7-2

Questionnaire on the Residential Heating
Purpcase and Method

To investigate the actual state of fuel consumption by type of combustion
apparatus in Ankara City, information was gathered by the questionnaire
method under cooperation of GDE. 1,000 questionnaires were distributed
throughout 14,350 ha of the City. It was definitely printed on the
questiOn'nai're papers that the questionnaire would be used solely for the air

pollution control study.

The items of the guestionnaire are as follows:

{. ‘Usage of Building_
2. Number of Floors
30 Areé per Floor
4. Number of ReSi.de'nts
5. Heightand Diameter of Stacks
6. Kind of Fuels
7. Fuel Consumption in the Winter of 1983/84
8. Fuel Consumption by Month
9.  Supply Sbufce of Fuels
10. Operation .Patter_n of Coinbustion Apparatus
1}. Fuel Use Hours
12.  Area of Boiler Room
13, Heating Surface Area of Boilers

14,  Temperature of Boiler

Qutline of Investigation

The 737 questionnaires out of. 1,000 were retrieved (73.7%) and the ratio of
effective answers to the total number of answers varied depending on the
items of the questionnaire. The ratio of the etfective answers to fuel
consumption_and'klnd of Iuels was as high as 88%, while the ratio of the
effective answers to technical questions such as height of stacks and heating
surfacé_was low. For example, the effective answers were 36% to the

questions about the heating surface. The area where questionnaires were

distributed was divided into 574 elementé of the 500 m mesh. After random
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sarnpling; the number of samples was aggregated. The result shows that the
samples were found in 189 meshes and the ratio to the whole meshes was
33%. The maximum number of the samples per mesh was 22, the minimurm
was 1, and the averagf_:'was 3.4, Distribution of the 737 samples retrieved Is

shown in Figure 7-2-1,

7-3  Fuel Consumption

~Table 7-3-1 shUWs the types of combustion apparatus and kind of fuels.

Figure 7-3-1 shows distribution of these apparatus and fuels in the meshs.

Table 7-3-1 Types of Combustion Apparatus and Kinds of Fuels

(%)
- Fuel | . . _
© llignite | coke Jfuel-oil | coal |briquette wood|kerosene | electricity ] Total
Apparatus :
boiler ~ | 7241 1.8 1 216 | 4.2 - - - -] 100
stove | 42.91463] " - 4.8 2.2 | L7 L7 0.5 | 100
L T : i i
| ! ' i
AT U A T NG,
i Al : YIS CNIEHETE
] MO \ aj| & BT F 3 T
fi 1 sl R s e it | B Y )
[ IR T Ay Aol AR [
TR e~ T L 1™ __" —"“g_“ N = P
AR ES L A [T s T N e WA E
NG IEINEE AN RSN !
T N I SN ENINSNNE !
L.’._AMT\A 223 -] - _’Y/"'—M‘;‘ A ‘“'—Hv\. 7 A i
; . E%z\ ] A n TN ,
o -|'.. !’
Tk L1
i g
iR T — @ Boiler +Lignite
11§ ol bl R [ . .
i ] g T O Boiter QI
™ ’l, I AL A Stove+ | ignite
p ! 3] ‘ A S loved-coke
RN E R NN Vs
ey K Pt
LT 1 1.
et b F A I
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Table 7-3-1 shows that 74.2% of boilers use lignite, and 21.6% use coke
(total; 94%) and that #2.9% of stoves use lignite and 46.3% use coke (total:

89.2%).

Table 7-3-2 shows the fuel constumption per household per one heating season
by types of combustion apparatus, kinds of fuels, and usage of buildings,

together with floor area and number of persons per household.

Table 7-3-2 Fuel Consumption per Household

Fuel

Caombustion Fuel | Building usa.ge consurmption I"lo?r : Pe;:?ns
pparatus per. arca household
: household

Restdence 197 K 113 m2} 3.0

Oil  I"pesidence/Store 1.90 Kkl 8l m2| -

Boiler Residence 6.031 118 m2| 3.8

Lignite "p Cidence/Store | 8.69 1 97 1?2 -

Lignite | Residence 2.31 t* 88 m2| 4.9

Stove  ["coke | Residence L5k 1% ol m2| 4.1

* Amount of firewood used in each type of stove is:

Lignite : 0.99 ¢
Coke : 1.08 ¢
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Table 7-3-3 shows, for reference, fuel consumption per household in the
Japanese cities of Kushiro and Muroran, both of which belong to the cold
climate zone. '

Table 7-3-3 Fuet Consumption per Household in the Cold Climate Zone in Japan

Classification .
Place of Household by _Kind of Fuels
Type of Fuels Kerosene Coal Coke
: Kerosene 1.60 ki - -
Kushiro Coal 0.47 ki 3.08 1 -
Kerosene 1.47 ki - -
Muroran ~ Coal 1,05 ki 1,22 1 -
Coke 0.63 kl - 1.88 t
Note:
1) Calorific Value: Kerosene 10,200 kcal/l
Coal 6,500 kcal/kg
Coke 6,500 kcal/kg
2) Source: "Environinental Assessinent of Coal Consuming Area

{Kushiro, Muroran)", Hokkaido Gov., 1983.
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Based on the previous two tables, the amount of fuel consumed in one season

for residential heating was calculated by places and shown in Table 7-3-4,

Table 7-3-4 Fuel Consumption by Places

: Heat Consumption :
Place Kind of Fuels of G cal Apparatus
Ankara Qil _ 20.7 -
(3.20C) | Lignite 25.3 Boilet
Kushiro Qil 16.3
(-2.60C) | Kerosene + Oil 21.7 Stove
Kuroran Kerosene 15.0
{(-0.90C) Kerosene + Coal 17.4 Stove

Kerosene + Coke 18.6 _

Note: 1) Mean temperature froin November through March is shown in the
parentheses under each place

2) Average calorific values of oil and lignite used in Ankara are as

follows:
oil 10,500 kcal/l
lignite 4,200 kcal/l
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7-4

Despite the fact that the mean temperature in Ankara City from November
through March is higher than that of Kushiro by 5.80C and Muroran by 4.1°C,
Ankara City consumes more heat than these two cities by 30%. Thenmal
efficiency of boilers is generally lower than that of stoves because boilers
have to use water to transmit heat. Even takihg this fact into consideration,
it'is advisable to further investigate the combustion conditions of boilers and

other factors,

Other {tems
(1)  Fuel Supply Source

90.1% of boiler fuels and 85.7% of stove fuels are supplied by TKL

(2) Pattern of Operation (continuous or intermittent)

' -'ll;l.l%_of_ Boilers and 14.9% of stoves were in 24-hour continuous

operation. (effective answers: 89%)

(3) Combustion Hours

Two kinds of answers were obtained. One was citing actual combustion
hours. And the other was citing time zones of the day. {inorning,
déytime, evening, and night-time)

_ The latter is shown in Table 7-4-1, and the former in Table 7-4-2.

Table 7-4-1 Combustion Time Zones

Morning | Daytime | Evening | Night-time
Boiler - 96.4% 23.8% | 90.5% 32.1%
Stove . 66.2% 42.3% 88.5% 26.2%

Note: The respondent rate was 319 as calculated in the following
manner: ' :

Number of Answers in Combustion Hours x 100
Total Number of Answers '
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(4)

Table 7-4-2 Combustion Hours by the Times of Day

Time Boilers (%) Stoves (%)
of — .

Day Lignite Oil Lignite | Coke
3 0.9 1.0 0.0 0.0
4 0.9 2.1 0.4 0.0
5 ian !5--1 : 0.9 009
6 20.1 26.8 - 11.6 4,3
7 5.7 8.2 13.8 21.6
3 0.0 0.0 1.8 6.0
9 i.6 1.0 0.9 | 5.1
10 8.3 2.1 0.0 0.9
11 0.9 2.1 0.b 0.0
12 2.5 1.0 3.1 2.6
13 2.2 2.1 5.3 5.2
ig 6.9 1.0 5.3 3.4
15 4.7 4.1 0.4 0.0
16 9.7 14,4 4,0 1.7
17 11.9 15.5 11.6 7.3
18 6.6 4.1 14,7 7.8
19 2.5 1.0 3.6 5,2
20 1.6 0.0 0.9 1.7
21 2.5 an ) 009 0&9
22 2.2 5.2 3.6 3.4
23 3,1 1.0 1 0.9 0.9
24 1.3 1.0 1.8 0.9

24 hour
continuous 2.3 2.1 13,8 19.8

(Reépondent rate 5 45%)

Boiler Water Temperature

Boiler water temnperatures are shown in Table 7-4-3. Most of boilers
(75 - 81%) were operated with water temperatures between 50 - 70°C.
There was no significant difference in the water temperature between

the lignite boilers and the oil boilers,
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(5)

Table 7-4-3 .

