
§ Baverages 134,10 - 126.9 1387 1340 1AL3 1348 . {367 M5.6 1433 1526 148.%2 2.13 1.96
7 Elaborate tabaceo $3.9 9L.3 99§ 1067 . %25 981 1365 135.4 dMG.E 149.3 G0 L2 1.38
4 Other elaborate foods 120.8 1344  13¢.7 1374 133.8 1305 Q371 I50.6  150.3 153.9  156.8 .64 3
¥ Texlites, confections and leathers 123.6 (20,2 113.4 010 163.8  97.8 104.3 105.5 L1120 117.@ 122.3 -2.02 1.59
14 ¥ood and wood furnitures 2.4 107.5 110.9 99,2 92.9 103,00 107.3 (134 1269 140.5  158.0 A 8.98
11 Baper and printing 1240 §31.5 362 I3F.5 136.5 1358 148.1 155,01 1529 [30.3  194.1 4,65 7.43
12 Chemicals aad rubber £22,5  133.6  132.%  132.6 E28.5 1349 140.3 153.Z ESE.0  176.7 185 §.40 5.91
13 Petroleun relined products 94.1 86.17 92.% 102.3 kGL1.3 108.8 [15.0 122.6 b45.3 ITE.B  164. 6 8.07 8.987
14 Son-metallic minerals 123.7  126.3 130.8 127.3 129.0 1339 J3T.¢ l4z.2 1818 Q76.{ (39§ 4.45 7.20
15 Basic metals and setal products 126,38 1204 1302 125.0 1i5.0 1183 (232 1114 1285 150.0 1620 2.72 6.7
16 Nachinery and equipment 133.1  143.8  145.5 1347 129.6 1269 143.3 135.% 142.9 157.0 180, 3.18 7.58
17 Transport naterizl 1207 1361 1520 1246 117.3  114.8 149.5 1132 1225 140.7 1860 422 5.40
1§ Diverse inductry 102.1 961 3.7 1816 114.5 L1i.3 1203 m2fa 1pd.7 0289 135.) 3.00 4,00

0P graslh of Katior (Annusl 57 31 538 AW 218 095 L.sT  8.35 3.1 5.80 537  4.11 156 4.4
' 3.50 350 4.97  3.36 -4.58 P

GDP growth of Bogota (henwal §)

Source : 31086, #1804, F105)
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Table 7.1,2 Induétria] Growth Rate

Anaual Growth

Growth Rate

Source Growth Rate in

QOther establishments

No. Industry Rate (%) 2001/19%0 Table 7.1.1
1 | rood and kindered products 2.6 1.3 Average of 2, 3. 5 and 8
2| prink feod 2.7 k.34 6
3| Tobaceo 1.21 SR 7
4| Textile 1.56 119 g N
5[ Leather, lealher pruducfs 1.56 1.1% 11 {annual érowth rate
6 | Footgear products B 4.0 1.51 2.
7| Lunber and wood products 3.10 149 10
'8 | Furniture and Tixture 3.70 149 19
9| Pulp, paper and allied producis 4.65 1,65 (31
10 | Industrial cheaical products 4,40 1.61 12
_ 11| Other chemieal products .40 “1.61 12.
12 | Petroleun, coal and producls §.40 1.61 i2
13 | Ribber products 4.40 L.61 12
14 f.I'lastic productis 3.00 ~1.38 18
15| Ceramic, stone and clgy_produqts 4.45 1.61 14
16 [ Glass producis 4.45 i.61 1L
17| Mineral and nonmelal products 4.45 1,61 it
18| Iron and steel - 2.72 1.34 15 N
19 Non-ferrbus_melals.anﬂ products .72 1;34 15
20 { Transportation eauipaent 4.12 1.58 11
21 | Auto industry 4.22 .58 17
92 | Dther mamufaciuring indusiries 3.00. SET I T
23| Hospitals 3.56 141 | National GOP growth |
24 | lotets 3.58 141 National 6DP zrowth
25 3.56 1.47 Kational GDP growth
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(2) Fuel. Consumptidn

The fucl consumption was predicted using the industrial growth rate.  The

fuel consumpli'on by facility type is shown in Table 7.1.3.

(3)  Air Pollutant Emission

The corrent emission factor (Table 5.1.4) was used 1o prédict ‘the  air

pollutant ‘¢mission ‘in future.

The air pollutant emission by industrial

type is shown in Table 7.1.4, and that by facility (ype is shown in Table

7.1.5

"The total annual emissions’ in 2001 of Dust, SOx and NOx, are 3,155 tons,
9,076 .tons and 2,475 tons respectively.

Table 7.1.3  Predicted Annual Fuel Consumption in 2001

by -Facility Type

Liquid

. : - Solid Gas
Ko Facility Type Crude oil Lizht Fuct ok | Olhers iCoal Coke . Yood | Propane
' N oil ' 1 gas
|t | Boiler 130944.3 | 251240 | 2818.4 | 41.3 | 83678.0 10610
2 { Gas farmace . . s ) 815.7
3 Motling fureace Tor easling iron and slec) B 7332.0 )
A Welling furnace for-alainjugm ] 125.4 | 426.0
5 Melal heal Lrealiug furnace 473.% | 26805 2
A Pelrolueus refinery hoaler . 4851
7 Brick kiln (tunnel kiln) 3603.3 85085.0
2 Brick kiln (dosndrall round kiin) 720001 .- - 254240
1] Olher kiln for bricks and clay piyes . 467.9 38204.0
10 Glass nelling Turnace 1468.5 .
11 birgel healing furiace for inorganic (10055
chemical producls ™ p N
12 Direcl heating furmrace For Toodsiuff 1643 9713.5 3146
13 | Drying oven: T - 117553 B 116.0 | 8s8.1
14| incineralor Tor doseslic wasle 133.5 ]
15| lincineralor for indusirial wasle 5.1 B5.5 ]
| 16 | Barniag kilp - 90.1
17 Other furnaces 304.3f :
Tolal 1373801 66824.8 2943.8 | 473.3 [ 212401.0 7332.0J_ A4207.01 2528.1

Unit Liguid and gas : k@fyvear
Solid : lonfyecar
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Table 7.1.4 HMhmﬁHﬂmmtEMﬂMMinZWIbyIMmMﬂ'ﬁm

(Unit: ton/year)

So. . lndustry. . Dust 50x “H0x

B ! | Food and kindered products 115.5| 2022.3 1 287.5
2| Drink recd 1028.9 | 2484.6 5500
3 | Tobaceo 6.0 25.1 c8d
4 [ Textile 171.5 946.3 125,17
5| Leather, leather products 2.5 31.8 4.3
§ | Footgear products 14.9 13,1 8.1
7| Luaber and wood products 4.8 22.5 18.0
8 | Furniture and fixtures 40,2 138.4 116. %
g | Puip. paper and allied products | - 89.2| 286.8|  48.0

10| Endustrial chemical products 20,0 96.1 12.4
11| Other chemical products - 14.6 62.3 19.5
12 | Petroleun, coal and products . 2.6 12,5 8.2
13 | Rubber products _ 15.8] 88.5| 16.4
14 P]astié-p;oduct?ﬁ . . 0.2] - 0.0 1.1

15| Ceramic, stone and c¢lay products 1088.3 | 1671,4] 1105.6

16 Glass?prdducls 7.2 86.2 . 8.4
17| Mineral and nonmetal products 0.9 7.0 3.0
13| iron and steet o ol laa g0.8] 9.2
19| ¥on-Terrous metals and products 18.8 2.8 3.6
20 | Transportation equipaent 28.7| 1665 23.9
21 | Auto industry. ﬁ 0.8 9.81 45
22 | Other manufacturing indusiries 96.3 4580 60.7
23 | Hospitals : 26.6| .153.0(  21.2
24 { Hotels : 15.? 86.8 15.7
25 | Other establishaents ) j 2.7 1.5 0.4

Total 3155.1 9075.9 ] 2475.1
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Predicted Pollutant Emissions in 2001 by Facility Type

Table 7.1.:5
¢ Uit lon/year)
Yo.| Facility Type Pust | SOx N0x
1 Boiler 1934.9 | 6951.9F 1187.2
2| Gas furnace 9.2 0.0 1.1
3| Melting farnace for casting iron and steel 19.8 60.2 8.8
41 Melling furnace for alminium 20.0 6.7 1.1
5| Hetal heat troaling Furnace 2.8 o088 214
6| Petroleun refinery healer 17.17 0.0 0.7
7| Brick kiln (tunnel kiln) 562.0 909, 516.9
8| Briek kiln {downdraft rourd kila) . ) 218.9 324.1 217.3
9 0ther=ki]ﬁ for bricks and clay pipes 316.3 441,35 d21.4
10| Glass melling furnace _ 1.2 66.2 8.4
111 Direet héating_ furnace for inorganic chemic#l'products 1.2 7.9 9.7
12| Direct heating furnace for foodstuff e.1] 2| 2.8
13| Drying oven 2.5 8L.8| 1142
14| Incinerator for domestic waste. 2.7 0.9 6.2
15| Incinérator for industrial waste 1.8 6.9 6.2
16| Burning Kiln ' ' Q.1 0.8 0.9
11| Other furnaces . 0.3 2.1 2.8

Total

3155.3| 9075.8F 2475.2

7.1.2

(n

. Motor Vehicles

Number of Motor Vehicles Registered

For automobiles, the number of registered units was predicted from the

distribution of the number of regisidred units by vehicle type and model

year, (Table 7.1.6). ‘The predicted number of buseta was assumed to be the

same as the current number, judging from the preseni distribution of the

number of registered units

‘For buses, prediction was

number of registered units
Bogota City (4,899,180 for

 For trucks prediction was

by model 'yé_ar.

‘made on the basis of  the distribution of the

by model year and the predicted population of
1990 and 6,590,979 for 2001): (#1004 nd #1021).

made while considering the ‘distribution of the
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number of registered units by model year, the national economical
growth rate (annual 3.56%) from 1977 to 1988, and their recent size
increase duc to employment of diesel engine, The number of registered
units by vchicle type for the year 2001 is shown in Table 7.1.7. To
calculate the ratio .of diesel vehicles in buses and trucks for the year 2001,
it was assumed that the vehicles before 1960 were scrapped and the
proportion of gasoline and diesel vehicles newly registered is 1:1. The
ratio of diesel vehicles for the year 2001 is shown in Table 7.1.8.

Table 7.1.6 Motor Vehicle Registration in Santafe de Bogota Clty
as Date of April 30, 1991

Model [ Passenger Jeep Ligitt Microbus | Small Bu:s " Truck Durp Trailer
Years | car truck bus - truck

-50: 7.094 130 .98 |« 128 1,579 i3 156
51-60 16,548 | 1,098 18,157 182 " 931 4,489 43 628
§1-63 5,818 2.0411 2,338 169 3 | 1,550 996 18 | 137
66-69 8.546] 3.743{ 2.081 482 439 | 1,501 393 22 129
: 70—7.1 5,0:55 '2.3'é1 .992 13 504. i.008 ] . 181 23 at
72-13 w222 LEM| T 784 22 180 ai9 128 8 4
14-75 B.474] 1,283 2,332 a4 578 543 339 43 _ 68
15 5107 L.124] 1,238 21 508 764 136 13 17
11 7,042 1.316 1.672 [¥] 217 339 . 171 _ li 20
78 $.080 | 2,584 1,310 39 05 | 321 532 18 50
79 6.435| 2.181[ 1.861 37 161 s09 | 512 33 28
80 8,685 z2.310 2,042 41 330 348 393 61 19
81 7.2081 2,744 1.383 19 670 302 349 T I
82 57671 2.360] 1.840 27 B43 276 144 12 i3
83 Cr.ssl} 1,836 2,071 3 173 111|270 12 21
84 10,966 1541 2,498 5 480 245 361 11 25
83 £1.829 sl 2,0M4 i 163 124 1 8 33
36 11,421 366 2,018 9 4 268 342 13 21
87 o 485 Law ' L] e st 15 2
88 15.912 Tae | 2088 | R: 1 228 333 12 52
39 11,347} 1,457 1,51i a 1 197 a1 3 12
90 8.610| 1383 1.852 | - g 5 304 280 A R
91 4,187 763 618 15| -0 228 82 0 o
Other 723 ) 4 £ R 1} ] b4 0 1
TOTAL | 220,962 | 36.806] 48,683 1,525 {46,938 [r1.88¢| t6.082 458 | 1674

Source: 7 6022
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(2)

Table 7.1.7 Predicted Number of Motor Vehicles Registered
in Santa Fc de Bogota City in 2001

Growth of Vehicles | Sumber of Vehicles

Vehicle Type 'Régislere(l Registered
(2005/1990) 19990 2001
Passenger car | 1.60 |- 216,752 { 346,803
leep 1.45 1.52 36.037 52,254
Light truck 1.20 48,062 57,674
ierobus - L0 | s L0
Small bus £.00 1.13 6,955 6,955
Bus L.20 1k, 660 13.993
Trucks 1.28 18,149 21,778
Total 1.48 338,125 500,968

Table 7.1.8 Ratio of Diesel Engine Vchicle in Buses and Trucks

'Rétio of diesel vehicle (%)

1990 2001
Bus 18.1 25.8
Trucks 23.5 36.3

-"Praffic Volume

The traffic volume of autombb_ilcs (gasoline-engine vehicles) was
assumed to grow at an annual of rate 3.9% (#5028) of gasolinc sales from
1980 10 1989 in Bogota City and its vicinity. Though thc annual national
economic growlh rate was 3.78% (approximately same as the growth rate
of Bogota Clly), thc traffic’ volume of trucks was wnszdcred not so high as
the economlc growth in view of their increase in size due to . employment
of the diesel engine. This traffic volume was therefore predicted using
the growth rate of the pnpulacic_m. The growth rate -of . automobiles, busecs

and trucks is shown in Table 7.1.9.
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(3)

Table 7.1.9  Growth Rate of Traffic Volume by Vehicle Type

| Yehicle Type

Growth of Traffics

(2001/19905

Automobiles 1.52
Buses 1035
Trucks 1.35

Emission Factor

The fulture emission factor was calculated in a -manner same as for the

current onc.

The emission rale by vehicle type for ‘the year 2001 is

shown in Table 7.1.10, while the avérage emission rate in Tablg T7.1.11,

Table 7.1.10 Predicted Emission rates for Motor Vehicles in 2001

 fnit: grkm )

Average Speed(kask)

Tenicle ftes 1 15 2 2 R R T § 6| b

Passeszer I s.ar] v nes) ozem| res| 2w wmp orm)oan

car ) 59.98] 46,58 | 3r.90| azep| asar| 3.3 .| M7 .98
s ows|oves|ooesef e ps| a3 emloLu 1.19;:

$ox aaz| eoned o] emf 0| aisl a9 2.03p 0w

Jeep HC resd fsgal| waas| sk dang s nse| ami oz

o 18.39] 35.48 | 5.5 3.a1f 36.28| 3357 aLed] w3 LA

W0 R Y B I I I L ol
50% e eaa) oo ooz gased lenf o0 308 0.05_

k;ight HE .65 ses| 13| A _i.s: oel o30e| 2amlb.ozs

Lruck 0 w2.61] 13,70 59.¢5) s2.88 47.95[ a4.3z| an.sey 38.23| 3588

N0x 37| 1.3ty t2s) ososel 18| 14 a0 L7l L8)
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Table 7.1.11 Predicted Average Emission rate for Motor Vehicles in 2001

CUait: g/kn )

Average SpeedCkn/h)
Vehicle flen 10 15 20 25 30 45 ] 45 50
Autonobiles lic 678 4.78| 3.76| 3.21| 285 2.60| 241 22| 2.07
co 67.28| 51.00| 41.50| 38.59| 33.32| 3L.02| 20.05| 26.75] 25.11
§0x 124 toos| 1.03] rooa| 10| 18| vas| 137|145
$0x 0.1 ooa2| eorz| oae| oorr| ooar| 0.0 o.0sf o.o08
Buses HC 17.96] 13.59| 10.75| 8.75| 7.30| 6.24| 35.39| 4.70| 4,20
co 30915 | 236.41 | 187.86 | 154.69 | 130,77 | 112,25 | 98.81 | 88.29 | 79.58
NOX s.o0] ase| 32| 49 43| aar| 4a0] 48] 422
50x r2r] 18| o.98| 0.92] ov.ss| o.ss| o0.83] o.82| 0.8
Trucks e 150 ] 1a.8z| reog| szl rar] 6.32) s8] 463 4
o 301.85 | 234.75 .18'6.09 151,25 | 125,69 ] tes. a0 { 9z.021 81.49] 73.35
KOX 0.8 9.31] seo| so07| 7.6 1.37] 7.12) 7.05] 6.9
50x 15| 1sa| 167 158 1.s2] 47| 14| L4L] 140

(4) Quantity of Air Pollutant Emission

Table 7.1.12" shows the air pollutant emission for the year 2001 which was

pr'eidiclﬂ_d using - the “predicted traffic = volume and . emission factor.

total annual emissions of HC, CO, SOx and NOx, , are 28,947 tons, 898,375 tons,

2,057 tons and 13,886 tons respectively.