Boiler Water Temperature

Temperature Oil Li. nite Whole

Range (°C) (%) %) (%)
41 - 50 1.7 2.0 1.8
51 - 60 38.3 30,5 30,5
61 - 70 43.3 44,5 46.5
71 - 30 10.0 16.5 14,9
81 - 90 6.7 6.5 7.3

(Respondent rate : 97%)

Stack Height and Bl..ﬁl.d'ing Height

Héight of sta.cks by numbers 6f building floors is shown in Table 7-4-5.

Distribution of buildings in terms of number of floors is shown in Figure

7-4-1. This was made based on the questionnaire and the subsequent site

visits,

Table 7-4-5 Average Stack Height by Number of Building Floors

Number -
of 3 4
Floors | '

10

il

Stack
Height | 15.5}15.9
(m)

18.3 120.2

23.8

.30.0 4 29.8

3l

.3

35.0

59~

(Respondent rate s 36%)
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7-5 .Consumption of Lignite in Boilers by Districts

Apart f_rohn the questionnaire, a statistics for the consumption of lignite in
boilers in apartment buildings and governmental offices in Ankara was
obtained from TKI for the one year period of 1982/1983. 1t gives numbers of
buildings a_in_d lignite consumption by the ranks of the consumption for each of '
the three distr'ibutiqn districts {1, 11, and III) in the City. They are shown in
Table 7-3-1. The district I occupies the central part of the City {sece Figure 7-
5-1'}, and constitutes about 67% of the total consumption of lignite.

Figure 7-5-1 Location of District |
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8 Boiler Combustion Test in the Apartments in Ankara

The results are shown in Tables 8-1 through 8-7.
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Table 8-l Measurement Results of Pembe K'c')ék Boiler
(July 11, 1985)

Measurement Results of Fxhaust Gas Flow Velume and
Boiler Water Temperature

Boiler
Sampl- Flue Gas Water Temp. {2C) oo
No. ing Velocity  ¢pqie Flow Feed Hot oom
Titme Temnp ('o(i:l Fl}ua Pressure Rate Water Water Temp
as
(°C) (mfs)  (mm Ag)  (m3p/h) . {oC)
1 (17:05) (38)  (1.24) - {1269) (45.0) (59.0) (23)
2 17:35 96 .43 -4 1234 49.8 - 23
1 17145 145 - - - 48.6 62.3 23
i L7:54 199 3.95 -5 2665 33.0 - 23
5 18:06 160 3.53 -7 259¢ 63.0 61..0 23_
6 13:15 104 1.12 -4 946 68.3 63.3 23
7 18:40 92 0.73 -4 630 - 67.2 63.5 23
2 18154 32 0.63 -k 365 67.0 §l .2 23
9 19:10 79 0.62 -3 561 66.7 60.4 23
io 19132 75 0.44 -3 403 66.2 59.0 23
Average il5 1.56 -4 1206 6l.1 61.5 23
Measurement Results of Composition of
Flue Gas (Orsat Method)
No. |Sampling Time CO»(%) O3z(9) CO{%) N2{%) Air Ratio
H 17:35 1.4 19.7 0.0 78.9 i6.5
2 18:04 2.9 15.1 0.1 81.9 3.2
3 19:00 1.8 18.5 0.3 79.4 7.7
Average 2.0 17.8 0.1 80.1 6.0
Measurement Results of 50,
Flue Gas S'O‘z
. . Velocity )
No. |Sampling Time Temp. (of Flue ;low Concen- Flow
Gas) ate tration Vol_ume
(°C) {m/s) (m3p/h) (ppm) (mai\_]/h).
Lo 17:39 - 18:09 141 2.51 1930 560 1.081
2 18:15 - 18:48 93 0.34 731 170 0.124
18:54 - 19:00 '
30 19902 - 1925 8L 0.63 567 161 0,091
Average 105 1.33 1076 297 0.432
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‘Table 8-2 Measurement

Resulis of Pembe KOsk Boiler
(Juty 12, 1985)

Measurement Results of Exhaust Gas Flow Yolume and
Boller Water Temperature

. : Roiler
- Sampi- Flue Gas . Water Temp. (°C)
MNo. ing Velocity . Room
! Static Flow Feed Hot
T.ime Temp (oé;l)ue Pressure Rate Water Water Temp
(ec) {in/s) (mm Aq)  (m3n/h) {°C)
1 16:55 78 0.44 -4 399 78.0 52.5 24.7
2 17:48 67 0.43 -4 391 71.5 69.7 25.0
3 18:12 62 0.30 -3 285 66.4 52.8 | 28.8
4 18130 60 0.43 -3 411 63.5 55.9 24.8
S5 18:45 63 0.44 -3 417 61.0 54.6 25.0
6 | 1900 75 0.62 -4 567 59.7 55.1 25.0
-7 19:18 67 0.75 -4 (702 59.3 . 53.9 25.0
8 19:53 60 0.6 -4 583 57.0 53.1 25.0
9 . 20:00 66 0.61 4 572 56.2 53.0 24,5
Average 66 0.51 4 431
Measurement Results of Composition of
Flue Gas (Orsat Method)
No. | Sampling Time | CO(%) 04 (%) co(%) Na(%! | Air Ratio
1 16:40 1.2 19,5 0.2 79.1 12.9
2 18:40 0.4 20.0 0.2 79.4 17.5
3 18:58 1.0 19.0 0.0 0.0 9.4
4 19:20 0.8 18.2 0.0 81.0 6.5
Average 0.8 9.2 0.1 79.9 10.2
Measurement Results of 507
B Flue Gas 507
} . - . Velocity
No. {Sampling Time s Flow Concen- Flow
| Temp. (oé:;;xe Rate tration Volurne
. {eC) (m/s) (m3p/h) {ppm)} {m3py/h)
Lo Lea) - 175820 78 Q.44 199 32.0 0.0128
2 | 1818 - 18140 62 0.39 371 4.3 0.0016
18143 - 18:57 ' }
3.1 12155 - 1912 63 0.60 560 63.4 0.0355
| 19:46 - 19166 6l 0.68 642 43.0 0.0276
5 | 1351 - 20:06° 63 0.61 578 93.2 0,0339
Average 67 0.54 510 47.2 0.0763
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Table 8-3  Measurement Results of Pembe Kosk Boiler
(July 24, 1985)