Table 7.1.12 Predicted Annual Pollutant Emissions from Motor Vehicles
in 2001 by Vehicle and Zone Type

Yehicle type Zone Yehicle Xilos HC o 30x 10x
Travaged'

Automobiles Central zone 1,738 3,237 [ 60,414 194 1,978
Surrounding zone .4,755 13.18é 134,021 307 5.182

Snall total 6,312 18,419 | 214,435 101 7.438

Buses Contral zone 248 2,061 | 51,686 258 | 1,100
Surrounding zone 617 4,944 | 87.989 338 2,393

Saall total 363 7.905 | 139.675| 814 | 3.695

Trueks Central zone 51 412 6,934 .19 404
Surroundingr zone 305 2,201 37,34 §63 [ 2,333

Small total 357 2.623 | 44,263 Mg 2,733

Geand tofal 1,732 28,947 | 398,375 2,057 | 13,886

Cnit

¥.X.T: 10%mnit-ka/year

HC. €0, ¥0x and $0x: ton/year
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7.2

7.2.1

Aidrcraft

As for aircraft, since EI-‘Do'rado Airport has no expansion plan, the
number of take off and landing and therefore the air pollutant emission

in future were assumed lo be same in present.
Summary for Quantity of Air Pollutant Emission

The pollutant emissions . quantity by so'urce.is shown in Table 7.1.13. The
total annual emissions of Dust, CO, SO« and NO in 2001 are 3,155 tons,
398,375 tons, 11,162 tons ‘and 16,475 tér;s respectively.  The growih rates of
Dust, €O, S0. and NOQx between 1990 and 2001 are 1.44, 1.38, 1.43, and 1.49

respectively.

Table 7.1.13 Predicted Air Pollutant Emission by Source in 2001

(Unit:ton/year)

Classification Source Dust | S0x. ﬁdx Lo, i
Stationary Factories and 3.155} 9,076 2,475 - -
Sources Establfshmenl;
¥obile Hotor Vehicles - | 2,057 13,886 398,375 28,447
Sources Aireraft - 29 BT

| Total 3,155 11,162 | 16,475 | 398,315 | 28,947

Prediction of Concentration Distribution in Future

Prediction of Concentration at Monitoring Stations and Maximum

Concentration Point.

Using future sources described in the previous item, predicted results of
future concentration of each polutants at monitoring stations and

maximum concentration point are shown in Table 7.2.1.

Note that predicted value contains background concentration same as the

present.
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Though predicted concentrations ar¢ averaged value of 6 months,
compared results of these concentration to the target concentrations are

follows.

S 0, concentration al ~monitoring stations is ‘less than the target
concentration (38.2 ppb) but concentration at maximum point is more

than the target concentration.

N O, concentration at any predicted points ‘is less than the target

concentration (53.2 ppb).

CO concentration at predicted points excluding D. El Tunal is more than

the target concentration (3.6 ppm).

Table 7.2.1 Computed Concentration in Future

_ Ttems SO2 NOx NO2 Co
Stationns (ppb {ppb) (ppb) (ppm)
A. Servicio de.Salud 18.8 - 98.4 38.3 - 7.08
B. Laboratorio 19.8 69.3 31.8 5.13
C. Puente Aranda 27.3 7006 32.1 4.52
D. El Tunal 12.1 22.0 17.4 2.45
E. San Juan de Dios 26.7 1427 46.6 8.55
Cmax Point : : . 43.7 163.3 50.0 9.58
Mesh Index _ (12, 15) (12, 15) (12, 15) (16, 14)

The contribution concentration by sources at monitoring stations and

maximum concentration point is shown in Fig. 7.2.1 10 7.2.3.

As in the case of the present state, the contribution concentration of

airplanes is not included.
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(1} SO,

- The contribution ' ratio of factories 1o the predicted value is 29% - 65%
while that of motor vehicles 16 - 62%, which is approximately equivalent

to the present trend.
(2) NG,

The contribution ratio of motor vehicles to the predicted value is 77 - 97%.
As in the case of the 'préscnt state, motor vehicles occupy more than half

of the contribution in all stations and maximum' conceniration point.
(3) €O
As in the case of the present state, the predicted CO value ‘covers

autoniobiles only as a source. Therefore, the concentration excluding the

background concentration is totally contributed by - motor ‘vehicles.

{unit:pph)

50

Motor vehicles
Factories
] Background

40

20

10'

o Ell B : R Wi i
A Servicie B.Llabora- C.FPuente . D. Bl - E.San Juan- Usax Point
de Salud  torio Aranda - Tumal  de Dios - (12.15)

Fig. 7.2.1 Source Contribution to SO, Concentration
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{unit:oph)

200 ;
Motor vehicles
Factories
160 Background
120
80
40
0 etz
A.Serviclo B.Labora- C Puente D. Bl £ San Juad Ceax Yoint
de Salud  torie Aranda  Tunal  de Dios L1215
Fig. 7.2.2 Contribution of Sources to NO, Concentration
(uait:ppn)
10 o
Motor vehicles
: i Background
8
6
4
2
A, Servicio d.Labora- C.Puente D.El E. San Juan Ceax Point
de Salud  torio Aranda  Tunal  de Dios (16, 14)
Fig. 7.2.3 Contribution. of Sources to CO Concentration
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7.2.2

(1)

(2)

(3)

Prediction of Plane Concentration Distribution

The planc distribution of  conceatration of air pollutants in future was
predicted using future sources described in the previous item. The result

is described below.

The contribution - concentration distribution by source is described in

Appendices.

SQ,

The result of prediction on the SO, 'plane concentration distribution in
future is shown in Fig. 7.24. The concentration of 15 ppb or more is
distributed over the arca similar to the pfésem_ state and the maximum
concentration of  43.7 pp'b which is more than térget concentration,

appears in the mesh index (12, 15) same as the present state,
NO,NO,

The result of prediction on the NO, plane concentration distribution in
future is shown in Fig. 7.2.5. The concentration of 80 ppb or more is
distributed .in the area similar to the present state and in the area on its
north side. The maximum concentration of 163.3 ppb appear in the .mesh

index (12, 15) different from the present state.

The result of prediction of the NO, plane concentration distribution in

future is shown in Fig., 7.2.6. The trend of concentration distribution is
similar to the case with NO,, with the maximum concentration at 50.0 ppb

which is more than target concentration, in the mesh index (12, 15).
CO

The resuit of prediction of the CO plane concentration distribution in
future is shown in Fig. 4.2.7.- Though the trend of concentration
distribution is similar to the case with. NO,, concentration more than

target (3.6 ppm) is distributed in the city center and outskirts,

The maximum concentration of 9.6 ppm appears in the mesh index (16,

14) same as the present state.
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7.3

(n

(2)

Target in Air Quality
Target Concentration

Against air pollution, the ambient air quality standard has been set,
therefore the targets in air quality is expected to satisfy the standards

cven in  future.

In this study the air quality predicted by the dispersion simulation is
given as annual average concentration. So, the target concentration

values are also set in terms of annual average concentration.
Determination of Targét Concentration of SO,, NO,, SP and CO

For S0O,, NO,, SP and CO the target concentration in the annual average

corresponding to the ambient air ‘quality standard was set using the
regression line.  With the pollutanis like SO, which also have the annual
average criterion, the lowest value among the target concentrations and
the annual average concentration was chosen as the final 1targei

conceniration.

“ Generally speaking, relationship between actual annual average and a

short-tcrm  average concentration varies somewhat from year 10 year.

This is particularly rcmarkable when the measured concentration is

below the corresponding standard value. Accordingly, the target
concentrations in annual average should be checked once in several

years using the newly accumulated data.

. On -the other hand, what is to be emphasized is that target concentrations

should be “determined using the one-year data. But in this study, only 8-
month data were available to estimate the targel concentrations. The
estimated target concentrations of SO, SP and CO are shown in Table 7.3.1.