Measurement Resulis of E

¢haust Gas Flow Volume and Boiler Water Temperature

Boiler
Sampl- Flue Gas Water Temp, (°C) :
Ne. ing Velocity  gya1ic Flow Feed Hot [ RoOo™
Time Temp (oé;l)ue Pressure Rate Water Water einp
©C) enfe)  lnm Ag)_(ndyh) ©c)
1 17:15 94 1.27 -4 1102 49.0 52.3 22,3
2 17:30 1S 0.46 -5 377 - 56.5 52.7 22.5
3 17:40 106 0.46 -4 386 60.0 54,0 23.3
4 17:55 9 0.45 -4 190 61.0 54,4 23.4
5 18:09 33 0.44 -4 394 61.8 54,2 23.5
6 18:23 115 0.65 -5 533 63.2 54,0 23.8
7 §3:45 95 0.64 -5 554 68.0 55.3 23.0 |
s 19:02 77 0.44 b 400 67.0 ©57.0 22.7 .
9 19:08 87 0.45 -4 398 66.4  37.0 22.7 .
10 19:17 89 0.45 -4 196 66.3 56.7 22.7
11 19:34 75 0.44 -4 403 66.4  57.2. 22,5
12 19145 79 0.4 -4 398 65.8 . 57.6 22.7 .
13 20:00 73 0.44 -4 405 65.4 - 57.8 22.0
Average 91 ¢.54 -4 472 '
Measurement Results of Composition of Fiue Gas {Orsat Method)
No. |Sampling Time CO256) 05(%) CO(%) Na(%) | Air Ratio
1 17:17 3.5 16.0 0.0 - 80.5 4.0
2 17:36 1.4 18,5 0:0 30.1 7.6
3 18:02 1.5 18.1 0.0 . 8044 6.5
4 18:19 3.0 16.0 0.0 80,9 3.9
5 18:39 1.0 18.6 0.5 79.9 7.4
6 19:05 1.2 18.14 0.0 80.4 7.2
7 19:22 L. t8.9 0.0 30.0 9.0
8 19:42 1.1 18.9 0.0 0.0 9.0
Average 1.7 17.9 0.1 80.3 6.}
507 Concentration and Desultarizating Rate
Flue Gas 507 . .
No.j Sampling . Velocity _ Flow Desulturiz-
Time Line Temp, {of Flue Flow Concen- Flow Rate of . ing -
Gas) Rate tration . Volume {: Salfur - Rate
(kg/n} {°c) (n/s)  (n3n/h) ] (ppm)  (m>n/b) -
L7l 17:56 1.6 106 0.46 216 168 0.0363 | 0.0519 39
18:03 - 18:18 - 99 0.56 267 226 0.0598 | - 0.0854 '
) £9:06 - 19:21 - 83 0.45 221 234 0.0517 | 0.0517 5
19:25 - 1950 1.6 81 0. 44 224 116 0.0260| 0.0260 '
Average 94 0.50 244 229 0.0557 | 0.0686"
B Average 91 0.45 220 42 0.03121 0.0390 “
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“Table 3-4 Measurement Re

sults of Cinnah Cad. Boiler {1)

(July 15, 1985)

Measurement Results of Exhaust Gas Flow Volume and
Boiler Water Teinperature {1)

Boiler

Test No. Sampl.- _ Flue Gas Water Temp. (°C) Dampet
No. ing Velocity as - . Room
A : Static Flow | Feed Hot
Time Temp (oéal‘;‘;)ue Pressure | Rate | Water | Water Temp
- (°C) | (m/s) | mm Ag) {{m3p/h) )]
© Start
1 1128 - 3.08 3.0 388 | 52,5 | 69.0 | Open | 21.7
2 11:35 - 3.08 3.0 w8 | ¢0.7 | 49.0 "
: 3, 133 - 3.08 3.4 348 | 69.0 | 52.0 "
i Stop :
11:39 - 3.08 3.4 48 | 70.9 | 53.9 "
5 11:42 - {(i.8) 72.5 | 59.0 22.5
6 £1:58 - (2.0) 7L.6 | 6u.n
Average| 230 3,08 3.2 348 66.2 54.6
Start ;
1 1 2:02 - 3.09 3.0 346 - -~ | Open
2 12:0% - 3.09 3.0 346 | 69.4 | 62.9 "
3 12:07 - 3. 14 3.5 358 | 71.9 | 63.3 " 72.8
i 12:09 - 314 3.5 350 | 76.3 | 4.2 "
5 12:12 - (2.5) 20.% | &7.1 23.0
3 12:16 - {2.8) 20.0 | 71.3
7 12120 - (1.3) 79.7 | 72.0
Average| 286 | 3.12 3.2 | 3u8
Start _ -
1 - 14:50 - 3.28 3.0 369 49.0 3.0 Open 23.7
2 14:51 - - 3.28 3.0 369 | 50.5 | 47.7 0 23.7
3 1 1455 - 3,04 4,5 341 | 60,4 | 48.3 "
4 Li:57 - 3.13 | 2.8 3521 65.6 | 50.7 " 25.3
5 Lis:59 - 1 3,23 3.2 363 | 69.4 | 52.8 "
6 15:01 - 3.09 3.0 37 | 73.8 | 56.6 "
7 15:03 - 3.18 3.6 | 358 | 77.1 | 59.5 " 24.5
8 Stop
15104 - 3.18 3.4 358 | 80.0 | 62.2 "
9 15:05 : (1.8) 30.5 | 64.0
10 15112 - (1.1) 79.8 | 71.0
1 15:23 - (1.5) 78.0 | 714 2.6
1z 15139 - (1.2) 68.7 | 65.3
13 15:49 - (1.5) 63.6 | 63.0
14 16:14 - (0.7) 61.2 | 59.9
Average 283 3,18 3.3 357
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Table 8-5 Measurement Result's of Cinnah Cad, Boiler {2)
(July 15, 1985)

Measurament Results of Exhaust Gas Flow Volume and

Boiler Water Temperature {2)

; flotter
: : Damper
Test No. Sampl- Flue Gas Water Temp. {°C) pe _
No. | ing . VYelocity | giotic | Flow | Feed Hot : l;g&m
T;me Temp (O(f;;‘sl)ue Pressure Rate Water . Water (OC)‘)
Start ) ] : ]
1 16137 - .30 3.0 482 57.3 57.3 Open _
2 16:39 - 4,30 3.0 482 60.7 57.6 " 28,7
3 16:41 - .04 2.8 453 65.5 | 57.9 "
& 16:44 - 4.08 3.0 . 457 1.7 59.1 " 25.0
5 16:46 | *(261) - (1.9) - 75.0 61.0 if2
6 Stop 30 sec _ o
16:43 | *(261) - {1.9) - 30.8 66,6 N
7 16:51 - {2.3) 8i.t 68.9
3 654 - “{1.3} 80.8 71.7 2.8
9 16:59 - (1.3 80.2 | 74.0
1y 17:08 - } {1.3) 78.7 73.4 23.2
Ll 17:17 - (1.2} 74.6 69,7
iz 17:63 - (1.1} 65.2 64,1 24.6
Average 285 h. 18 3.0 468
Start .
1 17:53 - 3.03 2.8 342 64,4 63.4 Open 24.6
2 17:55 - 3.03 2.8 In2 4.6 63.0 "
3 17:57 - | 3.0 2.8 | 3wz| 68.0 | 3.3 "
4 Stop 30 sec ' 17139
18:01 {251) - (3.5) - 73.0 65.8 1/2
5 18:04 - {2.5) 3.0 | 69.0 . ' 25.0
6 18:07 - (1.8) 80,9 | 73.2
7 18:12 - (1.5 %0.3 | 75.0
3 18:17 - {1.3) 30.0 75.1
Average 281 3.03 2.8 342
Measurement Results of Exhaust Gas (Average) -
T Fiue Gas
Velocity . .
. : Static Flow '
Test Sampl T . -
g Timg ing emp (oé;s!;m Pressure Rate Remarks
1 (°c) (m/s) (nm Ag) __ (m3n/h)
} 11:28 - 11:39 280 3.08 -3.2 38 - gampgr
- pen
12:01 - 12410 . Damper
2 30 see 286 3.12 -3.2 308 Ope£
3 14:50 - 15:04 283 3.18 ~3.3 357 Damper
16:37 1648 ' ' poes =177
4 16:37 - 1e; (285) 418 -3, 4 Peeping hole 1/2
— 31‘385((),:? ( ) {-3.0) (468} 16:46 Dam'pe'ri@_
153 - 18 i 17
- 5 30 sec 2%1 3,03 -2.8 347 1[259 Damper
Grand Average 282 3. 10 ~3.1 349 ]
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Table 3»6 Measurement Re

(July 15, 1985)

Measurement Results of Composition of
Flue Gas (Orsat Method)

s.ults of Ci'nnah Cad. Boiler (3)

No. [Sampling Time [CO3(%) Q2{%) CO(%) N {9%) Air Ratio  Damper
1 11:31 10.4 7.3 0.0 $2.3 1.50 Open
p 451 9.9 7.1 0.0 83.0 1.47 Open
3 16538 8.7 3.3 0.0 83.0 [.60 Open

Ty 16:47 | 9.0 2.3 0.0 82.7 1.61 /2
5 18100 10.3 6.9 0.0 32.8 1.46 1/2

_Pwerége . 9.7 7.6 0.0 32.8 1.53 -

_Measuremént Results of SO7
Flue Gas 502
No. |Sampling Time Temp, (o\é?gﬁty Eg)tv; Ct?:fi:': Vi:gl\;e
(°C) {m/s) {im3p/h) {ppm) {m3pn/h)
15132 - e 280 3.08 343 413 0. 14
2 | 1&02- &0, 286 3.12 348 512 0.143
52 - 15:01 - 283 3,18 357 546 0.159
y | 1838 - les6 (285) (4.18) (468) (347 (0. 162)
16347 - 16:43 _

17154 - 17:59 281 3.03 342 370 0.127
Average 282 3.10 349 510 0.143
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Table 8-7 Measurement Results of Hava Sok. Boiler
{July 17, 1985)

Measurement Results of Exhaust Gas Flow Volume and
Boiler Water Temperature

File Gas e ol
Sampl- Water Temp, (0C)
No. ing Veloclty  gyapie Flow Feed Hot Room
Time - Temp (°é;1)ue Pressure . Rate Water - Water Tewp |
{oC} (mfs)  (mm Aq)  {m3n/h) (eC)
A 1340 - - - - 21 22.0 19.0
2 13:46 5a 147 1.0 473 24 22.0 9.0
3 14:05 109 2.79 2.2 769 7 22.0
4 14:15 120 2.98 2.2 798 35 22.1 20.1
5 14:35 149 3.17 2.9 791 55 27.3
¢ s 147 3.23 - 3.2 809 63 32.6
7 §6:55 160 3.35 3.4 314 70° 37.0 22.9
8 15:04 167 3.16 3.2 756 82 1.2
9 15:12 131 3.20 3.3 834 88 45.8 23.7
10 15:19 112 2.11 2.6 577 90 5D.0
El 15:50 20 2,10 2.5 609 9 60.0
12 16:10 71 1.90 2.2 581 94 66,2 24.0
13 16:15 63 1.37 1.9 423 9 67.0 23.8
i Average 106 2.37 2.4 633
Measurement Resulis of Compdsition of Flue Gas {Qrsat Metﬁod)
No. | Sampling Time CO2(%) 05(%) CO(9%) N2{(%)  Air Ratio
1 13:50 i1 18.9 0.4 79.6 8.6
2 14:39 6.3 12.6 0.0 8.1 2.k
3 15:07 3.4 10,9 0.3 80.4 2.0
4 15:43 2.5 7.1 1.2 79.2 4.6
Average 4.6 14.9 0.5 80.1 3.2
Measurement Results of 50,
Fl_u_e Gas 507
No. |Sampling Time Temp. Y;ioiflilg Flow Concen- Flow
_ Gas) Rate tration - Volume
L (°C) (m/s) (m3y/h) (ppim) (m3n/h)
i 13150 - 1426 108 2,55 704 585 0.412
2 | 14334 - 15:00 156 3.23 792 1116  0.884
3| 150 - 151 11 2.39 636 566. 0,371
4| 1509 - 1615 76 1.52 459 208 0.095
u Average 113 2.42 653 619 0.440
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9 .  PBoiler Combustion Test at MTA

The resuité are shown in Tables 9-1 through 9-5,
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Table 9-1 Measurement Results of MTA Boiler
(July 22, 1985)

Measurement Results of Exhaust Gas Flow Volume and Boiler Water Temperature

o Flue Gas WaterB'l?éfﬁ;. {eC) N
No. | Sampling . Velocity  ¢iinic Flow Feed’ Hot 51{,:;’1"1
Time Temp  {of Flue Pressuce Rate Water Water P
Gas)}
) (m/s)  (mm Aq) {(m3y/h) (m?)_ __ (°C)
! 13530 172 7.22 (.5 372 92.7 6.8 | 1717.2 2.8
2 13:40 172 2.33 1.9 389 | 90.7 65.2 1718.1 25,0
B 14:00 177 2.23 1.9 %69 | 92.2 64.3 1720.1 25.4°
Ty 14:10 64 1.97 1.7 35 | 88.1 65.7 | 1721.2 25.4
s 14:25 160 2.07 2.0 356 | 83.2 65.1 1723.2 25.5
s 14:47 148 1.99 1.9 352 79.9 63.9 1726.0 25.6
7 14258 i55 2.00 1.8 . 343 81.9 63.0 - 25.6.
| 8 15:15 tey 1.97 1.6 335 82.3 63.0 1730.0  25.7
9 15:25 158 1.95 1.4 337 80.7 63.2 1731.2 25.9
10 15:40 146 2.04 1.6 62 | 76.7 62.5 1733.0 26.0
1t 15:53 150 1.99 1.5 350 | 78.6 62.0 1734.6 26,0
12 16:32 150 1.81 1.2 318 77.5 62.1 1760.8 26.3
| 7 Average 160 2.05 1.7 352 | 83.7 63.8 -
Measurement Results of Composition of Flue Gas (Orsat Method)
No. [Sampting Time CO2(%) O2(96) . CO(%) N2(%) Air Ratio
1 13:18 12.5 5.7 0.0 81.3 1.36
T 13:48 t2.5 6.1 0.0 81.4 1.39
E3 14:14 10.8 6.8 0.2 82.3 1.4
§ | 14:39 11.8 4.3 0.9 83.0 1.23
5 15:04 (12,9} (3.4) (1.2} (32.5) {1.15)
¢ 15:35 12,5 4.7 0.8 82.0 1.25
7 15:57 12.4 5.6 0.0 82.0 1.35
8 16:24 12.4 6.6 0.0 81.0 1.40
T Average 12.% 5.7 0.3 31.9 1.34
Measurement Results of 509
Flue Gas S07
oo ST\t iEwe R | Smmen o Hew
©c) (m/s) (m3n/h) (ppm) (m3p/h).
U] 13:27 - 13w 172 2.27 380 1984 0.754
2 1 1352 - 112 175 2.11 350 1652 0.578
T w7 - teear 158 2.07 157 1292 0.4861
¥l 1442 - 15:07 156 2.01 348 1158 0.403
5 1 1511 - 15:31 161 £.96 136 579 0.195
6 | 1536 ~ 15156 150 2.05 361 773 0.279
7 | 1600 - 16:23 | 50 1,93 340 1019 0.346
8 | 16:26 - 16:38 150 1.74 307 765 0.235
n Average 159 2.02 347 1153 0.406
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Table 9.2 Measuremenlt Rcéults of MTA Boiler
(July 23, 1985) - (1)

Measurement Results of Exhaust Gas Flow Volume
and Boiler Water Temperature

~ Flue Gas - WéterBT?gfl:). (o) _
R [ temp  (otFie Stic  Flow | Feed  mack | o0t RO
Gas) : Water
(oc) (mfs)  (mm Aq) _(m3p/h) (m3) (¢
1 12:43 200 2.98 1.8 6o 8.9 68.0 1772.6 24.3
2 12:43 215 2.9% 1.9 448 85.8 68.3 1773.2 24.8
3 13:00 211 2.53 1.9 339 88.5 759?2 1774.6  24.7
g 1305 | 201 2,45 2.0 384 89.0 69.9 | 1775.4 24.9
5 Cimte o201 2.29 2.1 359 87.8 69.4 | 1776.5 25.0
6 | 1327 139f 2.14 1.8 345 85.6 68.5 1778.1 25.1
7 13:39 187 2,85 2.1 461 81.7 67.7 | 1779.5 25.2
8 1346 | 19y 2.96 2.2 471 82.6 €6.6 | 1780.5 25.5
9 | Ax52 194 3.25 2.2 518 | 88.1 63.2 1782.0  25.4
10 el ] 189 309 2 Sk 86.4 62.2 1782.7 25.k
1 14:18 184 3,26 2.1 531 | 83.7 61.2 | 1783.6 25.4
12 14:28 189 3,11 1.7 501 81,3 61.1 | 178k.4 25.3
13 UZT R Nt 3 2.96 1.8 485 78.4 60,3 1785.4  25.3
1 | tmer 209 3.18 1.9. 491 79.4 60.3 1786.0  25.5
15 | 14:56 19y 3.09 i.8 508 80.8 59.0 1786.9  25.4
16 1506 | 199 2,98 1.8 470 80.7 58.7 1787.5 25.0
17 15:09 194 2.92 1.7 865 81.7 58.7 1788.1 25.0
18 im0 | 189 3,07 1.6 494 | 76.8 5801 | 1789.7  25.0
19 _15:uof 211 3.35 1.8 538 78.8 57.2 1790.8  25.0
20 | 1349 | 19u 3,13 1.6 499 78.4 57.1 1791.6 25.1
. -Average 196 2.93 1.9 4e? 83.0 63.2 -
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Table 9-3 Measurement Results of MTA Boiler