As can be secen from this table, with 8O, and SP, the 1argel concentrations

corresponding to the short-term criteria are higher than the standard

values of annual average, so the formar values were not adopted. Butl, for

Co, ‘the target valuc corresponding to the 8-hour criterion was lower than

the standard value for annua! average, so the formar valuc was adopted as

the final 1arget concentration,
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Tabte 7.3.1 Target Concentration in Annual Average by Air Pollulant

Air  Qualit Ambient Ajr Target
Item Jauatity Guality Concentration in | Regression Equation (*2)
Criteria
Standard annual average
50, Annual average 38.2 ppb - : - _
Daily average 152.8 ppb 69.8 ppb y=0.46x-0.5 r=0.89
(*1) '
| 3-hour average | 573.1 ppb 252.8 ppb y=0.477x-20.6 r=0.88

NQO, | Annual average 53.2 ppb -
SP Annual average| 100 ug/m?’ - -

Daily average 400 pg/m?3 107 pgfm3 y=0.19x +30.7 r=0.44
(*1) :

6.0 Annual average - - - :
8-hour average | 13.1 ppm 3.6 ppm y=0.38x-1.34  r=0.96
i-hour value 43.7 ppm 12.2 pom y=0.35x-3.13  r=0.90

#]  The second highest value of all mecasured values '

#¥2 y ¢ Annual average

x @ Value corresponding to thc averaging time
r : Correlation coefficient
(3) Determination of Target Concentrations of HC and O,

The ambicnt air quality standard- for O, is one-hour value of 86.6 ppb.

Since O,is produced from NOx and NMHC through complicated

photochemical reaction, it is meaningless to set the O, target con-

ceniration like SO, and CO. This study showed that the O, concentration
exceeded the standard value as shown in Table 7.3.2, and NMHC marked
high concentration as well. Therefore, in order to satisfy the ambient air
quality standard for O, it is necessary to reduce the concentration of
NMHC and NOx which are source pollutants of O,
Table 7.3.2 Concentration of O3, NMHC and NO,
03 (86.6 ppb) y NMHC * NOx

STATION NAME 1 hr-Max | Over times* Ave 1 hr-Max Ave

Pucnic Aranda 123 ppb 0.4% 1.86ppmCj 13 ppmC| 39.2 ppb
San Juan de Dios 114 0.2 270 |11 101.2

* Frequency exceeding the standard value

To determine the NMHC and NOx concentration levels necessary to satisty
the O, standard in Santafe de Bogota City, is difficult for the time being

becausc of the extreme complexily of the photochemical reaction and lack

of data available at the preshnt.
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In this study, taking into consideration that in Japan the target average
concentration of NMHC from 6:00 to 9:00 has been set at 0.2 - 0.3 ppmC, and
the relationship between -the 3-hour average of NMHC from 6:00 to 9:00
and daily maximum 1-hour value of O, at Pucnte Aranda (Fig.7.3.1), 0.5
ppmC (about 1/3 of the current concentration level) was set for the
lemporary target concentration from NMHC. However, it should be
recommended that zippearancc state of the Oj;concentration and its

relation to NMHC should be reexamined when the NMHC concentration

reduces to a certain level.

Fig. 7.3.1 Standard Value of O3z : 86.6 ppb

Peuntc Aranda

O
100 1 ppb @ © o é? b
86.6 1O Omm

€]
e
T
€]
G
3
€]

@
| g% o%@o
50+ .o (gr' ﬁ]
3 8 ST B 02
O o )
@I‘%@) & ®
C(Dg 0]
O ; 0]
0 9o o :
1.62 4 46 6 ppmc
6~9" ave NMHC

ppmC

(4) Summary for Target Concentration

The target concentrations are summarized in Table 7.3.3.

Table 7.3.3 Target Concentration

Item Target Value
SO, "~ 38.2 ppb
NO, 53.2 ppb
SP | . 100 pg/m3
co 3.6 _ppm

NMHC 0.5 ppmC
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7.4

(1)

Required Reduction Rate

Table 7.4.1 is comparison between the predicted air pollutant

concentration in 2001 and the req'uircd reduction rate,

‘With CO, the predicted concentration exceeds the target concentration in
the four monitoring stations other than the Station D (El Tunal). And this
is also true in the greater part of the Santafe de Bogota City area

predicted.

As regards SO,, the concentration of the monitoring stations is lower than
the targct'concemration while excééding the target wvalue in certain

arcas including the points where the value is- maximum.

Table 7.4.1  Predicted concentration (2001) and Reduction Rate

Monitor- it:;lutam €O (ppm) NO, (ppb). SO, (ppb)

ing Target 3.6 - 33.2 38.2

station concentra--| Predicted | Rediction | Predicted | Reduction| Predicted | Reduction
tion | concentra- rate (%) ‘concentra- | raie (%) | concentra- | rate (%)

. lion | tion _ Lion

(A) Servicio de Salud 7.1, 49 383 | - ~18.8 -

(B) Laboratoric 5.1 29 31.8 Lo 19.8 -

{C) Puente Aranda 4.5 20 32.1 - 27.2 -

(D) El Tunal 2.5 s 17.4 - 12.0 -

(B) San Juan de Dios 8.6 58 46.6 - 26.6 -

Max. concentralion 9.6 63 50.0 - 43.7 13%

cO

‘The required CO reduction rate is 63% at the mesh point with maximum
concentration, 58% at the Station E (San Juan de Dios) which is located
around the road, followed by 49% ‘at Station A (Servicio de Saiud}. - As is
evident from the resull, the reduction ‘rate around the road under irery
heavy influence of CO ecmission from moior vehicles is so high that as the
tentative requir.ed reduction rate, was_éh’bsen the reduction rate of 49% at
Station A which is 'regardcd as._ a general ;ambiem- air quality monitoi‘in‘g
station. When the tentative rate is acﬁievéd; the reduction rate will be set

to 63% in order to achieve the target value around the road.

- 197 -




(2)

(3}

(4

S0,

The. SO, reduction ratc is 13% at the mesh point where the concentration
is maximum, The reduction ratc is 0% for the monitoring stations, bul
their concentration level is high nearly cquivalent to the target valu.
So, the reduction rate will be set to 26% in order to reduce their

concentiration to the current concentration level,

NO,

The NO, reduction rate is 0% because lhé predicted value is lower than the
target value at all monitoring stations and points predicted. But the
future concentration predicted is not always low enough and the current
concentration -level should be maintained. Accordingly, the reduction

ratc was sel to 33%.

NMHC

For NMHC which is one of source materials of O,, the reduction rale wiil be

'set to reduce ‘the concentration to 1/3 of the current concentration, as

shown in 7.3, in view of the current concentration appearance state. The
rcquired' reduction ‘rate however will be cxtremely strict at B0% (i.c.,
reduction 1o _abou_t 1/5 of the current concentration when, considering
that the traffic volume will increase by about 1.5 times in 2001 and the

unknown . sources at present will increase by- the same rate,

Though in this study were not included other sources than motor ~vehicles

for hydrocarbon, the emission amount from factories may be negligibly
smaller than ‘those from motor vchicles because there is no large .

chemical factories in Santafe de Bogota City.

The reduction rate for each pollutant may be summarized as follows: 49 -
63% (around road) for CO, 13 - 26% for 8O,, 0 - 33% for NOx, and 80% for

NMHC.
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CHAPTER 8 CONTROL MEASURES AGAINST AIR POLLUTANT SOURCES

8.1

8.1.1

‘Control Measures against Factories and Establishments

Necessity of Control Measures and Actual State of Air Pollutant Sources

The flue gas measurement results with 51 factories show that few factories
excecded the current dust emission standard of the Colombia Air Pollution
Control Act (#2001). The factory investigation by questionnaire for the
smoke and soo! emilting facilities shows that the total 381 units include 177
boilers using liquid fuel, 27 coal firing boilers, and 83 brick/clay pipe kilns
and that these three kinds of facilities account for about 76%. Moreover,

the boilers are mostly small in size and old.

Combustion control is not good and there were somec liguid fuel combustion
boilers emining' black smoke. In particular, coal firing boilers cmit - much

black smoke: black smoke from low stack give bad effect on houses nearby.

Dust collectors are the only exhaust gas treatment facilities and only 26
units are in operation. To makc the matier worse, their efficiency is as low

as 50 ~ 60%.

The sulfur content of the fuel is 2.3% for crude oil (Crudo de Castilia}, 0.4%
for light oil (ACPM), and 0.6 ~ 0.7% for coal, showing wvery high sulfur
contenl in crude oil.  Assuming that crude oil is burnt with a excess air of
1,24, the SOx concentration in the flue gas is about 1,300 ppm. The stacks
are low in general. As a . result, low stacks emit considerably high

concentration of SOx.

8§ casc studies were madce based on the fluc gas measurement results using

the plume model. The calculated concenlrations on the ground are shown

in Table 8.1.1.

‘Each calculation facilities is a rather serious problem; If therc are several

coal firing facilities, the concentration on thc ground will be high.