(July 23, 1985} - (2)

Measurement Results of Composition of

Flue Gas (Orsat Method)

r‘No. Sampling Time CO7{%) Oy(%6) CO(%) Ng(%). Air Ratio
.l 1145 10.5 8.5 0.0 $1.0 1.65
2 ] 12:01 8.5 0.5 - 0.0 %1.0 1,95 |
3 12:33 6.4 12.4. 0.0 81.2 2.35 :
P a6 | 8.7 0.1 0.0 81.2 1.88
5 | 13:08 8.0 (.4 0.0 80,6 2.14
- 6 1 13:25 5. 14,0 0.0 80.6 2.89
- 7 } 1345 6.8 12.8 0.0 80.4 2.49
s 14:10 7.5 1.7 0.0 80.3 2.20
ey 16:28 6.6 129 0.1 80.4 2.51
10 Lttt 3.7 10,2 0.0 811 1.99
1 15:02 9.0 . 9.6 0.0 $1.4 1.80
12 1526 | 6.7 13.3 0.0 $0.0 2.67
zsj 15:48 6.0 . 13.6 0.0 804 2.75
Average 7.6 i1.6 0.0 30.8 2.17
Measurement Results of 503
Flue Gas . 302
B R (N O 4
©c) (m/s) (m3/h) (ppm) (mp/h)
1§ 1045 - 12:00 185 3.02 490 917 0.449
2 %éggc %é% 188 3.23 521 568 0.29‘6
B 182 3.25 531 640 0.340
y | 126 - Jmih 192 3,12 500 523 0.262
— . .
50 1247 - 1302 209 2.83 436 616 - 0.269 |
6 | 1309 - ook 197 2.28 361 402 0,165
71 30sec 30me 190 2.63 ¥30 019 0.180
g | 16 - 07 189 311 501 511 0.256
9| s 187 3.19 516 508 0.262
10 | thi28 - 14:43 193 3.09 492 367 0.181
I 16 - 15:01 201 3.07 482 410 0198
12 | 15:06 - 13:24 194 3.00 479 347 0.166
13 | 1527 - 1547 198 3,19 503 350 0.176
Average 193 3.00 480 506 0.245




Table 9-% Measurement Results of MTA Boiler
: (August 2, 1985) - (1)

Measurement Results of Exhaust Gas Flow Volume
and Boller Water Temperature

I . Flue Gas Wate;‘BT?;lr!?lir:a. {9C})

"R e | Goftue | e | How | Feed | Badk | watcor 7oy
. : Gas) Water

- (oQ) {m/s) | tnm Aq) | (m3p/h) {m3) {°C)
1 10:35° 196 2.83 1.8 we | 87.6 63.0 1805.0 | 28.5
i 2 10:40 205 2,36 1.7 w5 | 86.2 6.1 1805.5 | 28.5
3 10:4:5 220 3,13 1.9 w2 | 89.5 | 64.8 | 1806.0|28.5
P 10:50 226 3.28 2.0 439 | 92.6 65.5 §306.6 [ 29.0
5 10:55 218 2.76 2.0 s18 | 93.2 65.2 1807.5 | 29.0
6 | 11:00 208 | 3.18 1.9 492 91.2 65.0 1808.0 | 29.0
7 11:03 199 2.75 1.7 433 | 87.7 65.1 | 1808.7 | 29.0
8 11:10 228 2.88 1.6 428 86.9 64.5 1805.5 | 29.0
9 | i 221 2.86 1.8 43} 87.4 64.8 | 1810.0 {291
10 11120 209 2.78 2.0 429 | 5.7 |.e4.3 | 1810,9 (29.2
o] on2s 219 2.81 1.7 425 | 83.2 63.6 1811.4 1294
12| 1130 218 | 2.74 1.7 | w18 | 82.3 62.9 | 1812.3 [ 29.4
{3 LL:35 219 2.7t 2.0 410 | ®1.3 62.5 1813.0 { 29.4
14 11140 219 2.50 2.0 378 | 82.2 62.3 | 1814.0 | 29.4
15 | 1145 28 | 2.73 2.0 ws | 8.6 62.4 1312.9 | 29.4
16 11:50 233 2.38 2.1 e | 86.4 62.1 1815.5 | 29.5
17 | tless 40 | 2:38 2.2 w5 | 87.2 62.3 | 1816.0}29.5
18 | 1200 236 2.37 2.0 | 6 | 86.3 62.7 | 1816.9 |29.5
19 12:05 224 2.40 2.1 359 | 6.9 62.5 1817.7 1 29.5
20 12:10 216 2,38 1.8 362 | 82.8 61.6 1818.3 | 29.5
21 | s 202 2.35 1.6 368 | 80.5 61.5 1819.0 | 29.8
22 12:20 192 2,27 1.5 363 | 77.8 61.9 1820.3 | 29.8
23 1225 | 182 2.18 1.5 356 | 75.4 61.1 1820.8 | 29.8
2| 1230 212 2.31 1.6 356 | 75.0 60.8 1821.2 | 29.8
25 12:35 222 2.34 1.6 52 | 77.1 60.3 1822.5 | 30.1
26 12:40 2i9 - - - 79.1 - 60,0 1823.0 | 30.1
27 12:45 212 - - - 79.2 60.1 1823.6 | 30.1
23 12:50 214 2.32 1.8 358 | 77.5 60.2 1824.4 | 30.1
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Table 9-5

Measurement Results of MTA Boiler
{August 2, 1985} - (2)

Measyrement Results of Exhaust Gas Flow Volume
and Boiler Water Temperature

. Flue Gas Waterﬂl?cia{‘?i;. (oC) _
No. | Sampling VEIO?“Y - Static Flow Feed Back Rii‘:‘;i E';:?nn;
Time Temp (oé;“sl)ue ‘Pressure | Rate | Water | Water | ‘yaeor
(eC) (nfs) | (mm Ag) | (m2n/h) (m3) {oC)
29 12:55 207 2.24 1.6 347 76.9 59.9 1825.2 1 30.1
30 1300 | 200 - - - | 76,5 59.2 | 1825.9]30.1
31 13:05 192 2.21 L6 | s 75.0 59,5 | 1826,7 | 30.1
32 13:10 197 2.22 1.6 351 72.9 58,6 | 1827.4 | 30.1
33 13:15 200 1,70 1.6 267 72.5 58,2 | 1828.0 | 30.1
34 13:20 195 1.69 1.6 269 73.0 57.4 1828.9 | 30.1
35 13:25 187 1,67 b 270 72.3 56.9 | 1829.8 | 30.}
36 13:30 190 1.68 1.6 270 1 70.7 | 56.5 | '1830.6{30.1
37 1335 190 1,75 1.5 280 | €8.7 56.0 1831.3 {30.1 .
38 13:60 187 1.95 1.5 315 67.7 55,2 1832.1 [ 30.1
39 13:45 175 1.72 1.4 286 | 66.9 54.5 1832.9 | 30.1
40 13:50 173 | 2.53 1.2 422 65.4 53.4 1833.7 |30.
41 13:55 175 2,68 1.3 445 63.9 52.2 183457 30.1
b2 14:00 165 2,65 £.5 450 62.6 | 51.3 1835,3 | 30,1
43 14:05 180 2.74 1.4 450 | '61.8 50.5 1836.0 30,2
B 14:10 173 2.58 12 426 61.6 49.3 1837.0 | 30.2
45 1415 170 2.52 1.2 423 61.4 51,5 ] 1838.0 | 30.2
Average 204 2.45 1.7 382 78.2 59.9 -
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10  Stove Combustion Test at MTA