So, not only control against facilities violating the emission standard but

also control of high concentration in a short period are necessary.
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Table £.1.1

Calculation conditions:
Effective stack height:

Maximum Concentration on the Ground by Source Conditions

Plume mode! (oy equation), Dilution Coefficient 1.82
CONCAWE cquation

Meteorological El;?:éi!:re X max C max
Smoke source conditions height

v | Motete) M|y | s02 oo NOx e o
1 | Boiler (Crude 300 HP) 1.0 A 50.8 268 31.73 1.44 19.46
2 | Boiler ('Crude 300HP) 1.0 T A " 66.7 321 12.53 .32 10.05
3 | Boller {Carbon 1'20HP) 1.0 A . 554 284 1.55 1.55 14.02
4 | Boiler (Carbon 300HP) 1.0 A 75.9 350 | 89.69 | 1269 | 5292
5 | Boiler (Carbon 76HP) 10 A 45.3 221 216 | 130 | 11.34
6 | ditlo, {during coal feeding) 1.0 A 47.0 228 2.74 192 | 46.58
7 | Clay pipe kiln 1.0 A 42.9 210 202 0.83 22.34
8 | ditlo, {during coal feeding) 10 A 44.4 217 2.91 0.56 55.29

Xmax: Appearance distance of maximum concentralion on the ground
Cmax;  Maximum concentration on the ground

As regards the present air quality, though the measurement results show
that SOx, NOx, and SPM (Suspended Particulate Matter) satisfy the ambient
air quality standards, they arc very high, In particular, 8P (SPM 1is

particles wilh diameter less thén'l()u,) may possibly exceed the standard.

Moreover, business activities and fuel consumption are expected to grow at
an annual ratc of 4%, so the dust cmission will incrcasc by about 40% in

2001.

Under such circumstances, some measures- must be taken {o maintain the

emission at thc present level
Present State of Emission Control

Santafe de Bogota City has regulated the air polluiion in compliance with
the act (#2001) based on the Sanitation Law of 1979. Since theé act is
intended to cover the country as a whole, the regulation objects and
standard valucs arc nol appropriate to present Santafe de Bogota City due 1o

the reasons below.

®  The regulation objects of dust emission are divided .into coal firing
boilers, asphait plants, incinerators and other facilities. Crude oil

combustion boilers and brick/clay pipe kilns, which are major
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pollutant sources in Santafe de Bogota City, are included in the

category of "Other factories” whose standard value is not so strict.

@  As regards S0x, the standard value .is sct only for sulfuric acid plants.

Against the other facilitics only emission height is regulated.
@  As regards NOx, only nitric acid plants arc regulated.

~The standard value is cextremely low compared ‘with that of Japan, so
NOx ecmission of considerably high concentration will not violate the

emission standard.

Activities to control air pollution are cxecuted by the government in

conjunction with local governments. The government, particularly the

Ministerio de  Salud, ‘sets up the national standards, while the local

governments can establish their own standards. In the case of Sanfate de

‘Bogota City, the Secretaria Distrital de Salud of the City is in charge of the

specific functions, such as supervisory and guidance for air pollutant

sources.

As the ncw constitution has been promulgated, the agency of environment

is planned to promote environmential protection.

Appropriatc  institutes, organizations, ~and control technologies are
necessary (0. cxecute air pollutant control effectively. However, in the case

of Santafe de Bogota City, the foitowing probiems must be solved:

®  Insufficient budget and organization in the national and municipal

environmental administration

@  Insufficient production technology of air poliution control equipment

and engineers for air poilution’ control

®  No preferential treatment in financing and taxes (0 promote air

pollution  control
Control Mecasures against Air Pollutant Sources

Following will be the coantrol measures against air pollutant sources;
revision of the emission standard, dust emission reduction through
combustion coniro!, and SOx reduction through reduction of sulfur content
in the fuel, .followcd by introduction of dusi collectors and NOx control

measures.
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Emission Regulation (Sec Supporting Report 5.1.1)

In the present law the emission standards for crude oil combustion boilers
and brick kilns arc so low that they will be not able to meetl the -cmission

increase in the future.

In this context, the standard value for this short term is to be set
approximately equal to the current level, and in the medium and long term
the standard value is to be set to cope with the emission increase. Facilities

with fucl ¢onsumption at-'50 I/h or more (as convericd io cfudc oil will be

.rcgulated). For smaller boilers, their dust emission- will be monitored and

they will recceive . guidance and advice concerning combustion control

t_echﬁology.

For arcas where facilities arc so dersely located that there will be high air
pollutant concentrations, following . measures will be taken; special
emission standard, rcs’iriétion of fuel kinds, introduction of new emission
standard for new/added facilities and their obligation to install air

pollution control gquipment.

® Dust emission standard

Flue gas measurements show that except for two or three facilities, the
dust emission - rates from - the facilitics ‘are gemerally under the
emission standard. But there are several liguid fucl combustion
boilers whose cmission rates arc higher than those of coal firing
boilers.  Because the contribution of _brick/élay pipe kilns to the total
dust emission is high, the standard value equivaleht to th.e"onc for coal
firing boilers will be necessary for brick and clay pipe kilns and

asphalt plants,

The emission standard for the short term is intcnded to  achieve 10 ~
20% dust reduction, and the emission standard for the long term is
intended to achieve about 40% reduction of dust emission due to

expansion - of industrial. activities.

As regards coal firing which® produces black smoke in a short period,
the black smokc conceatration must be regulatcd to No.2 or below of

the Ringelmann Chart in addition to the emission standard.
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Nitrogen oxides cmission standard

With the present NOx emission conirol, only nitric acid plants are
regulated. Nitrogen oxides are the source materials to cause

photochemical - smog and their emission must be controlled.

The emission rate of nitrogen oxides varics considerably dcp_cnding. on
combustion cohtrol, kinds of combustion units and kinds of fucls. So,
the emission standard must be set for each smoke and soot cmiuing
fac'i'lity.." |

The standard value for medium to long terms is intended to achieve
reduction of about 50% for crude oil combustion boilers and about 17%
for coal firing boilers. The similar standard value will be set for other

facilities.
Sulfur oxides emission standard

The_:._ emission rate of ‘sulfur oxides varies depending on the sulfur
content of.the fuel. . Sulfur in the liguid fuel is' considered to be
cmitted entirely. However, with solid fuel (particularly coal), the
sulfur in the fuel is not completely emitted; only .about 80% of the
sutfur is emitted from combustion units. The sulfur content of the
crude oil which is popularily used in the smoke and soot cmitting
facilities is about 2.3%, and the exhaust gas is emitted from low stacks..
Since SO, concentration and symptoms of bronchial asthma are said to
be closely related, the emission rate must be regulated for other

combustion facilities as well.

Plants other than sulfuric acid plants must be also under regulation,
hased on emission standards with definite oxygen concentrations in
the flue gas by facility type. The short-térm standard is intended to
achieve reduction of 7% be the SOx cmission and the medium- long-

term standard is intended to reduce about 20% of SOx emission.

In the future, conirol of the total SOx emission must be considered to
meet the increase of the facilities and air pollution due to business

cxpansion.
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Relationship between cmission standard and concentration on ground

Air pollutant ecmitited from a stack is diluted _in the aimésphere and
reaches to the ground. Emission  standard to . control air pollutam
emission rate from smoke and soot emitting facilities is an allowable
emission rate; if a facilily observes il, the air pollutanl.cmiltcd from
the stack does not give a concentration on ground higher than a

certain level (c.g. ambient air quélity standard).

In it is also taken into consideration casiness of control measures

against facilities.

Relation between air pollutant  emission rate - (emission standard) and
concentration on ground varies depending on meteorological
conditions, such as wind, atmospheric stability and source conditions
such as stack height and temperature of flue gas. In Japan in the
"Sulfur Oxides Emission Standard - K-value Control" of the Japanese
Air Pollution Control Act are used Bosanquet equation and Sutton

equation.

The maximum concentration on ground can be calculated by the

following Suiton model:

Cnax o ——24 Cz T 1
MaX = 5 J2eqeUsHe2 - Cy - 273 ° 3600

q €z T 1

=10.234 TR Gy * 273 ° 3600
Cmax : Maximum concentration on ground - (ppm)
q 1 Air pollutant emislsion rate (m>N/hr)

Cy,Cz : Dispersion parameter

U : Wind speed (m/sec)
He = : Effective stack height (m)
Ti o Adr lemperatu're
~ Assuming representative meteorological values of U = 6 m/s for the

wind speed, Cy = 0.47 and Cz = 0.07 for dispersion parémetcrs (with the
atmospheric stability assumed as neutral), and 15°C for- the air
temperature, the maximum concentration on ground per hour is

calculated as follows:
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- q ,0‘07.273+15. 1
GenteHe? 047 273 3600

Cmax = 0._234
oy
= 1753 (ppm)

Note that this value is calculated as follows when thc_air pollutant

emission rate is expressed in kg/hr

Cmax = 9.6 - (mg/m3)

1
UsHel
The distance between the source and the maximum concentration on
ground is expressed as follows:

24{2-n)
Xmax = He éz— {m)

* n = 0.25 when ncutral

Relationship between maximum concentration on ground "Cmax" and
the effective stack height "He" when q is assumed 100 m3N/h is shown

in' the following table.