The results are shown in Tables 10-1 through 10~5.
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Table 10-1 Measurement Results of MTA Stove
(July 18, 19835) - (1)
Comburstion Test of Stove
) Flue Gas Teg:g:?:t%re R\e‘iiﬂcgz‘itm R

. a i ity ., . . 00T

" ” '}‘;E::‘g Temp \(lgézlil)uz P?éi::f;e gleft\: Upper | Lower Conzfn_?gtlon Temp
©°C) | {tm/s)_lmm Ag)ltm3n/h) &g - | (°C)

1 14:05 (300) :
2 14:08 200 | 1.51 0.8 | 34,6 | 425 403 34.30 | 26,0
3 16:15 197 | 1.1b 0.6 | 28.3

4 | 1e20 195 | t.25 | 0.7 | 314 386 | ul6 269
5 14:32 195 | 1.25 0.6 | 31.4 402 422 32.40 | 27.8
6 14:40 205 | 1.36 0.8 | 33.4 402 426

7 | 1500 200 | 102 | 07 L 253 | 362 | 90 31,96 [ 29.0
8 15:11 205 | 1.03 0.8 | 25.3 346 437 29.0
9 15:30 205 | 1.03 0.6 | 25.3 329 356 31,10 | 28.8
10 | 1540 205 | 1.03 | 0.7 | 253 | 351 | 383 29.1
i 15:50 210 { 1.03 0.7 | 25.0 334 376 29.0
12 16:00 210 | 1.27 0.7 | 30.9 346 383 30,58 |29.2
13 16:10 215 | 1.0% 0.7 | 25.0 362 403 30.3¢ |29.2
14 16:20 210 | 1.15 0.9 | 28.0 346 398
L5 16330 30.00
16 16:40
17 16:43 29.30
18 17:00 190 | 1.13 6.3 | 28.7 305 396 29.68 |29.2
15 17:12 175 | 1.22 0.8 | 32.0 | 270 34
20 17:20 170 | 1.1l 0.7 | 29.4 229 298 29.52

202 | 1.16 0.7 | 28.7 346 389 - 7.9
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Table 10-2 Measurément Resﬁlts of MTA Stove
(July 18, 1985) - (2)

Measurement Results of Composition of

Flue Gas (Orsat Method)

Sampling Time

CO%) 02(%)

N CO{9%) N2 (%) Air Ratio
1 14:06 . 3.2 16.5 0.} 80.2 5,58
2 14527 7.0 10.6 0.2 82,2 1,93
3 1255 7.3 10.9 0.5 81.3 1.97
4 15:20 9.1 10.3 0.1 80.5 1.92
5| 15:47 9.6 10.0 0.3 80.1 1.86
6 16314 9.5 10.6 0.2 79.7 2.00
7 16254 3.4 12.9 0.4 3.3 2.34
7.0 1.7 0.3 81.0 2.37
Measurement Results of 50
Flue Gas 502
No. | Sampling Time Temp. (ngggéty gl:,:; (ig;ﬁi?]_ 'vE{Z[\:e
S (°0) {m/s) (m3n/h) (ppm) (m2p/h)
1] 14:05 - 14:25 233 t.40 32.46 2037 0.0661
20 131 - e 200 - 1.25 31.01 2134 0.0677-
3| 16:58 - 15:18 205 1,03 25.28 1449 0.0366
41 1523 - 15:43 205 1.03 25.28 1008 0.0255
5-1 7159 - 16:12 210 .15 27.94 1431 0.0414
6| 16:18 - 16348 210 1.15 27.94 1790 0.0500
7 | 17:00 - 17:20 178 1.12 - 29.01 1501 0.0435
| 206 1.16 28.42 1636 0.0473
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Table 10-3 Measurement Results of MTA Stove
(July 19, 1985) - (1)

Comburstion Test of Stove

Flue Gas Surface ' Weight
‘ ) Temperatuwe Reduction Room
e Saﬁll?r:::ng Temp y:éil;ﬁg PE;?::J?‘C. ;{:t\; Upper Lower Cogif)l?sytion Temp
- {9C) (m/s) {(mm Aq) (m3n/h) (leg) {°C)
SR RTT; - - 0.5 T V2N S ¥ - 1218
2 | soe30 170 L1 o4 20.1 | 397 359 e2u| 3833 126.0
3| 100 200125 0.6 310 | s s sa| - |25.8
& | 10:52 200 1,25 0.7 31.0 | 421 430 500 - |20
5 | 1100 210 1.22 0.7  30.9 426 431 4521 32,73 [ 28.0
6 1 11:10 200 1.35 0.8 33.5 | 403 413 432 - l27.0
7 | 123 220 1.28 0.8 30.5 | uou w0 k2] 31.65 |28.2 .
s | 130 215 106 0.5 27.9 | a0 366 82| 3147 |28.7
9 | 1hso 210 .03 0.5 25.0 | 312 447 3, - lems
10 | 1200 215 .27 0.5 30.6 | 31 361 355| 30.93 |28.9
It | f2:10 210 1.03 0.7 25.0 | &l 421 411 - 299
12 | 12:20 200 .02 0.7 253 | 365 399 415 = 30,0
13 | 12:30 200 1.02 0.6 25.3 | 360 404 413| 30,40 |[30.0
14 | 1240 19 0.97 0.6 .26.6 | 32 406 413 - |30.0
15 | 1255 190  0.97 0.5 . 24.6 | 328 404 396 - |30.0
16 | 1300 130 0.87 0.5 22.6 | 325  4os 379 29.93 |29.8
7| 130 175 0.86 0.6 22.5 | 313 3% 356 - 298
18 | 1330 155  0.8% 0.5 23.0 | 270 3%  307| 29.67 |29.0
19 |30 (150)  (0.68) (0.5) (18,9) | (254) (323) (281) - 120
20 | (13:48) (145)  (0.83) (0.6) (23.3) | (238) (298) (259) 29.12 |28.0
196 1.09  0.59 27.2 | 364 390 400 - -
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Table 10-4 Measurement Results of MTA Stove
(July 19, 1985) - (2) -

Measurement Results of Composition of

Flue Gas (Orsat Method)

No. | Sampling Time |  COpl%) 02(%)  CO(%) N2(%)  Air Ratio
'1'__ 10:25 6.6 9.8 1.6 82.0 1.70
2 10:48 9.1 9.8 0.7 80.4 .79
11:13 4.5 10.5 0.2 8.8 1.86
4 11247 5.1 10.2 0.2 84.5 1.82
5 12:56 R 13.0 0.0 82,9 240
6 13:19 3.4 12.2 0.0 84,4 2.19
7 14:43 2.1 12,0 0.0 85.9 2.11
5.0 1.1 0.4 83.6 £.99
Measurement Results of 507
Flue Gas 505
No. | Sampling Time Temnp. (O‘;’elii)uc;ty Flow Concen- Flow
. . Gas) Rate tration Yolume
{¢C) - {m/s) {m3pn/h) {ppm) (m3pg/h)
po| 1027 - 10:47 185 .23 31.50 1950 0.0624
2§ 10:51 - 11:14 205 1.26 31.26 1170 0.0366
300 1417 - 1138 220 1.28 30.47 527 0.0161
R 12:03 . 215 1.16 27.29 343 0.0096
5 | 12:07 - 1227 200 1.02 25.30 527 0.0133
6 | 1231 - 1251 195 0.38 22.06 763 0.0168
71 12557 - 1307 5 0.87 22.28 976 0.0217
8 | 1327 - 13:43 {55 0.8% 23.03 722 0.0166
173 1.07 26.72 876 0.0241
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Table 10-5 Measurement Results of MTA Stove
(July 18 - 19, 1985)