(q: 100m3N/h, U: 6 m/s)

He (m) 30m 50m | 100m 200m 300m 400m 500m

Cmax (ppm) 0.189 | 0.068 | 0.017 | 0.004 | 0.002 | 0.001 | 0.0007

Note that the maximum concentration on ground of 0.189 ppm for He at
30m exceeds the Jépanesc ambient air quality standard for SO2. of 0.1

ppm (one-hour value).

When lhcfe are more than ‘one stacks in an area, the concentration on
ground becomes much higher due to superimposition of each
concentration. So, in selting the emission standard (which determines
the allowable emission_ raic per stabk), the source conditions must be
taken into consideration: Each area will have ils own emission

standard.

Taking the céjsc"of the sulfur oxides emission standard of Japan, the

emission rate for ‘a stack is determined as follows:
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+ Emission raic for thc concentration on ground not to excced 0.030

ppm in areas where the regulation is most loose

« Emission rate for the concentration on ground mot to ¢xceced 0.002
ppm in area where the regulation is most strict (wards of Tokyo,

efc.)

Assuming He is 100m, the emission ratc for these concentrations on
ground is' calculated at 177 m3N/hr for 0.03 ppm and 12 m3N/hr for

0.002 ppm under the prcvioﬁs.meteorological conditions,

Rclatibn between the 24-hour average (daily average) and onc-hour
value * varics dependihg on the ~metcorology of fhc ‘arca concerned,
ma.inly on the app_e_aré.nce fré('luency of each wind direction. The
relation propbééd by Mecade ct al shows that the 24-hour value is about

one half (0.59) of the one-hour value:
Control Technologics (Seec Supporting Report 5.1.2)

In order to reduce air poilutant emissions, methods which arc economicai

. and the most efficient must be takcn.

" Since the facilities in Santafe de Bbgota City are mostly small in size and
obsolete, the following methods cémering"on combustion control and
rcformation of fuels are recommended to reduce pollutant emissions

mainly.

(1) Optimization of combustion control
{2) Combustion with optimal [oad

(3) Switching over to mechanical firing
{4) Introduction of low-NOx burner

improvementof : -
combustion method

. | f' i (1) Low sullurization of fiquid fuels
Countermaasures against} 1.4  Fuel reforming (2} Adjusting grain size and sulfur content of coal
stationary sources :

] : {1) Conversion of small-sized boiter fuel to ACPM
L—{  Fuel conversion (2) Conversion of fuel of kilns fer bricks and clay
- “pipes into oil and natural gas

|1 Dust collector Introduction of high~eh"rcie'ni dust collector l
|| Reductonofheatloss || Improvement of heat insulation J
twough furnace walls : i

Raising of stack height

206 -



Table 8.1.2 shows the countermeasure by facility type.

Countermeasures against Smoke and Soot Emitting Facilities (Draft)

Table 8.1.2
S Bhnrt torn ot Medium- and Long-lerm
Facilities Short-term Countermeasures Gounlermeasures
1. Gombustion method Steam injection method
(1) Low excess air combustion
(2} Optimizing of combustion load -
| 2. Gombustion equipment oo 1) Low NOx burner
Preparation of instruments for combustion con!rol {2) High efficient dust collector
3. Fusl reforming : Reduction of the sulfur
BOILER (CRUDO) Use of crude oil with 2% Sulfur content (Mixed oil) content to 1.8% {Mixed oll)
4. Fuel conversion
Small-sizad boiler: Use hght ol
5. Otherr
. Improvement of heat ingulation
1. Combustion method : Stoker method
(1) Low excess air combustion
(2) Change of coal inpul method (small-sized coal)
(3) Constant load operation :
2. Combustion equipment 1) Adoption of fluidized bed
BOILER (CARBON) {1) Preparat?on of instruments for combustion contro co'mgustion _
{2) .Preparation of draft equipment (2) High efficient dust coliector
3. Fue! adjusling
Combustion of small-sized coal (low sulfur
reformeg coal)
4. Fuelconversion
_ Use of the small-sized boiler and light oil
5. Others
Improvement of heat insulation
1. Combustion method [Balch !urnace]
- {1) Change of coal input method
{(2) Change te the stoker method
2. Combustion system
. [Batch fumnce] [Batch furnace)
{1) Bumer for fuel conversion
(2} Dralt equipment
o {Conlinuous furnace] [Continuous furnace}
BRICK KILN Dust collector g;)) g::;g
: (3) High efficient dust collector
3. Fuel reforming
[Batch furnace]
Combustion of small-sized mixed coal flow sulfur
reformed coal)
{Continuous fumace]
" Combustion of fine coal (low sulfur reformed coal
4. Fuelconversion {Batch furnace] Natural gas
{Continuous furnace]  Crude oil
5. Others _
: Improvement ol heat insulation
OTHERS

Improvement of combustion control

2. Combustion equipment

SJ'l-b-

. (1) Combustion inio high efficient bag Imer

(2) Water washang {cupola}
Fuel conversion
Conversion fo fuel with low sulfur conlent

. Energy saving

Others

Waste heat recovery (combustion
of CO}

Factory movement
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Improvement of combustion method

"Reduction of dust cmission and saving of fuel arc to be achieved
through complete combustion by installing combusiion control

instruments and by optimal combustion control.

For coal firing facilities, mechanical stokers will be introduced to
prevent generation of black smoke dﬁring coal feeding. NOx emission

will be reduced by introducing steam injector and low-NOx burner.

Fuel reforming

Since SOx emission depends on the sulfur content of the fuel, the
boilers which burn crude oil will use the fuel mixed with light oil to

reduce the sulfur content.

As regards the coal, mixing will be made to. keep the sulfur content at
the current 0.6 ~ 0.7% level. Coal will also be adjusted to the optimal

grains 1o achieve optimal combustion.
Fuel conversion

It is necessary for small-sized crude oil and coal firing boilers in the

urban district to convert the fuel to the Iighl"qualily fuel.

Fuel con\;'ersion must be made for kilns fof bricks and clay pipes,
because they generate a lot of black smoke. But conversion to liquid
fuel will need complicated equipment and therefore, large sum of cost.
This method does not seem much advantageous. So fuel conversion to
natural gas should bc planned in future. For the time being, it may be

‘recommended to employ stoker burning with adjusted coal.
It may be necessary for the tunnel kilns for high-quality products to

introduce oil combustion,
Dust collecior

The dust collector is installed to collect dust_ that will remain after
improving the combustion method. = The dust collector 1o be used must
be able 1o collect fine particles at high efficicncy.  Available types

include multicyclone and bag filter.
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Reduction of heat loss through furnace walls

For botlers, the outside of the boiler is to be covered with heat

insulating material to keep the surface temperature al around S0°C.

This mcthod is r'clativcly inexpensive and can be cmployed

immediately.  This method will prove particularly effective for boilers.
Coal adjusting facility (See Supporiing Report 5.1.3)

This facility will be a coal adjusting plant, which will constructed at
an appropriate place in Bogota City, adjusting the grain size and sulfur
content by mixing various coals for factorics. The capacity of this

plant will be about twice as large as the consumption in Bogota City.

Supply of coal of the grain size appropriate 1o combustion facilities
will improve the combustion, contributing to reduction of dust and

saving of the fuel. But this in turn causes rising of the coal price.
Raising of stack height

Raising of stack height is not to reduce the amount of air pollutants,

but may prove cffective in reducing  the concentration on ground

through more dispersion of the exhaust gas.

Before employment of this method, il is necessary to study the
dispersion, taking meteorclogical and 'topographical canditions  into

account, as well as to check the surrounding situation, site

restrictions, and difficulty of the work.

Factory movement

Though movement of factories 'rcquircs considerable cost, plants
causing high degree of air pollutions should be dispersed to areas

where dispersion conditions are better, based on city planning.