Total Emission of Sulfer With and Without Lime Addition

503 Flow Total
N Concen- Rate of Amount
O tration Sulfur of Suifer
{min) (m3/h) {ppm) (g (g
1 [4:05 - 14:28 23 32,46 2037 36.21
2 14:28 - 14:56 28 31.00 2184 45,16
Without 3 14:56 ~ 15:20 24 25.28 1459 20.94 -
Lime ” .
A 15:20 - 15:46 26 25.28 1008 15.77 220. 1
5 15:6 - 16:05 29 27.94 1481 28.57
6 16:15 - 16354 19 27.94 1790 16,44
7 16:54 - 17:20 26 29.01 1501 26.96
1 10:27 - 10:49 22 31.50 1980 | 32,69
2 10:49 - 1i:1% 25 31.26 1170 21.54
3 11:16 - 1160 26 30.47 527 9,93
With y 11:40 - 12:05 25 27.89 343 5,70 116.1
Lirne : . .
5 12:05 - 12:29 24 25.30 527 7.61
6 12:29 - 12:56 25 22.06 763 | 10.01
7 12:54 ~ 13:20 26 22,28 © 976 13.46
3 13:20 - 1343 23 23.03 722 9,11
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11 Stove Combustion Test in Japan

The results are shown in Tables 11-1 through 11-7,
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Table ll-1 Measurement Results of Stove Made in Japan (without Lime) - (1)
(August 7, 1985)

Sompl Flue Gas Sur{ace_ }';:g;pemture_
No. ing Velocity Flow Coambirs- Radiator Room
Time Temp (oé Fl)ue Rate tion Box Temp
! (°C) (ne) (i) | Section ©C)
Lo 10els 157 0.69 15.0 161 180 32.0
2 10:40 262 0.94 16.4 323 295 33.0
3| 1106 269 1.09 18.8 553 405 35.0
4 11:31 253 0.93 16.6 483 uih 35.4
s 12:00 158 0.69 14.9 394 228 35.6
6 12:24 158 0.69 14.9 511 270 35.7
7 13112 233 0.92 16.9 591 350 36.4
3 13:46 193 0.72 14.4 576 335 36.6
T 9 14:20 180 0.87 17.9 Sty 250 6.0
10 1515 127 0.66 15.5 265 143 33.5
Average 183 0.82 16.1 437 287 -
Measurement Results of Composition of
Flue Gas {Orsat Method)
No. Sampling Time CO4{%) 04(%6) CO{%) N2 (%) Air Ratio

| {10:10) 4.3 14.5 0.1 8.1 3,03

2 {(10:24) 3.2 15.8 0.2 30.8 3.72

3 10:40 5.9 12.9 0.0 - 81.2 2.49

L 10:55 6.6 1.4 6.1 81.9 Z.09

s 11:10 9.8 7.3 0.1 82.3 1.55

6 11:25 8.9 7.5 0.2 83.4 1.50

7 11:40 10,0 7.3 0.1 82.6 1,49

8 11:57 7.4 9.3 0.4 82.4 1.78

9 12:15 Tl 7.8 0.6 20.4 L.54

10 12:35 9.2 10.4 0.0 80. 4 1.95

il 12:50 9.7 9.4 0.2 80.7 1.77

12 13:05 8.0 10.7 .7 0.6 1.93

13 13:20 9.4 16.3 2.0 80.3 1.93

14 13:35 il.4 8.3 0.1 0.2 1.63

L5 13:50 1.1 8.7 0.0 20,2 1.69

16 14:05 10.9 9.4 0.0 79.7 1.80

17 14:20 6.7 13,3 0.0 30.0 2.67

13 14:35 .2 15.7 0.1 30.0 3.79

15 (14:50) 2.4 17.4 0.2 30.0 5.36

Average 7.9 11.0 0.2 - 8lL.) 2.01
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Table 11-2 - ‘Measurement Results of Stove Made in Japan (without Lime) - (2)
(August 7, 1985}

[ Flue Gas SO7
No.  Sampling '_fime Temnp. (o‘feliﬁ?;w Flow Concen- Flow
Gas) Rate tration Yolume
o) im/s) (m3n/h) _ppm) {m2ng/h)
1 10:15 - 10:35 157 0.69 15.0 1569 0.0235
27 1040 - 11:00 262 0.9 16,4 1638 0.0269
3 11106 - 11126 269 1.09 18.3 2850 0,053 |
n o 1131 - 11553 253 0.93 16.6 2083 0.0346
5 12100 - 12:20 158 0.69 14.9 766 0.0114
61224 - 1257 158 0.69 14.9 2736 0.0407
7 ihi2 - 132 233 0.92 16.9 {451 0.0245
8 1246 - L6 193 0.72 o 2685 0.0387
9 14:20 - 14:50 180 0.87 17.9 1383 0.0241
10 Lbe54 S 15:40 (127) 0.66 15.5 487 0.0075
Average 199 0.82 16.1 1764.8 0.0234
Calculation Total of $ulfer
S50y Flow Total
No. Conc_entra- Rate oi Arnount
‘tion Sulfer of Sulfer
o - (min) in Fpy/h) {ppm} (g) g .
i £0:10 - 10:38 28 i5.7 1569 16,4
2 10:38 - 11303 25 17.6 16338 17.2
3 C11:03 - 11528 25 7.7 2850 30:0
b 10:28 - 11:56 28 15.8 2083 21.9
5 11:56 - [2:22 26 14.9 766 7.1 215.2
6 12022 - 13:05 43 15.9 2736 4.5
7 13:05 - 13:04 39 15.6 1458 21.0
8 1365 - 14:18 3% 16.2 2685 35.2
9 1418 - L:52 34 16.7 1383 18.7
10 1452 - 15:10 18 15.5 487 3.2
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Table 11-3 Measurement Results of Stove Made in Japan (Lime 3%) - (1)
(August 8, 1985)

w1 Peces Sirtace fomperature
No. ing Velocity Flow Comburs-  Radiator Room
Time Temp {of Flue Rate tion Box Temp
Gas) Section
) {m/s) {3 p/h) o S R e
1 10:05 18t 1.00 20.6 231 210 | 34,2
2 10:30 209 0.89 17,3 |- W9 275 | 3.8
3 10:57 217 0.90 17.2 506 245 35.1
4 11:23 230 0.75 13.8 547 345 36.0
5 11:50 127 0.47 11,0 474 186 36.0
6 12:15 142 0.68 - 15.2 444 1236 36.7
7 i1 159 0.69 1.9 496 248 37.0
8 13:06 170 0.70 w7 | 568 280 - 38,0
9 13:31 139 0.71 14.4 660 294 37.3
19 14:05 217 0.74 14,0 661 330 | 38.1
1} 14:39 182 0,74 14.5 450 246 33.0
Average 202 0.82 16.8 s 20 | -
Measurement Results of Composition of
Flue Gas (Orsat Method)
MNo. Sampling Time CO{%) Q3{%) col%) N (%) Air Ratio
} {10:00) 4.8 10,4 0.3 80.5 ©2.99
2 (10:20) 3.8 14,7 0.1 81.4 3.10
3 10130 5.0 13.7 0.0 81.3 £.46.
i 10:45 6.0 12.2 0.2 81.6 2.16
5 11:00 6.3 1.9 0,2 3.6 2,19 :
6 11:15 7.7 10.3 0.0 82.0 1.90 T
7 11:30 7.8 10.2 0.0 82.0 1.88
8 11:45 6.8 1.2 0.3 81.7 2.06
9 12:00 5.6 12.2 0.4 81.8 - 2.23
10 12:15 9.8 9.0 0.4 80.8 1.6%
i 12:30 9.2 10.3 0.1 0.4 1,92
12 12:45 10,7 3.1 0.0 80.2 1.74
3 13:00 10.0 9.6 0,0 B0.4 1,82
14 1320 | 12.2 7.0 0.2 80,6 1.48
13 13:40 1t.2 2.1 0.1 80.6 1.60
16 14:00 1.9 7.7 0.0 80.4 1.56
17 14:20 9.2 10.6 0.0 0.2 1,99
13 14:40 4.3 15.4 0.2 80.1 3,55
19 (14:50) 3.7 15.8 0.4 80,1 3.74
Average 39,1 1.2 0.2 80.9 2,07
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Table 11-4 Measurement Results of Stove Made in Japan (Lime 3%) - (2)

(August 8, 19853)