Countcrmcasures against soil dust

Main sources of soil dust in soil mining sites and asphalt plants are

stone storage yard, crusher, and screening plant, and basic
countermeasures against dust are installation of water spray,

provision of dust coilector, and enclosure with building.
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1) Countermcasures in i1he storage yard

Water spray over stones, prevention of lgak from a loader,
pavement of the road, and water spray to clean mud will be -made

to prevent pariiculatc gencration.
2) Countermeasures in crushing and ~screening facilities

These facilities are to be comstructed as a closed type. Dust will be

collected by dust collector.
3) Countermeasures for conveyor

Waler spray to prevent dust gencration at the joimt and chute and
insiallation of a dust collector with dust collecting hood will be

made.’
4) Forestation of the site
Setttement of Counlermeasures

Concerning co_umermcasures' against stationary sources described above,
shofl-term measures to be executed - within the coming five ycars and
medium  and long-term measures 1o be exccuted by the year 2001 are

summarized in Table 8.1.6.
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Table 8:1.6 Summary of Countermcasurcs against: Stationary Sources

Countermeasures _ Short-term measures Medium- to lbng—term measures
1. Emission regulation. Revision of emission standard Phased revision
2. Boiler a Improvement of combustion method a High eificiency dust collection
b, Fuel reforming _ :
¢ Fuel conversion | b. Suppression of NOx
| d. Improvement of combustion facilities :
e. Dust collection of flue gas . ¢. Fluidized bed combustion
I. Energy saving :
3. Ceramic kitn a_ Improvement of combustion method a Fuel conversion (natural gas)
b. Furace reforming | b. High efficiency dust collection
R ¢. Dust collection of flue gas _
4. Asphalt plant - a High efficiency dust collection Fuel conversion (natural gas)
o b. Controf of dust . .. -
5. Other facilities - a Improvement of combustion method a High efficiency dusl collection
b. Fuel reforming, . b. Energy saving
. ¢. Control of dust _ ‘ _
6. Raising of stack height- | Medium-sized facilities . La_rge-sized facilities

Above coumcrme_asures cover the facilitics with fuel consumﬁtion of 50 l/h
or more as converted to the liguid fuel. Facilities smaller in scale are to be
covered by the adminisirativc guidance concerning the pollution control

measures. Spccnal regulauon and increase of the natural gas supply will be

necessary 10 prevcnt worsening of the air pollution in the pollutcd area in

the center of Santafe de Bogota City.
Outline of Counteimeasure Cost (See Supporting Report 5.14)

To cvaluate the Countermeasures of 8.1.3 (2) from a viewpoint of costs, the

equipment cost in thé initial investment was roughly estimaied.

It was assumed . that various equipment -necessary for the countermeasures

arc to be Colombian products unless they are not produced in Colombia:

Prices ‘of the ecquipment are determined  based on the price survey in

Bogota City from Augusl to September in 1991,

The unit prices mc!ude the sales tdx of 12% and, for all units requiring

_ installation work, 70% of the unit prnc.e was calculated as installation and

other expenses.
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For import products, the cost includes the price in the export country and

the supply cost in Colombia, The latter was calculated by multipl'ying the
price in Japan by 1.64 (the World Bank Technical Paper No.59). With
exchange rate, the value as of September, 1991 was uscd.

@

Facilities for improving combustion method

The cost is about 3.43 x 10° $ for a set of the measuﬁng instruments
combustion control ~(flow meter, thermometer, and gas analyzer),
about 4.50 106 $/unit for draft equipment, and 4.00 x 109 $/unit for coal

'firing stoker (US make).

The cost required will be only 3.43 x 105 $ if only the instruments arc
to be installed, but about 8.00 x 105 $ if the draft system is 1o be

installed as well.

There are three iypes of stoker available.. The stoker chosen in this
section is a type for boilers, offering Satisfactory combustion, but
expensive.  Since the brick kiln has multiple fuel holes, stokers to be
used have six supply ports per unit. The price is nearly equivalent to

that of the stokers for boiler.
Price of mixed oil

When crude oil and light oil are mixed to reduce the sulfur conient
from 2.3 10 1.8% to reduce SOx emission, the. price increase can be
calculated as follows from the present price (crude oil 30 $/kg, light
oil 68 $/kghr

Sulfur content Price rise (%)

2.17 12.3
2.06 _ 18.5
1.82 37.0

The crude oil price, which is currently 30 $/kg. will rise to 41 $/kg
when the sulfur content is reduced to 1.8%. This price is equivalent to
about 60% of 68 $/kg of light oil, and further sulfur reduction by

mixing is considered unrecasonable.
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Equipment with fucl conversion  (all burners are to be imported.)

1} The total cost of a set of bumers, oil pump, blower, flow meter, and
construction - cost will be as follows when coal firing is to be

converted to oil combustion:

Fuel consumption ~Cost (3)
50 Vh 10.60 x 106 §
270 i/h 15.10 x 106 §
500 th 20.50 x 106 $

2} The equipment cost for conversion f{rom coal or liquid fuel to
‘natural  gas is as shown ‘below. Since the ecquipment becomes
simpler than that for oil, the cost will lower by the corresponding

amount, but the fuel cost riscs.

Fuel consumption Cost ($)

-5 x 10% kcal/h: 8.60 x 106§
12 x 10% kcal/h: 9.16 x 105§
25 x 104 Keal/h: 10.88 x 105 §

Nble that the above price does not include the gas supply piping

work from the outside.
Low-NOx burner {(Import)

The low-NOx burners are 10 be used for crude oil combustion facilities

large in quantity and in NOx emission. The cost includes the repair

cost.
Fuel cdn”sumplion Cost ($)
150 I/h: 14.02 x 105§
250 1/h: 15.20 x 105§
540 1/h: 2405 x 106 %

Dust collector

The compensation value for dust collecting efficiency was set at 70%
for multicyclone and 95% for bag fiiter, and the price calculated

includes the. work cost:
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1) Multicyclone

Fluc gas treatment capacity

3,000 m3/h: 381 x 106 §
2) Bag filter

The filier cioth needs 1o be replaced once in 8,000 to:I0,000 hours,

but the price of replacement cloth is not included:

Treatment capacily Cost ($)
- 1,200 m3/h: . 419 x 108 §
3,300 m3/h: 8.57 x 106 §

In selecting the dust collector, not only the price, but also the
dust concentration and grain size in flue gés should be taken into

consideration.

- Stack

The price of stack is estimated for the sieel plate made stack with the
height of 30m and diamecter of Im. As no corrosion-resistant material

is assumed to be used, the life is expected to be § years in average.

The facility cost is relatively inéxpcnsivc at about 0.50 x 10° $, which is
about 17,000 $ per lm. But this is not applied to stacks whose height
cxceeds 30n

Cdai_ reforming facility (See ‘Supporting Report 5.1.3)

It is desirable that this facility is founded and operated under
cooperation of both coal supplier and consumer. The faciiiiy must be

provided with perfect anti-dust measures,

1) Machine equipment 315.87 x 105 %
2) Product storage 59.43 x 106 $
3)  Attached cquipment 2.84 x 106§
4) Building o 5227 x 106 $
5) Power distribution ' _ 6.18 x 106 §
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Total 436.59 x 106 $

Note that this cost does not include the cost of 38,000 m? land and the

operation expenses.

According to the result of rough estimation of the cost of reformed
coal, the product price will be 20.700 $/ton, which is about  20%
increase from 17.,,000 $ton of raw coal, when the cquipment cost is
assumed to be 437x106$ and the annual running cost to be 3.148 x
106 §.

Fluidized bed combustion boiler

(Estimation based on Japan-rﬁadc boiler)

The calculation here was made for the boiler evaporation rate at 10 t/h
(640 HP).

1) Coal firing | 263.47 x 106 §

(main body, transport cost, installation, and insurance included)

'2) Crude oil combustion 69.58 x 105§

{main body, transport cost, installation, and insurance inciuded)

In this cost are included SOx and NOx reduction equipment: So the

effect of SOx and NOx reduction must be taken into consideration.
Cost to reduce heat loss through walls

This method proves considerably effective with rclaﬁvcly low cost.
The work cost to decrease the boiler surface temperature from  200°C

before work to 50°C after work is shown below for three kinds of

‘boilers:

1) Comish boiler o 009 x 108 $

(evaporation rate 128 HP) (work arca 6.2 m?)

- 2) Lancashire boiler 0.29 x 106§

(evaporation rate 190 HP) (woik area 20 m?)

3) ~Kewanee boiler | S 0.23 x 105§

(evaporation rate 250 HP) (work area 15 m?2)
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Note that in the case of industrial heating furnaces, the work cost per
1 m2is about 0.025 x 106 $§ for the surface temperaturc of about 500°C.

8.1.4 Training of Engineers

(1) Training of Combustion Engineers

2)

3)

Generation of dust in Bogota City are mainly attributed to lack of proper

combustion control,

To solve this problem training of combustion engineers is indispensable.
Among lots of knowledge and technologies necessary - for combustion
control, they must master at lcast technologies concerning the [uel,

combustion, device, measurement, and exhaust gas treatment.