Flue Gas 507
No.  Sampling Time Temp. (o}/eg?:;ty Flow Concen- Flow
Gas) Rate tration Yolume
. ' (°C) (m/s) {m3p/h) (ppm) (m3y/h)
1 10:05 - 10:25 18l 1.00 20,6 459 0.0095
2 1%:30 - 10:50 209 0.89 17.3 783 0.0135
3 10:57 < 1117 217 0.90 17.2 933 0.0161
4 1123 - 113 230 0.75 13.8 1443 0.0245
5 1150 - 12110 127 0.47 11.0 504 0.0055
6 AmlS - 1237 142 0.68 15,2 622 0.0095
7 121 - 1301 159 0.69 14,9 877 0.0131
& 1%06 - 13:26 170 0.70 14,7 1479 0.0217
9 13:31 < 14:01 189 0.7 N 1950 0.0281
10 14105 - 14:35 217 0.74 4.0 1774 0.0243
1L 14:35 - 15:20 182 0.71 14.5 718 0.0104
Average 202.3 0.82 16.8 1155 0.019%"
Calculation Total of Sulfer
SO, Flow Total
No. Conc_entrau Rate of Amount
tion Sulfer of Sulfer
- {min) {(m3p/h) (ppm) () {g)
1l 10:00 - 10:28 28 19,0 459 5.8
2 10:28 - 10:54 26 17.2 783 8.3
3 10:54 - 11:20 26 15.5 938 9.0
4 11:20 - 11:46 26 12. 1448 11.1
5 11:06 - 12:12 26 13.1 504 4.1
6 12012 - 12:39 27 15.0 622 6.0 118.8
7 12:39 - 13:03 24 14,8 877 7.4
8 13:03 - 13:28 25 14.6 1479 12.9
9 13:28 - 14:03 35 14.2 1950 23.4
10 14:03 - 14137 34 14.2 1774 20.4
it 14:37 - 15:20 43 14.5 718 10.7
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Table 11-5 Measurement Results of Bucket Type Stove (Made in Japan)
(June 20, 1985)

Measurement Results of 50_2 (Lignite and Lime)

Volume

502

No. Tme  GieER o Gas  concen (Ol
(h) (m3pg/h) (m3n) (ppoo} n
1| 11:0% - 11268 0.733 25.7 18.84 27.2 0,51
2 ) 113 - 1231 0.716 24.3 17.76 5.7 117
3 [ 12:31 - 13:06 0.583 23.7 . 13.82 65,3 0.90
8| 13106 - 13:34 0.467 24.2 11.30 67.2 0.76
500 1334 - i3:53 0.317 25.1 7.96 91,0 0.72
6 | 1353 - 14112 0.317 26.0 8.2 115.0 0.95
7 | 142 - 1433 0.350 28.0 9.80 247.7 2.43
3 1433 - 1433 0.333 26.8 8.92 207.5 1.85
9 | 1453 - 15:12 0.317 23.8 7.54 222.4 1.68
10 | 15:12 - 15:30 0.300 23.7 7.11 216.4 1.54
11 15:30 - 16:10 0.667 23.5 15.67 146,1 2.29
{2 16:1G 16:46 0.600 21.9 13.14 181.8 2.39
13 | 166 - 17:20 0.567 22.1 12,53 223.3 2.30
M | 17:20 - 17:51 0.517 18.5 9.56 12308 2.21
15 | 17:5) - 18:23 0.533 17.3 9,22 " 181.3 1,67
L& 18:23 18:35 0.533 15.8 8.42 148.1 l-_2_5
17 | 18:55 - 19:26 0.517 11.8 6.10 147.7 2:90
19:26 - 21:00 1,567 (11.8) 18.49 (106.7) 1.97
Total | 11:06 - 21:00 9.934 - 204.42 - 27.99
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Table 11-6 Measurement Results of Hopper Feed Type Stove (Made in Japan)
(June 21, 1985)

Measurement Results of 50, (Lignite and Lime)

Yolume SO
No. Time Q’:?;?ngee D(r:;l\sv n C;?:fi%?; ¥ (?lgrz;le
) (m3p/h) ma) {pprn) (1.
1] 93 - 10026 0.717 20.0 14,34 490, 3 7,03
2 | 10:26 - 10:57 0.517 17.0 $.79 451.8 3.97
3 | 1057 - 129 0.533 19.4 10.34 292.6 3.03
4| 1129 - 12:00 0.517 20.8 10.75 317.6 3.41
5 | 12:00 - 12:32 0.533 20.1 10.71 223.6 2.39
6 | 12:32 - 1301 0.483 19.2 9.27 236.0 2.19
7 | 1301 - 13:33 0.533 18.5 9,86 2414 2.38
8 | 1333 - 1405 0.533 18.3 9.75 253.2 2.47
9 | 1405 - 1436 0.517 17.4 9.00 175.7 1.58
16 | 1436 - 15:09 0.550 18.4 10.12 74.0 0.75
11| 15:09 - 16:00 0.350 20.3 17.26 22.3 0.38
Total 6.283 - 170,19 -

29.58
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Table 11-7 Measurement Results of Bucket Type stove (Made in Japan) -
(June 24, 1983)

Measurement Results of SO; (Briquette and Cement 7%)

Volume

507

No. T fueE Ges oo yGuR
h {3y /h) (m3y) {ppm) {1)

1| 10:45 - 11:01 0.767 19.5 15.0 203.7 3,06
2 | 1101 - £1:30 0.483 20.9 50.1 171.7 1.73
3| 11:30 - 12:00 0.500 21.0 10.5 208.5 2.19
5 | 12:00 - 12:30 0.500 21.7 10.8 189.4 2,05
5 1 12:36 - 1300 0.500 22.9 11.4 45,6 1.66
6 13:00 - 13:29 0.433 21;'.3 12.0 219.4 2.63
7 1 1329 - 14:02 0.55 27.1 14.9 208.0 3.10
8 | 14:02 - 14:30 0.467 28.0 13.1 182.8 2.39
9 | 19130 - 15:02 0.533 27.4 14,6 70.5 1.03
10 | 1502 - 16:00 0.567 24.6 23.8 51,7 1.23
11| 16:00 - 17:40 1.667 16.5 27.5 2.3 0.67

Total | 10:15 - 17:40 7.417 - 163.7 - 21,74
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12

Proximate Analysis of Turkish Lignite
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Table 12-1 Results of Proximate Analysis of Lignite

{(Wet PBase)

Table 12-1 Results of Proximate Analysis of Lignite

{Wet Base)

-92.

- olsre | Towml  Caloritic
Sample Name S Sulphur Value
(%) (%) (Kcalfkgh
Vali Dr. Resit Sok, 1. 2.0 4280
P And Sok. No.3 12.0 3.1 %40
Y. Ayranci Hasder Sok. 12.1 2.3 5130
Tireboln Sok, 11.5 2.7 4250
Hava So. 8.4 2.7 . 3460
Ungraded pP-11 MTA Stove 8.5 3.3 5490
Lignite
MTA Boiler 6.6 ‘ 2.3 3530
Screening plant (30 - 400 mm) . 8.3 : 2.3. 3720
Tuncbilek Screening plant (below 30mm) 8.2 kN 4520
Coal Mine Open mine A (4 samples mixed) 12.8 3.3 5030
Open mine B (2 samples mixed) i0.2 3.1 5060
Plant hopper (3 samples mixed) 15.5 3.0 5470
—
P Pembe Kdsk 1ok 1.0 4660 -
p-11 Pembe Kosk 7.0 1.8 3540,
Washing selection (10mm) 6.2 2.1 5270
Washing selection (10 - {8mm) 4.5 1.9 5340
Laved Washing selection (18 - 50min) 4.2 1.8 5620
Lignite _ ;
Tuncbilek Washing selection (50mm) 3.9 t.3 5060
Coal Mine . : .
Separate of under grand (0 - 1.3m) 9.9 0.8 4380
Separate of under grand (1.3 - 2.6m) 6.9 I.2 #3?_0
Separate of under grand (2.6 - 3.9m) 8.3 1.5 3630
Separate of under grand (3.9 - 4.2m) 6.6 0.8 5520
Separate of under grand {#.2 - .5m) 16.1 1.2 5120
L Seytomer Coal Mine i2.8 1.1 420
Noie: P-1 : Lignite used during the combution test at Phase |
P-Il  : Lignite used during the combution test at Phase 11









12 Time-Series Graphs for the Concentration of 307 and PM,
Wind Divection, and Wind Speed
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