They will master above knowledge and technology through lectures and

practical training.
Training of Boiler Inspection Engineers

Since boilers are worn out physically and decrease in strength during use,
it is important to check the wear state periodically, carry oul necessary -

repair, and to correct the maximum operating pressure.,

Duties of boiler inspection engineers include the structural inspection of
newly manufactured boiler, operation and performance inspection on used
or imported boilers. They also check whether ihe structure standards are

kept in order as well as the wear state, and take necessary measures.

They will master the technology beyond a certain level through lectures

and practical training.
Trainihg of Smoke Inspectors

The smoke inspectors will check the smoke sources if - the color of the
smoke is under the grade 2 in the Ringelmann chart and advise the
violating factory to observe the standard. They will also give technical
guidancc to reducc black smoke. They will have a certain level of
knowledge and technology and will be qualified by the municipal authority
and function as a civil servant. They will be traincd_thfou_gh lecturcs on
combustion and measurement technologies by personnel rich with

knowledge and experience.
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8.1.5

8.1.6

1)

Enhancement and Dissemination of Technologics

Combustion and gas trcatment technologics are the technologies nccded

most urgently at present.  These technologics arc highly sophisticated in

‘countries advanced in air pollution control, and their mastering is the best

way to cnhance the technology.

There are various training systems in the U.S. and Japan. It would bc wisc

to make good use of them.

These systems include both dispatching rescarchers and engineers to
foreign countries and inviting engineers from these countries. It is

advised to fully utilize these systems.

It is also important to introduce overseas information to businesses and

citizens and hold cource or secminar to promote recognition of pollution.
Various Systems
Flue Gas Measuring Sysiem

Thos¢ who are responsible for smoke and soot emitting facilities must be
obliged to measure the pollutant emission or concentration and kecep the
measurement result and fuel consumption on file.  The facilities to be
measured will be as (hose under emission regulation and the measurement

must be made every six months by the following methods.
®  Sulfur oxides
“The measurement must be made by one of the following methods:

1) Determination of SOx concentration according to the method

equivalcnt to JIS K 0103 of Japan

2) Determination by calculation from the sulfur content of the fuel

and the fuel consumption
@  Sulfur content of the fuel

The sulfur content must be determined using a LECO analyzer (SC-132)

or other methods that can check the sulfur content.
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&)

@ Dust emission rate

The mecthod equivalent .to JIS Z 8808 of Japan must be used. .

@ Nitrogen oxides

The method equivalent to JIS K 0104 of Japan must be used. Note that
the residual oxygen concentration of the fiue gas must be measured as

well,
Combustion Controller System

Those who have oblained a certain level of knowledge and tcchnology
through the lecture are qualified  as ‘combustion controllers. They are

allowed to cxecute the practical affairs on combustion control.

The combustion. controller” will execute combustion control of combustion
facilitics excceding a cerlain scale (50 1/h) according 1o the control criteria

established by~ the’ municipal duthority,

The criteria include the excess air, measuremeni and recording - of
combustion, maintenance and inspection of equipment, heat loss reduction,

and dust’ prevention. They must be prescribed in detail,

Boiler Inspection System

To maintain the safety and efficiency of boilers, will be set up an “official
agency which - will perfo_rm' the structure, reuse, and performance

inspections during production process or operation.
Maintcnance of boilers will improve the boiler efficicncy and save energy.

® The structure inspection. will involve check of material and
appearance, pressure test, and inspection of accessories (safety valve,

etc.)

@  The objects of the reuse inspection will be used boilers or imported
boilers. . The inspection items are same as those of the structure

inspeclion.

@  The performance inspection will be made on the boiler wear statc or

efficiency.
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If any improvemeni is judged necessary, the chief of the inspection

agency can rcquest the improvement.
Smoke Inspection Sysiem

This system is to regulatc cmission of black smoke within a short period
from low smoke sources in order to prevent environmental degradation

around them. Inspectors will patrol and watch black smoke.

To measure smoke concentration  the Ringclmann smoke chart will be used,
because it cnables immbdiatc judgement of the smoke concentration. The
criteria will be grade 2. If the smoke concentration is over grade 2 in the
Ringelmann smoke chart, the smoke source will . be - judged to be faulty.
Recommendation of reduction, technical guidance, or advice will be

provided by the inspecior when the smoke source is judged to be faulty.

This system will be independent from the regulation by the emission

standard.
Preferential  Treatments

Originally. enterprises which emit air pollutants are responsible for taking
necessary measures (o prevent -air pollution. But, for thc'cmerprises
whose basis of management are so weak that they cannot afford to 1ake
necessary measures, preferential ireatments must be instituted. this
system will help them to take anti-pollution measures. The preferential
treatments include reduction of taxes, financing the fund and grant of

interest.
@ Reduction of tax

For medium and small enterprises to.  install - pollution control
equipment, must be establish a system which can exempt or reduce
them from'commcrc_iallindustrial and fixed property taxes after

examination of the plan and management state.
@  Financing fund for pollution control equipment

In order that enterprises may install or improve pollution control
equipment or move their factories, a system must be installed to

finance them the cxpenses at long-term low interest.
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The financing limit and interest rate will be determined based on the

socio-economic conditions.
Grant for loan interest

To those re'c:e,iving: loan for .pollution control equipment, the
government or municipal authority will grant a part of the interest to

alleviate their interest burden.

This system will cover only small enterprises and joint venture

business.
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8.2

Coatrol Measures against: Emission Gas from Motor Vehicles

Motor Vchicle emission gas control measurcs in Santafe dc Bogota, Special
District, of Colombia were cxamined while dividing these mcasures roughly
into three catcgorics described . below. Subdivisions under each item
describe the content of principal ' countermeasures -énd the related

numbers in this report.

| | Countermeasures related Eslablishment of emission 622
_ to motor vehicles ' gas regulation “E
Couniermeasures 1o new models 8.23
Counlermeasures fo motor
vehicles in use
L | Augmentation of the '
registration renewal system 824(1)
-1 Training of citizens and drivers 8.24(2)
|| Countermeasures to . 825(1)
gasoline mofors
|- | Countermeasures to diesel | 825(2)
motors
L Countermeasures 10 fuel 8.25(3)
l Traffic control measures ~ Improvement of trolley bus 8.26(2)
1 Newinstallation of passenger railway 8.26(3)
1 improvement of bus raffic system 8.26 (4)
| Other improveinents ) Review of the vehicle taxation system 8.27(1)
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8.2.1

Note that the final summary is described under a title of "Selection of
Countermeasure plans and Estimate of Cost" in the final ilem of 8.2.8.
Morcover, for the sake of reference, "Automobiles and Pollutéhls“_, "History
of Exhaust Emission Standards in Various Countrics”", and "Emission

Countermeasures on Gasoline Automobiles" are saummarized “in Appendices.

Necessity of Countermeasures and Present State of Countermeasures

against Pollutant Sources

According to the result of measurement of the environmental atmospheric
quality in Santa Fe de Bogota by this team, carbon monoxide (CQ) and ozone
(03) around the trunk road  cxcceded the standard value of the
environmental quality as specificd'in the Colombian National Air Pollution
Control Act (#2001) while the suspended paniculale material (SPM) and

sulfur oxides (SOx) rclhained below t_he standard level.

As Colombia specifies the standard for the hitrogcn' dioxide (NO2) instead of
nitrogen oxides (NOx), it was. fdund not exceeding the sland-;rd_ in our
survey. Moreover, though not included in the environmental quality,
hydrocarbons (NMHC) exc]udihg methane  showed the high concentration.
NMHC is harmful in itself and, when coexistent with nitrogen oxides,
produces peroxides, causing ozone and photochemical smog. CO and NMHC

are considered to be generated mostly from automobiles.

In Colombia, the Ministerio de Salud is taking a -leadcrship to draft
ordinances and guidance .procedure in order to regulate poilutam.emission'
from molor vehicles, but the fuel regulation has not yct been made public.
Since publication of the draft (#5023) in 1989, such dr_afl has been
reviewed rcpeatedly and a part of the regulation has been issued recently
to Santafe de Bogota only. The issue (#5057) spceifies only the allowable
emission rates of carbon monoxide and hydrocarbons during idling, and
installation of fuel vapor trap from 1994 modeis and of blow-by" gas return

system from 1992 models, for gasoline motor vehicles.

Recause of lack of emission control, motor vehicles that have been
assembled and produced in Colombia or imported as finished ones up to now
arc not cquipped enough with pollutant emission control means.  Motor
vehicles partially cqui.ppc'd with a blow-by gas Treturn unit, -a gasoline
supply shutdown unit during sp'c'cd reduction, - an electronic control

ignition unit, or an electronic control fuel injection unii, among a few unit
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